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1 ABSTRACT |

The economic ornamental plant, Dalia (Dahlia variabilis) is affected by many viral diseases
among them. tomato spotted wilt virus (TSWV). Detection of TSWV in dahlia culiures was carried
out in some nurseries in Qalubia Governorate, Egypt. Although this virus isolate showed some
differences in host range and stability characters. it was serologically detected by I:1.ISA and
Reverse Transcriptase - Polymerase Chain Reaction (RT-PCR) using new design of universal
primers and dot blot hvbridization with digoxigenin-labeled probes for the universal detection of
TSWV wargeting a conserved region of the nucleocapsid protein gene on dahlia as well as other
transmitted virus isolates from tomato leaves (Lvcopersicon esculentum). petunia (Petunia hybrid
Valim). Tobacco (N. glutinasa). and Datura (Datura stramoni um.) For our knowledge. this is the
first report to isolate and characterize TSWV from naturally infected dahlia plants in Egypt.
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| INTRODUCTION | (Abdelsalam er a/. 2005). Earlier reports

indicate that this virus is widespread (Hull.

omato spotted wilt virus (TSWV) was

I first described in 1915 in Australia
(Brittlebank. 1919). It is one of the

most widespread and economically important
plant viruses (Goldbach and Peters. 1994), and
infects at least 900 plant species. with a
number of natural host species recorded
steadily increasing (Peters. 1998). TSWV
occurs in countries within the European region
as mentioned by Mediterranean  Plant
Protection Organmization (EPPO), Asia. Africa.
North America, Central America, Caribbean.
South America and Oceania, (EPPO. 1999). In
Egvpt. the first isolation was from Physalis
peruviama (Alkhazindar. 1999) and tomato
(Abd-El Nazir. 1999). Recentlv in Egypt.
TSWV became an economically important
virus infecting major crops and causing losses

2002). Its incidence in Egvpt is low (23.8%) to
moderate (30.9%) (EPPO/C ABI. 1997). while.
high incidence (64.2%) was reported in South
Africa OEPP/EPPO. 1999 a.b).

In the recent vears. dahlia plantations in
Egvpt have shown a syndrome suspected to be
due to TSWV. However. no detailed studies
were reported. In addition. svmptoms of
TSWYV become progressivelv milder with time
and were difficult to identifv in rapidly
proliferating material (Mertelik and Gotzova
1996). This phenomenon makes the use of
visual symptoms, as the sole criterion of
infection, an unreliable practice.

Previously. TSWV  isolales  were
identified using differential hosts (Norris.
1946) but now development of techniques
such as Enzyme Linked Immunoabsorbent
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Assay (ELISA). dot blot hybridization with
digoxigenin-labeled probes and RT-PCR
dramatically improved TSWYV identification
(Cho eral.. 1989: Rice er al.. 1990 and Eiras e/
al 2001). Among these methods. ELISA has
been widely used employving polyclonal
antisera directed to the coat protein encoded
by the viral RNA (de Avila er al.. 1990). This
technique is virus-specific and in some cases
can present high background readings (Rice et
al.. 1990). With the increasing number of new
TSWV isolates (de Avila er al.. 1992). a
universal method of detection is therelore
urgently needed to avoid the introduction of
new TSWV isolates in distinct regions or
countries. A few examples in the literature
have already illustrated this threat by showing
the spread of impatiens necrotic spot virus
(INSV) in the Northern Hemisphere
(Marchoux et al.. 1991) and the accidental
introduction of Chrysanthemum stem necrosis
virus (CSNV) in The Netherlands (Verhoeven
and Roenhorst. 1998).

The present studv aims to discover the
genetic diversity among TSWYV isolated from
dahlia plants through infection of different
plants within its host range using serological
(ELISA) and molecular genetic approaches,
l.e. reverse-transcriptase polvmerase chain
reaction (RT-PCR) and dot blot hvbridization
in addition to develop a universal detection
method for TSWV.

