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	Abstract of Taxonomy Proposal: 


	
Description of current taxonomy:       
The family Caulimoviridae [1] currently comprises 11 genera whose members share similar genome organization. Genus Badnavirus [2] currently includes 76 species and is the largest genus within the family Caulimoviridae.

Proposed taxonomic change(s):     
We propose the creation of three new species in the genus Badnavirus: “Badnavirus lepidothamni”, “Badnavirus pelargoniivenafascians” and “Badnavirus prunigummocorticis”.

Demarcation criteria for new taxon/taxa:
The molecular species demarcation criterion is <80% identity of nucleotide sequences in the reverse transcriptase (RT) / ribonuclease H (RNase H) region of the polymerase.

Justification:
The complete genomes of yellow silver pine badnavirus 2 (YSPV2), Pelargonium vein banding virus (PVBV) and Prunus gummosis bark splitting virus (PGBSV) were sequenced and published recently. Their genome organizations are similar to those of other members of genus Badnavirus. Phylogenetic analyses place YSPV2, PVBV and PGBSV in this genus as representatives of three distinct novel species.  




	Text of Taxonomy proposal:  
·  

	
Description of current taxonomy:       
The family Caulimoviridae [1] currently comprises 11 genera whose members share similar genome organization. Genus Badnavirus [2] currently includes 76 species and is the largest genus within the family Caulimoviridae.

Proposed taxonomic change(s):     
We propose the creation of three new species in the genus Badnavirus: “Badnavirus lepidothamni”, “Badnavirus pelargoniivenafascians” and “Badnavirus prunigummocorticis”.

Demarcation criteria for new taxon/taxa:
The molecular species demarcation criterion is <80% identity of nucleotide sequences in the reverse transcriptase (RT) / ribonuclease H (RNase H) region of the polymerase.

Justification:      
  “Badnavirus lepidothamni” can be considered a new species in the genus Badnavirus for the following reasons:
a. Its exemplar virus isolate, yellow silver pine badnavirus 2 (YSPV2, [3]), has a 7,847-bp dsDNA-RT genome with an organization typical of members of the genus Badnavirus, with 3 putative open reading frames (ORF1 to ORF3). ORF3 encodes a large putative polyprotein with the conserved domains of a zinc finger, an aspartate protease, a reverse transcriptase and a ribonuclease H. 
b. YSPV2 complete genome sequence was assembled from RNAseq data. The assembled sequence is perfect, with no sign of junction with a plant genome. 
c. The genome of YSPV2 harbors a putative tRNAMet primer binding site.
d. The genome of YSPV2 has all the hallmark features of badnaviruses: 3 ORFs, with ORF3 displaying Zn finger, aspartate protease and RT/RH domains.
e. Phylogenetic analyses using the pol gene sequence place YSPV2 in genus Badnavirus. YSPV is most closely related to Epiphyllum mottle-associated virus (EpMoaV) with 66.5% nucleotide identity, well below the species demarcation threshold of 80%.
f. Species name complies with the binomial nomenclature, with the free epithet derived from Lepidothamnus intermedius (yellow silver pine).

“Badnavirus pelargoniivenafascians” can be considered a new species in the genus Badnavirus for the following reasons: 
a. The dsDNA-RT genome of its exemplar isolate, Pelargonium vein banding virus (PVBV, [4]), is 7,586 bp long and has all the hallmark features of badnaviruses: a tRNAMet binding site, 3 ORFs, with ORF3 displaying Zn finger, aspartate protease and RT/RH domains.    
b. The complete genome sequence of PVBV was obtained from viral genomic DNA that was extracted from purified viral particles, digested by restriction enzymes, cloned into a vector and Sanger sequenced. Restriction junctions amplified by PCR were Sanger sequenced.
c. Phylogenetic analyses based on RT/RH sequence comparisons place PVBV in genus Badnavirus. PVBV is most closely related to Dracaena mottle virus (DrMV) with 68.8% nt identity, below the 80% species demarcation threshold.
d. Agroinfection of P. × hortorum using a 1.2 copies construct of the PVBV genome resulted in mosaic symptoms and chlorosis, and the release of badnavirus-like bacilliform virions approximately 30 nm in diameter and 144 nm in length.
e. P. × hortorum hybrids and its parents P. zonale and P. inquinans host infectious endogenous PVBV sequences (ePVBVs).

“Badnavirus prunigummocorticis” can be considered a new species in the genus Badnavirus for the following reasons: 
a. [bookmark: _Hlk235461516]Its exemplar virus isolate, Prunus gummosis bark splitting virus (PGBSV, [5]), has a 7,741 bp DNA-RT genome with an organization typical of members of the genus Badnavirus, with 3 putative open reading frames (ORF1 to ORF3). ORF3 encodes a large putative polyprotein with conserved domains of a coat protein, an aspartate protease, a reverse transcriptase and a ribonuclease H.
b. The genome of PGBSV harbors a putative tRNAMet primer binding site and a TATATAA promoter-like motif located in the 3' UTR.
c. The full-length genome was assembled from HTS data generated by Illumina from dsRNA extracted from Prunus avium following graft from P. salicina plants showing pronounced gummosis, dieback and/or bark splitting symptoms. Symptoms are graft-transmissible to Prunus domestica, P. serrulate and P. avium.
d. Phylogenetic analyses using the RT/RH sequence place PGBSV in genus Badnavirus. PGBSV is most closely related to green Sichuan pepper vein clearing-associated virus (GSPVCaV) with 73.3% nt identity, below the 80% species demarcation threshold.
There is no evidence for PGBSV endogenous sequences in the genome of Prunus avium in BlastN analyses using the PGBSV genome as query.




	References:   

	[1] Teycheney PY, Geering ADW, Dasgupta I, Hull R, Kreuze JF, Lockhart B, Muller E, Olszewski N, Pappu H, Pooggin MM, Richert-Pöggeler KR, Schoelz JE, Seal S, Stavolone L, Umber M (2020) ICTV Virus Taxonomy Profile: Caulimoviridae. J Gen Virol. 101(10):1025-1026.  https://doi.org/10.1099/jgv.0.001497
[2] Geering, A.D.W. (2021) Badnaviruses (Caulimoviridae). In: Bamford, D.H. and Zuckerman, M. (eds.)
Encyclopedia of Virology, 4th Edition, vol. 3, pp. 158–168. Oxford: Academic Press.  http://dx.doi.org/10.1016/B978-0-12-814515-9.00147-8
[3] French, R.K., Anderson, S.H., Cain, K.E. et al. Host phylogeny shapes viral transmission networks in an island ecosystem. Nat Ecol Evol 7, 1834–1843 (2023). https://doi.org/10.1038/s41559-023-02192-9
[4] Paudel S, Olszewski N, Mason S, Lockhart B, Mollov D, Arenz B, Alvarez-Quinto R (2026). Elucidation of the nature of Pelargonium vein banding virus sequences present in Pelargonium × hortorum. Phytopathology. 116(2):327-335. https://doi.org/10.1094/PHYTO-12-24-0389-R
[5] Rott M, Boyes I, Hoffmann R, Gratz A, Phelan J (2026). A novel double-stranded DNA Badnavirus, prunus gummosis bark splitting virus infecting plum. Plant Dis.  https://doi.org/10.1094/PDIS-02-26-0353-RE
    




	Accompanying files: 


	Filename
	Description of contents

	
	

	
	






	Tables, Figures:  


[bookmark: _heading=h.30j0zll]Figure 1: Phylogenetic tree showing placement of yellow silver pine badnavirus 2 (YSPV2; exemplar virus of species “Badnavirus lepidothamni”), Pelargonium vein banding virus (PVBV; exemplar virus of species “Badnavirus pelargoniivenafascians”) and Prunus gummosis bark splitting virus (PGBSV, exemplar virus of species “Badnavirus prunigummocorticis”).
Maximum likelihood phylogenetic tree showing the relationships between sequences of viruses from the different genera in the family Caulimoviridae. Phylogenetic analyses were performed on the coding part of polymerase gene sequences of exemplar virus isolates of each viral species, corresponding to nucleotide positions 4449–5648 in the genome of cauliflower mosaic virus (V00141). Nucleotide sequence alignment was generated using MAFFT and phylogenetic analyses was done using IQ-Tree v. 3.1.3  [footnoteRef:1]with GTR+F+I+G4 model. Support values above 95% from UltraFast bootstrap method with 10,000 replicates are shown above branches. Saccharomyces cerevisiae Ty3 virus (genus Metavirus, family Metaviridae) was used as an outgroup. Colored dots indicate genera. Type members of the proposed new species are shown with open circles and in red boxes. The phylogenetic placement of YSPV1, PVBV and PGBSV are shown in red boxes. [1:  Thomas K.F. Wong, Nhan Ly-Trong, Huaiyan Ren, Piyumal Demotte, Hector Banos, Andrew J. Roger, Edward Susko, Chris Bielow, Nicola De Maio, Nick Goldman, Matthew W. Hahn, Mario dos Reis, Le Sy Vinh, Gavin Huttley, Robert Lanfear, Bui Quang Minh (2026). IQ-TREE 3: Phylogenomic Inference Software using Complex Evolutionary Models. Molecular Biology and Evolution, msag117.https://doi.org/10.1093/molbev/msag117
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Table 1: Similarity matrix showing percent nucleotide identities for the Caulimoviridae in pol gene nucleotide sequences. 
Figures corresponding to YSPV2, PVBV and PGBSV are highlighted in red.      
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jujube mosaic-associated virus (KX852476) 46.9 47.8 63.3 66.2 68.1 67.4 67.9 64.5 63.6 64.8 61.9 63.7 63.0 62.7 65.1 63.3 64.4 60.6 61.8 62.7 63.2 63.4 64.8 64.6 62.8 62.1 63.3 63.7 61.0 61.0 66.7 76.9

