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Part 3: PROPOSED TAXONOMY

	Name of accompanying Excel module: 2018.011M.N.v1.Paramyxoviridae_rev


Since this proposal involves a reorganization of the family, filling in the spreadsheet based on the old organization of the family makes no sense as it obliterates the structure of the new organization.  In the current format of the excel spreadsheet the new arrangements of the data can be easily pasted into the master species list in the required format.
Supporting material:
	

	Since this proposal involves a re-organization of the species in the family Paramyxoviridae for the sake of clarity the text is arranged in a hierarchical order of proposals for (i) three new sub-families, (ii) seven new genera in the subfamilies, (iii) four new species, and (iv) abolition of two species.  The proposal is based on the application of one primary criterion, i.e., the place of the species in the topology of a phylogenetic tree based on an alignment of the complete amino acid sequences of the RNA dependent RNA polymerases (RdRps) of representative members of the viral species, containing over 2700 aligned positions. As a secondary criterion, the host organism from which the first isolates were identified has been applied, recognizing that host species jumps are prevalent in the family (Shi et al. 2018). The length of a branch from the node to a specific sequence is the criterion that is used to classify a virus into a taxon.

The advance of metagenomic data sets and the subsequent discovery of large numbers of new virus sequences has led ICTV to decide that classification should be based primarily on nucleotide sequence information and phylogeny (Simmonds et al., 2017) in order to describe the richness of virus biology. In the family Paramyxoviridae, the ICTV Study Group has decided that, since a number of other criteria are no longer applicable or have been applied inconsistently (Rima et al, 2018), the classification of the viruses should now be based on a sequence comparison of the RNA-dependent RNA polymerases (RdRps) of the viruses. This proposal is therefore based on phylogenetic trees based on Clustal V alignments of the RdRps of 71 recognized species in the family. Maximum Likelihood trees were computed with 1000 bootstrap replicates based on a Clustal V alignment prepared with MEGA software with a gap-opening penalty of 5 and a gap extension penalty of 1. The trees were computed taking account of the gaps as both their size and position in the primary amino acid sequences of the RdRp are highly associated with specific taxonomic groups. The position of the RdRp of a specific virus in the tree then determines its classification at three taxonomic levels, i.e., sub-family, genus and species. The RdRp sequence of one virus member of in the Sunviridae (the phylogenetically most closely related family) is included in the tree. (Figure 1). The topology of the Sunshine Coast virus sequence demonstrates that the 71 species in the family are justifiably classified within the one family Paramyxoviridae and do not represent other as yet unassigned families.
Species demarcation criteria are then simply applied as follows. Since the primary criterion is the tree topology, whether or not a virus belongs to the same species becomes a matter of branch length between the nearest node and the tip of the branch. This length is defined as 0.03 in the trees generated as described in the legend to Figure 1. 