. MATERIALS AND METHODS |

Virus isolation

Young leaves of dahlia (Dahlia
variabilisy  plants. grown at Qalubia
Governorate. suspected to be infected with
tomato spotted wilt virus (TSWV) were
collected and ground 1n sterilized mortar with
phosphate buffer solution (pH 7.2) and the
infectious sap was used to inoculate 2-3 old
leaves of tomato plants (cv. Money maker).
Inoculated plants were kept under insect-prool

cages in the greenhouse. To isolate the virus.
single local lesion technique was used.
Infectious tomato sap was used (o inoculate
local lesion host, i.e. Petunia hybrida -Valim
and Datura stramonium plants. A single lesion
was used to inoculate healthv tomato plants.
which served as a maintenance host. Three to
four weeks after inoculation. infected leaves
from difTerent hosts were harvested and stored
at 80°C for subsequent analvsis.

Virus identification and genetic diversity
A-Transmission

I. Mechanical transmission: Leaves of
infected tomato plants were ground in a
mortar and pestle with 002 M
phosphate buffer (pH 7.2) mixed with
carborandum. Diflerent plant species
(Table 1) were mechanically inoculated
then symptoms were observed for 3-4
weeks.

2. Seed transmission: Seeds collected
from mechanicallv inoculated tomato
plants were sown in 30 cm diameter
pots and kept under insect proof cages.
Observations were recorded 35 davs
after sowing.

3. Dodder transmission: Dodder seeds
were placed in Petri dishes containing
moist filter paper. One week later.
voung branches were directed towards
dahlia  leaves  exhibiting  virus
symptoms (Fig. 1). When dodder plants
were established on dahlia plants. the
new branches were directed towards
leaf petioles of healthy voung petunia
and tomato plants. Results were
recorded, 30 davs after.

B- Host range and symptomatology
Infectious sap was used to inoculate
fourteen plant species belonging to eight
families (Tablel). Ten plants of each
species were inoculated. and then kept
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under greenhouse conditions for symptoms
scoring.

C- Virus stability
Thermal inactivation point (T.1.P), dilution
end point (D.E.P) and longevity in vitro
(LI1V.) were determined using tomato
plants as a donor host and Nicotiana
glutinosa as a local lesion host.

D- Enzyme linked immunoabsorbent assay
(ELISA)
TSWYV infections were tested using a
commercial kit (ELISA-Plantest-ELISA
kit, Sanofi-Pasteur Co.. France) according
to manufacture instructions.

E- Molecular studies
Reverse transcriptase-polymerase chain
reaction (RT-PCR)
Primer design

Two degenerate primers were designed
using primer select module. laser gene
software ver. 7.0 DNASTAR inc.. due to
conserved regions of the coat protein gene of
TSWYV virus with accession numbers showed
in Fig. (4):_TSWV-F '5-TCC AGC T(C/T)C
CAA GAA AAA GAC A-3'"and TSWV-R '5-
ATT TAT CTA TTG C(C/T)T GCA TTC CA-
3

RNA Isolation

Four isolates of TSWV From tomato,
petunia. tobacco. and datura infected leaves
derivative from dahlia were used to extract
total RNA according to De Vries et al. (1982).

RT-PCR

The complementary DNA (cDNA)
strands of viral RNA segments were svnthe-
sized by mixing lpg of total viral RNA, 10
pmol of the reverse specific primer and 6ul of
RNase free water followed by heating the
mixture at 70°C for 2 min and cooling in ice
for 2 min, then 4ul of 5X reverse transcriptase
buffer, 100 units of reverse transcriptase

(MMLuV-RT) (Bioron, Germany). 1 unit of
RNase inhibitor (RNAsin. Pharmacia), 1 pl of
dNTPs (10 mM each) (Bioron, Germany) and
sterile water up to 20 pl were added to the
prepared solution. then incubated at 40°C for 1
hr.

PCR was accomplished by adding 5 ul
10X Tag DNA polvmerase buffer. 1 ul dNTPs
(10 mM each) ( Bioron. Germany). 2.5 units
Tag DNA polymerase (Bioron. Germany). 10
pmol of each primer (forward and reverse). 5
ul cDNA and RNase free water up to 50 pl.
All PCR reactions were performed in a
thermal cycler (GeneAmp PCR System 2400)
(Perkin Elmer). by pre-heating at 94°C for 5
min followed by 30 cycles of 1 min at 94°C. |
min at 48°C and 1 min for extension at 72°C.
Finally, the amplified DNA was incubated at
72°C for 7 min to accomplish a final
extension. 20 ul of PCR reaction were
subjected to electrophoresis in 2% agarose gel
containing  ethidium  bromide  (0.01%).
subjected to 100 volts for lhr and then
photographed using UVP gel documentation
system. UVP corporation-UK.

