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Abstract. Tomato spotted wilt virus is a widespread and harmful virus. It affects a wide 

range of host plants. The outward signs of TSWV lesions are different on different 

cultures. For the early diagnosis of TSWV, molecular diagnostic methods such as PCR 

must be used. In the course of this work, primers were developed for the diagnosis of 

tomato bronzing virus by real-time PCR and classical PCR. We also compared the 

specificity and sensitivity of various test systems for the diagnosis of tomato bronzing 

virus. In the course of this comparison, it was found that the self-assembly test system 

and the Syntol test system can be recommended for laboratory diagnostics of tomato 

spotted wilt virus. 
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Summary. Tomato spotted wilt virus (TSWV) is the typical member of genus 

Tospovirus, family Peribunyaviridae.  It is included in List of non-quarantine 

harmful organisms, subjected to regulation on territory of Russian Federation, and 

in List A2 of EPPO. TSWV infects many vegetable and flower-ornamental crops 

and seriously reduces it’s productivity, decorativeness and vitality. The main hosts 

are peanut, brovallia, pelargonium, anemone, aster, balsam, begonia, gerbera, 

calceolaria, tagetes, cineraria, cyclamen, zinnia, chrysanthemum, tobacco, pepper, 

salad, tomato, eggplant, legumes and some other crops. According to various 

estimates, up to 900 plants from 90 families may be hosts of TSWV [1,2,3,4].   

External signes of infection by TSWV are very variable at different crops. The main 

symptoms are chlorotic and necrotic ringspots, mottled leaves, the appearance of 

line patterns and yellow mesh on them, deformation of leaf blades and yellowing of 

vines, falling flowers, streak and mosaic of petals and fruits, systematic wilting of 

plant [5, 6].  
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Figure 1 – Symptoms of TSWV on tomatoes.  
(photo by G. Marchoux, INRA, France and P. Mariman, USA) [4]  

Sucking insects - thrips are playing the main role in distribution of TSWV in nature 

and agrocenosises. The most important representors of this group are Thrips tabaci, 

Frankliniella intonsa, Frankliniella occidentalis [7, 8, 9, 10].  The last is quarantine 

pest, which is dangerous to flower and vegetable crops in greenhouses in Russia.  

Currently, there has been a progressing dynamics of the spread of the tomato bronzing 

virus in many countries, incl. and in Russia. This virus, as well as its vectors, thrips, 

already have a stable circulation in natural foci in the south of Russia, as well as on 

various flower crops and tomatoes in open and protected ground. One of the most 

important measures to prevent the widespread acclimatization of the tomato spotted 

wilt virus is its early diagnosis in host plants using modern virological methods.  

The purpose of this work was to refine and improve the elements of existing molecular 

methods for diagnosing tomato spotted wilt virus.  

Materials and methods. The work was carried out in the laboratory of virology and 

analysis of GMO ILC of All-Russian Science-Research Institute of Plant Quarantine. 

The testing of existing and developed methods of diagnostics of tospoviruses was 

carried out with isolates and positive controls of the following viruses:  

1. Impatiens necrotic spot virus (INSV) – isolate PV-0280 (DSMZ, Germany).  
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2. Tomato spotted wilt virus (TSWV) –   isolates PV-0182, PV-0204, PV-

0393 (DSMZ, Germany).  

3. Tomato spotted wilt virus (TSWV) – positive control (LOEWE, Germany).  

4. Watermelon silver mottle virus (WSMoV) – isolate  PV-0283 (DSMZ, 

Germany).  

5. Iris Yellow Spot Virus (IYSV) – isolate  PV-0528 (DSMZ, Germany).  

6. Chrysantemum stem necrosis virus   (CSNV) – isolate  PV-0529 (DSMZ, 

Germany).  

7. Negative control (tobacco leaves) (Agdia, USA) 

When working out the test based on PCR, the above-mentioned lyophilized 

reference isolates from DSMZ (Germany), positive and negative controls for 

enzyme-linked immunosorbent assay, potted plants of ornamental crops, and healthy 

plants were used.  

