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	Abstract of Taxonomy Proposal: 

	
Taxonomic rank(s) affected:       
Genus, species

Description of current taxonomy:  
Eight virus species are currently classified in the genus Ophiovirus, six of which infect dicotyledonous plants of widely different taxonomy, and the other two have monocot species as their plant host. The assignment of viruses to this genus is based on the placement of viruses in a Maximum Likelihood tree inferred from complete RdRp or CP protein sequences.      
     
Proposed taxonomic change(s):     
Abolish the genus Ophiovirus, creating two new genera (Orthoophiovirus and Miraophiovirus), include 14 new species in the family Aspiviridae, and reassign current Ophiovirus species to the new genera.
   
Justification:
Recently, 14 new putative ophioviruses were discovered. The phylogenetic relationships of the now significantly expanded number of known ophioviruses provide support for splitting the genus Ophiovirus to establish two genera that represent distinct evolutionary lineages, which we propose to name Orthoophiovirus and Miraophiovirus.




	Text of Taxonomy proposal:  




	
Taxonomic rank(s) affected:      
 Genus, species
   
Description of current taxonomy: 
Eight viruses are currently classified in the genus Ophiovirus, of which six viruses infect dicotyledonous plants of widely different taxonomy and the other two have monocot species as their plant host. The assignment of viruses to this genus is based on the placement of the viruses in the Maximum Likelihood tree inferred from the complete RdRp or CP protein sequences      

Proposed taxonomic change(s): 
Abolish the genus Ophiovirus, creating two new genera (“Orthoophiovirus“ and “Miraophiovirus”) including 14 new species in the family Aspiviridae, and reassign the current Ophiovirus species to the new genera. 


The two new genera are proposed according to the phylogenetic relationship of the existing and new members, because two major clades (or “distinct evolutionary lineages”) are observed in the ML phylogenetic tree based on RdRp sequences (Figure 1)

Species demarcation criteria:
1) We propose that assigned viruses classified into different species within the proposed genus Orthoophiovirus have both of the following characteristics: 
A)	amino acid (aa) sequence identity of less than 82% for the RdRp gene; 
B)	if the RdRP aa identity falls between 82–88%, a coat protein (CP) identity threshold of <85% should be used as an auxiliary criterion to support species-level separation.
	
2) We propose that viruses classified into different species within the proposed genus “Miraophiovirus”, have f the following two characteristics: 
A)	amino acid sequence identity less than 82% for the RdRp gene; 
B)	if the RdRP aa identity falls between 82–88%, a coat protein (CP) identity threshold of <85% should be used as an auxiliary criterion to support species-level separation.

Justification:  
Recently, 14 new putative ophioviruses have been discovered [1, 2]. The phylogenetic relationships of the now significantly expanded number of known ophioviruses provide support for splitting the genus Ophiovirus to establish two genera that represent distinct evolutionary lineages, which we propose to name “Orthoophiovirus”, and “Miraophiovirus” (Figure 1). Of the eight established species within the genus Ophiovirus, two will be accommodated in the genus “Orthoophiovirus” and six in the genus “Miraophiovirus”. Moreover, the 14 ophiovirus members recently discovered will be assigned to the two proposed genera, where seven will be accommodated in the genus “Orthoophiovirus”, and the other seven will be accommodated in the genus “Miraophiovirus”.

Genus “Orthoophiovirus”
The genomic organization of the orthoophioviruses is similar; all orthoophioviruses identified to date have three genomic segments [1, 3]. Moreover, the observed phylogenetic relationships suggest a common evolutionary history for orthoophioviruses, with three major clades observed in the RdRp based tree (Figure 1).
Almost all orthoophioviruses identified to date infect dicot plants; however, one orthoophiovirus has a monocot plant as its host [1]. Thus, these viruses likely underwent a host adaptation trajectory that led to preferential infection of dicots during their evolution [1]. 
We propose that the species Ophiovirus citri and Ophiovirus vaccinii shall be moved to the genus “Orthoophiovirus” and renamed “Orthoophiovirus citri” and “Orthoophiovirus vaccinii”.

