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Abstract

	We propose the creation of one new species in the genus Badnavirus: Badnavirus meliae; one new species in the genus Caulimovirus: Caulimovirus metaplexis; one new species in the genus Soymovirus: Soymovirus eleocharis; and one new species in the genus Tungrovirus: Tungrovirus agapanthi. Complete genomes of the type members of all these proposed new species were published recently.


Text of proposal
		1. Creating species Badnavirus meliae in the genus Badnavirus 
Badnavirus meliae can be considered a new species in the genus Badnavirus for the following reasons:
a. Its exemplar isolate, chinaberry tree badnavirus 1 (ChTBV1), has a 7,018 bp circular double-stranded (ds) DNA genome with an organization typical of members of the genus Badnavirus with 3 putative open reading frames (ORF1 to ORF3). Its ORF3 encodes a putative polyprotein containing the conserved viral aspartic protease (AP), a zinc knuckle finger, a reverse transcriptase (RT), and RNase H domains.
b. The genome of ChTBV1 harbors a tRNAMet primer binding site.
c. In phylogenetic analyses using the RT/RH1 domain nucleotide sequence, ChTBV1 groups within the genus Badnavirus (Fig. 1). Its closest relative is fig badnavirus 1  (FBV1; Fig. 1; Table 1).
d. ChTBV1 displays only 68.1% nucleotide (nt) sequence identity with FBV1 in the RT/RH1 domain, which is below the species demarcation criterion of 80% nt sequence identity, justifying the classification of Badnavirus meliae as a separate species.

2. Creating species Caulimovirus metaplexis in the genus Caulimovirus
Caulimovirus metaplexis can be considered a new species in the genus Caulimovirus for the following reasons:
a. Its exemplar isolate, Metaplexis yellow mottle-associated virus (MeYMaV), has a 7,733bp circular double-stranded (ds) DNA genome with an organization typical of members of the genus Caulimovirus with 6 putative open reading frames (ORF1 to ORF6) encoding a putative movement protein, a putative aphid transmission factor, a putative DNA-binding protein, a putative coat protein with a zinc finger domain, a putative polymerase polyprotein with conserved domains for a peptidase, a reverse transcriptase (RT) and an RNase H and a protein with homology to the P6 protein of CaMV with a viroplasmin domain, respectively. 
b. The genome of MeYMaV has TATA-like boxes and polyadenylation signals in the large and small intergenic regions, that are hallmarks of members of the genus Caulimovirus.
c. In phylogenetic analyses using the RT/RH1 domain nucleotide sequence, MeYMaV groups within the genus Caulimovirus (Fig. 1). Its closest relative is strawberry vein banding virus (SVBV; Fig. 1; Table 1).
d. MeYMaV displays only 64.7% nucleotide (nt) sequence identity with SVBV in the RT/RH1 domain, which is below the species demarcation criterion of 80% nt sequence identity, justifying the classification of Caulimovirus metaplexis as a separate species.

3. Creating species Soymovirus eleocharis in the genus Soymovirus
Soymovirus eleocharis can be considered a new species in the genus Soymovirus for the following reasons:
a. Its exemplar isolate, water chestnut  soymovirus 1 (WCSV1) has a 7,355bp circular double-stranded (ds) DNA genome with an organization typical of members of the genus Soymovirus with 9 putative open reading frames encoding a putative movement protein with an RNA-binding domain, 4 small proteins of unknown function, a putative coat protein with a zinc binding domain, a putative polymerase with RT, RNAse H, aspartic protease domains, a putative transactivator protein and a protein of unknown function, respectively.
b. The genome of WCSV1 harbors a tRNAMet primer binding site
c. In phylogenetic analyses using the RT/RH1 domain nucleotide sequence, WCSV1 groups within the genus Soymovirus (Fig. 1). Its closest relative is peanut chlorotic streak virus (PCSV; Fig. 1; Table 1).
d. WCSV1 displays only 57.5% nucleotide (nt) sequence identity with PCSV in the RT/RH1 domain, which is below the species demarcation criterion of 80% nt sequence identity, justifying the classification of Soymovirus eleocharis as a separate species.

4. Creating species Tungrovirus agapanthi in the genus Tungrovirus 
Tungrovirus agapanthi can be considered a new species in the genus Tungrovirus for the following reasons:
a. Its exemplar isolate, Agapanthus tungro virus (AgTV) has a 7,942 bp circular double-stranded (ds) DNA genome with an organization typical of members of the genus Tungrovirus with 4 putative open reading frames encoding two putative proteins of unknown function, a polyprotein with putative RT, RNAse H and aspartic protease domains and a virion-associated protein.
b. The genome of AgTV harbors a tRNAMet primer binding site
c. In phylogenetic analyses using the RT/RH1 domain nucleotide sequence, AgTV groups within the genus Tungrovirus (Fig. 1). Its closest relative is rice tungro bacilliform virus (RTBV; Fig. 1; Table 1).
d. AgTV displays only 63.9% nucleotide (nt) sequence identity with RTBV in the RT/RH1 domain, which is below the species demarcation criterion of 80% nt sequence identity, justifying the classification of Tungrovirus agapanthi as a separate species.
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Figure 1: Phylogenetic tree showing placement of chinaberry tree badnavirus 1 (ChTBV1; species Badnavirus meliae), Metaplexis yellow mottle-associated virus (MeYMaV: species Caulimovirus metaplexis), water chestnut soymovirus 1 (WCSV1; species Soymovirus eleocharis) and Agapanthus tungro virus (AgTV; Tungrovirus agapanthi). Maximum likelihood analysis with 1000 bootstrap sets were performed on nucleotide sequences corresponding to the RT/RH1 domain. Alignments were performed using CLUSTALW and the phylogenic tree was built using the Maximum Likelihood method and Hasegawa-Kishino-Yano model (Hasegawa et al., 1985) of the MEGA X package (Kumar et al., 2018). The tree with the highest log likelihood is shown. Bootstrap values are given above nodes when above 70 % and GenBank accession numbers are provided. The scale bar shows the number of substitutions per site. Saccharomyces cerevisiae Ty3 virus (SceTy3V; family Metaviridae, genus Metavirus) was included in the analysis as an outgroup. Colored dots indicate genera. Type members of the proposed new species are shown with open circles and in red boxes.

Table 1: Percent nucleotide identities for the Caulimoviridae in pol gene nucleotide sequences. 
Figures corresponding to type members of the proposed new species are highlighted in orange. 
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AgTV RTBV CSSCDVCSSToAVCSSCEV CSSTBVCSSGMVCSSGNVCSSGQV MBV1 ChTBV1 CiYMV FBV1 GRLDaV GBV1 CLGV ABV TaBCHV PYMoV DBALV2 DBESV DBRTV3 DBSNV DBALV DBRTV1 DBTRV DBRTV2 BSIMV BSVNV KTSV BSOLV SCBGAV BSUAV CaYMV SCBGDVCaYMaV BSMYV BSGFV CLNV PBCOV CoYMV CoVCVGSPVCaV GVCV AuRV GVBaV SYLSV RYNV PYMaV WBV1 ChMV BLRaV BVF CYVBV CBSLV BCVBV JuMaV DrMV EpMoaV YNMoV CMMV IRSaV PoMV SPPV BSUIV BSULV BSUMV SCBIMVSCBMOV TaBV DNUaV AMMV SPuV CERV LLDV AnBSV DCMV MMV FMV CaMV HLV PVCV RuFDV MeYMaV SBVBV BFDaV BRRV SbCMV CmYLCV PCSV WCSV1 CsVMV SPCV EpV4 SPVCV TVCV RYVV