Pandanus mosaic associated virus (OK624603) 50.1 51.7 65.4 68.1 66.0 67.6 66.3 65.1 65.4 66.9 64.8 65.9 63.9 66.3 64.4 66.4 64.0 63.2 63.9 65.1 64.7 66.7 65.0 62.5 66.1 60.9 64.5 62.3 63.2 62.7 64.5 68.1 67.6

yacon necrotic mottle virus (KM229702) 47.8 51.0 65.0 64.9 68.7 69.3 66.8 64.6 66.6 65.3 65.8 65.1 62.8 66.0 63.3 64.2 62.7 63.4 63.2 63.6 65.9 65.9 66.0 64.5 65.4 63.9 65.6 62.3 63.3 62.5 65.1 66.7 67.3 68.5

blackberry virus F (KJ413252) 46.9 50.7 64.0 67.0 67.9 68.5 68.0 66.6 67.2 68.5 65.1 64.8 65.9 65.8 65.7 63.9 65.6 62.7 64.9 65.9 65.4 65.5 65.2 65.2 65.8 66.0 67.7 65.4 64.0 64.9 66.3 67.7 68.6 65.8 67.8

Pelargonium vein banding virus (GQ428155) 47.8 50.2 62.1 64.9 65.9 66.5 66.7 64.7 65.9 67.7 66.0 67.1 63.9 65.8 64.2 65.1 62.3 62.9 65.3 66.2 64.0 64.1 66.5 65.1 67.7 66.7 67.5 64.4 63.7 65.0 65.9 66.1 66.9 66.2 67.7 70.3

cycad leaf necrosis virus (EU853709) 45.5 48.3 64.2 65.6 65.5 66.5 65.5 63.7 65.9 67.2 66.5 66.3 66.2 65.6 64.7 65.1 64.7 64.5 65.2 65.8 65.5 66.3 66.9 66.4 67.3 66.3 67.8 66.3 67.5 66.3 62.6 61.5 61.1 62.3 62.8 63.9 63.0

Bougainvillea chlorotic vein banding virus (EU034539) 47.9 49.1 66.3 64.8 66.1 65.0 64.5 61.8 64.0 65.2 63.8 63.8 63.5 63.9 64.1 65.6 63.0 61.9 63.6 63.3 63.9 63.7 64.2 63.4 64.1 62.7 62.9 63.7 62.3 63.1 65.7 67.1 67.3 67.2 67.9 67.4 64.9 60.3

Dracaena mottle virus (DQ473478) 46.2 48.9 62.4 64.6 66.8 66.3 64.4 62.3 63.6 65.4 65.3 63.7 63.5 62.8 64.2 64.1 63.7 61.9 62.7 62.0 63.7 63.6 64.7 62.5 63.5 63.7 61.6 62.3 64.5 64.9 67.9 66.7 64.9 64.2 64.3 66.3 68.8 63.2 64.2

cacao swollen shoot CD virus (JN606110) 47.0 47.9 61.7 65.0 64.6 64.7 65.5 64.3 63.2 63.9 64.7 63.3 61.6 64.0 63.3 63.3 62.7 61.0 61.7 63.3 64.1 64.1 63.8 63.2 63.0 62.8 63.4 60.6 62.8 64.3 61.1 63.0 61.5 61.5 63.1 64.5 62.0 61.2 61.0 60.8

cacao swollen shoot Togo A virus (AJ781003) 47.6 48.5 61.7 64.4 65.1 65.4 65.8 64.4 63.0 63.9 67.0 62.8 63.5 63.5 63.4 63.7 64.3 62.2 63.2 62.4 65.0 65.0 63.9 62.3 63.2 60.6 62.8 61.0 60.4 62.5 61.4 61.9 61.9 63.1 63.6 63.4 62.7 61.0 60.3 59.7 76.3

cacao swollen shoot CE virus (MF642720) 49.0 50.2 63.2 64.0 66.2 66.0 65.4 64.7 65.4 63.9 63.7 61.8 63.2 64.3 63.5 63.8 63.7 62.8 63.9 63.9 65.2 65.0 64.6 61.5 63.9 62.1 63.0 61.5 61.7 63.2 60.7 62.3 62.1 63.8 64.6 63.6 62.2 62.7 64.3 61.7 72.5 74.8

cacao swollen shoot Togo B virus (L14546) 46.8 47.5 62.1 62.4 64.8 63.0 64.6 63.5 63.1 63.6 63.7 61.1 61.9 63.3 62.7 62.9 61.8 61.0 62.2 63.6 64.1 63.4 61.9 61.9 62.7 59.8 61.4 59.6 61.9 63.2 61.9 61.3 61.9 62.8 63.2 62.8 61.8 60.5 59.8 59.1 74.7 75.1 76.1

cacao swollen shoot Ghana M virus (MF642724) 48.8 49.2 62.1 64.1 65.6 65.5 66.7 64.3 64.5 63.7 65.6 64.8 63.2 63.4 62.2 64.0 64.9 61.4 63.2 64.3 64.2 65.7 65.8 63.4 63.2 60.9 63.9 60.6 63.1 63.4 59.5 61.1 62.9 65.1 64.6 64.2 62.6 60.6 61.9 61.1 73.9 75.5 75.4 74.5

cacao swollen shoot Ghana N virus (MF642725) 46.7 49.4 63.7 63.2 66.5 64.7 66.4 64.8 64.2 64.4 64.7 63.4 63.1 64.1 62.6 64.0 63.3 61.4 63.7 63.5 65.0 64.1 63.7 63.2 63.7 61.9 63.2 60.0 62.7 63.8 60.5 61.5 63.1 64.9 64.8 63.8 63.2 62.6 62.2 60.4 71.7 72.8 73.5 73.7 78.9

chinaberry tree badnavirus 1 (OL630968) 49.9 51.6 61.9 65.3 68.1 67.1 67.9 67.2 66.7 63.7 63.5 65.7 62.1 63.8 64.6 63.4 65.5 61.4 63.1 63.5 63.9 64.6 63.6 61.3 62.0 62.1 60.5 62.5 62.3 62.9 60.0 61.7 62.3 64.7 64.5 63.5 61.9 61.7 61.0 61.0 65.8 65.0 65.4 64.8 66.7 66.9

Aucuba ringspot virus (LC487411) 48.9 50.0 64.0 63.8 63.0 64.3 64.9 62.8 65.2 63.8 63.4 62.5 63.7 64.6 63.6 65.9 62.8 62.6 65.8 64.1 64.5 65.4 64.6 63.1 63.7 62.1 63.5 62.9 62.3 63.2 63.1 65.5 63.2 64.6 66.7 65.4 64.1 60.4 64.9 61.8 62.1 63.0 63.7 63.5 63.7 63.8 62.3

Codonopsis vein clearing virus (MK044821) 49.4 51.6 59.6 61.7 64.7 64.0 62.7 60.8 64.0 64.3 63.0 64.9 62.7 64.9 61.9 62.0 62.3 61.7 62.7 63.7 63.9 64.4 64.6 62.0 64.1 62.7 64.3 61.4 61.5 62.4 63.2 63.7 63.2 64.5 64.9 65.2 64.0 60.3 63.6 62.0 62.7 61.4 62.8 61.5 63.6 63.2 62.6 69.5

green Sichuan pepper vein clearing-associated virus (MK371353) 48.5 50.5 61.1 61.8 65.0 64.5 65.0 62.6 64.4 64.1 63.9 63.9 61.6 65.0 62.1 63.9 62.2 61.1 63.4 64.2 62.3 63.5 63.2 63.2 62.8 63.0 63.0 61.4 61.2 63.5 60.9 63.2 63.9 63.8 66.5 67.7 66.1 60.7 64.8 63.5 64.1 62.1 63.6 62.6 65.0 62.8 63.4 72.7 74.0

nettle badnavirus 1 (PP792697) 48.0 50.2 61.0 62.3 63.6 64.5 63.9 61.5 64.0 64.6 64.2 63.0 61.1 63.4 63.1 63.2 61.9 61.8 63.7 63.0 62.8 62.9 62.8 62.8 63.1 63.3 63.0 62.1 61.4 63.1 63.4 62.8 61.2 62.5 66.1 66.7 64.9 61.1 63.3 64.7 63.3 62.7 63.1 63.2 63.7 63.9 61.6 71.0 73.2 75.7

