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The genus Orthotospovirus in the family Tospoviridae is comprised of insect- and plant-infecting viruses with tripartite, single-stranded RNA genomes. The three genomic RNA segments are designated as S (small), M (medium) or L (large). The S and M RNAs are ambisense encoding two open reading frames (ORFs) each, whereas the L RNA is negative sense and encodes one ORF. The S RNA encodes the nucleocapsid (N) and nonstructural (NSs, silencing suppressor) proteins. The M RNA encodes a glycoprotein precursor (proteolytically processed to yield two viral glycoproteins, GN and GC) and a second nonstructural protein (NSm, cell-to-cell movement). The L RNA encodes the viral RNA-dependent RNA polymerase (L). Eight terminal nucleotides of each RNA are conserved among family members, and show complementarity facilitating base-pairing of the termini of each RNA to form a panhandle-like structure. Particles are pleomorphic or quasi-spherical, 80-120 nm in diameter, and enveloped with a host-derived membrane in which the two glycoproteins (GN and GC) are embedded to appear as ‘spike-like’ structures on the virion surface. Members of the family are transmitted by thrips of one or more species (Thysanoptera: Thripidae) in a persistent, propagative manner. Phylogenetic analyses of the genomic RNAs show segregation of orthotospovirus species into Old World and New World clades.

Species demarcation criteria for the genus Orthotospovirus:
•	Genome sequence relatedness: different species have N protein amino acid pairwise sequence identity less than 90%.
•	Thrips vector specificity.
•	Plant host range.
•	Antigenic properties: serological relatedness of N protein.

The eight viruses described below are proposed to represent new species in the genus Orthotospovirus. For each virus, there is at least one complete coding region or genome sequence in the public domain revealing the expected ORFs and conserved nucleotide and/or amino acid motifs. The molecular criteria of pairwise sequence identity values to create new species have been fulfilled. Phylogenetic analyses of the complete S, M and L RNA genome segment sequences (Figures 1-3) support recognition of these viruses as representatives of new species within the genus Orthotospovirus.




Eight proposed new species in genus Orthotospovirus

1. Alstroemeria necrotic streak virus
 
Alstroemeria necrotic streak virus (ANSV) is endemic in Colombia where it was originally found naturally infecting the ornamental crop Alstroemeria (Alstroemeria sp.) in 2008 (Hassani-Mehraban et al., 2010). Experimental mechanical inoculation studies showed that ANSV has a moderate plant host range (Hassani-Mehraban et al., 2010). Surveys in Colombia have also identified natural infections of solanaceous crop plants including tomato (Solanum lycopersicum), bell pepper (Capsicum annuum) and lulo (Solanum quitoense) (Gallo et al., 2018; 2019; Olaya et al., 2017). The natural thrips vector remains to be determined but experimental transmission of ANSV by western flower thrips (Frankliniella occidentalis) has been reported (Hassani-Mehraban et al., 2010). The complete coding region sequence (MG696853, MG696852 and MG696851) is located within 3113, 4839 and 8756 nt, respectively, on three ssRNAs with a genome organization typical of orthotospoviruses (Gallo et al., 2018). Comparison of data on serological relationships and N gene sequences revealed that ANSV is most closely related to but distinct from the tomato spotted wilt virus (TSWV) serogroup of orthotospoviruses. This includes 75-83% identity of aligned N protein sequences for TSWV, tomato chlorotic spot virus, groundnut ringspot virus, chrysanthemum stunt virus and zucchini lethal chlorosis virus, which is sufficient to establish ANSV as a representative of a distinct orthotospovirus species. Phylogenetic analyses showed that each of the three ANSV genomic RNAs grouped most closely with these same orthotospoviruses in the New World clade (Figures 1-3). For future reference, ANSV shared the highest (87%) identity of aligned N protein sequence with pepper necrotic spot virus, another tentative orthotospovirus found in South America for which only S RNA sequence is currently available.

The ICTV Tospovirus Study Group proposes that Alstroemeria necrotic streak virus represents a new species, named Alstroemeria necrotic streak orthotospovirus, within the genus Orthotospovirus, with ANSV isolate San Vicente 3 as the exemplar isolate.