Agapanthus tungrovirus (MT501685)

rice tungro bacilliform virus (X57924) 63.9

cacao swollen shoot CD virus (JN606110) 48.2 48.4

cacao swollen shoot Togo A virus (AJ781003) 48.2 48.8 76.3

cacao swollen shoot CE virus (MF642720) 50.1 50.9 72.5 74.8

Cacao swollen shoot Togo B virus (L14546) 48.4 48.0 74.7 75.1 76.1

cacao swollen shoot Ghana M virus (MF642724) 49.6 49.3 73.9 75.5 75.4 74.5

cacao swollen shoot Ghana N virus (MF642725) 47.5 49.1 71.7 72.8 73.5 73.7 78.9

cacao swollen shoot Ghana Q virus (MF642734) 48.5 50.8 63.7 64.6 63.8 62.6 63.2 62.7

mulberry badnavirus 1 (LN651258) 48.8 48.4 63.4 62.8 62.1 62.0 63.6 64.1 68.5

chinaberry tree badnavirus 1 (OL630968) 51.0 51.7 65.8 65.0 65.4 64.8 66.7 66.9 63.2 64.7

Citrus yellow mottle virus (AF347695) 48.5 48.8 64.3 64.4 64.7 63.5 64.3 64.8 65.0 65.9 67.2

fig badnavirus 1 (JF411989) 50.2 51.2 64.6 65.1 66.2 64.8 65.6 66.5 66.2 67.4 68.1 68.8

grapevine roditis leaf discoloration-associated virus (HG940503) 50.7 51.4 64.7 65.4 66.0 63.0 65.5 64.7 67.8 65.4 67.1 68.1 79.7

grapevine badnavirus 1 (MF781082) 48.4 50.0 65.5 65.8 65.4 64.6 66.7 66.4 66.6 64.8 67.9 70.2 72.3 72.8

Camellia lemon glow virus (MN542417) 49.0 49.1 62.8 63.7 62.5 61.5 64.1 63.0 62.3 61.1 63.7 62.5 64.1 64.4 65.0

Aglaonema bacilliform virus (MH384837) 50.2 50.9 61.7 61.7 63.2 62.1 62.1 63.7 62.9 65.0 61.9 67.6 68.5 68.4 67.8 63.5

taro bacilliform CH virus (KP710178) 47.1 51.5 65.0 64.4 64.0 62.4 64.1 63.2 64.6 65.0 65.3 68.9 69.9 70.9 68.9 63.5 71.6

Piper yellow mottle virus (KC808712) 49.7 50.4 62.7 64.3 63.7 61.8 64.9 63.3 65.4 65.7 65.5 64.3 68.7 68.9 68.7 62.5 68.5 70.4

Dioscorea bacilliform AL virus 2 (KY827395) 48.9 51.4 63.2 63.0 65.4 63.1 64.5 64.2 66.1 66.7 66.7 69.1 70.4 70.3 68.8 65.1 67.6 69.0 66.6

Dioscorea bacilliform ES virus (KY827394) 47.0 48.0 63.9 63.9 63.9 63.6 63.7 64.4 64.9 67.0 63.7 67.9 69.5 67.6 68.3 64.3 68.8 69.4 67.2 74.2

Dioscorea bacilliform RT virus 3 (MF476845) 49.0 48.5 63.3 63.4 63.5 62.7 62.2 62.6 65.3 64.8 64.6 67.3 68.2 67.6 67.2 64.3 66.1 67.2 66.4 71.6 67.7

Dioscorea bacilliform SN virus (DQ822073) 47.8 48.2 63.3 63.7 63.8 62.9 64.0 64.0 66.3 65.4 63.4 66.7 67.3 67.5 68.1 65.7 67.0 68.2 66.3 70.6 69.9 79.9

Dioscorea bacilliform AL virus (KX008573) 49.0 51.1 64.0 63.5 64.3 63.3 63.4 64.1 66.5 64.4 63.8 67.2 69.8 68.7 67.2 62.8 67.6 69.8 68.7 69.8 70.3 70.2 71.2

Dioscorea bacilliform RT virus 1 (KX008574) 49.3 48.8 64.7 67.0 63.7 63.7 65.6 64.7 66.0 64.7 63.5 66.9 68.1 70.0 67.6 64.5 67.4 68.3 69.3 70.7 69.6 70.1 70.8 70.4

Dioscorea bacilliform TR virus (KX430257) 48.2 49.0 63.3 62.8 61.8 61.1 64.8 63.4 65.2 64.5 65.7 66.0 68.6 70.6 68.8 65.0 68.2 65.7 66.6 71.6 69.8 68.1 69.5 70.8 74.8

Dioscorea bacilliform RT virus 2 (KX008577) 47.8 48.5 61.6 63.5 63.2 61.9 63.2 63.1 65.1 63.8 62.1 64.4 67.2 66.1 66.3 63.3 67.9 68.1 66.2 67.7 67.2 68.9 68.7 69.5 71.9 69.6

banana streak IM virus (HQ593112) 49.0 50.4 61.7 63.2 63.9 62.2 63.2 63.7 63.9 63.1 63.1 62.2 66.3 66.3 66.3 63.0 64.2 65.4 63.9 65.4 66.1 63.9 65.0 66.6 65.6 66.1 65.8

banana streak VN virus (AY750155) 49.7 49.6 63.3 62.4 63.9 63.6 64.3 63.5 65.0 63.7 63.5 62.4 66.2 67.7 65.0 63.7 65.4 65.8 67.2 64.8 66.7 64.4 66.3 67.0 65.7 65.3 66.3 77.8

Kalanchoe top-spotting virus (AY180137) 46.0 47.5 63.1 62.3 61.5 61.9 63.5 63.2 63.4 61.7 61.2 62.8 65.0 66.3 65.0 60.9 63.1 66.5 65.0 64.0 66.1 65.3 65.3 65.9 66.7 65.3 66.7 70.6 71.1

banana streak OL virus (AJ002234) 49.2 51.0 64.1 65.0 65.2 64.1 64.2 65.0 63.7 64.4 63.9 65.4 68.1 68.5 67.2 64.9 66.3 68.9 66.3 66.1 64.8 64.7 66.2 68.1 67.6 67.6 66.5 72.1 70.7 72.5

sugarcane bacilliform Guadeloupe A virus (FJ824813) 49.5 50.1 64.1 65.0 65.0 63.4 65.7 64.1 63.9 65.4 64.6 64.5 68.6 69.5 65.7 64.2 64.3 68.8 65.9 66.5 64.8 66.0 66.3 67.2 68.6 67.3 66.4 72.0 69.8 70.7 81.6

banana streak UA virus (HQ593107) 48.1 50.7 63.8 63.9 64.5 61.9 65.7 63.7 66.3 63.4 63.6 63.4 67.5 68.6 66.7 65.4 66.2 65.9 64.0 65.9 65.4 65.1 67.2 68.3 67.9 69.8 65.9 71.7 72.5 70.7 74.8 76.7

