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Background 

Spotted wilt disease of pepper caused by Tomato spotted wilt virus (TSWV) can 
cause substantial economic losses to pepper production worldwide, including California. 
In nature, this virus is transmitted by various species of thrips, but mostly the western 
flower thrips, (Frankliniella occidentalis) in California. Although thrips feeding can 
cause direct damage to pepper, transmission of TSWV and other tospoviruses to pepper 
results in the greatest economic loss. In conventional production, thrips can be managed 
with insecticides, but this is often ineffective due to lack of effective insecticides and 
difficulties targeting locations where thrips feed and reproduce. Furthermore, the most 
effective use of insecticides for thrips management requires accurate timing of sprays, 
usually in advance of peak populations, in order to limit feeding damage and virus 
transmission.  

 
A very effective and desirable means of managing tomato spotted wilt in pepper 

(and tomato) is through the planting of resistant varieties. In the case of pepper, this 
involves planting varieties with the dominant Tsw gene. Pepper plants carrying this gene 
usually show necrotic local lesions on inoculated leaves, followed by premature 
abscission and the inability of the virus to systemically infect and cause symptoms. 
Studies have revealed that the nonstructural protein NSs, encoded by the small (S) RNA 
segment, is the TSWV effector that is recognized and triggers the resistant response in 
peppers mediated by the Tsw gene. However, resistance-breaking (RB) strains of TSWV 



that break or overcome the resistance conferred by the Tsw gene have been reported from 
a number of geographical locations, including Europe (Hungary, Italy and Spain), the 
Middle East (Israel), Australia and South America (Argentina). Furthermore, evidence 
has been presented that the capacity of TSWV to overcome Tsw-mediated resistance is 
due to specific amino acid (aa) changes in the NSs protein. For example, in Hungary, a 
single point mutation in NSs gene results in an amino acid change at position at 104 (T 
for A) was sufficient to overcome Tsw-gene-mediated resistance in pepper. However, in 
other geographic locations, different aa differences in the NSs of TSWV have been 
reported to be involved in overcoming the Tsw resistance gene. 

 
Overall Objectives: 
 
The overall objective of this project is to determine the potential for the emergence 

of pepper RB-TSWV strains in California, and whether such strains/variants have the 
potential to cause economic losses. This information will be used in ongoing efforts to 
develop an effective integrated pest management (IPM) program for TSWV in peppers 
in California. As part of the latter goal, a grower-focused flyer on spotted wilt disease of 
pepper was generated as part of this project. 

 
Objective 1. Survey early- and late-planted pepper fields for the persistence and 
appearance of RB-TSWV in selected locations where it was detected in the 2018 
growing season 
 

In 2019, we received or collected samples of pepper plants of resistant and 
susceptible varieties with spotted wilt-like symptoms from fields early (May-June) and 
late (September-October). Because of the cool wet spring conditions, which substantially 
delayed the development of thrips populations in Central California, there was very low 
spotted wilt pressure early in the season and, thus, most of the samples can from later 
planted fields and were collected in August-October. These samples were initially tested 
for TSWV infection with the AgDia TSWV immunostrip and then for capacity to infect 
a resistant variety (cv. Huntington) following mechanical inoculation.  

The samples we collected or received in 2019 were from Fresno, Merced and Yolo 
Counties. Early season samples came from a single field in Fresno County, where plants 
were showing a whitish to yellow mosaic with minimal or no necrosis and leaf samples 
with these symptoms were negative for TSWV and positive for infection by Alfalfa 
mosaic virus (AMV). The late season samples from Fresno (collected 7 October) came 
from a field trial in which varieties of peppers with resistance to TSWV (i.e., with the 
Tsw gene) were being evaluated. Here, we observed four types of symptoms: 1) tip die-
back, 2) a more general chlorosis or yellowing, 3) possible spotted wilt symptoms, mostly 
ringspots in the fruits, and 4) more typically spotted wilt symptoms in leaves and fruits. 
Based on results with TSWV immunostrips, samples with the tip-dieback symptoms (type 
1) and general chlorosis (type 2) were negative for TSWV, whereas those with the 
possible spotted wilt (type 3) and typical spotted wilt (type 4) were positive. It is from 



these samples that isolates were recovered and characterized (Table XX). We also 
received 4 late season pepper fruit samples with ringspots from Yolo County (19-313 to 
19-316), but these were all from susceptible cultivars. Finally, we received four late 
samples from leaves (1) or fruit leaf and fruit samples with symptoms 

Table 1. Strains of Tomato spotted wilt virus (TSWV) recovered from symptomatic 
fruits from fields planted with resistant varieties (with the Tsw gene) in Fresno and Yolo 
Counties in 2019 and the original pepper RB-TSWV   

 