2. Alstroemeria yellow spot virus
Alstroemeria yellow spot virus (AYSV) was isolated from the ornamental crop Alstroemeria (Alstroemeria sp.; Hassani-Mehraban et al., 2019). Experimental mechanical inoculation studies showed that AYSV has a relatively narrow plant host range (Hassani-Mehraban et al., 2019). Experimental transmission of AYSV by onion thrips (Thrips tabaci) has been demonstrated (Hassani-Mehraban et al., 2019). The first complete genome sequence (MF469035, MF469034 and MF469033) of an AYSV isolate from Alstroemeria comprises three ssRNAs of 2734, 4797 and 8865 nt, respectively, with a genome organization typical of orthotospoviruses (Hassani-Mehraban et al., 2019). No serological reaction was found with antisera raised against other orthotospoviruses, and AYSV shared the highest (69.5%) identity of aligned N protein sequence with polygonum ringspot virus (PolRSV), which is sufficient to establish AYSV as a representative of a distinct orthotospovirus species. Phylogenetic analyses showed that each of the three AYSV genomic RNAs grouped most closely with PolRSV, iris yellow spot virus and viruses of several other proposed orthotospovirus species (see #4 Hippeastrum chlorotic ringspot virus and #7 tomato yellow ring virus below) identified in Europe and Asia in the Old World clade (Figures 1-3). 

The ICTV Tospovirus Study Group proposes that Alstroemeria yellow spot virus represents a new species, named Alstroemeria yellow spot orthotospovirus, within the genus Orthotospovirus, with AYSV isolate Als-2000 as the exemplar isolate.

3. Groundnut chlorotic fan-spot virus
Groundnut chlorotic fan-spot virus (GCFSV) was first characterized from groundnut (peanut, Arachis hypogaea) in Taiwan in the early 1990s (Chen and Chiu, 1996). Originally described as peanut chlorotic fan-spot virus, serological comparisons suggested GCFSV to be a novel orthotospovirus (Chu et al., 2001; Yeh et al., 1996). Mechanical inoculation studies showed that GCFSV has a relatively narrow experimental host range that includes typical solanaceous indicator plants (Chen & Chiu, 1996). Experimental transmission of GCFSV by yellow tea thrips (Scirtothrips dorsalis) was demonstrated (Chen and Chiu, 1996). The first complete genome sequence (AF080526, KP146141 and KP146140) is available for a GCFSV isolate from groundnut and comprises three ssRNAs of 2734, 4857 and 8796 nt, respectively, with a genome organization typical of orthotospoviruses (Chou et al., 2017; Chu et al., 2001). No serological reaction was found with antisera raised against other orthotospoviruses. GCFSV shared the highest (67.5%) identity of aligned N protein sequence with groundnut yellow spot virus (GYSV) and 22.3 to 28.1% with all other orthotospoviruses, which is sufficient to establish GCFSV as a representative of distinct orthotospovirus species. Phylogenetic analysis showed that the GCFSV S RNA grouped with the GYSV S RNA on a distinct branch within the Old World clade (Figure 1), consistent with the N protein analysis. The GCFSV M and L RNAs were each on their own branch distinct from the Old and New World clades (Figures 2-3); we note that currently no GYSV M or L RNA sequences are available for comparison.

Thus, the ICTV Tospovirus Study Group proposes that groundnut chlorotic fan-spot virus represents a new species within the genus Orthotospovirus, named Groundnut chlorotic fan-spot orthotospovirus, with GCFSV isolate PD2 as the exemplar isolate.

4. Hippeastrum chlorotic ringspot virus
Hippeastrum chlorotic ringspot virus (HCRV) was first isolated from amaryllis (Hippeastrum sp.) with necrotic and chlorotic ringspots in 2007 and later from spider lily (Hymenocallis littoralis) with similar symptoms in 2011 in southwestern China (Dong et al., 2013; Xu et al., 2013). Electron microscopy showed typical orthotospovirus particles (Dong et al., 2013). Isolated HCRV virions infected multiple plant species including tomato (Solanum lycopersicum), pepper (Capsicum annuum), tobacco (Nicotiana tabacum), amaryllis (Hippeastrum sp.), orchid (Phalaenopsis sp.) and lettuce (Lactuca sativa) by mechanical inoculation (Dong et al., 2013; Xu et al., 2013). Surveys in southwestern China have also identified widespread natural infections of spider lily, amaryllis, philodendron (Philodendron bipinnatifidum) and tobacco (Xu et al., 2013). Multiple thrips vectors of orthotospoviruses are known in this region of China but the HCRV vector has not yet been determined (Dong et al., 2013). The complete genome sequence (JX833564, JX833565 and HG763861) of HCRV comprises three ssRNAs of 2724, 4741 and 8908 nt, respectively, with a genome organization typical of orthotospoviruses (Xu et al., 2013; 2014). No serological reaction was found with antisera raised against other orthotospoviruses. HCRV shared the highest identity of aligned N protein sequence with Polygonum ringspot virus (PolRSV; 86.1%), tomato yellow ring virus (TYRV; 82.1%; see #7 below) and iris yellow spot virus (IYSV; 70%), and 18.5 to 48.2% with all other orthotospoviruses, which is sufficient to establish HCRV as a representative of a distinct orthotospovirus species. Phylogenetic analysis showed that each of the three HCRV genomic RNAs grouped most closely with PolRSV, TYRV, IYSV and the orthotospovirus of the proposed species Alstroemeria yellow spot orthotospovirus (see #2 above) identified in Europe and Asia in the Old World clade (Figures 1-3). 