Canna yellow mottle virus (KU168312) 47.4 48.0 62.8 60.6 62.1 59.8 60.9 61.9 64.5 64.1 62.1 61.8 66.0 65.8 65.5 61.5 63.4 65.7 65.9 66.5 66.7 64.9 64.5 68.5 66.0 66.4 65.4 68.7 68.6 68.2 69.0 69.2 69.8

sugarcane bacilliform Guadeloupe D virus (FJ439817) 47.9 50.6 63.2 62.8 63.0 61.4 63.6 62.9 63.6 63.6 60.6 62.0 65.9 66.1 66.6 61.9 64.1 67.8 65.9 67.3 65.9 66.7 66.3 67.6 66.6 65.4 65.9 69.2 69.9 69.5 69.9 70.6 71.6 75.6

Canna yellow mottle associated virus (KX066020) 50.2 50.0 63.0 63.2 63.9 62.7 63.2 63.7 64.7 63.8 62.0 63.1 66.7 66.2 65.6 61.5 65.6 64.7 65.3 65.6 67.9 65.0 65.9 66.0 68.5 66.8 65.8 68.2 71.1 68.5 68.6 69.4 70.9 73.4 74.3

banana streak MY virus (AY805074) 48.7 49.3 60.6 61.0 61.5 59.6 60.6 59.9 62.6 61.9 62.4 62.2 64.8 65.5 64.8 60.8 64.7 66.0 65.9 66.4 65.5 65.4 66.6 65.1 64.1 65.6 65.6 66.7 69.2 69.0 69.8 68.3 69.8 70.2 70.3 69.8

banana streak GF virus (AY493509) 50.2 49.8 61.0 62.2 62.8 61.0 61.4 61.4 63.5 63.1 61.4 61.5 63.2 66.3 63.8 61.9 64.7 64.1 63.8 63.6 64.8 63.3 63.5 64.1 66.3 65.0 62.4 68.1 69.2 68.0 67.5 68.7 69.1 66.1 67.6 68.5 66.0

cycad leaf necrosis virus (EU853709) 45.7 47.7 61.1 61.1 62.9 60.8 60.9 62.8 63.1 62.4 61.9 63.7 65.4 66.3 65.5 61.5 64.4 65.7 64.9 65.9 67.2 64.7 65.3 65.6 66.3 65.9 65.9 65.2 65.8 66.6 65.5 66.4 66.9 66.2 67.2 67.3 65.9 64.5

pineapple bacilliform CO virus (GU121676) 47.8 47.3 62.5 60.4 61.6 61.7 63.0 62.7 62.8 62.3 62.2 63.6 64.5 65.7 65.9 63.4 65.5 64.5 64.0 64.6 63.7 64.9 64.9 65.6 64.5 66.5 64.5 66.9 67.9 66.9 67.6 67.9 67.2 69.8 68.9 67.6 65.7 65.6 68.4

Commelina yellow mottle virus (X52938) 46.2 48.5 60.1 62.3 62.3 61.9 62.0 60.6 62.2 61.9 61.0 62.8 64.9 65.9 64.1 59.6 61.8 65.1 65.1 64.8 63.7 64.1 65.1 65.5 65.7 64.3 63.3 64.1 66.5 63.7 65.7 67.2 65.0 63.7 65.4 64.1 63.2 64.3 63.7 64.6

Codonopsis vein clearing virus (MK044821) 50.5 51.8 62.7 61.4 62.8 61.5 63.6 63.2 60.1 63.2 62.6 60.8 64.7 64.0 62.7 59.7 59.6 61.7 62.3 64.0 64.3 61.9 62.0 64.9 63.0 64.9 62.7 62.7 63.7 61.9 63.9 64.4 64.5 62.7 64.2 64.1 61.5 61.7 60.3 61.4 62.0

green sichuan pepper vein clearing-associated virus (MK371353) 50.3 51.1 64.1 62.1 63.6 62.6 65.0 62.8 61.7 64.1 63.4 62.6 65.0 64.5 65.0 61.6 61.1 61.8 62.2 64.4 64.1 62.1 63.9 65.0 63.9 63.9 61.6 63.4 64.2 63.2 62.3 63.5 63.2 63.0 63.1 62.8 61.4 61.1 60.7 61.1 61.0 74.0

grapevine vein clearing virus (JF301669) 48.6 49.4 62.6 62.6 62.9 61.0 63.5 64.0 61.0 62.3 61.1 60.1 65.9 65.1 64.5 61.2 63.1 63.7 63.7 63.6 65.9 61.1 62.7 62.8 63.7 63.2 62.3 64.0 62.9 64.1 63.2 64.3 64.1 61.5 62.3 63.9 61.1 62.3 60.8 59.9 61.7 71.2 71.9

aucuba ringspot virus (LC487411) 49.8 50.1 62.1 63.0 63.7 63.5 63.7 63.8 63.2 61.7 62.3 62.8 63.0 64.3 64.9 61.6 64.0 63.8 62.8 65.2 63.8 63.6 65.9 64.6 63.4 62.5 63.7 65.8 64.1 63.0 64.5 65.4 64.6 62.1 63.4 63.7 62.9 62.6 60.3 61.9 63.1 69.5 72.7 69.9

gooseberry vein banding associated virus (JQ316114) 47.9 48.6 61.6 61.1 60.1 60.1 61.3 60.8 60.9 62.0 60.8 60.7 62.6 61.4 61.9 60.1 60.1 62.1 60.3 62.0 63.7 61.0 60.9 62.1 62.5 62.8 62.3 62.0 61.8 63.2 63.0 63.9 63.5 61.2 63.0 62.0 61.1 61.9 60.3 60.0 59.3 66.1 69.0 67.3 65.7

Spiraea yellow leafspot virus (MW080369) 48.4 49.2 62.1 59.9 61.3 60.4 62.4 62.1 61.2 61.4 59.8 60.6 62.7 62.4 62.8 60.4 59.5 61.2 61.4 62.1 63.6 59.7 61.1 62.1 62.1 61.2 60.6 61.9 61.7 63.0 64.6 63.3 62.2 61.3 62.1 61.5 60.6 57.9 60.9 61.4 59.1 66.0 68.8 66.9 65.9 73.8

Rubus yellow net virus (KM078034) 48.7 49.4 61.8 62.3 61.6 63.0 64.0 63.2 63.5 60.4 61.5 61.0 63.2 61.7 62.7 59.7 61.1 62.3 61.2 61.0 62.3 60.9 60.8 61.2 63.2 61.0 61.2 62.1 63.3 61.9 61.7 62.2 63.0 60.9 60.6 60.9 59.3 58.0 60.3 60.6 59.4 66.2 68.8 67.8 65.8 70.4 72.9

pagoda yellow mosaic associated virus (KJ013302) 49.0 48.6 60.9 60.8 61.0 61.2 61.4 60.7 61.7 59.7 60.4 60.9 63.2 62.4 63.0 60.1 60.4 61.1 62.6 63.0 63.7 63.6 61.6 62.8 64.1 61.7 62.4 61.0 61.5 61.5 61.7 61.6 61.7 61.5 61.5 61.5 60.6 58.6 61.4 61.2 60.2 64.5 64.7 63.2 64.4 62.1 61.9 63.1