Sample               County      TSW          NSS RB Tomato      WT Tomato         TSWV 

         Gene        Gene   primers             primers    Immunostrip 

RB-TSWV-CA-P-1   Yolo        (+)            (+)       (+)         (-)     (+)  

19-314   Yolo        (-)              (+)       (+)         (-)     (+) 

19-325   Fresno        (+)            (+)       (+)         (-)     (+) 

19-327   Fresno        (+)            (+)       (+)         (-)     (+) 

19-329   Fresno        (+)              (+)       (+)         (-)     (+) 

To identify pepper RB-TSWV strains in 2019 and to assess if any pepper TSWV 
strains could overcome the tomato Sw-5, selected strains were mechanically inoculated 
onto the resistant pepper variety Huntington, two Sw-5 tomato varieties and two non-Sw-
5 varieties. Here, we selected representative strains considered to be pepper RB-TSWV 
and recovered in Fresno or Yolo Counties together with the original pepper RB-TSWV 
strain recovered in Yolo County in 2017. These strains and results with various detection 
methods are presented in Table 1. 

Table 2. Response of pepper and tomato varieties with resistance genes TSW and SW-5 
genes, respectively, to isolates of Tomato spotted wilt virus (TSWV) isolated from 
various pepper genotypes in 2019. 

a/ Number with symptoms/Total inoculated 

ISOLATE LOCATION 
(County) 

PEPPER TOMATE 

Tsw Sw-5 Non Sw-5 

Huntington N6416 H5608 Glamour Heirloom 
Red 

RB-
TSWV-
CA-P-1 

Yolo           3/3 0/3 0/3 3/3 3/3 

19-314 Yolo   0/3a/ 3/3 3/3 3/3 3/3 
19-325 Fresno 3/3 3/3 3/3 3/3 3/3 
19-327 Fresno 3/3 3/3 3/3 3/3 3/3 
19-329 Fresno 0/3 3/3 3/3 3/3 3/3 



 The results of the plant inoculation experiments are shown in Table 2. The 
original pepper RB-TSWV strains (RB-TSWV-CA-P-1) performed as expected, causing 
spotted wilt in the resistant pepper variety Huntington and causing spotted wilt only in 
non-Sw-5 tomatoes, consistent with this strain not breaking the Sw-5 gene.  

The 19-314 strain did not cause spotted wilt in the resistant pepper variety 
Hutchison, which was consistent with the failure to detect the Tsw gene in fruit tissues 
of this sample and the sample coming from a susceptible cultivar. The finding that this 
strain infected Sw-5 and non-Sw-5 tomato varieties indicates it is a tomato RB-TSWV 
strain, which is one of the first detections in Yolo County.  

Strains 19-325 and 19-327 represent the first finding of double-RB-TSWV 
strains in California. Both strains infected the resistant pepper variety Huntington and 
the resistant tomato cultivars, indicating that these strains overcome both the resistance 
conferred by the Tsw gene in pepper and the Sw-5 gene in tomato. In the latter case, this 
is also consistent with the positive result for both strains in the RT-PCR test for tomato 
RB-TSWV (Table 1). The origin of these strains was Fresno County, an area where 
tomato RB-TSWV is the predominant strain, which may have provided the genetic 
diversity necessary to give rise to these double-RB-TSWV strains. 

Finally, the strain 19-329 was a tomato RB-TSWV strain and was not able to 
infect and cause symptoms in the resistant pepper cultivar Huntington, despite being 
recovered from a resistant pepper variety. It is possible that there was a mixed infection 
of pepper and tomato RB-TSWV strains, with the pepper RB-TSWV facilitating 
infection of the resistant pepper variety by the tomato RB-TSWV strain.  

 

Objectives 2/3. Develop molecular markers to identify the Tsw gene and pepper RB 
TSWV strains in California.  

  The observation of spotted wilt symptoms in a plant within a field planted with a 
resistant variety is not proof of the presence of a RB-TSWV strains, as this could actually 
be a susceptible plant, e.g., from seed of a selfed plant or as a contaminating. Therefore, 
to prove that such a pepper plant is infected by a pepper RB-TSWV strain involves 1) 
confirmation of the presence of the Tsw gene in the plant and 2) demonstrate that an 
isolate of TSWV from this plant will infect and cause spotted wilt symptoms in a resistant 
pepper variety (e.g., Huntington) following mechanical inoculation. This is a time-
consuming and relatively expensive process. Therefore, to make this process easier and 
more rapid, we have been working to develop molecular markers for the Tsw gene in 
pepper plants and for pepper RB-TSWV strains.   
 