RNA isolation was performed with reagent kits for nucleic acid isolation (Proba-

NK) (Agrodiagnostika) and FITO-SORB (Syntol) (both Russia), according to the 

manufacturer's protocol. The reverse transcription reaction was performed using 

reagents for RT with an OT-Random primer (Agrodiagnostika) and a kit of reagents 

MMLVRTkit (Evrogen, Russia), according to the manufacturer's protocol. For the 

amplification reaction, a set of PCR reagents Master-mix ScreenMix HS (Evrogen, 

Russia), 5xMasCFGTaqMIX-2025 (unstained) and 5xMasDDTaqMIX-2025 

(stained) (Dialat, Russia) was used in accordance with the manufacturer's protocol. 

PCR was carried out on amplifiers CFX - 96, C1000 (BioRad, USA), DT-Prime (DNA-

Technologies, Russia). 

The following primers and a probe were used for real-time PCR (synthesis at Evrogen, 

Russia): 

Primers and 

probe  

Sequence Authors 

TSWV-CP-17F  CTCTTGATGATGCAAAGTCTGTGA  
Mumford et al., 

1996  
 

TSWV-CP-100R  TCTCAAAGCTATCAACTGAAGCAATAA 

TSWV-CP-73T  [FAM] AGGTAAGCTACCTCCCAGCATTATGGCAAG [BQ1] 
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The conditions for the amplification with the TSWV-CP-17F / TSWV-CP-100R 

soligonucleotides, the TSWV-CP-73T probe are as follows: 5 min at 95 ° C; reaction 

within 45 cycles: 15 sec at 95 ° C, 45 sec at 55 ° C; 4 ° C ∞. Species-specific probe 

TSWV-CP-73T allows detecting a specific fragment for Tomato spotted wilt virus in 

the reaction mixture via the FAM / Green fluorescence channel.  

For comparison with the self-assembly test system, commercial TSWV detection kits 

from Agrodiagnostika (Russia) and Syntol (Russia) were used. 

The following primers were used for classical PCR: 

Primers Sequence Product 

size, p.n. 

Authors 

TSWV L1  AATTGCCTTGCAACCAATTC  
 

276 
Mumford et al., 1996  

 TSWV L2  ATCAGTCGAAATGGTCGGCA  
 

 

The conditions for carrying out amplification with TSWV L1 / TSWV L2 

oligonucleotides are as follows: 10 min at 96 ° C, reaction for 40 cycles: 60 sec at 

94 ° C, 60 sec at 55 ° C, 60 sec at 72 ° C; 10 min at 72 ° C, 4 ° C ∞. The detection 

of the results of classical RT-PCR was carried out by electrophoresis in 1.5% agarose 

gel. 

Results and discussion. In the course of this work, specific primers TSWV-CP-17F 

/ TSWV-CP-100R and a species-specific probe TSWV-CP-73T (synthesis at 

Evrogen, Russia) were tested to identify the causative agent of tomato spotted wilt 

vitus from plant material. Amplification was performed in real time with positive 

control samples. Figure 2 shows the dependence of the fluorescence of the FAM / 

Green channel on the cycle number. According to the results of the amplification 

reaction in Figure 2, it can be seen that only positive controls of the tomato bronzing 

virus worked. PKO + 1 (TSWV PV-0182) detected at 23.47 Ct, PKO + 2 (TSWV 

PV-0182) at 22.9 Ct, PKO + 3 (TSWV PV-0182) at 19.08 Ct, where Ct - the number 

of the threshold cycle.  
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Figure 2 - Results of PCR in real time: dependence of the fluorescence of the FAM 

/ Green channel (TSWV) 