Dot blot hybridization

Total RNA extracts (1 pg) of each isolate
of tomato spotted wilt virus (TSWYV) were
blotted into nvlon membranes (Roche,
Germany) using the dot-blot convertible
filtration manifold system (Gibco BRL), for 15
min. then fixed by UV irradiation for 5 min.
Labeling the probe was performed using DIG-
High Prime DNA Labeling and Detection
Starter Kit I-Roche (Cat. No. 1 745 832). One
ug of TSWV PCR product dissolved in 16 pl
of sterile double distilled water, was denatured
in 100°C water bath for 10 min, and then
quickly chilled on ice. DIG High Prime
labeling tube (4 ul) was added to the denatured
DNA, mixed and briefly centrifuged, then left
overnight in incubator at 37°C. The reaction
was stopped by heating to 65°C for 10 min.
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Each digoxigenin-labeled probe (5-25 ng/ml)
was hvbridized for 12hr at hvbridization
solution (SSC 5X + SDS 0.02% + blocking
reagent 0.05% + N-laurvlsarcosine 0.1% +
blocking solution 1/10v) under low (45°C) and
high (65°C) stringency conditions. After
washing with SSC 2X at 25°C and twice with
SSC 0.1X + SDS 0.1% at 65°C, the anti-DIG-
AP conjugate was added (75mU/ml) in
blocking solution for 30 min. After treatment
with wash buffer (Maleic acid 0.1M + NaCl
0.15M pH 7.5 + Tween 20 0.3%) and
detection buffer (NaCl 0.1M + Tris HCI 0.1M
+ MgCL50 mM). the membranes were
visualized in a solution of nitro blue
tetrazolium plus X-phosphate.

| RESULTS AND DISCUSSION |

This study aimed to isolate, identifv and
determine different biological and molecular
characterization of TSWYV isolated from
naturally infected dahlia plants in Egypt.
TSWV was isolated from naturally infected
dahlia plants showing leaf chlorosis. twisting
and distortion (Fig 1). Extracted leaf sap was
used to inoculate tomato plants and tomato sap
was used to inoculate Petunia hybrida. Single
local lesion technique was used to isolate the
virus. Lesions developed on inoculated petunia
leaves were used separately to inoculate
tomato plants. To isolate the virus in pure

form, inoculation {rom tomato to petunia and
vice versa was repeated several times. TSWV -
dahlia isolate- was mechanically transmitted
from infected dahlia plants to healthy tomato
plants. Inoculated tomato plants showed
coloristic and necrotic spots. bronzing and
striking. Successive leaves tend to curl
downwards (Fig. 2 i. j). Svmptoms started to
appear 14 days after inoculation. These results
were similar to those described by (De Angelis
et al. 1994).

Identification of the 1isolated virus
depended on the mode of transmission, virus
stability, symptomatology and host range.
Identification was ensured by serological and
molecular tests. TSWV  was readily
transmitted from tomato to different plant
species. Symptoms appeared 2 to 7 days after
inoculation depending on the plant species as
shown later. Tomato seedlings obtained from
inoculated plants showed no visible symptoms
and DBIA test confirmed these results. This
result was similar to that obtained by Smith
(1957) while, other authors believe that seed
transmission of TSWYV did not seem to be high
(Brown et al., 1998). Obtained results clearly
showed that TSWV was not transmitted to
petunia or tomato plants through dodder.
where no positive reaction was detected when
these plants were serologically tested.
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Fig. (1): Naturally infected dahlia with TSWV showing mosaic patterns twisting of leaves (A) and
dodder transmission from infected naturaily dahlia to petunia plants (B).

Fig. (2): Symptoms appearing on mechanically inoculated plants. A- Faba plants showing necrotic spots.
B- Necratic local lesions with dark edge and light brown center appeared on petunia leaves. C- N
rustica showed large dark local spots a combined with distortion of young non- inoculated leaves.
D- Datura metel leaves showed necrotic local lesions. E- Chlorotic lesions developed on Ch.
Quinoa leaves. F- Paled lesions appeared on cucumber cotyledons. G- ch amaranticolour showed
cholorotic lesions appeared on leaves. H- Concentric large local lesions on N. glutinosa. I-
Scattered green and pale red areas developed on some fruits of inoculated plant J and K showed
different symptoms on inoculated money maker tomato plants.
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Fig. (3): Positive reuction with naturally infected dahlia and inoculated tomato, N. rustica and N.
glutinosa plants as example for ELISA detection method.