Wisteria badnavirus 1 (KX168422) 49.4 49.3 63.2 62.4 62.0 60.8 62.3 62.6 63.0 61.3 60.8 60.6 64.5 63.3 64.1 60.4 58.9 62.5 62.1 62.4 62.0 62.0 61.2 62.6 63.2 60.7 61.8 59.2 60.6 59.5 60.7 60.2 61.5 59.9 61.5 61.3 60.1 58.3 60.9 61.1 61.1 64.1 65.6 62.8 64.0 62.0 62.8 65.0 75.4

chestnut mosaic virus (MT269853) 49.3 50.7 61.9 61.9 61.4 61.0 61.0 63.4 62.8 62.2 62.3 61.5 64.3 66.0 64.2 59.8 60.9 63.1 62.2 64.0 62.4 62.9 64.4 63.7 63.0 64.0 61.4 62.0 63.2 61.5 63.7 61.9 62.7 62.6 64.3 62.5 62.3 61.9 61.6 62.5 60.9 66.2 65.9 66.7 66.9 65.2 65.3 65.2 66.7 68.5

birch leaf roll-associated virus (MG686419) 48.3 49.0 61.1 62.2 62.8 62.3 63.6 62.7 62.3 61.5 62.8 60.8 64.2 65.7 67.2 61.6 63.6 67.1 64.1 65.1 65.0 61.7 63.9 62.5 65.0 63.8 62.7 61.5 61.6 63.3 63.9 64.5 63.9 62.8 63.6 61.9 62.3 60.7 59.9 61.9 60.5 64.5 64.8 67.0 64.5 65.7 62.9 64.8 65.1 65.4 68.4

blackberry virus F (KJ413252) 47.9 50.7 64.5 63.4 63.6 62.8 64.2 63.8 65.2 65.8 63.5 66.6 67.9 68.5 68.0 62.7 64.0 67.0 65.6 67.2 68.5 65.7 63.9 65.8 65.1 64.8 65.9 64.9 65.9 65.2 65.4 65.5 65.2 66.0 67.7 65.8 65.3 62.7 63.7 63.6 63.8 65.2 67.7 65.4 65.4 66.8 64.4 65.4 64.2 66.7 66.7 66.7

cacao yellow vein banding virus (KX276641) 47.8 49.8 63.3 62.6 63.2 61.6 63.0 64.3 61.6 61.0 63.0 62.0 63.9 64.4 64.4 59.6 62.3 63.8 61.9 62.7 64.5 61.2 62.6 62.7 63.1 63.8 60.4 60.4 62.2 62.2 64.5 63.8 65.1 61.7 64.3 64.1 62.5 62.1 60.2 62.7 62.1 61.0 61.7 61.1 64.0 62.1 61.2 60.8 60.4 61.6 63.1 63.0 67.1

cacao bacilliform Sri Lanka virus (MF642736) 48.3 48.9 61.6 62.3 62.3 61.4 60.1 61.6 62.4 61.0 61.0 63.0 65.3 62.3 65.2 58.9 63.2 63.3 62.9 62.5 63.8 63.2 63.6 61.9 64.1 61.5 61.8 61.2 59.8 61.4 62.0 63.7 61.9 60.5 63.2 62.6 62.9 62.0 60.8 61.1 60.9 61.4 61.8 63.1 61.5 60.6 59.3 60.4 61.9 62.3 62.6 64.0 66.2 62.6

Bougainvillea chlorotic vein banding virus (EU034539) 49.4 49.1 61.0 60.3 64.3 59.8 61.9 62.2 62.8 63.3 61.0 61.8 66.1 65.0 64.5 60.6 66.3 64.8 63.0 64.0 65.2 64.1 65.6 63.9 63.8 63.8 63.5 63.6 63.3 63.3 63.9 63.7 64.2 62.7 62.8 64.1 63.7 61.9 60.5 62.0 62.3 63.6 64.8 63.9 64.9 63.3 63.6 64.5 62.3 62.9 62.8 64.2 67.4 61.5 63.7

jujube mosaic-associated virus (KX852476) 48.9 48.4 61.5 61.9 62.1 61.9 62.9 63.1 62.7 64.2 62.3 64.5 68.1 67.4 67.9 61.0 63.3 66.2 64.4 63.6 64.8 65.1 63.3 62.7 61.9 63.7 63.0 61.8 62.7 64.5 63.2 63.4 64.8 62.1 63.2 62.8 63.7 60.6 61.1 60.4 62.3 63.2 63.9 63.3 63.2 61.5 60.2 61.0 61.8 63.2 64.1 64.8 68.6 66.1 62.0 67.3

Dracaena mottle virus (DQ473478) 47.0 48.3 60.8 59.9 61.6 59.0 61.0 60.3 60.9 61.6 60.7 62.1 66.5 66.4 64.3 59.8 62.4 64.7 63.7 63.4 65.2 64.3 64.1 62.6 65.1 63.4 63.5 62.5 61.7 62.1 63.5 63.6 64.3 63.2 61.4 63.4 62.0 61.8 63.4 64.0 60.3 62.1 63.4 62.4 61.7 60.5 60.7 60.1 63.4 64.4 62.5 62.7 66.3 62.5 64.6 64.4 65.0

Epiphyllum mottle-associated virus (MH396440) 48.5 47.3 61.1 61.4 60.7 61.9 59.5 60.5 62.0 61.4 60.0 62.3 65.7 64.8 65.0 58.8 62.9 64.6 63.8 63.4 63.8 61.6 61.7 63.6 63.3 64.2 63.6 61.4 63.5 64.4 64.2 63.7 64.1 63.2 64.3 64.1 63.0 61.9 62.7 60.2 61.0 63.2 60.9 62.5 63.1 61.4 61.3 62.6 62.9 62.2 61.7 63.2 66.3 62.6 64.0 65.7 66.7 68.2

yacon necrotic mottle virus (KM229702) 48.4 50.7 63.1 63.6 64.6 63.2 64.6 64.8 63.7 63.8 64.5 64.6 68.7 69.3 66.8 62.1 65.0 64.9 62.7 66.6 65.3 63.3 64.2 66.0 65.8 65.1 62.8 63.2 63.6 64.4 65.9 65.9 66.0 63.9 65.4 65.4 62.2 63.4 62.8 62.8 64.2 64.9 66.5 65.3 66.7 63.9 63.9 64.0 62.6 64.2 66.8 66.8 67.8 64.6 64.3 67.9 67.3 64.4 65.1

cacao mild mosaic virus (KX276640) 48.4 48.5 61.0 63.7 61.4 60.5 61.7 59.5 64.5 59.9 61.5 60.9 62.0 64.5 63.5 61.1 60.6 61.7 62.0 61.5 59.6 62.2 62.5 61.8 64.0 63.0 64.0 59.8 59.7 61.0 63.4 63.9 62.1 61.0 60.4 64.1 60.2 61.7 58.0 59.4 60.7 60.6 59.5 61.5 60.9 59.3 57.1 59.2 59.0 59.5 60.1 61.0 61.5 61.2 60.8 60.3 62.4 60.3 60.1 62.3

ivy ringspot-associated virus (MN850490) 46.6 47.3 61.4 60.5 60.9 60.2 61.9 60.7 62.4 60.8 61.7 62.7 63.7 65.3 63.3 60.6 60.2 63.8 64.1 64.1 62.5 61.9 62.8 62.8 64.2 63.7 63.1 62.3 62.0 61.2 64.5 64.4 62.4 61.7 62.1 62.0 61.0 60.9 60.6 61.1 61.3 64.1 61.3 61.9 61.4 58.0 59.0 58.3 61.3 60.7 59.4 59.8 63.3 59.3 62.4 60.2 62.4 60.8 59.1 61.6 69.8