Prunus gummosis bark spliting virus (PX964367) 46.3 49.1 58.9 62.3 63.2 62.9 62.9 61.8 62.7 65.4 62.6 61.2 61.2 62.0 60.7 60.8 62.3 60.9 62.9 63.0 62.3 62.0 61.9 64.5 63.1 62.8 62.6 62.8 63.5 62.9 63.3 64.0 64.7 62.1 65.1 67.2 66.1 61.6 63.6 62.3 62.5 61.4 61.7 63.5 63.7 62.9 62.3 68.2 71.6 73.3 71.9

grapevine vein clearing virus (JF301669) 48.5 49.1 63.1 63.7 65.9 65.1 64.5 60.1 63.6 65.9 63.7 63.2 62.3 62.8 61.1 62.7 63.7 62.3 64.0 62.9 63.2 64.3 64.1 64.1 63.9 61.5 62.2 61.0 59.8 62.7 62.5 65.1 63.3 63.8 65.3 65.4 63.2 61.0 63.9 62.4 62.6 62.6 62.9 61.0 63.5 64.0 61.1 69.9 71.2 71.9 69.6 71.9

gooseberry vein banding associated virus (JQ316114) 47.0 48.5 60.1 62.1 62.6 61.4 61.9 60.7 62.0 63.7 62.5 62.8 62.3 62.1 61.0 60.9 60.3 61.9 62.0 61.8 63.0 63.9 63.5 63.4 62.0 61.2 62.8 61.0 60.2 62.3 61.4 61.0 61.5 61.9 63.9 66.8 65.1 60.5 63.3 60.4 61.6 61.1 60.1 60.1 61.3 60.8 60.8 65.7 66.1 69.0 66.2 69.0 67.3

Spiraea yellow leafspot virus (MW080369) 47.1 48.5 59.5 61.2 62.7 62.4 62.8 60.6 62.1 63.6 62.1 61.2 60.6 62.1 59.7 61.1 61.4 57.9 61.9 61.7 64.6 63.3 62.1 63.0 61.5 61.3 62.1 60.6 61.6 63.1 61.3 60.1 60.2 60.3 63.9 64.4 63.4 60.7 63.6 60.7 62.1 59.9 61.3 60.4 62.4 62.1 59.8 65.9 66.0 68.8 67.5 69.4 66.9 73.8

Rubus yellow net virus (KM078034) 47.7 49.2 61.1 62.3 63.2 61.7 62.7 61.0 61.0 62.3 63.2 61.0 61.2 61.2 60.9 60.8 61.2 58.0 62.1 63.3 61.7 62.2 62.9 62.0 60.9 60.9 60.6 59.3 60.6 63.2 62.6 63.1 61.0 60.8 64.0 65.4 63.7 60.2 64.5 60.1 61.8 62.3 61.6 63.0 64.0 63.2 61.5 65.8 66.2 68.8 67.6 69.0 67.8 70.4 72.9

birch leaf roll-associated virus (MG686419) 47.4 48.7 63.6 67.1 64.2 65.7 67.2 60.8 65.1 65.0 65.0 63.8 62.7 62.5 61.7 63.9 64.1 60.7 61.5 61.6 63.9 64.5 63.9 63.3 61.9 62.8 63.7 62.3 62.2 61.4 63.2 65.0 64.8 64.7 66.8 66.7 65.4 60.0 64.2 63.2 61.1 62.2 62.8 62.3 63.6 62.7 62.8 64.5 64.5 64.8 65.2 65.5 67.0 65.7 62.9 64.8

chestnut mosaic virus (MT269853) 48.9 50.1 60.9 63.1 64.3 66.0 64.2 61.5 64.0 62.4 63.0 64.0 61.4 63.7 62.9 64.4 62.2 61.9 62.0 63.2 63.7 61.9 62.7 61.6 62.5 62.6 64.1 62.3 62.8 64.8 61.7 64.1 64.1 63.5 66.8 66.7 65.5 61.8 62.8 62.7 61.9 61.9 61.4 61.0 61.0 63.4 62.3 66.9 66.2 65.9 67.2 66.6 66.7 65.2 65.3 65.2 68.4

pagoda yellow mosaic associated virus (KJ013302) 47.7 48.1 60.4 61.1 63.2 62.4 63.0 60.9 63.0 63.7 64.1 61.7 62.4 62.8 63.6 61.6 62.6 58.6 61.0 61.5 61.7 61.6 61.5 61.5 61.5 61.5 61.5 60.6 61.1 60.6 62.9 62.3 61.8 62.4 62.6 64.2 62.4 61.5 62.3 63.4 60.9 60.8 61.0 61.2 61.4 60.7 60.4 64.4 64.5 64.7 64.0 64.5 63.2 62.1 61.9 63.1 65.1 66.7

Wisteria badnavirus 1 (KX168422) 48.4 49.3 58.9 62.5 64.5 63.3 64.1 60.6 62.4 62.0 63.2 60.7 61.8 62.6 62.0 61.2 62.1 58.3 59.2 60.6 60.7 60.2 61.4 59.6 61.3 59.9 61.6 60.2 61.5 62.1 62.2 63.3 63.2 62.3 64.2 66.7 63.5 60.8 62.9 64.4 63.2 62.4 62.0 60.8 62.3 62.6 60.8 64.0 64.1 65.6 64.1 66.1 62.8 62.0 62.8 65.0 65.4 68.5 75.4

cacao swollen shoot Ghana Q virus (MF642734) 47.2 50.7 62.9 64.6 66.2 67.8 66.6 65.0 66.1 64.9 66.0 65.2 65.1 66.5 65.3 66.3 65.4 63.5 63.9 65.0 63.7 63.9 66.3 63.4 64.7 64.5 63.6 62.7 63.4 66.0 62.0 65.2 62.7 64.5 63.7 65.2 63.3 63.0 62.8 61.5 63.7 64.6 63.8 62.6 63.2 62.7 63.2 63.2 60.1 61.7 61.8 62.0 61.0 60.9 61.2 63.5 62.3 62.8 61.7 63.0

mulberry badnavirus 1 (LN651258) 48.3 48.6 65.0 65.0 67.4 65.4 64.8 65.9 66.7 67.0 64.7 64.5 63.8 64.4 64.8 65.4 65.7 63.1 63.1 63.7 64.4 65.4 63.4 61.7 63.8 64.1 63.7 61.9 62.3 63.5 61.4 61.6 64.2 62.5 63.8 65.8 63.1 62.5 63.3 61.7 63.4 62.8 62.1 62.0 63.6 64.1 64.7 61.7 63.2 64.1 62.6 62.7 62.3 62.0 61.4 60.4 61.5 62.2 59.7 61.3 68.5

cacao swollen shoot Ghana T virus (MN179342) 47.2 48.4 62.1 63.2 64.9 63.3 65.5 64.0 62.8 63.5 62.3 61.0 62.3 62.5 62.2 62.3 63.4 60.9 62.4 62.8 63.1 61.9 61.4 61.9 63.5 62.1 62.6 60.5 62.0 62.2 61.0 60.9 62.8 60.1 62.2 64.1 61.3 59.5 62.0 59.9 61.5 61.3 63.5 61.6 61.3 61.6 60.6 62.0 61.9 63.6 62.3 61.7 60.6 61.0 60.8 58.6 59.9 61.0 61.9 61.0 67.5 66.7

yellow silver pine badnavirus 2 (OQ987399) 45.3 47.4 61.4 64.5 65.2 65.0 64.7 62.4 65.0 66.0 63.3 62.7 62.1 64.4 63.2 64.5 63.0 62.0 62.8 63.1 63.2 63.4 62.6 62.0 63.6 63.7 63.7 61.5 61.5 64.5 66.5 65.1 65.0 64.3 64.5 65.0 65.4 62.7 65.3 64.5 61.3 61.0 61.8 59.7 60.5 63.2 60.1 63.6 62.8 62.1 64.4 64.2 63.1 63.4 63.1 63.2 62.9 62.9 62.6 61.1 60.6 62.8 61.2