In addition to these reclassified species, we propose the creation of seven new species within the genus “Orthoophiovirus” to accommodate the following recently identified viruses:  

Allium ophiovirus (AllOV) was identified from an in silico analysis of transcriptomic data from white garlic (Allium ursinum) tissues from Brno, Czech Republic. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of AllOV comprises three genomic segments of negative-sense RNA; where RNA 1 consists of 7380 nt (BK062657) and encodes the RdRp protein and a small protein of unknown function, RNA 2 consists of 1832 nt (BK062658) and encodes a putative movement protein (MP); while RNA 3 is 1495 nt (BK062659) in size and encodes the CP [1]. The RdRp and CP aa sequences of AllOV have the highest sequence identity with those of blueberry mosaic associated virus (BlMaV), with 52% (Figure 2) and 41% (Figure 3), respectively. Based on the ML tree generated from complete RdRp protein sequences, AllOV is placed within a subclade of the orthoophioviruses, with BlMaV (Figure 1). This virus is the only orthoophiovirus identified so far in a monocot host.

Arctotis ophiovirus (ArcOV) was identified from an in silico analysis of transcriptomic data from silver arctotis (Arctotis venusta) tissues from South Africa. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of ArcOV comprises three genomic segments of negative-sense RNA; where RNA 1 consists of8319 nt (BK062660) and encodes the RdRp protein and a small protein of unknown function, RNA 2 consists of 1738 nt (BK062661) and encodes a putative movement protein (MP); while RNA 3 consists of 1462 nt (BK062662) and encodes the CP [1]. The RdRp and CP aa sequences of ArcOV have the highest sequence identity with those of Osteospermum ophiovirus (OstOV), with 66% (Figure 2) and 67% (Figure 3), respectively. Based on the ML tree generated from complete RdRp protein sequences, ArcOV is placed within a subclade of the orthoophioviruses, with OstOV (Figure 1).


Chrysanthemum ophiovirus (ChrOV) Two strains of this virus, named as ChrOV_indi and ChrOV_mori, were identified from an in silico analysis of transcriptomic data from Indian chrysanthemum (Chrysanthemum indicum) and garden mum (Chrysanthemum morifolium) tissues from Guangzhou and Nanjing, China, respectively. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of ChrOV_indi and ChrOV_mori comprises three genomic segments of negative-sense RNA; where RNA 1 consists of 8240 nt (BK062669) and  8255 nt (BK062672), respectively, and encodes the RdRp protein and a small protein of unknown function, RNA 2 consists of 2143 nt (BK062670) and 2164 nt (BK062673), respectively, and encodes a putative movement protein (MP); while RNA 3 consists of 1572 nt (BK062671) and 1573 nt (BK062674), respectively, and encodes the CP [1]. The RdRp and CP aa sequences of ChrOV_indi and ChrOV_mori share 94% (Figure 2) and 92% (Figure 3) identity with each other, respectively. The RdRp and CP aa sequences of both viruses have the highest sequence identity with those of blueberry mosaic associated virus (BlMaV) RdRp with 66% (Figure 2) and Osteospermum ophiovirus (OstOV) CP with 43% (Figure 3). Based on the ML tree generated from the complete RdRp protein sequences, ChrOV forms a well-supported clade with other orthoophioviruses (Figure 1).

Citrullus ophiovirus (CitOV) was identified from an in silico analysis of transcriptomic data from watermelon (Citrullus lanatus) tissues from West Virginia, USA. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of CitOV comprises three genomic segments of negative-sense RNA; where RNA 1 has 8510 nt (BK062675) and encodes the RdRp protein and a small protein of unknown function, RNA 2 has 1760 nt (BK062676) and encodes a putative movement protein (MP); while RNA 3 has 1528 nt (BK062677) and encodes the CP [1]. The RdRp and CP aa sequences of CitOV have the highest sequence identity with those of Osteospermum ophiovirus (OstOV), with 44% (Figure 2) and 37% (Figure 3), respectively. Based on the ML tree generated from the complete RdRp protein sequences, CitOV is placed within a subclade of the orthoophioviruses, with OstOV, Arctotis ophiovirus (ArcOV) and citrus psorosis virus (Figure 1).