Polyscias mosaic virus (MH475918) 48.5 49.6 60.1 61.2 60.8 60.7 62.4 62.9 60.7 61.4 61.6 62.3 64.8 64.6 62.0 59.9 63.3 63.1 63.3 63.2 63.5 61.3 62.2 63.4 64.4 62.9 62.8 61.2 59.0 61.4 63.0 63.2 62.6 59.9 59.7 61.2 59.6 60.8 60.3 61.3 60.0 60.6 59.2 61.8 60.1 57.8 57.6 58.4 60.5 60.0 60.2 62.4 62.9 58.9 62.2 61.6 61.4 60.4 59.4 61.9 65.7 65.9

sweet potato pakakuy virus (FJ560943) 51.0 52.7 62.1 60.8 63.3 61.9 62.9 63.9 61.6 60.4 62.1 61.9 64.4 65.3 63.3 59.9 62.7 63.6 63.0 63.1 63.2 61.9 65.5 63.8 65.1 63.7 63.7 63.8 64.4 62.3 62.8 64.9 64.0 61.7 64.2 66.1 63.3 62.2 61.9 62.2 61.5 61.2 61.6 62.1 63.1 58.7 59.4 59.3 60.6 62.1 61.1 62.7 62.4 61.8 61.1 62.6 61.6 62.4 62.9 63.5 63.1 62.3 62.7

banana streak UI virus (HQ593108) 51.8 53.2 59.8 61.9 61.5 59.9 61.3 61.5 61.9 59.7 64.3 62.8 65.1 66.3 63.2 61.6 63.4 64.8 64.4 64.0 61.9 63.4 64.0 63.4 63.7 65.1 63.0 62.8 64.2 63.2 66.9 66.3 66.0 61.7 64.5 64.0 64.5 63.8 60.3 62.6 62.7 62.5 60.7 61.9 62.4 60.8 59.0 59.3 59.3 60.1 62.5 63.6 64.2 63.0 61.1 62.2 63.4 59.7 61.5 64.8 62.0 61.1 61.6 63.5

banana streak UL virus (HQ593109) 50.7 52.0 61.6 61.5 61.2 59.5 62.9 61.3 60.5 62.6 63.7 61.5 64.3 66.6 62.4 59.8 63.6 64.5 64.9 63.0 62.3 62.9 64.3 64.2 65.6 64.8 61.5 63.7 63.4 61.9 65.0 67.4 65.5 61.4 63.4 63.4 64.2 64.8 61.7 61.8 63.2 61.8 61.4 61.0 62.1 58.9 58.6 59.8 59.3 59.5 61.4 63.2 63.2 62.8 60.5 63.3 62.5 59.0 62.1 64.6 61.5 61.0 61.3 62.9 80.4

banana streak UM virus (HQ593110) 50.0 52.6 60.3 60.5 61.7 59.9 61.7 61.1 61.9 62.3 62.8 61.0 64.0 65.6 63.2 62.3 62.9 64.7 64.7 63.0 63.6 63.1 63.5 65.3 63.4 64.6 62.5 64.4 65.2 63.5 66.0 65.7 64.5 62.7 66.1 64.1 64.1 64.9 61.7 62.7 63.5 63.2 62.8 62.0 61.0 61.0 59.3 59.7 59.8 59.4 62.9 61.4 65.7 61.3 61.6 62.9 63.2 59.8 62.2 65.2 60.9 61.7 61.6 63.3 77.3 78.4

sugarcane bacilliform IM virus (AJ277091) 48.2 49.9 59.3 60.5 61.1 58.8 59.5 59.3 61.6 59.6 60.5 58.8 60.9 63.7 63.2 60.5 60.4 60.6 61.0 61.9 59.6 60.1 62.2 61.9 63.2 62.6 60.3 60.4 59.1 58.8 62.2 63.8 62.8 58.8 61.2 61.2 59.0 59.8 57.5 58.7 62.7 61.0 60.1 60.4 60.9 58.4 58.3 58.4 59.1 57.9 59.0 60.2 62.4 59.7 58.8 61.5 59.6 58.1 59.8 61.6 59.2 59.2 58.7 61.0 70.5 69.8 68.3

sugarcane bacilliform MO virus (M89923) 50.2 51.0 60.3 59.1 61.4 59.6 62.1 60.8 60.6 59.8 60.9 58.4 61.8 64.1 63.2 60.1 60.5 61.8 61.6 62.4 60.2 62.6 61.8 63.2 63.3 63.2 58.8 61.7 61.8 60.3 63.5 65.6 62.1 61.3 63.0 61.8 61.9 61.8 58.8 60.3 62.3 61.9 61.5 60.1 61.9 58.7 58.5 59.3 57.5 58.9 61.2 60.4 62.5 60.0 60.6 61.0 60.1 58.5 59.4 63.4 61.6 60.7 59.8 62.3 73.0 71.9 72.0 78.8

taro bacilliform virus (AF357836) 48.8 50.8 61.5 60.8 63.1 61.8 61.9 60.8 61.2 59.8 60.2 60.1 63.6 64.3 64.1 61.8 64.6 63.3 64.4 63.1 63.0 62.8 62.2 63.7 62.4 63.0 62.4 62.2 61.0 58.8 61.9 62.3 61.2 60.1 61.4 62.3 59.5 60.0 60.6 60.7 61.2 60.8 61.6 62.0 61.6 59.3 59.7 60.1 61.0 61.5 62.0 61.2 63.3 59.4 61.4 64.1 64.1 62.0 61.8 63.9 62.0 61.1 62.0 60.9 61.3 61.5 62.7 59.4 60.8

Dioscorea nummularia-associated virus (MG944237) 50.0 51.1 55.7 55.1 57.4 57.0 56.2 55.2 55.9 54.4 56.1 55.1 55.4 56.8 56.6 55.7 57.5 57.6 56.6 56.2 54.5 55.0 54.8 57.0 56.1 56.1 55.9 57.3 56.9 54.8 57.3 57.7 56.2 55.6 56.2 55.8 55.8 56.1 54.2 55.0 56.2 55.3 54.8 54.4 56.8 56.1 55.3 54.0 54.4 53.1 54.8 56.5 55.3 54.2 55.1 56.0 56.6 53.7 55.7 57.6 55.4 55.7 55.5 58.1 56.1 56.1 56.8 54.8 55.5 59.3

Atractylodes mild mottle virus (KR080327) 43.4 44.2 44.1 44.3 44.9 43.4 44.5 43.6 45.5 43.2 44.5 44.4 45.7 45.9 43.6 42.4 45.3 44.9 44.5 45.3 43.4 45.0 45.9 45.4 44.1 43.7 43.4 43.3 43.7 43.5 45.7 45.3 44.8 43.9 44.4 44.4 43.0 43.3 43.2 43.0 45.3 44.6 44.4 43.4 44.5 43.0 43.2 43.6 44.2 43.2 43.6 43.6 42.8 43.1 43.8 44.4 44.0 42.3 43.8 44.9 43.1 44.3 43.1 44.5 44.7 44.9 43.6 44.3 43.8 45.7 46.7

soybean Putnam virus (JQ926983) 45.3 44.4 44.4 43.5 45.7 44.1 45.3 42.9 44.9 43.3 43.4 44.5 44.7 44.5 43.9 41.8 44.2 45.5 45.2 45.7 43.4 44.8 44.9 44.6 43.1 43.6 43.3 42.5 43.5 42.7 45.0 45.3 44.1 42.2 44.2 44.1 42.7 44.4 42.1 43.6 45.5 44.7 45.2 43.1 44.1 42.7 42.7 42.5 44.2 43.5 43.2 43.4 43.2 43.7 43.1 44.4 43.3 43.8 42.5 44.9 43.7 45.4 43.9 44.1 43.9 44.0 43.0 45.1 44.5 45.8 46.9 78.1

carnation etched ring virus (X04658) 44.7 43.4 44.3 42.8 44.3 43.3 43.7 43.8 43.8 42.1 43.2 43.9 44.6 43.8 42.8 42.3 43.6 44.0 44.9 44.4 43.5 43.6 43.7 44.6 44.1 42.2 42.4 43.1 43.6 42.4 43.9 44.1 43.2 42.3 42.6 42.7 42.7 42.5 40.8 41.6 43.8 44.2 43.8 42.4 42.4 42.2 42.1 43.2 42.4 42.8 41.1 42.0 44.5 43.8 43.1 43.6 42.9 42.7 42.8 44.2 42.5 42.7 42.2 43.7 43.2 44.7 42.9 43.9 43.2 45.6 46.3 69.8 71.2