One hundred thirty plants belonging to
fourteen species and eight families were
inoculated with sap extracted from the
maintenance host (tomato plants) resemble
those reported by manyv investigators (Reddy
and Wightman, 1998: De Avila et. al. 1992:
Parrella er.al .2003). Symptoms were appeared
on tomato plants 14 days after inoculation -as
mentioned before- on the form of thickening
of voung leaf veins and leaves tending to
downwards. In most cases. the latter pattern
was accompanied bv bronze spots on the older
leaves. Excluding the upper leaves, other
leaves showed vellowish color and distortion.
Plants stunted and some of them died. Only
verv few plants were able to produce small
sized fruits characterized by small vellow or
green spots scaftered on fruit surface (Fig. 2, i.
1). Some plants reacted locally as shown in
(Table 1) and (Fig. 2). These include N
glutinosa  L.. Petunia hybrida Valim,
Gomphrena  golobosa 1... Chenopodium
amaranticolor L.. Ch. Quinoa 1., Vinca rosa,
Vicia faba L.. Cucumus sativa 1... Datura
metel L... D. stramonium L., while some others
reacted locallv then systemically like
Nicotiana rustica L., N. tabaccum cv. White
Burley.

TSWV infected leaf hosts were
serologically detected in all tested host range
plant species showed svmptoms (Tablel). In
addition. sap from naturally infected dahlia
leaves gave a faint color spot, while that
isolated from Tomato, N. rustica and N.
glutinosa gave a dark color spot (Fig. 3). The
systemic symptoms appeared on tested hosts
showed mosaic. moftle chlorotic and necrotic

spots, vellowing, curling downwards of leaves.
leaf drop. wilting, stunting and death of some
plants (Fig. 2).

Stability of dahlia isolate showed a few
differences. TIP (Thermal inactivation point)
was 55°C; this result was different from that
obtained by Best (1946) who stated that it was
46+1. Some other investigators estimated 1t as
41- 42°C (Best 1961). DEP was 10 while LIV
was 6-8 hours. However. Adam and Kegler
(1994) estimated them as 10 and 5- 6 hours.
This difference may be attributed to the
stability of coat protein of this isolate.

The number of distinct TSWV species
has remarkably increased in the last ten vears
comprising, at present, 12 species (Prins and
Goldbach. 1998). Therefore, a sensitive
method to detect a broad number of known
TSWVs and possible new species in a single
assay is urgently needed. Usuallv most TSWV
isolates can be mechanically transmitted
(Norris, 1946) and they are detected by
electron microscopic methods (Kitajima et a/.,
1992). Although these methods have been
used, they remain slow, time consuming,
inaccurate and limited with respect to the
number of processed samples. In addition.
mechanical inoculation is often associated
with the generation of defective interfering
mutant RNAs (Resende er a/., 1991), which
can cause a misinterpretation of TSWV
svmptoms. Serology using ELISA with
antisera directed at the N protein for TSWV
diagnosis allows a reliable and sensitive
detection method but is highlv species-specific
(De "Avilaer al.. 1993).
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Table (1): Tomato spotted wilt virus (topovirus) host range, symptoms, ELISA readings of after

mechanical inoculation.

Family& species Observed symptoms DBIA test
1-Chenopodiaceae:
Chenopodium amearanticolour 1., Necrotic local lesions +
Chenopodium quinoa | . Necrotie Tocal lesions +
2-Convolvulaceae:
Convolvulus arvensis L. No symploms -
3-Cururbitaceae:
Crcumus sativa 1. Chlorotic local lesions +
4-Fabaceae:
Vicia faba 1.. ev. Giza 2 Necorlic local lesions: +
6-Solanaceae:
Datura metal 1. Necrotic local lesions +
D. stramontum 1. Necrotie local lesions
Lvcopersicum esculantum bronze, Necrotic spot. +
yellowish distortion
Nicotiona glutinosa 1. Neerotie local lesions +
N, rustica 1. Necrolic local lesions. +
distortion of voung leaves
N. tobacum cv. While Burley Necrotic lTocal lesions, +
yellowing. lop necrosis
Petunia hybrida Vilm Necrotic local lesions +
7-Amaranthaceae:
Gompherna glubosa 1. Brown local lestons +
8- Apocynaceae:
Vinca minor Local black spots +
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Fig. (4): Design of two priner pairs using primer select module, laser gene software ver. 7.0
DNASTAR inc., due to conserved regions of the TSWV genome virus.
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bp