cacao bacilliform Sri Lanka virus (MF642736) 47.6 49.0 63.2 63.3 65.3 62.3 65.2 63.0 62.5 63.8 64.1 61.5 61.8 61.9 63.2 63.6 62.9 62.0 61.2 59.8 62.0 63.7 61.9 61.3 62.6 60.5 63.6 63.0 61.6 62.1 64.0 62.8 62.0 61.8 64.3 66.2 64.2 60.9 63.7 64.8 61.6 62.3 62.3 61.4 60.1 61.6 61.0 61.5 61.4 61.8 62.0 63.9 63.1 60.6 59.3 60.4 64.0 62.6 61.9 62.3 62.4 61.0 61.5 61.8

cacao yellow vein banding virus (KX276641) 46.5 49.6 62.3 63.8 63.9 64.4 64.4 62.0 62.7 64.5 63.1 63.8 60.4 62.7 61.2 62.6 61.9 62.1 60.4 62.2 64.5 63.8 65.1 62.3 64.1 61.7 64.1 62.4 63.0 62.1 62.6 65.0 66.1 64.8 64.6 67.1 64.6 60.4 61.5 63.0 63.3 62.6 63.2 61.6 63.0 64.3 63.0 64.0 61.0 61.7 60.6 62.7 61.1 62.1 61.2 60.8 63.0 63.1 60.4 61.6 61.6 61.0 60.2 61.3 62.6

banana streak UI virus (HQ593108) 50.5 52.2 63.4 64.8 65.1 66.3 63.2 62.8 64.0 61.9 63.7 65.1 63.0 63.4 63.4 64.0 64.4 63.8 62.8 64.2 66.9 66.3 66.0 63.2 64.0 61.7 64.5 64.5 63.1 63.1 61.5 62.5 63.4 64.2 64.8 64.2 61.5 60.1 62.2 59.7 59.8 61.9 61.5 59.9 61.3 61.5 64.3 62.4 62.5 60.7 63.9 61.2 61.9 60.8 59.0 59.3 63.6 62.5 59.3 60.1 61.9 59.7 62.7 59.7 61.1 63.0

banana streak UL virus (HQ593109) 49.7 51.5 63.6 64.5 64.3 66.6 62.4 61.5 63.0 62.3 65.6 64.8 61.5 64.2 62.9 64.3 64.9 64.8 63.7 63.4 65.0 67.4 65.6 61.9 63.4 61.4 63.6 64.3 62.2 61.5 62.1 60.5 62.5 63.3 64.6 63.2 60.1 61.7 63.3 59.1 61.6 61.5 61.2 59.5 62.9 61.3 63.7 62.1 61.8 61.4 61.8 60.0 61.0 58.9 58.6 59.8 63.2 61.4 59.3 59.5 60.5 62.6 59.2 59.3 60.5 62.8 80.4

banana streak UM virus (HQ593110) 48.9 52.1 62.9 64.7 64.0 65.6 63.2 61.0 63.0 63.6 63.4 64.6 62.5 65.3 63.1 63.5 64.7 64.9 64.4 65.2 66.0 65.7 64.5 63.6 64.1 62.7 66.3 64.3 62.9 62.7 62.2 61.9 63.2 63.0 65.2 65.7 62.4 61.5 62.9 59.7 60.3 60.5 61.7 59.9 61.7 61.1 62.8 61.0 63.2 62.8 63.6 63.0 62.0 61.0 59.3 59.7 61.4 62.9 59.8 59.4 61.9 62.3 61.5 59.5 61.6 61.3 77.3 78.4

sugarcane bacilliform IM virus (AJ277091) 47.5 49.3 60.4 60.6 60.9 63.7 63.2 58.8 61.9 59.6 63.2 62.6 60.3 61.9 60.1 62.2 61.0 59.8 60.4 59.1 62.2 63.8 62.8 58.8 61.2 58.8 61.3 59.0 59.2 59.7 59.8 59.8 59.6 59.5 61.6 62.4 60.6 57.3 61.5 58.0 59.3 60.5 61.1 58.8 59.5 59.3 60.5 60.9 61.0 60.1 61.9 58.8 60.4 58.4 58.3 58.4 60.2 59.0 59.1 57.9 61.6 59.6 60.4 60.1 58.8 59.7 70.5 69.8 68.3

sugarcane bacilliform MO virus (M89923) 48.9 50.5 60.5 61.8 61.8 64.1 63.2 58.4 62.4 60.2 63.3 63.2 58.8 63.2 62.6 61.8 61.6 61.8 61.7 61.8 63.5 65.6 62.1 60.2 61.8 61.3 62.9 61.9 60.7 61.0 59.4 59.5 60.1 60.5 63.4 62.5 62.2 59.0 61.0 58.8 60.3 59.1 61.4 59.6 62.1 60.8 60.9 61.9 61.9 61.5 62.0 59.5 60.1 58.7 58.5 59.3 60.4 61.2 57.5 58.9 60.6 59.8 59.7 59.6 60.6 60.0 73.0 71.9 72.0 78.8

Commelina yellow mottle virus (X52938) 45.4 48.2 61.8 65.1 64.9 65.9 64.1 62.8 64.8 63.7 65.7 64.3 63.3 65.5 64.1 65.1 65.1 64.3 64.1 66.5 65.7 67.2 65.0 63.7 64.1 63.7 65.6 63.3 64.5 64.3 61.0 62.1 62.3 62.7 64.2 63.8 61.8 63.7 62.3 60.1 60.1 62.3 62.3 61.9 62.0 60.6 61.0 63.1 62.0 61.0 60.5 60.1 61.7 59.3 59.1 59.4 60.5 60.9 60.2 61.1 62.2 61.9 59.1 61.4 60.9 62.1 62.7 63.2 63.5 62.7 62.3

Camellia lemon glow virus (MN542417) 47.7 48.9 63.5 63.5 64.1 64.4 65.0 62.5 65.1 64.3 64.5 65.0 63.3 62.8 64.3 65.7 62.5 61.9 63.0 63.7 64.9 64.2 65.4 60.8 61.5 61.5 62.0 61.0 63.5 62.8 58.8 60.6 61.0 64.4 62.1 62.7 61.9 61.3 60.6 60.1 62.8 63.7 62.5 61.5 64.1 63.0 63.7 61.6 59.7 61.6 59.4 61.4 61.2 60.1 60.4 59.7 61.6 59.8 60.1 60.4 62.3 61.1 60.5 60.8 58.9 59.6 61.6 59.8 62.3 60.5 60.1 59.6

Camellia sinensis badnavirus (ON773439) 48.1 48.0 63.4 62.3 63.2 64.7 63.7 63.6 63.1 64.2 65.9 64.7 63.2 63.3 64.1 64.2 63.2 63.2 62.6 63.0 63.2 66.1 62.3 62.0 62.0 61.9 61.0 60.8 62.4 63.5 60.3 60.3 60.0 65.0 61.6 61.5 61.6 60.1 61.5 60.3 62.5 63.4 63.5 63.0 66.2 64.2 62.8 61.4 61.5 61.8 59.7 59.3 60.0 61.5 60.8 60.4 59.7 59.3 60.6 59.7 62.9 61.1 58.6 60.3 60.6 61.6 60.6 59.4 60.8 59.1 60.1 61.6 76.7

taro bacilliform virus (AF357836) 48.7 51.0 64.6 63.3 63.6 64.4 64.2 60.1 63.2 63.1 62.7 62.9 62.3 64.0 63.0 62.3 64.6 60.1 62.3 61.2 61.9 62.4 61.5 59.0 62.5 60.1 61.8 59.7 60.9 60.9 62.0 63.4 64.3 65.4 64.2 63.2 62.5 60.4 64.3 62.0 61.2 60.8 63.2 61.7 61.9 60.8 60.2 61.6 61.0 61.6 61.2 60.5 62.2 59.4 59.5 60.1 61.2 61.9 60.9 61.5 61.3 59.8 61.3 61.6 61.7 59.4 61.4 61.2 62.8 59.4 60.8 61.2 61.6 61.8

sweet potato pakakuy virus (FJ560943) 50.0 52.5 63.1 63.9 64.5 65.4 63.7 62.0 63.3 63.7 65.4 64.1 63.7 63.8 62.2 65.5 63.5 62.3 63.7 64.4 62.5 64.7 63.7 62.2 65.9 61.5 64.5 63.4 62.5 62.1 63.1 62.9 61.6 64.7 63.5 62.4 62.8 62.3 62.6 63.0 62.4 61.2 63.7 62.3 63.2 64.1 62.7 63.2 61.2 61.6 62.3 60.9 61.9 58.8 59.3 59.3 62.8 61.4 60.8 62.3 61.5 60.5 59.7 60.4 61.5 61.7 63.5 62.8 63.3 61.0 62.3 61.5 60.2 61.5 61.0