Lamium leaf distortin virus (EU554423) 46.0 44.0 43.3 44.7 44.7 43.9 44.3 44.5 43.7 43.5 44.7 45.8 43.5 43.8 43.5 42.7 46.7 44.1 45.4 45.0 43.9 43.2 43.9 45.1 43.7 44.2 43.3 43.5 44.8 41.8 44.2 43.7 44.5 41.6 41.0 44.8 44.5 44.8 42.1 44.0 42.2 45.9 44.7 44.9 45.8 43.6 44.9 44.1 43.4 43.1 45.1 42.0 44.2 44.6 44.4 45.4 43.6 43.8 43.4 44.2 43.7 43.3 43.7 44.7 43.9 43.5 43.9 43.4 43.4 45.2 47.3 69.4 68.8 69.4

Angelica bushy stunt virus (KU508800) 45.4 45.4 45.2 43.9 44.4 43.9 44.9 44.5 44.4 43.7 44.1 44.4 45.7 44.6 43.7 41.8 44.9 44.1 44.5 44.3 43.2 43.4 44.2 43.3 42.9 43.4 43.5 43.5 46.1 41.7 44.7 44.0 45.3 42.2 42.7 44.4 44.1 44.9 41.1 42.9 44.9 46.8 45.3 44.1 44.6 41.2 42.4 43.2 44.1 43.8 43.5 43.7 44.9 45.0 44.7 44.4 44.9 43.8 42.9 44.8 43.2 43.9 42.6 44.5 45.1 45.7 45.0 44.4 44.2 45.4 48.1 67.8 68.8 70.6 71.9

Dahlia common mosaic virus (JN032736) 45.8 45.4 45.7 43.5 45.1 44.5 44.3 44.7 45.4 45.7 45.2 47.1 44.6 45.7 44.1 43.6 45.5 45.9 45.2 44.8 45.1 44.6 45.5 43.5 44.1 44.2 44.1 45.1 45.6 41.8 45.8 46.0 44.5 42.8 43.2 44.2 44.1 43.0 43.8 43.0 44.9 45.6 44.3 43.4 45.1 41.2 42.6 43.9 44.0 44.3 45.4 44.7 46.7 45.1 45.4 44.6 43.8 43.5 43.4 44.6 43.3 45.3 43.3 44.9 46.3 45.9 44.7 45.5 44.7 46.1 45.8 67.2 66.8 66.9 66.8 67.9

Mirabilis mosaic virus (AF454635) 45.5 45.6 46.0 44.5 44.8 43.3 43.8 43.9 44.3 44.6 46.0 46.7 43.9 44.8 44.2 41.4 44.5 45.1 45.1 44.0 43.9 44.3 44.0 43.1 43.7 44.7 43.5 44.7 45.1 42.0 45.1 45.9 45.4 44.0 43.2 43.6 44.6 44.0 42.7 43.2 44.8 45.5 44.2 43.0 44.3 40.3 42.3 43.7 44.4 43.9 45.2 44.4 45.0 44.4 45.9 44.0 43.5 43.5 42.2 45.2 42.2 44.7 43.3 44.6 46.2 45.9 44.7 45.2 45.1 44.9 45.9 67.1 66.9 66.8 66.3 68.1 82.9

figwort mosaic virus (X06166) 45.2 45.2 43.4 43.6 45.4 43.6 45.1 43.8 42.8 43.6 44.2 46.3 44.3 43.5 42.7 40.2 44.6 44.7 44.5 43.2 42.7 42.5 42.9 44.7 43.3 43.8 43.7 43.1 43.7 39.8 44.5 44.1 43.6 42.4 41.8 43.2 41.7 42.4 40.0 41.7 45.3 43.9 45.2 43.9 45.5 41.4 43.0 41.6 41.1 41.8 44.5 43.2 44.7 44.6 42.7 45.4 45.0 42.2 43.1 44.4 43.2 42.3 42.2 42.8 44.5 45.0 42.2 43.9 44.0 45.5 45.7 67.7 67.3 68.0 66.8 65.9 71.5 69.5

cauliflower mosaic virus (V00141) 44.2 46.3 45.8 44.4 45.3 45.1 45.1 44.6 46.1 45.5 46.6 45.6 45.4 44.2 44.1 42.6 44.5 45.9 45.4 44.4 43.1 43.6 45.8 45.4 44.6 44.9 45.5 44.3 43.9 43.7 44.7 45.2 44.0 44.4 44.3 43.6 45.1 44.0 42.7 44.4 44.8 45.7 45.5 44.6 45.0 43.8 43.3 44.5 43.8 44.2 44.2 43.7 46.2 44.6 44.3 45.0 43.5 44.3 45.0 45.3 43.3 45.2 45.1 43.5 46.0 46.2 45.3 46.5 45.5 45.0 47.3 67.0 67.6 68.4 66.3 66.5 64.6 63.6 64.6

horseradish latent virus (JX429923) 43.8 43.6 43.8 44.5 45.6 43.9 44.1 44.6 44.1 44.3 44.2 44.8 44.2 44.2 43.8 42.6 44.9 45.2 44.7 44.7 44.4 44.6 45.9 44.9 44.0 43.8 43.5 43.4 43.1 43.6 43.8 44.6 44.3 44.9 43.9 43.6 42.8 43.2 42.0 43.5 44.0 45.6 46.0 44.2 44.2 43.2 43.2 43.4 42.8 42.7 43.0 43.5 45.1 43.3 43.2 45.4 44.5 43.6 44.5 45.8 42.5 43.2 44.0 43.4 45.7 45.2 45.6 45.8 44.2 44.5 46.2 66.1 68.5 66.8 65.0 64.1 62.1 61.6 63.4 79.3

Petunia vein clearing virus (U95208) 40.0 40.6 41.8 41.1 40.7 40.0 39.4 39.9 41.0 39.2 41.3 41.4 41.9 41.3 40.7 40.4 42.4 41.2 41.9 41.9 40.3 39.0 39.1 40.8 40.9 40.7 39.9 40.8 40.4 39.2 41.5 41.9 41.8 40.3 40.4 40.6 40.4 41.1 38.2 40.8 40.3 40.3 39.3 39.3 41.7 39.9 40.0 41.9 39.5 41.4 41.6 40.3 39.8 41.1 39.1 41.6 39.8 38.4 38.9 41.2 40.9 41.1 40.5 41.0 41.9 43.0 40.9 40.1 41.9 41.5 42.0 47.7 47.1 49.2 48.9 49.5 48.6 47.0 48.3 47.6 46.1