Datura ophiovirus (DatOV) was identified from an in silico analysis of transcriptomic data from sacred datura (Datura wrightii) tissues from California, USA. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of DatOV comprise three genomic segments of negative-sense RNA; where RNA 1 is 8055 nt (BK062682) in size and encodes the RdRp protein and a small protein of unknown function, RNA 2 has 1788 nt (BK062683) and encodes a putative movement protein (MP); while RNA 3 is 1701 nt (BK062684) in size and encodes the CP [1]. The RdRp and CP aa sequences of DatOV have the highest sequence identities with those of Allium ophiovirus (AllOV) RdRp with 47% (Figure 2) and Citrullus ophiovirus (CitOV) CP with 31% (Figure 3). Based on the ML tree generated from the RdRp protein sequences, DatOV is placed within a subclade of the orthoophioviruses, with AllOV and blueberry mosaic associated virus (Figure 1).

Gentiana ophiovirus (GenOV) was identified from an in silico analysis of transcriptomic data from tube gentian (Gentiana siphonantha) tissues from China. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of GenOV comprises three genomic segments of negative-sense RNA; where RNA 1 is 8043 nt (BK062690) in size and encodes the RdRp protein and a small protein of unknown function, RNA 2 consists of 2077 nt (BK062691) and encodes a putative movement protein (MP); while RNA 3 consists of 1473 nt (BK062692) and encodes the CP [1]. The RdRp and CP aa sequences of GenOV have the highest sequence identity with those of blueberry mosaic associated virus (BlMaV) with 44% (Figure 2) and 35% (Figure 3), respectively. Based on the ML tree generated from complete RdRp protein sequences, GenOV forms a well-supported clade with other orthoophioviruses (Figure 1).

Osteospermum ophiovirus (OstOV) was identified from an in silico analysis of transcriptomic data from trailing pink daisy (Osteospermum jucundum) tissues from South Africa. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of OstOV comprises three genomic segments of negative-sense RNA; where RNA 1 is 8521 nt (BK062711) in size and encodes the RdRp protein and a small protein of unknown function, RNA 2 is1701 nt (BK062712) in size and encodes a putative movement protein (MP); while RNA 3 consists of 1471 nt (BK062713) and encodes the CP [1]. The RdRp and CP aa sequences of OstOV have the highest sequence identity with those of Arctotis ophiovirus (ArcOV) with 66% (Figure 2) and 67% (Figure 3), respectively. Based on the ML tree generated from the complete RdRp protein sequences, OstOV is placed within a subclade of the orthoophioviruses, with ArcOV (Figure 1).

AllOV, ArcOV, ChrOV, CitOV, DatOV, GenOV and OstOV meet the demarcation criteria A and B. Thus, we propose to classify AllOV, ArcOV, ChrOV, CitOV, DatOV, GenOV and OstOV in the new species “Orthoophiovirus allii”, “Orthoophiovirus arctotis”, “Orthoophiovirus chrysanthemi”, “Orthoophiovirus citrulli”, “Orthoophiovirus daturae”, “Orthoophiovirus gentianae” and “Orthoophiovirus osteospermi”, family Aspiviridae.


Genus “Miraophiovirus”
Two distinct genomic organizations are displayed by miraophioviruses; six of of the thirteen miraophioviruses identified to date have four genomic segments, while the other seven have three genomic segments [1-3]. Moreover, the observed phylogenetic relationships suggest a common evolutionary history for miraophioviruses, with five major clades observed in the RdRp based tree (Figure 1).
Regarding their hosts, eight miraophioviruses identified so far have dicot plants as hosts, three other miraophioviruses have monocot plants as hosts, while one miraophiovirus has a fern as host, and the last one has liverwort/moss as host. 

We propose that the species Ophiovirus capsici, Ophiovirus freesiae, Ophiovirus lactucae, Ophiovirus mirafiorense, Ophiovirus ranunculi and Ophiovirus tulipae shall be moved into the genus “Miraophiovirus” and be renamed “Miraophiovirus capsici", “Miraophiovirus freesiae", “Miraophiovirus lactucae”, “Miraophiovirus mirafiorense”, “Miraophiovirus ranunculi” and “Miraophiovirus tulipae”.