cacao mild mosaic virus (KX276640) 47.2 48.1 60.5 61.6 62.0 64.5 63.5 61.0 61.5 59.6 64.0 63.0 64.1 62.0 62.4 62.7 61.9 61.5 59.8 59.7 63.4 64.0 62.2 60.8 64.1 61.0 60.5 60.2 59.3 60.2 60.1 61.9 62.4 63.8 62.5 61.5 61.6 58.4 60.2 61.1 60.8 63.6 61.3 60.3 61.6 59.4 61.5 60.9 60.7 59.6 60.9 59.4 61.6 59.5 57.2 59.3 61.0 60.2 59.2 59.7 64.4 59.9 59.6 58.8 60.8 61.2 62.0 61.5 60.9 59.0 61.5 60.7 61.1 62.0 62.1 62.8

ivy ringspot-associated virus (MN850490) 45.7 47.5 60.2 63.8 63.7 65.4 63.4 62.8 64.1 62.6 64.2 63.7 63.2 62.9 62.0 62.9 64.1 60.9 62.3 62.0 64.5 64.5 62.4 61.3 62.0 61.8 62.3 61.0 61.6 63.0 59.1 60.9 62.3 63.6 61.7 63.3 60.7 60.8 60.2 61.5 61.5 60.4 60.8 60.2 61.8 60.7 61.7 61.4 64.1 61.3 58.8 60.8 62.0 58.0 59.0 58.2 59.8 59.5 61.4 60.8 62.4 60.8 60.4 59.6 62.2 59.3 61.1 61.0 61.7 59.2 60.7 61.3 60.5 61.9 60.8 62.4 69.8

Fatsia badnavirus 1 (OM540428) 47.2 48.1 62.5 62.6 65.0 64.2 63.7 61.9 63.9 61.5 63.7 64.1 63.3 63.6 62.7 61.5 62.9 60.7 62.0 62.4 62.4 62.4 62.5 61.8 61.2 61.5 62.3 62.4 60.7 60.9 59.0 59.8 59.8 62.1 60.2 61.8 59.3 60.0 60.5 60.4 61.3 59.3 60.9 60.1 62.0 60.9 61.5 61.0 61.2 58.9 58.6 57.6 59.5 57.6 58.2 57.4 61.8 59.9 59.5 58.0 62.4 61.8 59.6 59.9 62.3 59.5 60.4 60.0 60.3 58.9 60.5 60.2 60.2 61.9 61.0 62.8 66.0 69.8

Polyscias mosaic virus (MH475918) 47.8 49.2 63.4 63.2 64.7 64.6 62.1 62.3 63.1 63.6 64.3 63.0 62.9 63.5 61.2 62.1 63.3 60.9 61.1 59.0 62.9 63.2 62.5 61.3 61.2 60.0 59.8 59.6 61.8 61.2 59.3 60.4 61.3 64.6 61.8 62.9 59.9 60.4 61.6 60.6 60.1 61.2 60.7 60.7 62.4 62.9 61.6 60.0 60.5 59.1 59.9 57.7 61.8 57.8 57.7 58.3 62.4 60.1 60.4 59.9 60.7 61.4 59.4 60.0 62.1 59.0 61.6 61.3 61.6 58.8 59.8 60.0 59.8 60.0 62.1 62.6 65.7 65.9 67.9

Dioscorea nummularia-associated virus (MG944237) 51.4 53.3 57.2 57.0 55.2 56.6 56.6 54.7 55.9 54.1 55.8 55.9 55.9 56.6 54.8 54.5 56.3 55.9 57.0 56.5 56.8 57.2 56.4 54.8 55.4 55.3 56.2 55.7 55.1 53.9 55.5 53.9 56.5 56.4 57.2 55.0 54.9 54.2 55.5 53.8 55.2 54.6 56.8 56.7 55.7 54.7 55.5 56.3 55.0 54.4 53.5 52.2 54.1 55.7 55.2 53.8 56.2 54.6 54.1 52.9 55.4 54.2 54.0 54.4 54.7 53.8 55.6 55.7 56.6 54.5 54.9 55.8 55.3 56.4 59.0 58.0 55.0 55.2 54.6 55.1

Angelica bushy stunt virus (KU508800) 47.1 47.5 46.1 45.1 46.9 45.7 44.9 45.8 45.5 44.2 44.2 44.6 44.3 45.0 44.3 46.0 45.4 46.6 44.1 46.4 46.5 45.4 46.2 42.9 45.6 43.4 43.3 45.1 43.2 42.8 43.4 46.5 46.2 45.6 45.6 46.0 44.4 42.0 45.9 44.1 47.1 45.6 45.9 45.8 46.7 46.3 45.4 45.3 47.6 45.8 44.7 43.0 45.5 42.2 43.4 44.6 45.2 44.2 44.6 44.2 45.5 45.1 44.5 43.4 45.5 46.3 45.4 45.9 45.4 44.6 44.6 46.5 43.9 43.5 46.4 44.6 44.5 44.6 44.1 43.1 49.5

Lamium leaf distortion virus (EU554423) 48.0 45.6 46.9 44.4 44.0 44.3 43.9 45.8 45.4 44.0 44.5 45.0 43.4 45.9 43.4 44.9 45.6 44.8 44.5 45.0 45.0 44.2 45.3 42.4 44.3 42.1 41.4 44.9 44.0 43.5 42.9 44.2 43.9 46.1 44.7 44.6 44.9 42.8 46.7 43.9 44.2 45.6 45.3 44.6 44.8 45.4 45.8 46.0 46.9 44.6 43.9 44.3 45.5 43.7 45.3 45.0 43.2 44.6 43.3 43.5 44.4 44.2 43.8 42.5 44.7 45.1 43.5 43.8 43.4 43.2 43.2 43.4 43.8 41.8 45.8 44.4 43.6 43.2 43.6 43.6 49.1 71.6

Atractylodes mild mottle virus (KR080327) 46.6 46.0 46.6 45.6 46.8 47.7 44.8 45.9 46.7 44.7 45.5 45.1 43.7 46.9 45.6 47.4 45.9 44.0 45.0 44.3 47.4 47.0 46.8 44.6 45.0 44.5 44.9 44.3 43.1 44.6 44.1 44.5 45.2 43.8 46.2 44.6 43.6 43.3 45.4 43.0 44.4 45.1 45.9 44.6 45.8 44.8 45.9 45.4 45.7 44.9 44.0 42.5 44.2 43.8 44.2 45.2 44.5 43.8 44.4 43.6 46.2 44.2 46.3 44.5 45.5 43.1 45.1 45.8 44.1 44.9 44.3 46.7 43.1 43.4 46.8 45.3 43.7 45.1 45.3 43.5 49.0 67.9 69.4

soybean putnam virus (JQ926983) 48.0 46.7 44.7 46.2 45.7 45.7 45.3 45.5 46.4 44.4 44.6 44.6 42.9 45.4 44.6 45.4 45.4 45.0 44.6 43.6 46.5 46.4 45.9 43.8 44.2 42.5 44.3 43.8 42.9 43.1 42.5 43.8 45.2 44.1 45.9 44.8 41.9 42.3 45.2 44.0 45.2 44.6 46.4 45.5 46.2 44.5 44.3 45.0 45.7 45.9 44.0 41.3 44.1 43.4 43.0 43.8 44.3 43.4 44.9 43.9 45.4 44.5 45.9 42.7 44.2 43.8 44.2 44.2 43.0 45.4 44.6 46.4 43.3 43.3 46.2 43.6 43.5 45.7 45.0 44.7 49.7 69.1 68.8 78.1

carnation etched ring virus (X04658) 46.8 45.1 43.9 44.3 45.1 45.1 43.1 43.7 44.7 44.5 45.5 43.4 42.6 46.0 43.6 45.0 45.1 43.5 44.0 44.2 45.2 44.8 44.7 43.4 43.3 43.1 43.5 43.5 41.5 42.7 43.1 43.1 43.7 44.7 45.1 45.1 42.4 42.0 44.2 42.5 44.8 44.0 45.4 44.3 45.6 45.1 44.1 43.1 45.2 44.0 43.3 42.7 43.9 43.0 42.7 43.6 43.0 41.2 43.7 43.7 44.3 43.3 43.7 42.4 43.3 43.5 42.8 44.4 42.8 43.3 42.7 44.6 43.9 42.8 45.3 44.1 43.3 43.2 43.2 43.1 48.0 70.3 68.5 69.5 71.2