Rudbeckia flower distortion virus (FJ493469) 44.7 43.7 44.1 44.9 45.0 43.8 43.8 43.9 43.3 43.2 43.1 45.5 42.3 43.7 43.3 44.8 44.3 44.3 44.0 43.4 43.3 42.7 43.3 43.5 44.5 45.0 44.0 43.9 43.8 42.9 45.9 46.2 46.3 42.6 43.5 44.1 43.2 43.4 42.7 44.6 45.6 44.7 43.0 44.1 43.8 44.1 43.0 44.4 43.8 43.0 44.2 44.7 45.8 45.0 43.7 45.0 44.5 42.6 42.3 44.1 42.2 42.4 43.5 44.4 45.0 43.9 45.9 43.1 43.2 44.5 44.6 59.1 60.4 59.1 61.6 60.1 59.0 58.7 59.7 58.9 57.5 51.2

Metaplexis yellow mottle-associated virus (MW656214) 42.7 45.2 43.0 41.8 44.9 43.5 42.4 43.2 44.7 43.1 45.8 45.1 43.9 45.0 43.6 42.2 44.1 44.2 43.6 44.2 43.3 43.9 42.1 44.6 40.5 42.0 42.4 43.3 43.8 42.3 43.7 44.5 44.2 42.0 41.3 41.9 42.8 43.1 41.8 41.9 42.8 44.4 43.4 43.0 42.9 41.4 42.9 42.1 43.5 43.7 42.8 42.4 43.6 43.3 41.4 44.6 43.4 44.0 43.1 42.9 43.0 41.6 42.8 41.7 45.8 44.1 44.6 44.9 45.3 45.3 47.8 59.1 60.9 58.8 60.6 59.4 58.5 59.7 60.9 61.4 60.7 44.7 56.0

strawberry vein banding virus (X97304) 42.5 42.6 45.4 44.6 45.3 43.2 44.6 44.5 46.0 44.2 45.8 47.0 44.0 45.2 45.0 44.6 44.8 46.6 43.1 45.2 43.8 42.9 44.2 44.0 43.9 44.4 43.0 43.5 44.2 41.6 44.3 44.7 44.9 42.1 41.7 44.0 42.7 43.3 41.7 42.1 42.9 45.0 44.4 44.2 45.4 43.1 42.5 43.5 43.1 43.2 42.5 43.6 44.2 45.5 43.8 45.6 44.1 44.1 43.6 46.2 44.1 44.9 44.0 44.4 45.4 46.6 44.0 45.5 44.2 44.6 47.0 63.5 61.7 60.2 59.8 60.4 58.2 59.4 61.2 60.5 58.5 45.8 56.6 64.7

blueberry fruit drop-associated virus (KT148886) 40.9 41.6 42.3 42.0 43.4 42.9 43.8 42.8 44.4 41.8 44.1 44.6 43.9 43.7 44.6 44.2 44.1 45.9 44.7 44.5 44.2 43.6 43.4 43.6 43.8 42.9 43.5 44.4 43.8 42.7 44.6 44.5 43.9 42.9 43.1 42.5 43.6 43.4 42.6 43.5 41.8 43.8 45.0 42.7 43.0 41.7 42.5 43.7 42.8 41.2 43.7 44.7 43.2 42.1 46.3 43.4 41.9 42.5 44.2 44.8 42.0 43.7 42.8 40.7 44.2 43.1 44.1 43.3 44.7 43.5 45.0 50.8 50.9 50.6 49.8 49.2 50.7 51.4 51.1 52.7 52.0 44.1 51.4 51.6 54.2

blueberry red ringspot virus (AF404509) 39.9 39.7 39.5 39.6 40.2 38.0 39.2 38.1 39.2 38.6 40.8 41.0 39.9 39.6 39.9 38.6 39.6 40.2 40.9 38.9 37.8 38.5 38.9 38.6 38.5 38.9 38.6 39.2 40.4 36.7 39.6 40.3 41.1 37.6 38.6 40.1 40.0 40.6 38.5 37.1 39.4 39.0 38.9 38.7 39.9 37.4 37.8 38.3 37.9 38.6 41.5 39.8 39.0 39.6 38.7 39.5 39.6 38.2 37.8 39.8 39.6 38.9 39.7 40.3 41.2 42.3 40.0 39.7 40.2 40.9 43.2 46.7 49.3 48.3 49.7 51.3 49.5 49.4 49.3 49.7 48.2 41.4 48.5 48.6 48.4 44.4

soybean chlorotic mottle virus (X15828) 38.0 38.8 36.6 36.8 38.6 36.3 37.5 37.1 37.1 35.2 38.9 38.1 37.1 37.7 38.3 36.2 36.7 38.5 36.1 36.4 35.9 36.2 36.4 36.1 36.3 35.7 34.2 38.6 36.6 35.9 37.1 37.4 38.3 37.3 37.2 39.3 35.9 36.3 35.7 36.4 38.6 36.2 37.2 37.1 37.7 36.7 35.4 36.1 36.9 36.6 37.3 38.2 37.9 38.7 37.5 37.1 37.5 35.9 34.9 37.6 38.3 37.3 38.1 37.1 38.1 38.6 37.1 37.6 37.4 39.0 40.8 44.1 46.2 44.9 44.2 45.3 44.0 43.7 44.3 45.1 45.2 38.2 45.5 44.9 44.3 41.1 58.5

Cestrum yellow leaf curling virus (AF364175) 42.6 42.0 40.6 41.6 42.1 40.0 40.2 40.6 42.0 41.7 41.0 41.3 42.5 41.2 40.2 38.5 41.5 42.6 40.0 40.7 40.0 40.1 40.5 41.3 41.5 39.8 38.4 39.4 40.3 37.6 40.5 39.6 42.4 40.4 41.2 42.5 40.3 39.5 39.1 39.2 41.6 40.6 40.6 39.5 41.7 39.8 39.6 40.0 40.2 41.3 42.6 40.2 41.2 41.6 41.1 42.9 41.0 40.1 39.4 41.0 38.6 37.8 41.9 40.6 42.4 41.0 40.2 43.1 40.5 43.1 43.8 50.7 52.3 51.3 52.0 51.9 51.2 50.6 52.5 52.8 51.9 42.7 51.1 51.9 50.2 45.6 57.8 56.9

peanut chlorotic streak virus (U13988) 35.4 37.1 35.5 35.7 36.1 34.6 34.8 35.0 34.8 34.2 35.2 35.3 36.2 37.0 35.1 35.0 35.8 36.1 35.9 35.1 34.2 35.3 35.0 35.3 35.6 34.6 35.0 36.4 35.9 33.9 37.4 37.8 37.0 34.7 36.3 36.1 35.1 35.3 34.0 35.2 35.5 35.7 36.1 35.5 37.1 33.0 34.1 33.2 34.0 35.4 35.3 35.4 35.2 37.4 35.1 35.7 35.3 33.7 33.8 36.1 36.4 36.8 35.5 37.4 37.5 37.6 35.9 36.6 36.1 36.1 39.5 43.8 45.2 45.2 45.2 45.8 44.9 45.1 44.8 43.9 43.2 37.3 42.3 44.9 43.2 39.8 54.3 52.9 50.7