The ICTV Tospovirus Study Group proposes that Hippeastrum chlorotic ringspot virus represents a new species within the genus Orthotospovirus, named Hippeastrum chlorotic ringspot orthotospovirus, with HCRV isolate HLS1-2 as the exemplar isolate.

5. Mulberry vein banding-associated virus
Mulberry vein banding-associated virus (MVBaV) was first identified in mulberry (Morus alba) samples with vein banding symptoms collected in Guangxi Province of China in 2011 (Meng et al., 2013). The natural and experimental host range is limited to mulberry. MVBaV was graft transmitted to mulberry but was not mechanically transmitted to any tested plant species (Meng et al., 2015). Surveys showed that MVBaV was widespread in mulberry orchards in China (Meng et al., 2013). To date, MVBaV has only been detected in China and the vector remains unknown. Electron microscopy showed typical orthotospovirus particles (Meng et al., 2015). The complete genome sequence (KM819701, KM819699 and KM819698) of isolate XCSY-3 comprises three ssRNAs of 3294, 4731 and 8905 nt, respectively, with an organization typical of orthotospoviruses (Meng et al., 2015). Serological characterization demonstrated that MVBaV reacted strongly with a commercially available mixture of watermelon silver mottle virus (WSMoV) and groundnut bud necrosis virus (GBNV) antisera in ELISA assays; no reaction was observed with antisera raised against other orthotospoviruses. MVBaV shared the highest identity of aligned N protein sequence with Capsicum chlorosis virus (CaCV; 74.4%), watermelon bud necrosis virus (WBNV; 71.8%), GBNV (71.5%) and WSMoV (70%), and 19.9 to 61.5% with all other orthotospoviruses, which is sufficient to establish MVBaV as a representative of a distinct orthotospovirus species. Phylogenetic analysis showed that each of the three MVBaV genomic RNAs grouped most closely with CaCV, WBNV, GBNV and WSMoV in the Old World clade (Figures 1-3). 

The ICTV Tospovirus Study Group proposes that mulberry vein banding-associated virus represents a new species within the genus Orthotospovirus, named Mulberry vein banding-associated orthotospovirus, with MVBaV isolate XCSY-3 as the exemplar isolate.