cauliflower mosaic virus (V00141) 46.8 48.4 45.9 47.5 46.3 45.7 45.3 47.1 45.5 44.3 46.3 46.4 46.2 47.1 45.7 47.6 46.7 45.5 46.4 45.3 47.0 46.9 46.0 46.1 45.1 45.7 44.8 46.0 44.8 46.0 45.4 44.9 44.6 45.3 47.2 48.1 45.3 42.6 47.0 45.2 47.3 46.5 46.4 46.8 47.3 46.3 47.5 45.9 47.0 46.6 45.2 45.4 45.6 45.2 45.1 47.2 46.1 45.8 45.9 46.5 47.7 46.9 46.2 45.7 45.8 45.6 47.2 46.9 46.1 47.3 46.5 45.4 44.8 44.9 46.5 44.4 45.3 45.7 45.9 46.1 49.6 66.7 66.4 67.1 67.7 68.2

horseradish latent virus (JX429923) 47.0 46.7 45.7 46.2 46.0 45.7 45.9 46.2 46.4 45.6 46.1 46.0 44.3 46.1 46.1 47.8 46.6 43.6 45.4 44.5 45.4 45.4 46.3 44.9 44.4 46.1 45.3 44.3 44.9 43.1 44.7 44.8 45.4 43.1 46.8 46.8 45.3 43.0 46.3 44.1 44.7 45.3 46.2 45.7 45.4 46.4 45.2 45.3 46.9 47.1 45.1 44.5 45.3 44.5 44.3 45.9 44.7 44.8 44.4 45.0 46.2 46.5 46.8 45.1 44.2 43.8 45.9 45.9 45.5 46.3 44.6 45.3 44.1 42.6 45.8 44.5 42.9 44.1 43.9 45.3 48.5 64.7 65.1 66.2 68.5 66.9 79.3

Dahlia common mosaic virus (LC625373) 48.2 46.9 45.5 46.9 45.1 47.0 44.1 46.7 44.9 45.5 44.8 44.7 43.6 44.7 44.7 45.7 46.1 44.0 45.2 45.0 46.7 46.3 45.8 42.4 44.5 43.1 43.9 44.6 42.8 44.1 43.3 45.1 44.6 44.9 44.5 47.5 43.4 43.5 44.8 43.9 45.8 44.3 45.9 45.3 44.7 45.4 46.4 44.8 46.5 44.3 44.7 44.8 44.0 41.5 43.0 45.1 44.5 44.9 44.0 44.5 45.9 46.5 46.2 44.8 45.6 44.7 45.8 45.6 44.3 45.4 44.5 45.3 43.2 41.6 47.1 45.2 44.0 46.0 45.0 43.6 47.4 68.1 66.4 67.3 67.1 66.8 64.5 62.4

Mirabilis mosaic virus (AF454635) 47.0 47.0 45.2 46.5 45.3 46.4 45.2 47.6 45.5 44.8 45.5 46.0 43.6 45.7 44.9 45.5 46.8 44.9 45.3 45.3 46.8 46.6 46.8 43.3 44.0 44.5 44.6 45.5 43.2 44.8 42.9 44.1 44.9 43.5 45.2 46.3 42.7 43.1 44.7 43.9 47.1 45.5 45.7 44.5 45.3 45.3 47.4 45.3 46.5 44.8 44.2 43.7 44.0 40.8 43.2 45.4 45.3 45.4 44.5 44.7 45.3 45.3 43.9 43.6 46.2 44.9 46.3 47.0 45.3 45.6 45.2 46.3 42.4 42.4 46.1 45.4 43.3 45.9 45.9 44.0 47.2 68.2 65.7 67.0 66.9 66.8 63.4 61.6 82.9

figwort mosaic virus (X06166) 48.0 47.3 45.6 46.3 45.0 44.7 43.8 47.0 43.4 42.8 44.2 43.9 43.5 45.0 42.4 43.9 45.4 43.8 44.0 44.5 46.0 45.0 44.6 40.9 44.0 42.6 43.1 43.4 42.1 43.9 42.3 45.1 45.5 44.9 45.3 45.9 43.8 40.5 45.8 42.5 43.8 44.6 45.5 43.4 46.2 44.7 45.0 45.4 45.6 45.6 43.8 43.8 45.0 41.7 43.8 42.6 44.2 45.3 41.7 42.4 43.2 45.2 45.4 44.6 43.3 44.8 44.6 45.1 42.6 43.6 43.4 46.1 41.5 41.3 46.1 43.8 43.7 43.5 42.6 42.8 47.5 66.0 66.7 68.0 67.2 67.7 64.7 63.6 71.6 69.5

Metaplexis yellow mottle-associated virus (MW656214) 45.9 48.2 44.7 44.8 45.0 44.7 44.5 46.1 45.2 43.4 42.1 43.1 43.4 45.6 44.4 43.4 44.3 44.0 45.4 45.0 44.6 45.6 45.3 44.1 42.1 42.5 43.0 43.4 42.6 45.1 42.9 44.3 44.6 45.9 43.6 43.9 44.1 42.6 45.1 44.6 43.8 43.0 44.8 45.0 43.5 44.2 46.7 44.6 45.4 45.2 43.9 42.0 44.2 41.7 43.6 43.8 43.4 43.4 45.0 44.9 45.2 44.2 44.3 44.3 41.6 43.2 45.0 43.7 45.3 45.9 45.4 44.0 43.6 44.6 45.8 43.7 44.4 42.6 43.3 43.1 50.4 59.9 61.4 59.5 61.1 59.0 61.8 61.3 59.0 59.8 61.1

Pueraria virus A (KX249738) 45.5 44.3 44.9 45.8 45.3 45.4 45.4 45.6 43.2 44.5 43.9 43.4 43.6 43.5 42.2 44.6 44.1 44.4 43.1 43.3 45.6 44.4 46.4 41.9 42.9 42.5 43.5 43.1 43.0 44.3 42.4 44.6 43.5 45.0 44.4 44.2 42.9 42.6 44.6 44.6 45.0 43.3 43.4 43.4 44.2 43.4 46.2 43.7 44.2 44.9 43.4 41.7 43.8 42.3 42.1 43.6 43.5 42.0 43.8 45.2 45.4 43.6 42.6 43.8 43.2 44.9 44.2 45.1 43.4 45.2 44.6 43.8 43.3 43.3 44.6 43.8 45.1 43.7 44.6 43.8 49.4 62.4 60.0 61.2 61.0 59.8 59.8 58.9 59.1 60.2 59.6 74.1

strawberry vein banding virus (X97304) 46.6 44.9 46.3 47.3 44.8 46.5 46.6 48.0 46.4 44.6 44.5 44.9 44.2 45.3 43.5 45.8 44.4 45.3 44.9 45.2 45.3 45.8 45.8 43.2 45.6 43.5 43.7 43.7 42.9 45.3 44.4 44.8 44.9 46.0 46.8 45.0 44.1 42.5 45.9 45.0 46.9 46.6 46.5 45.1 46.1 46.5 46.9 46.5 47.0 45.3 44.9 43.0 45.7 43.8 43.8 45.0 44.5 43.6 44.0 44.4 47.2 45.1 43.6 45.3 44.6 46.1 45.1 46.4 43.7 46.1 44.1 44.9 45.5 46.6 45.9 45.4 45.4 45.4 43.9 44.0 49.3 61.0 59.6 63.2 61.7 60.1 60.4 58.4 58.7 59.8 61.8 64.0 64.6

Rudbeckia flower distortion virus (FJ493469) 46.7 45.1 44.9 44.9 42.9 44.5 44.1 45.5 44.0 44.1 44.4 45.8 43.7 44.9 43.7 44.6 44.3 44.5 43.9 43.8 46.8 47.1 46.9 43.4 44.1 43.5 44.1 43.6 45.5 43.9 41.8 43.7 43.9 45.7 44.8 45.2 44.6 43.0 45.4 43.2 44.3 45.4 45.3 44.6 44.4 45.0 43.5 44.5 45.4 43.8 44.6 44.6 43.8 43.5 44.2 44.3 44.9 43.8 44.5 43.0 43.4 43.9 43.0 42.7 44.0 45.1 44.3 43.8 45.4 42.9 42.6 46.7 45.0 44.0 45.4 45.2 43.1 42.7 42.1 43.5 45.8 60.1 61.6 59.2 60.1 59.1 59.1 57.9 59.2 58.7 59.7 56.4 58.3 57.1

blueberry fruit drop-associated virus (KT148886) 44.5 43.4 45.2 46.3 44.4 45.8 45.9 45.5 46.0 45.5 44.3 44.6 44.8 45.6 44.6 45.0 46.3 44.8 45.7 45.5 45.9 46.2 45.6 44.1 44.0 44.2 44.7 45.5 44.6 45.9 44.7 43.1 42.8 44.0 45.3 43.8 43.4 43.9 44.1 43.5 42.9 43.6 45.3 44.7 45.7 44.6 44.7 44.8 45.2 46.7 45.5 44.1 44.2 42.8 44.4 45.4 45.1 44.2 44.3 42.5 45.0 42.9 43.0 44.2 46.1 43.4 43.7 43.1 44.6 44.0 44.8 44.2 45.8 46.3 44.7 42.6 42.7 44.5 43.5 43.3 46.6 49.2 50.2 51.1 51.1 50.3 53.1 52.4 51.3 51.5 51.6 51.9 51.5 54.2 52.1

