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Efficient RT-PCR tool for tomato spotted wilt virus detection in its vectors
Thrips tabaci and Frankliniella occidentalis
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Tospoviruses (the family Bunyaviridae, the genus Tospovirus) are ssRNA viruses with tripartite genome and ambisense
expression strategy. Three genome segments (L, M, S) are
packed together in spherical enveloped virions about 100 nm
in diameter (1). The type member of the genus, tomato spotted wilt virus (TSWV) causes significant losses of vegetable
and ornamental crops worldwide. It possesses a wide host
range, mainly from the families Asteraceae, Fabaceae and
Solanaceae. TSWV is naturally transmitted by several species
of thrips in a circulative and propagative manner (2). The
virus is transmissible exclusively by the adult individuals,
which had acquired it by feeding during their larval stage.
For this purpose, tospoviruses are able to manipulate the
diet preference of their vectors to maximize the transmission
efficiency (3). Several methods have been applied to detect
TSWV either in plants or inside the thrips vectors (4). Here
we show a specific and sensitive RT-PCR able to confirm the
TSWV presence in individual thrips bodies.
The TSWV (isolate HUP2-2012-RB) originated from
Capsicum annuum cv. Brendon from Szegvár, Hungary (5)
and was mechanically passaged in young plants of Capsicum
annuum cv. Brody, Nicotiana tabacum cv. Xanthi-nc and
Nicotiana benthamiana.
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Thrips rearing was performed in a growth chamber at
23°C with 16:8 (L:D) photoperiod. Larvae of the tobaccoassociated (6) onion thrips (Thrips tabaci) in their early
larval stages were reared on leaf disks of infected Nicotiana
species, and larvae of the western flower thrips (Frankliniella
occidentalis) on leaf disks of infected pepper. Later, all the
larvae were transferred individually to leaf disks of uninfected N. tabacum cv. Hevesi 9 F1 (T. tabaci), or uninfected
Phaseolus vulgaris cv. Lingua Di Fuoco (F. occidentalis) to
complete their development. Evolved adults were transferred
to uninfected petunia (Petunia x hybrida cv. Surfinia Double
Blue Star) leaf disks for up to five days (or until they died),
then the thrips were killed and stored in 96% ethanol.
RNA from infected pepper leaves was isolated by the Nucleospin RNA Plant kit (Macherey Nagel), thrips RNA was
obtained by TRIZOL method from potentially viruliferous
individuals or pools of F. occidentalis and T. tabaci. The thrips
captured individually under ethanol in microcentrifuge
tubes were air-dried and homogenized by a micropestle in
TRIreagent (Sigma) followed by standard TRIZOL RNA
isolation (4). Total cDNA was prepared by AMV reverse
transcriptase using random hexamer primers (Promega). The
primer pair TS2for (5'-TTTAGCATTAGGATTGCTGG-3')/
TS2rev (5'-ATCATGTCTAAGGTTAAGCTC-3') spanning
a 684 nt long part of the TSWV nucleoprotein gene N were
designed according the sequence of TSWV S RNA (Acc. No.
KY495612) (Table 1).
PCR conditions optimized using GO Taq DNA polymerase (Promega) with cDNA from TSWV-infected plants were
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Fig. 1
RT-PCR detection of TSWV
Lane 1 – negative PCR control (water instead of template), lane 2 – positive control for TS2 primers (cloned fragment as template), lane 3 – 1 kb DNA
ladder, lane 4 – positive control for FoCO primers (cloned fragment as template), lane 5 – positive control for duplex PCR (mix of template plasmids),
lane 6 – T. tabaci (individual), lane 7 – T. tabaci (individual), lane 8 – T. tabaci (pool of two), lane 9 – F. occidentalis (pool of five), lane 10 – F. occidentalis
(pool of two), lane 11 – F. occidentalis (individual), lane 12 – F. occidentalis (individual), lane 13 – F. occidentalis (individual), lane 14 – stock colony F.
occidentalis (pool of two). Electrophoresis in 1.5% agarose gel.

as follows: 3 min dentauration at 95°C, 40 cycles of (15 s
denaturation at 95°C, 20 s annealing at 56°C, 45 s elongation
at 72°C), 10 min final elongation at 72°C. Obtained specific
band was extracted from the agarose gel by Wizard SV Gel
and PCR Cleanup System (Promega), verified by sequencing
and cloned into pGEM-Teasy (Promega) to gain a stable positive PCR control. The estimated PCR detection sensitivity
was at least 10 pg/ml of plasmid DNA.
While none of tested commercial kits for RNA isolation
lead to positive RT-PCR results using thrips RNA (data
not shown), RT-PCR with TRIZOL-isolated RNA from
individual thrips resulted in faint, but well detectable bands
using TS2for/TS2rev primers. For the internal control of
thrips RNA quality a primer set FoCOfor (5'-GCAGGAA
CAGGATGAACAG-3')/FoCOrev (5'-TTTCGGTCAGT
TAAAAGTATTG-3') was designed to amplify a 275 nt long
fragment of insect mitochondrial cytochrome oxidase subunit I gene (based on several COI sequences of T. tabaci and
F. occidentalis) and the PCR product was cloned to obtain
a control template as described above. As the control PCR
run under the same conditions as TSWV-specific detection,
both primer pairs could be applied simultaneously in a duplex PCR (Fig. 1). Either individual or pooled thrips samples
were analyzed and most of them were shown TSWV-positive.
Sequence analysis confirmed the specifity of amplimers
obtained from the insects. Analysis of F. occidentalis from
the stock colony comprising females, which only fed on
TSWV-infected pepper leaf disks as adults (thus unable to
transmit the virus), resulted in positive reaction with the
internal control primers, but no TSWV-specific band was
observed (Fig. 1, lane 14). Obviously, the reaction sensitivity
did not enable to detect the virus without its amplification
during the propagative stage in the thrips.
Because of high economic importance of TSWV, several
protocols for its molecular detection have been described
including immunocapture RT-PCR (7), multiplex RT-PCR
to detect up to five different tospoviruses in plants (8) and

conventional or TaqMan-based real-time RT-PCR analysis
of individual thrips (4, 9). Our RT-PCR protocol was also
able to detect TSWV not only in infected plants, but also in
individual viruliferous thrips following simple and relatively
fast RNA isolation. The total time needed for analysis of up
to ten samples (from sample preparation to gel documentation) did not exceed six hours (up to 2 h RNA isolation, 1.5 h
reverse transcription, 2 h PCR, 30 min electrophoresis). The
main benefit of our approach was successful involvement of
internal control for the most critical point, namely for quality
of RNA prepared from the tiny thrips bodies.
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