 Because the Tsw gene from pepper has been cloned and the DNA sequence is 
available, we developed a pair of primers (Table 3) for the polymerase chain reaction 
(PCR) that would specifically direct the amplification of an ~1.5 kb DNA fragment from 
the total genomic DNA of resistant varieties that possess the Tsw gene. Thus, if this DNA 
fragment is not amplified from a pepper plant, it is from a susceptible variety. 
 



As shown in Figure 1, these primers directed the amplification of the expected-
size ~1.5 kb target fragment from total genomic DNA of three plants of the resistant 
variety Huntington and not from that from three plants of the susceptible cultivar Cayenne 
Long. As also shown in Figure 1, the Tsw primer pair did not direct the amplification of 
the target fragment from total genomic DNA of tomato cultivars, with or without the Sw-
5 gene. 

 
Table 3. Sequences of the oligonucleotide primers used in the detection of the Tsw 
resistant gene from pepper  

 Primera  Nucleotide sequence 

 RBPF  5’- ATGGAAACTTACAACAAGGCTATCG-3´ 

 RBPR  5’- CATCATTGCAAAGTTATTGTTAGAC-3´ 

aPrimer nomenclature is coded as follow: RB = resistant-breaking strain; P = primer; F 
forward primer and R = reverse primer. 

 

 

 

 

Figure 1. Detection of the Tsw Cayenne resistant gene by a PCR test with specific 
primers. The diagnostic ~1.5 kb Tsw gene DNA fragment was amplified from total 
genomic DNA extracted from leaves of the TSWV-resistant pepper variety Huntington, 
but not from the total genomic DNA of the susceptible variety Cayenne Long or from 
total genomic DNA extracted from TSWV-resistant (with the Sw-5 gene) or susceptible 
(lacks the Sw-5 gene) tomato varieties  (Sw-5 +). M, 1 kb DNA ladder. 

 



To develop a molecular marker for pepper RB-TSWV strains, we have focused 
on the NSs gene of the virus, which encodes a suppressor of plant defenses and is the 
viral protein recognized by the pepper Tsw protein. Using PCR-primers for the NSs 
gene of TSWV, we have amplified an ~1250 bp fragment of the gene, which represents 
~90% of the total sequence of the gene (1254/1404 nts). We have used these sequences 
and to generate an alignment and to create a phylogenetic tree showing relationships 
among pepper RB-TSWV strains recovered from 2017-2019, as well as a tomato RB-
TSWV strain and WT-TSWV strains (Figure 2).  

 

 

Figure 2. A Bayesian phylogenetic consensus tree showing the relationships among 
resistance-breaking (RB) strains of Tomato spotted wilt virus (TSWV) in pepper collected 
from California (CA), Italy, Spain, Brazil and Hungary and the most closely related 
sequences of wild type (WT) isolates based on alignments of partial NSs sequences. 
Phylogenetic analyses were performed with MrBayes 3.2. Branch strengths were 
evaluated by Bayesian posterior probabilities. The CA tomato RB-TSWV strain is 
indicated by a black circle, whereas pepper RB-TSWV strains are shown with black 
diamonds. 

 



What is clear from this phylogenetic tree is that pepper RB-TSWV strains are 
polyphyletic, i.e., they have evolved more than once, probably on at least on three 
occasions, represented by pepper RB strains present on 3 different phylogenetic clades. 
Consistent with this hypothesis, these clades show geographic association with the 
upper clade comprised mostly of strains from San Joaquin County, the center clade of 
isolates from Yolo County and the lower clade of isolates from Fresno and Yolo 
Counties. This is a different situation than for tomato RB-TSWV strains, which seem to 
have appeared from a single evolutionary event (monophyletic). This also show the 
potential for pepper RB-TSWV strains to infect resistant peppers in multiple production 
areas.   

We next examined the amino acid sequences of the predicted NSs protein to 
determine if one or more amino acid changes could be correlated with the RB phenotype. 
However, consistent with the genetic diversity revealed by the phylogenetic tree, there 
were numerous amino acid differences among strains, but none that were correlated with 
the NSs protein of pepper RB strains (Figure 3). This suggests that more than one amino 
acid difference is associated with pepper RB-TSWV strains, in contrast to the situation 
with tomato RB-TSWV strains, which all share the C118Y difference in the NSm protein. 
Unfortunately, the lack of common amino acid changes in the NSs protein of pepper RB-
TSWV strains does not allow, at the present time, for use of these sequences to generate 
a PCR test specific for pepper RB-TSWV strains, as has been done for tomato RB-TSWV 
strains.  

 

Figure 3. Polymorphism of the resistance-breaking (RB) strains of Tomato spotted wilt 
virus (TSWV) in pepper collected from California (CA) from 2017-2019. Amino acid 
sequence alignment showing divergent regions of the NSs protein of isolates of TSWV 
wilt-type (WT) and pepper and tomato RB-TSWV strains from CA are shown. Black 
arrows indicate the polymorphic residues. 