blueberry red ringspot virus (AF404509) 43.7 43.0 39.9 40.1 40.5 40.5 40.3 41.2 40.1 38.5 39.4 39.5 38.8 39.9 38.8 39.1 41.3 41.8 39.9 41.3 40.9 41.5 41.6 37.5 41.4 37.7 39.9 41.0 37.1 38.5 38.2 39.9 40.1 42.0 40.8 40.4 39.7 39.1 39.0 38.4 39.6 40.3 41.1 39.3 40.5 39.1 41.4 40.7 40.4 40.1 39.4 37.4 39.4 38.4 38.1 38.9 40.7 42.5 38.9 39.4 40.1 39.4 39.1 37.7 39.7 39.2 41.2 42.3 40.3 40.3 40.7 40.1 39.9 38.6 41.5 41.2 40.0 39.3 39.3 39.5 45.3 51.4 49.6 46.7 49.4 48.7 49.7 47.6 49.8 49.8 49.1 49.2 48.7 48.9 48.8 45.8

Hibiscus soymovirus (OP757659) 40.1 40.2 38.8 39.7 37.9 38.5 38.4 38.2 37.9 36.1 39.0 38.0 38.5 38.8 36.7 37.3 38.5 38.4 39.1 39.4 38.5 38.4 38.4 36.8 39.4 36.9 38.1 38.4 37.2 36.4 35.4 36.6 38.0 39.4 38.7 37.5 37.7 36.7 37.4 34.1 37.4 38.5 39.1 37.5 38.4 37.8 38.1 40.1 39.4 38.2 37.4 36.7 37.9 37.1 37.7 36.8 38.3 38.8 37.2 36.7 38.4 37.2 37.1 36.4 38.2 37.3 38.7 38.1 36.9 38.9 38.9 39.3 37.8 38.1 38.2 39.2 38.8 38.8 39.1 38.3 43.1 47.8 47.2 44.9 46.5 47.0 47.5 45.9 46.6 47.2 47.4 47.4 47.5 46.6 44.8 44.5 56.0

peanut chlorotic streak virus (U13988) 37.9 38.4 37.0 37.1 36.9 37.8 36.0 36.1 36.5 34.9 37.1 36.1 36.2 36.6 35.8 35.6 36.6 37.1 37.7 37.7 38.6 39.0 37.5 35.1 37.3 35.6 37.3 36.4 36.8 35.3 34.5 35.3 36.3 36.6 36.9 35.9 35.5 34.4 36.5 33.5 36.0 36.8 37.2 36.3 36.8 36.6 36.2 37.8 36.7 36.9 35.3 34.7 35.9 34.2 34.8 34.8 36.0 36.2 34.5 35.5 35.4 34.8 35.8 33.3 36.8 38.6 37.9 38.9 37.0 38.1 37.7 37.1 36.2 36.2 36.6 38.4 37.3 37.5 37.0 36.6 41.3 46.1 44.9 44.0 45.6 45.5 43.9 43.3 45.3 46.2 45.1 45.1 44.9 43.7 43.2 40.6 53.3 65.8

water chestnut soymovirus 1 (KU365408) 40.2 40.9 38.1 39.1 38.8 39.2 37.5 38.8 36.2 36.9 37.7 37.3 37.7 38.0 37.4 38.3 38.1 38.5 39.5 39.0 39.9 38.6 39.3 37.0 39.0 36.3 38.7 38.8 37.3 37.0 36.5 39.2 37.6 38.9 39.2 39.9 36.7 35.1 37.3 35.6 38.4 38.7 39.4 38.0 39.5 38.0 38.5 39.1 39.0 37.2 38.3 37.4 37.1 36.7 35.8 37.1 38.3 39.3 36.7 37.1 39.0 39.0 38.2 36.5 37.5 38.7 38.8 39.1 39.0 38.2 38.0 38.8 37.4 36.9 37.6 40.2 38.5 38.2 38.9 37.4 44.0 48.0 45.6 45.6 45.9 45.3 47.7 45.0 46.0 45.7 46.7 46.1 48.6 46.3 45.5 43.9 53.5 59.6 54.7

Cestrum yellow leaf curling virus (AF364175) 45.6 45.6 42.5 44.5 43.9 41.9 41.6 43.4 42.4 41.0 42.3 41.2 40.3 42.9 41.3 41.9 41.2 41.7 41.7 42.3 42.7 42.3 44.3 40.4 43.4 41.1 43.3 41.8 40.6 41.4 40.6 41.8 42.7 42.8 42.7 41.8 41.3 40.4 44.7 41.1 41.7 42.6 43.0 42.3 42.1 43.4 41.9 43.4 42.6 41.8 40.8 39.4 41.3 40.8 41.7 41.9 42.3 43.8 42.2 43.0 42.4 43.2 43.4 40.4 42.4 42.4 42.2 41.1 40.6 44.3 41.6 43.5 41.2 40.7 44.3 42.7 38.9 39.3 41.0 42.6 47.8 53.6 53.0 52.4 53.8 52.4 53.7 52.8 53.4 53.1 54.1 53.9 52.5 52.9 53.5 47.8 57.3 52.4 50.2 50.1

soybean chlorotic mottle virus (X15828) 41.2 40.8 37.1 38.4 38.1 38.7 38.3 38.3 36.3 35.5 36.7 36.3 36.1 37.8 36.2 35.9 36.4 37.7 39.0 36.8 38.3 38.3 38.6 36.9 39.8 37.5 38.2 36.4 37.5 37.3 35.1 38.2 38.2 38.8 39.4 38.3 37.2 35.5 38.9 36.1 37.4 37.2 39.3 37.1 38.6 38.7 38.8 38.5 37.1 37.6 36.1 35.6 37.1 37.5 36.5 36.8 38.0 37.5 37.1 36.6 37.1 35.8 36.6 36.0 37.6 38.8 37.8 38.8 37.8 38.1 38.0 38.6 37.5 37.4 39.7 37.5 38.7 37.8 36.8 37.5 43.2 46.4 45.1 45.3 47.6 46.3 46.9 46.5 45.8 44.8 46.0 46.1 47.5 45.5 47.5 42.7 53.8 53.6 50.1 54.5 55.9

Malva-associated soymovirus 1 (OL451868) 37.3 36.0 33.6 35.0 35.2 34.4 34.6 35.1 33.5 33.1 32.6 32.6 33.9 33.5 32.8 33.0 33.9 33.4 33.3 32.9 34.6 34.3 33.2 32.5 34.3 32.6 33.9 33.0 32.4 32.1 33.4 34.9 35.0 35.1 34.2 34.6 32.6 31.7 35.3 33.6 33.4 35.4 34.7 34.1 35.6 34.5 34.9 34.9 35.4 35.2 34.0 33.3 33.2 32.2 32.5 33.2 33.3 33.4 34.5 34.0 33.8 33.6 34.3 31.4 33.5 33.9 35.5 34.2 35.5 34.6 35.0 34.3 33.2 33.4 34.3 34.1 34.1 34.5 32.1 34.3 37.5 42.5 41.4 41.5 41.9 41.1 42.1 41.7 40.7 41.5 42.0 42.7 42.9 42.8 42.0 39.5 49.4 50.5 51.4 49.3 49.8 54.7

cassava vein mosaic virus (U59751) 46.9 48.5 43.4 44.1 43.0 43.0 41.0 43.2 42.2 41.0 41.9 41.4 40.4 42.6 43.1 41.5 44.0 44.1 44.5 44.5 45.0 44.3 45.2 41.1 44.1 42.9 43.3 43.1 41.7 41.8 40.6 41.2 43.6 43.4 43.5 42.3 40.8 40.4 43.4 39.3 42.9 42.5 43.4 41.7 41.9 41.8 43.7 43.4 41.7 42.4 41.3 39.2 42.7 40.3 42.0 42.7 41.9 42.7 40.8 42.2 44.2 43.4 43.0 39.7 42.3 42.6 43.4 45.0 44.2 40.9 43.3 42.8 42.2 43.0 44.1 43.1 43.3 43.2 44.3 43.1 49.1 52.0 49.7 48.9 50.2 48.9 47.2 48.6 50.0 49.5 51.0 49.5 50.0 50.8 48.4 47.5 45.5 44.5 41.1 42.5 46.7 42.2 37.9

sweet potato collusive virus (HQ694978) 46.5 48.9 42.0 43.9 42.6 43.9 42.6 43.1 42.6 41.4 42.6 41.2 41.3 42.6 42.6 43.4 42.0 43.8 42.6 44.2 45.9 44.6 45.0 42.1 44.1 41.5 42.8 41.9 41.9 41.7 40.4 41.8 43.5 44.7 44.4 41.5 41.4 39.3 42.8 38.1 43.1 42.5 44.0 43.1 43.4 43.8 43.9 43.0 42.4 42.2 40.6 39.5 42.3 40.0 41.3 41.1 43.6 43.0 41.3 42.3 42.7 42.8 42.5 39.2 42.0 43.4 44.8 45.4 45.0 43.2 43.5 43.0 43.4 43.4 45.7 43.5 44.1 43.0 43.4 44.1 49.3 52.3 49.4 48.8 49.3 51.1 49.7 48.7 48.8 48.8 50.8 50.1 50.8 51.3 49.0 47.7 45.6 45.0 41.8 43.5 46.7 43.4 39.3 78.8