Amplification of cDNA of the causative agent of tomato bronzing with the same 

samples (Fig. 3) with a pair of primers TSWV L1 / TSWV L2 with a ready-made 

mixture 5x MasCFEMIX-2025 (Dialat, Russia) showed that the studied samples 

with cDNA of the virus had the desired amplification product of a specific size 276 

p.n. At the same time, there was no nonspecific reaction with other closely related 

species of tospoviruses.  
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Figure 3 - Electropherogram of classical PCR samples with TSWV L1 / TSWV L2 

primers. Where: 1 - isolate TSWV PV-0182; 2 - isolate TSWV PV-0204; 3 - 

chrysanthemum plant; 4 - chrysanthemum plant; 5 - isolate INSV PV-0280; 6 - 

isolate WSMoV PV-0283; 7 - CSNV PV-0529; OKO-V - negative control of 

secretion; OKO-h - negative control of the clear zone. M - molecular weight 

marker 100-3000 bp. ("Thermo Fisher scientific", USA). 

It can be concluded that the classical PCR method using the TSWV L1 / TSWV L2 

primer pair is specific for the detection of tomato spotted wilt virus. Although the 

sensitivity of this method is slightly lower than real-time PCR, it is quite satisfactory 

and provides reliable results.  

Table 1 shows a comparative assessment of the results of real-time PCR for various 

test systems.  
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Table 1 - Comparative assessment of tomato spotted wilt virus detection by PCR 

with different test systems in real time 

  Test system of the firm 
"Agrodiagnostika" 

Test system of the firm 
"Syntol" 

Test system with primers  
" TSWV-CP-

17F/ TSWV -CP-100R и 
зондом TSWV -CP-73T  

Sample Result Threshold 
cycle.  (Ct)

  

Result  
  

Threshold 
cycle. (Ct)  

Result 
 

Threshold 
cycle.  (Ct)

  

IYSV_ 
PV-0528    

-  -  -  -  -  -  

TSWV_L
oеwe   

-  -  +  20,2  +  21,7  

TSWV_P
V-0393    

+  31,27  +  19,6  +  23,1  

TSWV_ 
PV-0204   

-  -  +  19,9  +  18,8  

INSV_PV-
0280   

-  -  -  -  -  -  

TSWV_ 
PV-0282   

+  29,83  +  17,9  +  20,8  

TSWV_ 
PV-  
0282_1/10 
   

+  33,12  +  20,9  +  24,3  

TSWV_ 

PV-
0282_1/10
0  

+  36,99  +  24,9  +  27,4  

TSWV_ 
PV-
0282_1/10

00  

+  40,76  +  28,5  +  31,2  

TSWV_ P
V-
0282_1/10
000   

-  -  +  33,4  +  35,7  

TSWV_ P
V-

0282_1/10
0000   

-  -  +  36,3  +  37,5  

CSNV PV-
0529   

-  -  -  -  -  -  

WSMoV P
V-0283   

-  -  -  -  -  -  

Negative 
control 

-  -  -  -  -  -  
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Based on our data, it can be argued that the Agrodiagnostika test system is the least 

specific and sensitive. Two of the samples tested gave a false negative result; and 

when the sample was diluted 10,000 times, the test result was negative. At the same 

time, the same samples gave a positive result when tested with a kit from Syntol, as 

well as a self-assembly system with primers TSWV-CP-17F / TSWV-CP-100R and 

a species-specific probe TSWV-CP-73T.  

It should be noted that none of the tested test systems showed a false positive result 

when studying isolates of related tospoviruses. 

Conclusion. Tomato spotted wilt tospovirus has a wide range of host plants among 

economically significant vegetable and flower-ornamental crops, causing significant 

damage to them all over the world. Effective protection against it can be organized 

only on the basis of regular reliable phytosanitary monitoring, which is impossible 

without the use of modern highly sensitive methods of laboratory examination. In 

the course of the study, we have worked out test systems for PCR both in real time 

and classical with detection by electrophoresis. The specificity and sensitivity of 

three different real-time PCR test systems was evaluated. It has been proven that a 

set of reagents from Syntol (Russia) and a self-assembly system with primers 

TSWV-CP-17F / TSWV-CP-100R and a species-specific probe TSWV-CP-73T can 

be recommended for laboratory diagnostics of tomato spotted wilt virus.  
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