water chestnut soymovirus 1 (KU365408) 36.5 37.2 38.1 37.9 38.7 36.9 38.1 37.6 37.4 38.1 37.7 38.1 37.8 38.4 36.4 36.1 37.6 38.9 37.0 35.6 36.0 36.5 37.3 37.0 37.1 36.1 36.7 38.6 38.1 36.3 38.8 37.3 38.8 35.6 38.3 38.0 37.5 37.6 34.5 37.1 38.0 38.1 36.1 36.1 37.5 35.1 34.6 35.3 35.4 36.3 38.6 36.8 38.5 38.6 36.4 36.9 37.8 34.9 36.1 38.8 37.2 37.1 37.3 39.3 39.0 39.3 38.9 37.8 37.0 36.9 41.6 44.7 45.1 44.2 44.8 46.9 45.8 45.0 45.9 47.0 44.8 40.3 44.3 45.0 45.5 42.7 55.2 53.8 50.1 57.5

cassava vein mosaic virus (U59751) 44.0 46.2 42.4 42.3 44.0 41.3 42.4 42.2 43.3 43.0 43.6 42.8 42.5 42.3 40.3 41.7 42.9 44.1 43.1 41.7 40.2 42.8 41.0 42.8 42.8 42.1 40.9 43.9 44.7 40.7 44.2 43.0 43.5 41.7 42.6 43.2 42.6 43.8 40.0 41.5 43.7 42.1 42.1 42.8 42.9 39.5 40.7 41.5 40.9 42.4 42.5 41.9 42.1 42.9 43.8 42.9 43.0 38.4 40.1 44.0 43.1 43.8 43.8 43.4 44.0 44.9 42.9 41.1 43.6 43.3 47.8 48.0 49.3 48.5 49.2 51.4 49.1 49.1 50.0 47.1 48.1 44.0 47.3 47.7 49.2 46.1 45.1 40.4 44.4 40.7 42.1

sweet potato collusive virus (HQ694978) 44.8 46.7 42.5 42.1 44.0 42.2 42.5 43.3 42.8 42.9 44.4 42.4 42.5 43.6 42.5 41.9 42.8 44.7 42.2 41.7 40.9 42.1 42.9 42.7 43.1 41.7 42.1 42.7 44.0 41.9 45.2 44.5 44.6 41.8 43.2 43.8 42.6 44.4 39.2 42.0 43.4 42.8 42.6 43.2 43.4 40.8 40.8 40.6 41.6 42.8 43.2 43.6 41.9 43.5 43.4 42.9 42.8 38.1 40.4 44.2 43.6 44.1 44.4 43.3 44.3 44.6 43.6 41.5 43.0 45.6 48.7 48.4 48.6 50.0 49.7 51.6 48.6 48.6 50.1 49.2 48.9 43.6 47.7 48.9 50.1 46.3 44.7 41.2 44.1 41.3 42.5 79.4

Epiphyllum virus 4 (MN153807) 43.1 43.9 42.5 41.0 44.4 41.9 43.0 41.7 42.3 43.1 43.8 41.7 41.2 41.5 41.6 41.7 42.1 44.4 42.8 41.9 41.6 41.6 41.5 41.6 41.5 40.9 41.6 43.9 44.9 42.5 44.9 43.4 42.8 41.7 42.8 42.0 42.6 42.1 40.2 41.2 42.7 42.7 42.0 41.9 42.8 41.2 42.5 42.4 41.4 42.1 42.7 41.9 42.7 44.5 42.4 41.9 42.4 39.5 40.5 42.5 42.8 43.1 41.6 42.1 43.8 43.1 41.8 41.5 42.4 44.1 47.2 46.8 49.4 47.9 47.3 49.3 49.1 49.1 48.9 47.4 47.6 43.3 46.8 48.4 47.2 48.0 44.4 40.0 42.9 39.8 42.3 73.5 75.6

sweet potato vein clearing virus (HQ694979) 41.3 44.5 42.9 41.8 44.1 42.5 41.2 41.9 43.2 43.4 42.3 42.5 43.2 41.8 43.1 40.6 42.7 44.1 43.0 42.1 41.8 41.2 43.4 43.3 42.6 41.8 41.3 41.8 43.3 42.1 43.2 42.1 42.8 41.1 42.7 43.9 41.7 42.8 40.3 41.6 42.8 41.2 40.4 41.9 40.9 40.5 40.5 41.8 42.5 41.4 42.1 42.9 42.1 42.2 44.5 42.6 43.2 40.5 43.3 43.6 42.1 44.2 42.9 44.7 45.2 42.3 42.7 44.5 43.6 44.1 47.6 46.0 45.2 46.4 46.2 47.1 48.3 47.1 48.8 47.1 46.0 41.5 46.2 49.5 48.3 45.9 44.8 40.3 44.5 41.2 40.1 58.8 59.8 56.5

tobacco vein clearing virus (AF190123) 45.6 47.3 43.7 44.2 44.2 43.3 44.5 44.1 42.9 43.7 44.5 44.9 43.7 45.1 43.3 44.3 44.1 45.2 44.1 42.1 42.1 43.4 44.3 44.4 45.2 43.7 42.1 43.7 44.4 41.5 45.7 45.7 45.5 43.0 44.0 43.8 45.0 44.9 42.4 42.6 43.6 44.2 43.7 42.7 43.5 39.8 42.1 42.9 44.0 44.9 44.9 43.3 43.6 44.5 45.4 43.7 43.6 41.6 42.7 46.1 43.2 45.1 43.5 46.0 46.7 46.9 45.9 44.5 44.3 44.6 47.6 48.8 48.8 50.0 48.6 52.3 51.9 51.4 51.0 50.2 47.8 43.9 50.3 50.5 49.8 45.8 47.6 40.9 44.9 41.5 43.4 62.4 65.1 59.8 68.6

rose yellow vein virus (JX028536) 43.0 43.9 43.8 45.2 45.7 44.0 44.5 44.0 46.1 44.8 43.6 46.4 46.4 45.3 44.7 45.6 44.9 46.0 45.0 45.5 43.3 45.8 45.6 45.8 45.2 43.2 45.2 44.4 45.7 42.0 47.6 45.6 46.0 43.4 42.5 44.8 45.2 45.2 43.1 43.4 45.0 45.8 45.5 44.8 46.1 45.0 43.9 44.5 44.6 44.4 44.6 43.5 46.0 45.4 45.1 46.0 45.6 44.2 44.2 45.6 45.5 44.6 44.4 45.2 46.0 46.8 45.2 45.0 45.9 43.8 47.4 50.5 50.1 49.1 49.9 50.6 51.6 49.3 50.1 48.0 47.0 44.0 50.2 48.8 51.7 50.2 43.8 40.8 44.7 40.1 43.0 50.4 50.0 48.1 47.3 49.6

Saccharomyces cerevisiae Ty3 virus (M34549) 39.6 42.5 40.5 40.2 40.5 40.6 40.2 41.2 41.4 40.4 41.9 41.4 41.8 43.2 41.5 41.0 43.7 43.3 43.0 42.8 42.5 43.2 43.3 44.7 42.3 43.2 44.1 44.3 44.1 43.0 43.7 44.0 42.5 41.6 41.2 41.8 42.2 42.8 40.7 41.5 43.3 42.5 42.3 42.7 42.6 42.8 42.1 42.7 41.4 40.5 43.1 43.2 43.2 42.6 42.3 42.0 42.6 41.1 41.6 42.9 41.4 41.9 39.0 42.4 43.6 43.1 44.4 41.6 43.8 43.0 43.6 40.9 40.4 39.4 41.0 41.4 41.6 39.9 40.7 39.8 39.3 37.5 40.1 40.4 39.1 40.0 36.5 34.4 36.5 35.4 36.3 39.6 40.8 40.3 38.1 39.0 41.6
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