Epiphyllum virus 4 (MN153807) 45.7 46.2 42.5 44.6 41.6 42.6 42.0 42.0 42.6 42.6 42.2 41.3 41.5 42.1 42.7 41.9 43.9 42.1 44.1 44.5 45.5 44.0 43.7 43.4 42.4 41.4 42.7 43.0 41.1 41.1 40.8 41.5 42.8 42.5 42.7 42.6 40.8 39.9 42.0 39.2 42.4 41.8 44.2 41.9 43.4 41.4 43.4 42.8 41.9 41.5 40.1 39.9 41.2 40.5 42.6 42.6 41.3 42.3 42.4 41.9 43.1 43.1 42.6 39.3 41.7 44.3 43.9 43.9 43.0 42.7 42.3 42.8 42.6 42.7 44.6 42.5 42.9 42.1 44.1 41.7 47.2 48.9 47.0 47.6 50.1 48.4 47.8 47.9 49.1 49.2 49.2 49.0 49.3 48.0 48.0 48.5 44.8 43.6 40.2 42.3 45.2 41.5 37.0 73.5 75.5

sweet potato vein clearing virus (HQ694979) 45.9 48.2 44.1 44.5 43.1 42.6 43.4 42.7 43.1 42.5 42.5 42.6 42.1 43.5 42.6 43.3 43.9 43.9 43.5 44.5 45.3 43.7 43.9 42.3 44.7 42.9 43.9 42.9 43.5 42.8 43.5 43.3 43.9 46.4 44.2 42.8 42.7 40.1 43.3 41.9 44.1 42.5 45.1 44.3 41.6 42.8 42.9 42.6 41.8 41.4 40.2 39.2 42.3 41.7 41.1 42.7 43.5 43.1 43.1 42.4 44.1 44.6 43.4 41.9 44.8 42.7 45.7 43.1 44.2 45.4 44.3 44.3 41.5 42.4 44.4 45.3 43.0 44.0 44.1 44.7 49.0 48.2 47.9 47.8 47.5 47.5 49.1 48.0 50.1 48.9 50.2 51.7 51.1 50.3 48.2 46.8 46.8 43.3 41.7 41.6 47.0 43.0 38.5 57.5 58.4 54.5

tobacco vein clearing virus (AF190123) 49.4 50.9 45.4 45.7 45.0 46.0 44.1 45.8 43.4 43.5 45.3 45.1 43.8 45.5 45.1 45.2 46.0 46.0 44.4 45.1 47.0 47.2 46.5 41.9 44.7 43.9 44.3 45.8 43.5 45.2 43.5 45.9 45.6 48.2 46.7 44.6 44.7 42.2 44.4 43.5 44.8 44.9 45.1 44.6 44.7 44.7 45.8 45.1 45.6 44.3 43.4 42.0 43.2 41.5 42.8 43.9 44.0 46.0 45.3 45.6 43.9 44.6 43.1 41.6 46.1 45.8 47.2 47.9 47.6 45.4 45.3 44.2 44.8 45.0 45.4 47.2 44.5 46.1 45.4 44.6 48.3 53.4 50.1 50.3 50.2 51.6 51.2 49.0 53.0 53.0 52.4 52.7 53.4 51.2 51.8 47.0 49.2 45.2 43.1 45.2 48.5 43.2 38.9 61.4 63.2 58.2 68.6

rose yellow vein virus (JX028536) 45.9 47.9 45.5 45.9 46.3 45.2 44.9 46.0 45.5 42.8 45.5 43.3 44.5 45.1 46.1 45.1 45.5 44.9 44.9 45.3 47.1 45.9 46.5 42.1 44.4 43.4 42.8 45.1 44.3 44.7 44.1 43.3 45.4 44.3 45.8 45.5 43.6 42.8 45.6 44.3 43.9 45.5 45.7 43.7 44.3 44.1 43.5 45.5 45.1 45.0 44.1 45.1 44.6 45.4 44.2 45.1 44.3 45.2 44.3 44.6 46.2 44.6 45.5 44.7 45.6 45.6 46.3 46.8 44.7 44.7 45.7 45.4 45.5 46.9 44.4 45.5 44.8 43.7 44.7 44.3 48.7 51.1 49.5 50.7 49.6 49.6 48.4 47.1 51.6 49.8 50.2 49.2 49.8 52.3 51.0 50.6 44.8 43.5 41.6 44.4 47.1 42.2 38.2 50.4 49.6 48.5 48.0 51.2

Viola yellow mottle virus (MZ911846) 44.3 45.4 44.8 43.9 44.9 42.8 45.5 43.7 43.9 44.1 44.3 45.1 44.3 46.8 43.3 43.5 43.8 43.1 44.2 44.6 45.8 44.8 45.5 42.3 45.3 44.5 44.0 43.5 44.8 44.3 42.9 43.8 43.4 46.0 45.4 45.5 45.1 42.5 44.1 43.8 44.3 43.5 45.9 44.9 44.5 47.0 44.5 45.8 46.8 44.7 43.7 42.7 45.9 44.7 43.6 43.1 45.0 44.9 44.3 44.3 45.2 43.1 44.2 41.8 43.4 44.6 45.1 44.0 45.0 44.7 44.1 45.1 45.5 46.1 45.2 45.7 44.2 45.4 43.9 43.0 48.3 48.7 47.7 48.1 48.1 48.1 48.5 47.3 47.1 48.3 49.0 49.6 49.8 51.2 49.5 46.5 42.8 42.8 41.1 43.3 45.1 40.4 39.5 47.6 47.0 44.1 48.3 50.0 57.5

Petunia vein clearing virus (U95208) 43.8 44.4 44.2 42.4 43.8 43.2 42.1 42.1 42.8 40.5 42.7 42.4 42.0 42.7 41.3 41.1 44.0 43.1 42.3 42.2 43.9 44.0 44.1 40.1 42.1 41.7 42.3 42.1 41.4 41.7 39.9 41.7 39.8 43.3 41.5 41.7 42.4 39.6 43.2 41.1 41.6 41.1 42.4 41.3 40.9 41.3 43.3 42.0 41.7 41.2 40.9 39.7 39.7 40.7 41.2 41.5 40.6 42.1 40.2 42.4 42.8 40.9 40.9 40.0 41.4 41.7 41.4 42.4 42.2 41.0 42.7 41.4 42.6 41.7 42.3 42.3 43.1 43.1 41.9 42.6 45.5 48.0 46.7 46.7 46.2 48.0 46.8 45.8 48.2 46.8 46.9 45.0 46.7 45.2 47.4 45.9 42.5 38.5 37.4 41.5 42.8 38.7 33.9 45.1 45.4 44.6 45.2 46.3 44.0 42.2

Saccharomyces cerevisiae Ty3 virus (M34549) 39.0 42.0 41.9 41.2 40.8 41.6 40.3 40.5 41.8 41.1 40.7 41.7 42.2 42.7 41.6 41.5 42.0 40.7 42.7 41.9 42.6 43.5 41.0 42.0 40.7 41.2 40.5 41.2 40.6 41.0 41.2 39.7 40.8 41.6 41.8 42.0 42.4 40.7 41.2 39.6 40.0 39.7 40.0 40.4 40.1 40.6 40.8 41.2 40.6 40.8 40.4 39.8 41.1 41.6 40.8 41.4 41.2 41.3 41.2 39.4 39.5 38.7 38.9 39.7 41.0 41.1 42.4 42.0 43.4 40.0 42.7 42.5 40.4 39.2 41.8 42.0 39.7 40.9 40.1 38.5 43.9 44.4 43.4 44.1 43.2 42.4 42.6 41.2 43.4 42.7 42.6 42.3 40.8 41.3 42.3 41.8 37.7 38.3 36.3 37.9 40.0 36.8 31.8 39.9 41.3 40.6 38.7 40.2 42.4 40.1 40.2
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