In addition to those reassigned species, we propose the creation of three new species within the genus Miraophiovirus to accommodate the following recently identified viruses:  

Caladenia ophiovirus (CalOV) was identified from an in silico analysis of transcriptomic data from crab-lipped spider orchid (Caladenia plicata) tissues from Western Australia, Australia. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of CalOV comprises three genomic segments of negative-sense RNA; where RNA 1 is 7488 nt (BK062666) in size and encodes the RdRp protein and a small protein of unknown function, RNA 2 consists of 1760 nt (BK062667) and encodes a putative movement protein (MP); while RNA 3 consists of 1423 nt (BK062668) and encodes the CP [1]. The RdRp and CP aa sequences of CalOV have the highest sequence identity with those of carrot ophiovirus 1 (CaOV1) RdRp with 52% (Figure 2), and ranunculus white mottle virus (RWMV) CP with 41% (Figure 3). Based on the ML tree generated from the complete RdRp protein sequences, CalOV is placed within a subclade of the miraophioviruses, with Erythrante ophiovirus (Figure 1).

carrot ophiovirus 1 (CaOV1) was identified from the analysis of transcriptomic data from carrot (Daucus carota) tissues from Victoria, Australia. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of CaOV1 comprises four genomic segments of negative-sense RNA; where RNA 1 consists of 6606 nt (OM419178) and encodes the RdRp protein and a small protein of unknown function, RNA 2 is 1760 nt (OM419179) in size and encodes a putative movement protein (MP); RNA 3 is 1493 nt (OM419180) in size and encodes the CP; while RNA 4 consists of 1381 nt (OM419181) and encodes a protein of unknown function [2]. The RdRp and CP aa sequences of CaOV1 have the highest sequence identity with those of Mirafiori lettuce big-vein virus (MLBVV), with 80% (Figure 2) and 72% (Figure 3), respectively. Based on the ML tree generated from the complete RdRp protein sequences, CaOV1 is placed within a subclade of the miraophioviruses, with MLBVV and tulip mild mottle mosaic virus (Figure 1).

Cyrtomium ophiovirus (CyrOV) was identified from an in silico analysis of transcriptomic data from holly fern (Cyrtomium fortunei) tissues from Guiyang, China. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of CyrOV comprises three genomic segments of negative-sense RNA; where RNA 1 has 7548 nt (BK062679) and encodes the RdRp protein and a small protein of unknown function, RNA 2 has 1902 nt (BK062680) and encodes a putative movement protein (MP); while RNA 3 has 1749 nt (BK062681) and encodes the CP [1]. The RdRp and CP aa sequences of CyrOV have the highest sequence identity with those of Lepidozia ophiovirus (LepOV), with 42% (Figure 2) and 28% (Figure 3), respectively. Based on the ML tree generated from the complete RdRp protein sequences, CyrOV is placed within a subclade of the miraophioviruses, with LepOV (Figure 1). 

Erythranthe ophiovirus (EryOV) was identified from an in silico analysis of transcriptomic data from pardus monkey-flower (Erythranthe pardalis) tissues from North Carolina, USA. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of EryOV comprises three genomic segments of negative-sense RNA; where RNA 1 is 7643 nt (BK062687) in size and encodes the RdRp protein and a small protein of unknown function, RNA 2 consists of 1587 nt (BK062688) and encodes a putative movement protein (MP); while RNA 3 consists of 1651 nt (BK062689) and encodes the CP [1]. The RdRp and CP aa sequences of EryOV have the highest sequence identity with those of carrot ophiovirus 1 (CaOV1) RdRp with 54% (Figure 2), and ranunculus white mottle virus (RWMV) CP with 41% (Figure 3). Based on the ML tree generated from the complete RdRp protein sequences, EryOV is placed within a subclade of the miraophioviruses, with Caladenia ophiovirus (Figure 1).

Lepidozia ophiovirus (LepOV): Three strains of this virus, named LepOV_tri, LepOV_pli and LepOV_sela, were identified from an in silico analysis of transcriptomic data from hairy liverwort (Lepidozia trichoides), basket liverwort (Plicanthus hirtellus) and Krausse´spilke moss (Selaginella kraussiana) tissues from Fujian, China (the first two), and Victoria, Australia (the latter). The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of LepOV_tri, LepOV_pli and LepOV_sela comprises three genomic segments of negative-sense RNA; where RNA 1 consists of 7644 nt (BK062699), 7546 nt (BK062702) and 7611 nt (BK062705) and encodes the RdRp protein and a small protein of unknown function, RNA 2 consists of 1872 nt (BK062700), 1497 nt (BK062703) and 1871 nt (BK062706), and encodes a putative movement protein (MP); while RNA 3 is 1581 nt (BK062701), 1555 nt (BK062704) and 1711 nt (BK062705) in size and encodes the CP [1]. The RdRp and CP aa sequences of LepOV_tri, LepOV_pli and LepOV_sela ranged from 87% to 98% for both proteins (Figures 2 and 3). The RdRp aa sequence of the three LepOV strains has the highest sequence identity with that of Cyrtomium ophiovirus (CyrOV) with 42% (Figure 2), and the CP sequence of the three LepOV strains has the highest sequence identity with that of Viola ophiovirus (VioOV) with 29% (Figure 3). Based on the ML tree generated from the complete RdRp protein sequences, LepOV is placed within a subclade of the miraophioviruses, with CyrOV (Figure 1).