 

  



Objective 4. Evaluate the response of wild species and landraces from Mexico for 
resistance to RB TSWV 

 In collaboration with Dr. Allen van Deynze of the Seed Biotechnology Center and 
UC Davis, we have initiated efforts to identify sources of resistance to the new RB-TSWV 
strain that breaks the Tsw gene. We were provided pepper seed of the parents and families 
of a two crosses with landrace or wild materials from Mexico: one between a bell pepper 
type (MOAK) and a serrano-type landrace (UC-14) and the other between a commercial 
(Early Jalapeno [EJ]) and a wild accession (P1381626) from Mexico (Table 4). Seeds 
were germinated and seedlings were mechanically inoculated with the RB-TWSV-CA-
P-1 at the 2-4 true leaf stage, and any plants that did not develop symptoms were 
mechanically inoculated a second time to avoid escapes. 

 

Table 4. Screening of two pepper population with the new pepper RB-TSWV strain, 
RB-TSWV-CA-P-1. 

(S*) = Susceptible 

(R*) = Resistance 

 

As can be seen in Table 4, the bell pepper and jalapeno variety were highly 
susceptible (4/4 and 48/49 respectively) and developed spotted wilt symptoms, whereas 
~33% of the F2 serrano landrace plants did not develop symptoms and 50% of the wild 
jalapeno F2 plants did not, suggesting the possibility of resistance in the landrace and 
wild parents used in these crosses (Table 4). The two families of the jalapeno cross 
showed the highest percentage of plant without symptoms (5/23 [22%] and 8/18 [44%]), 
consistent with the presence of genetic resistance. Furthermore, this potential resistance 

No.                                                                                                                          Genotype Name  
# Of plants with 

symptoms/ 
inoculated 

1  
 

Bell Pepper X  
Serrano- type 

landrace 

MAOR (Bell Pepper) Parent (S*) 5/5 
2 UC-14 (Serrano- type 

landrace) 
Parent (R*) 8/12 

3 MAOR X UC-14 (MUC14) F1 14/18 
4 MAOR X UC-14 (MUC14)#2 F2 14/17 
5 MAOR X UC-14 (MUC14)#3 F2 25/25 
6 MAOR X UC-14 (MUC14)#4 F2 21/24 
7  

Jalapeno X 
Wild 

accession 

Early jalapeno Parent (S*) 48/49 
8 P1381626 Parent (R*) 2/4 
9 EJ X P1381626 F1 18/23 

10 EJ X P1381626 F2 #1+2 10/18 
11 Huntington TSW  3/3 
12 Glamour No known TSWV R gene Susceptible 

tomato 
3/3 



in these F2 plants appeared to be associated with the plants having a phenotype of taller 
growth and smaller leaf size. Therefore, to further investigate these potential sources of 
resistance to pepper RB-TSWV from California, we will allow the plants of the jalapeno 
cross to develop fruits and we will test the progeny (F3) plants for resistance to RB-
TSWV-CA-P-1. If this resistance continues to show promise, it could be a used alone or 
together with the Tsw gene to create commercial pepper varieties with higher levels of 
resistance to TSWV, including protection against he increased incidence of pepper RB-
TSWV strains.   

 

Conclusions 

1. Pepper RB-TSWV strains were detected in Fresno and Yolo Counties in 2019, 
consistent with these strains representing a stable portion of the TSWV population in 
California. 

2. The pepper RB-TSWV strains continue to appear late in the season and predominantly 
in fruits, suggesting that they are not becoming the dominant strain in peppers, as has 
been the case with tomato RB-TSWV in Fresno, Kings and Merced Counties. 

3. In Fresno County, double-RB TSWV strains with the capacity to overcome both the 
Tsw gene in pepper and the Sw-5 gene in tomato were identified for the first time and it 
will be important to determine the competitiveness of these strains as they could become 
more prevalent in pepper and make the Tsw gene less effective in California. 

4. A molecular PCR-based test for the Tsw gene in pepper tissues was developed that 
allows for rapid determination of whether a tissue sample came from a resistant or 
susceptible variety. 

5. Analyses of the amino acid sequences of the NSs protein (recognized by the Tsw 
protein to trigger resistance) of wild-type TSWV, tomato RB-TSWV and pepper RB-
TSWV strains revealed that pepper RB-TSWV strains are polyphyletic and likely have 
emerged on multiple occasions. Consistent with genetic diversity, we were not able to 
identify specific amino acids with pepper RB-TSWV strains that could be used as a 
molecular marker of pepper RB-TSWV strains. 

6. Screening of two pepper populations generated with crosses between a serrano-like 
landrace and a wild jalapeno parents revealed evidence of potential resistance to pepper 
RB-TSWV from California. 

 

 

 

 

 

 

 