LOO

Fig. (5): Results of RI-PCR for total
RNAs  samples amplified with
TSWV primer as example for RT-
PCR detection method. M: DNA
marker (100 pb DNA ladder) and
lanes 1 to 4 corresponding to
Lycopersicon esculentum, Petunia
hybrid_Valim, N. glutinasa, and
Datura stramonium, lanes 5 (N) for
healthy plant, respectively.

RT-PCR and dot blot hybridization
digoxigenin-labeled probes are the most
success(ully non-radioactive molecular tools
used to detect very low concentrations of
nucleic acids belonging to several plant viruses
(Sadik er al., 1997) and (Sadik er al, 1999).
RT-PCR using the new designed universal
degenerate primer was able to detect all
TSWYV species used n this study at 440 bp
(Fig. 5). The dioxigenin-labeled probes
derivative from RT-PCR were developed and
used for dot blot hybridization. The probe
specific for TSWV gave a positive reaction
with the homologous species, and some faint
reactions with TSWYV were observed (Fig. 6).
The hybndization with RNA was repeated at
least three times.

This study has demonstrated that RT-
PCR designed to amplify conserved regions in
the coat protein gene of TSWV and
hybridization  with  RNA-specific PCR

Fig. (6): Dot-blot analysis of TSWV in
different plants using a DNA probe
labeled with DIG as example for Dot-
blot detection method, 1 to 4
corresponding fo Lycopersicon
esculentum, Petunia hybrid Valim, N
glutinasa, and Datura stramonium
respectively.

fragments probes (dot blot) could achieve
universal detection of TSWV isolates (Fig 5).

When RT-PCR with purified viral RNA
was used along with the degenerate primers
specific for TSWV, all TSWV isolates were
detected. So far, more than 77 species within
29 genus and 8 families of plant viruses have
been detected by PCR (Eiras e al.. 1998).
mcluding TSWVs for which PCR has been
used showing higher sensitivity than ELISA
(Mumford et al.. 1996). Aiming at a universal
detection method of plant viruses. primers
have been designed to anneal to the conserved
recions of several viral genomes. as
demonstrated for Cucumber mosaic virus
1solates (Hu er al.. 1993). several POTY
viruses (Langeveld er a/.. 1991). and TSWV
species (Mumford er al.. 1996). Hybridization
techniques have been used to detect several
plant viruses and have been shown to be more
sensitive and more specific than serology
(Hahm er a/., 1993). Hybndization using
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cDNA probes (Ronco er al. 1989) and
riboprobes (Huguenot er al., 1990) has also
been applied to TSWV detection. Dot blot
hybridization with digoxigenin-labeled probes
has been used for plant viruses other than
TSWV (James ef al.. 1999). In seeking a broad
spectrum detection method, digoxigenin-
labeled probes directed at the RNAs and RT-
PCR were developed. The hybridization
technique and RT-PCR designed for conserved
TSWYV isolates have been shown to be suitable
methods for the wuniversal detection of
TSWVs. In addition. the use of non-
radioactive probes is highly recommended
since they avoid the hazard of manipulating
radioactive materials. The variability within
the TSWV genus in combination with the
intensive exchange of plant material around
the world demands an  accelerated
development of new diagnostic tools for
TSWV. The quarantine system plays an
important role in indexing plant material to
avoid introduction of new TSWYV species
within a geographic region, as recently shown
for INSV (Impatiens necrotic spot virus) in the
Northern Hemisphere (Marchoux ef al., 1991),
and CSNV (Chrysanthemum stem necrosis
virus) in the Netherlands (Verhoeven and
Roenhorst, 1998). The RT-PCR and
hyvbridization with the TSWV probe, as
proposed in this study. were sensitive and
broad-spectrum TSWYV detection methods
especially suited for use in quarantine services.
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