Viola ophiovirus (VioOV) was identified from an in silico analysis of transcriptomic data from pansies (Viola x wittrockiana) tissues from Xinxiang, China. The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of VioOV comprises three genomic segments of negative-sense RNA; where RNA 1 consists of 7671 nt (BK062735) and encodes the RdRp protein and a small protein of unknown function, RNA 2 consists of 1570 nt (BK062736) and encodes a putative movement protein (MP); while RNA 3 consists of 1576 nt (BK062737) and encodes the CP [1]. The RdRp and CP aa sequences of VioOV have the highest sequence identity with those of Lepidozia ophiovirus (LepOV), with 41% (Figure 2) and 29% (Figure 3), respectively. Based on the ML tree generated from the complete RdRp proteins sequences, VioOV is placed within a subclade of the miraophioviruses, with LepOV and Cyrtomium ophiovirus (Figure 1). 

Xerochrysum ophiovirus (XerOV): Three strains of this virus, named XerOV_brac, XerOV_macra and XerOV_visco, were identified from an in silico analysis of transcriptomic data from strawflower (Xerochrysum bracteatum), white strawflower (Xerochrysum macranthum) and sticky everlasting (Xerochrysum viscosum) tissues from New South Wales, Australia (the former) and Western Australia, Australia (the latter two). The coding-complete genome (CCG) sequence (partial 3’ leader and 5’ trailer) of XerOV_brac, XerOV_macra and XerOV_visco comprises three genomic segments of negative-sense RNA; where RNA 1 consists of 7681 nt (BK062740), 7692 nt (BK062743) and 7591 nt (BK062746) and encodes the RdRp protein and a small protein of unknown function, RNA 2 consists of 1577 nt (BK062741), 1646 nt (BK062744) and 1577 nt (BK062747), and encodes a putative movement protein (MP); while RNA 3 consists of 1570 nt (BK062742), 1513 nt (BK062745) and 1522 nt (BK062748) and encodes the CP [1]. The RdRp and CP aa sequences identity of XerOV_brac, XerOV_macra and XerOV_visco ranged from 92% to 94% (Figure 2), and from 87% to 91% (Figure 3), respectively. While the RdRp and CP aa sequences of the three XerOV strains have a highest sequence identity of 41% (Figure 2) and 28% (Figure 3), respectively, with those of the other ophioviruses. Based on the ML tree generated from the complete RdRp protein sequences, the three XerOV strains form a well-supported clade with other miraophioviruses (Figure 1).


CalOV, CaOV1, CyrOV, EryOV LepOV, VioOV and XerOV meet the demarcation criteria A and B. Thus, we propose to classify CalOV, CaOV1, CyrOV, EryOV LepOV, VioOV and XerOV into the new species “Miraophiovirus caladeniae”, “Miraophiovirus carotae”, “Miraophiovirus cyrtomii”, “Miraophiovirus erythranthis”, “Miraophiovirus lepidoziae”, “Miraophiovirus violae” and “Miraophiovirus xerochrysi”, family Aspiviridae.    
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[bookmark: _Hlk193191054]Figure 1 (A) Maximum-likelihood phylogenetic tree based on amino acid sequence alignments of the complete RdRp protein of all ophioviruses reported so far constructed with the WAG + G + F model. The scale bar indicates the number of substitutions per site. Bootstrap values following 1000 replicates are given at the nodes, but only the values above 50% are shown. The recently identified viruses [1] are noted in bold black, while the previously unassigned [2] is noted in light grey; while the known members are noted in bold blue font and mycoaspiviruses, which were used as outgroup, are noted in grey font.
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[bookmark: _Hlk193191144]Figure 2 Matrix identity based on the amino acid sequence alignments of the complete RdRp protein of all ophioviruses reported so far.
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Figure 3 Matrix identity based on the amino acid sequence alignments of the complete N protein of all ophioviruses reported so far.
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