6. Pepper chlorotic spot virus
Pepper chlorotic spot virus (PCSV) was initially isolated from sweet pepper (Capsicum annuum) plants with chlorotic and necrotic leaf spots, bud necrosis, and fruit mottle and deformation in 2011 in Taiwan (Cheng et al., 2014). PCSV was subsequently detected in similarly symptomatic chili pepper (C. annuum) and tomato (Solanum lycopersicum) in 2014 in southwestern China. Mechanical inoculation studies showed that PCSV has a moderate experimental host range that includes typical solanaceous indicator plants, and sweet and chili pepper, in addition to cowpea (Vigna unguiculata) and pak choi (Brassica rapa Chinensis group) (Cheng et al., 2014; Zheng et al. 2017). The vector remains unknown. Electron microscopy showed typical orthotospovirus particles (Cheng et al., 2014; Zheng et al., 2017). The complete genome sequence (KX247377, KX247378 and KX247379) of PCSV isolate 14YV733 comprises three ssRNAs of 3310, 4711 and 8913 nt, respectively, with an organization typical of orthotospoviruses (Zheng et al., 2017). Serological characterization demonstrated that PCSV reacted strongly with watermelon silver mottle virus (WSMoV) and Capsicum chlorosis virus (CaCV) antisera in ELISA assays; no reaction was observed with antisera raised against other orthotospoviruses (Cheng et al., 2014). Similarly, PCSV reacted with WSMoV antisera in immunoblotting assays, although it did not react with CaCV antisera (Zheng et al., 2017). PCSV shared the highest identity of aligned N protein sequence with watermelon bud necrosis virus (WBNV; 59.7%), groundnut bud necrosis virus (GBNV; 59.3%), CaCV (58.4%), calla lily chlorotic spot virus (CCSV; 58.0%), and mulberry vein banding-associated virus (MVBaV; member of another proposed orthotospovirus species see #5 above) and WSMoV (both at 57.5%); and 15.0 to 55.8% with all other orthotospoviruses, which is sufficient to establish PCSV as the representative of a distinct orthotospovirus species. Phylogenetic analysis showed that each of the three PCSV genomic RNAs grouped most closely with CCSV, MVBaV and tomato zonate spot virus (see #8 below) in the Old World clade (Figures 1-3). For future reference, PCSV shared the highest (88.5%) identity of aligned N protein sequence with tomato necrotic ringspot virus (TNRV), a tentative orthotospovirus found in Thailand for which only complete S and M RNA sequences are currently available. PCSV shared a similar identity (88.6%) of aligned NSm protein sequence with TNRV, but only 80.5% and 83.9% for NSs and the GNGC precursor protein sequences, respectively, indicating that PCSV and TNRV are likely to belong to distinct species.

The ICTV Tospovirus Study Group proposes that pepper chlorotic spot virus represents a new species within the genus Orthotospovirus, named Pepper chlorotic spot orthotospovirus, with PCSV isolate 14YV733 as the exemplar isolate.




7. Tomato yellow ring virus
Tomato yellow ring virus was originally described from tomato (Solanum lycopersicum) in Iran in the early 2000s as tomato Varamin virus (ToVV; Ghotbi et al., 2005; Winter et al., 2003). However, when these authors deposited the initial partial genome sequences (AJ493270, AJ493271) in 2002 the organism was listed in GenBank as tomato yellow fruit ring virus (TYFRV). Further complicating matters, these same authors subsequently proposed the name of tomato fruit yellow ring virus (TFYRV) in a 2006 report (Winter et al., 2006). In 2005, another group of authors reported the complete S RNA sequence and biological characterization of another isolate of this same virus under the name of tomato yellow ring virus (TYRV; Hassani-Mehraban et al., 2005). The complete L and M RNA sequences of this same isolate were subsequently published (Chen et al., 2013). Tomato yellow ring virus (TYRV) has since become the most commonly accepted name for this orthotospovirus in the literature. Recent work has shown unequivocally that ToVV, TYFRV, TFYRV and TYRV are isolates of the same orthotospovirus, coupled with a suggestion to use TYFRV or ToVV as the name for this virus (Golnaraghi et al., 2018). While historical precedent is usually followed in virus naming, the confusion in the original description resulting from the use of three different proposed names, and the subsequent acceptance of TYRV by much of the virology community, lead us to put use tomato yellow ring virus for naming the species in this proposal.

Following the original description from tomato, field surveys and mechanical inoculation studies have demonstrated that TYRV has a wide host range among weeds and agricultural crops, including peanut (Arachis hypogaea), soybean (Glycine max), potato (Solanum tuberosum) and many ornamental species in Iran (Beikzadeh et al. 2012; Ghotbi et al., 2005; Golnaraghi et al., 2018; Hassani-Mehraban et al., 2005; 2007; Rasoulpour and Izadpanah, 2007). TYRV has also been reported in Africa and Europe (Birithia et al., 2012; Zarzyńska-Nowak et al., 2015). Electron microscopy showed typical orthotospovirus particles (Hassani-Mehraban et al., 2005; Winter et al., 2003). Onion thrips (Thrips tabaci) have been demonstrated to be a vector of TYRV (Rasoulpour and Izadpanah, 2007). The complete genome sequence (AY686718, JN560177 and JN560178) of isolate TYRV-t comprises three ssRNAs of 3061, 4786 and 8877 nt, respectively, with an organization typical of orthotospoviruses (Chen et al., 2013; Hassani-Mehraban et al., 2005). Sequence analysis and host range studies indicate diversity within TYRV isolates, especially between isolates from different host plants (Golnaraghi et al., 2018; Hassani-Mehraban et al., 2007). Serological characterization demonstrated that TYRV reacted with Polygonum ringspot virus (PolRSV) antisera in ELISA assays (Ciuffo et al., 2008). TYRV shared the highest identity of aligned N protein sequence with iris yellow spot virus (IYSV; 74%), and 17 to 45% with all other orthotospoviruses, which is sufficient to establish TYRV as the representative of a distinct orthotospovirus species. Phylogenetic analysis showed that each of the three TYRV genomic RNAs grouped most closely with IYSV, PolRSV, and two other proposed orthotospoviruses: Alstroemeria yellow spot virus and Hippeastrum chlorotic ringspot virus (see #2 and #4 above) in the Old World clade (Figures 1-3). 

The ICTV Tospovirus Study Group proposes that tomato yellow ring virus represents a new species within the genus Orthotospovirus, named Tomato yellow ring orthotospovirus, with TYRV isolate TYRV-t as the exemplar isolate.

8. Tomato zonate spot virus
Tomato zonate spot virus (TZSV) was originally isolated from tomato (Solanum lycopersicum) and chili pepper (Capsicum annuum) with typical orthotospovirus symptoms of necrotic rings on leaves, and concentric zoned rings and chlorotic ringspots on fruits collected in 2005 and 2006 in Yunnan Province in southwestern China (Dong et al., 2008). Mechanical inoculation studies and field surveys demonstrated that TZSV has a wide host range among agricultural crops, weeds and indicator hosts (Dong et al., 2008), including crinum lily (Crinum asiaticum), a Chinese medicinal herb (Iris tectorum) and potato (Solanum tuberosum) (Huang et al., 2015; Liu et al., 2014; Wu et al., 2015). Electron microscopy showed typical orthotospovirus particles (Dong et al., 2008). Western flower thrips (Frankliniella occidentalis) have been demonstrated to be the main vector of TZSV (Zheng et al., 2014). The complete genome sequence (NC_010489, NC_010490 and NC_010491) comprises three ssRNAs of 3279, 4945 and 8919 nt, respectively, with a genome organization typical of orthotospoviruses (Dong et al., 2008). Serological characterization demonstrated that TZSV reacted strongly with a commercially available mixture of watermelon silver mottle virus and groundnut bud necrosis virus antisera in ELISA assays; no reaction was observed with antisera raised against other orthotospoviruses (Dong et al., 2008). TZSV shared the highest identity of aligned N protein sequence with calla lily chlorotic spot virus (CCSV; 80.9%), and 17.9 to 63.6% with all other orthotospoviruses, which is sufficient to establish TZSV as the representative of a distinct orthotospovirus species. Phylogenetic analysis showed that each of the three PCSV genomic RNAs grouped most closely with CCSV, and two other proposed orthotospoviruses: mulberry vein banding virus and pepper chlorotic spot virus (see #5 and #6 above) in the Old World clade (Figures 1-3). 

The ICTV Tospovirus Study Group proposes that tomato zonate spot virus represents a new species within the genus Orthotospovirus, named Tomato zonate spot orthotospovirus, with TZSV isolate Tomato-YN as the exemplar isolate.
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Figure 1 - Estimated phylogeny of the complete S RNA genome segment sequences of viruses belonging to recognized and proposed species within the genus Orthotospovirus in the family Tospoviridae. The eight viruses proposed to represent new species are indicated with yellow highlighting. The midpoint-rooted tree was deduced in MEGA X v. 10.0.5 after alignment in Muscle, using the neighbor-joining method based on the maximum composite likelihood substitution model with uniform rates and 1000 bootstrap replications. The scale bar indicates the number of substitutions per site. Bootstrap support for branches is shown at the junctions of branches where it was >50%. Accession numbers correspond to the nucleotide sequence of each virus genome sequence used in the tree: ANSV, Alstroemeria necrotic streak virus; AYSV, Alstroemeria yellow spot virus. BeNMV, bean necrotic mosaic virus; CCSV, calla lily chlorotic spot virus; CaCV, Capsicum chlorosis virus; CNSV, chrysanthemum stem necrosis virus; GBNV, groundnut bud necrosis virus; GCFSV, groundnut chlorotic fan-spot virus; GRSV, groundnut ringspot virus; GYSV, groundnut yellow spot virus; HCRV, Hippeastrum chlorotic spot virus; INSV, impatiens necrotic spot virus; IYSV, iris yellow spot virus; MSMV, melon severe mosaic virus; MYSV, melon yellow spot virus; MVBaV, mulberry vein banding-associated virus; PCSV, pepper chlorotic spot virus; PolRSV, Polygonum ringspot virus; SVNV, soybean vein necrosis virus; TCSV, tomato chlorotic spot virus; TSWV, tomato spotted wilt virus; TYRV, tomato yellow ring virus; TZSV, tomato zonate spot virus; WBNV, watermelon bud necrosis virus; WSMoV, watermelon silver mottle virus; ZLCV, zucchini lethal chlorosis virus.




































Figure 2 - Estimated phylogeny of the complete M RNA genome segment sequences of viruses belonging to recognized and proposed species within the genus Orthotospovirus in the family Tospoviridae. The eight viruses proposed to represent new species are indicated with yellow highlighting. The midpoint-rooted tree was deduced in MEGA X v. 10.0.5 after alignment in Muscle, using the neighbor-joining method based on the maximum composite likelihood substitution model with uniform rates and 1000 bootstrap replications. The scale bar indicates the number of substitutions per site. Bootstrap support for branches is shown at the junctions of branches where it was >50%. Accession numbers correspond to the nucleotide sequence of each virus genome sequence used in the tree: ANSV, Alstroemeria necrotic streak virus; AYSV, Alstroemeria yellow spot virus. BeNMV, bean necrotic mosaic virus; CCSV, calla lily chlorotic spot virus; CaCV, Capsicum chlorosis virus; CNSV, chrysanthemum stem necrosis virus; GBNV, groundnut bud necrosis virus; GCFSV, groundnut chlorotic fan-spot virus; GRSV, groundnut ringspot virus; HCRV, Hippeastrum chlorotic spot virus; INSV, impatiens necrotic spot virus; IYSV, iris yellow spot virus; MSMV, melon severe mosaic virus; MYSV, melon yellow spot virus; MVBaV, mulberry vein banding-associated virus; PCSV, pepper chlorotic spot virus; PolRSV, Polygonum ringspot virus; SVNV, soybean vein necrosis virus; TCSV, tomato chlorotic spot virus; TSWV, tomato spotted wilt virus; TYRV, tomato yellow ring virus; TZSV, tomato zonate spot virus; WBNV, watermelon bud necrosis virus; WSMoV, watermelon silver mottle virus; ZLCV, zucchini lethal chlorosis virus.



































Figure 3 - Estimated phylogeny of the complete L RNA genome segment sequences of viruses belonging to recognized and proposed species within the genus Orthotospovirus in the family Tospoviridae. The eight viruses proposed to represent new species are indicated with yellow highlighting. The midpoint-rooted tree was deduced in MEGA X v. 10.0.5 after alignment in Muscle, using the neighbor-joining method based on the maximum composite likelihood substitution model with uniform rates and 1000 bootstrap replications. The scale bar indicates the number of substitutions per site. Bootstrap support for branches is shown at the junctions of branches where it was >50%. Accession numbers correspond to the nucleotide sequence of each virus genome sequence used in the tree: ANSV, Alstroemeria necrotic streak virus; AYSV, Alstroemeria yellow spot virus. BeNMV, bean necrotic mosaic virus; CCSV, calla lily chlorotic spot virus; CaCV, Capsicum chlorosis virus; CNSV, chrysanthemum stem necrosis virus; GBNV, groundnut bud necrosis virus; GCFSV, groundnut chlorotic fan-spot virus; GRSV, groundnut ringspot virus; HCRV, Hippeastrum chlorotic spot virus; INSV, impatiens necrotic spot virus; IYSV, iris yellow spot virus; MSMV, melon severe mosaic virus; MYSV, melon yellow spot virus; MVBaV, mulberry vein banding-associated virus; PCSV, pepper chlorotic spot virus; PolRSV, Polygonum ringspot virus; SVNV, soybean vein necrosis virus; TCSV, tomato chlorotic spot virus; TSWV, tomato spotted wilt virus; TYRV, tomato yellow ring virus; TZSV, tomato zonate spot virus; WBNV, watermelon bud necrosis virus; WSMoV, watermelon silver mottle virus; ZLCV, zucchini lethal chlorosis virus.
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