The outworking of this new RdRp phylogeny-based classification system leads to the following taxonomic proposals for the family Paramyxoviridae in the order Mononegavirales:
1 To create a new subfamily Avulavirinae with three new genera proposed to be: Orthoavulavirus (containing 8 species); Metaavulavirus (containing 10 species) and Paraavulavirus (containing 2 species) based on the tree topology. The name is derived from the former genus name Avulavirus in the family.
2 To create a new subfamily Rubulavirinae with two new genera proposed to be: Orthorubulavirus (containing 7 species) and Pararubulavirus (containing 9 species) based on the tree topology. The name is derived from the former genus name Rubulavirus in the family.
3 To create a new subfamily Orthoparamyxovirinae with five old and two new genera to be: old genera are Respirovirus, Aquaparamyxovirus, Ferlavirus, Henipavirus and Morbillivirus and two new genera are Jeilongvirus, Narmovirus, and Salemvirus based on the tree topology. This set of viruses is the oldest classified set in the family and the name is derived from the name of the family.
4 To create a new subfamily Metaparamyxovirinae with one genus containing one species.
5 To create 3 new species: Lophuromys jeilongvirus 1; Lophuromys jeilongvirus 2; Myodes jeilongvirus in the genus Jeilongvirus in the subfamily Paramyxovirinae (van Mechelen et al., in preparation).
6 To create 1 new species Caprine respirovirus in the genus Respirovirus in the subfamily Paramyxovirinae (Yang et al. 1016).
7 To create 1 new species Avian orthoavulavirus 20 in the genus Orthoavulavirus in the subfamily Avulavirinae (Karamendin et al. 2017).
8 To create 3 new species in as yet to be assigned subfamilies: Scoliodon paramyxovirus; Cynoglossus paramyxovirus; and Hoplichthys paramyxovirus. These subfamilies were not assigned for the following reasons. The sequences from a single metagenomic assessment (Shi et al. 2018) have still a number of questions relating to the correct assignment of the gene order and the identification of the viral proteins.  At present all three are represented by single sequences. A fourth sequence in the paper by Shi et al. (2018) representing a second triplecross lizardfish isolate (accession number MG600061) has an identical RdRp amino acid sequence as the one used in the tree.  The study group wishes to await further confirmation and possible identification of further species in the same genus before proceeding with a sub-family and genus assignment. Furthermore, the problem that hybrid sequences originating from separate viruses may have been assembled in a single contiguous genome sequence remains until further confirmation of the data. Currently, the topology of the tree would indicate that these three new species might have to be assigned to separate new sub-families.
9 To delete 2 species in the genus Orthorubulavirus in the subfamily Rubulavirinae namely: bat mumps virus and human parainfluenza virus 4B.
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Figure 1 legend:
Molecular Phylogenetic analysis by Maximum Likelihood method
The evolutionary history was inferred by using the Maximum Likelihood method based on the JTT matrix-based model. The tree with the highest log likelihood (-246827.26) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model, and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 72 amino acid sequences. There were a total of 2721 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 [Kumar et al. 2016].
Abbreviations: APMV1-16,19,20 avian paramyxovirus types 1-16,19,20; APV-A,B,C Atlantic penguin virus A,B,C; SV-41, simian virus 41; HPIV-1-4, human parainfluenza virus-1-4; PIV-5, parainfluenza virus 5 (aka SV-5); MuV, mumps virus, LPMV, La-Piedad-Michoacán-Mexico virus; MapV, Mapuera virus; TioV, Tioman virus; TeV, Teviot virus; MenaV, Menangle virus; AchiV1-2. Achimoto virus 1-2; TuhV1-3, Tuhoko virus 1-3; SosV, Sosuga virus; WTSPV, Wēnlǐng tonguesole paramyxovirus;  WHPV, Wēnlǐng hoplichthys paramyxovirus; WPSSPV, Wēnzhōu pacific spadenose shark paramyxovirus;  WTLPV, Wēnlǐng triplecross lizardfish paramyxovirus; SeV, Sendai virus; CPIV-3, caprine parainfluenza virus type 3;  BPIV-3, bovine parainfluenza virus type 3; ASPMV, Atlantic salmon paramyxovirus; FdLV, Fer-de-Lance Virus; NiV, Nipah virus,  HeV, Hendra virus; CedV, Cedar Virus; GhV, Ghana virus; MojV, Mòjiāng virus; TaiV, Tailam virus; BeiV, Beilong virus; JV, J virus; PMPV1, Pohorje myodes paramyxovirus1; MMLV-1-2, Mount Mabu lophuromys virus 1-2; MossV, Mossman virus; BaV-1, bank vole virus 1; NarV, Nariva virus; TupV, Tupaia paramyxovirus; Salv, Salem virus; FeMV, feline morbillivirus; PDV, phocine distemper virus; CDV, canine distemper virus; DMV, dolphin morbillivirus; PPRV, peste-des-petits-ruminants virus; RPV, rinderpest virus; MeV, measles virus.


Figure 2 indicates why 2 species (bat mumps virus and human parainfluenza virus 4B) were abolished as a result of the fact that their branch length fell below the minimum identified.
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Figure 2 legend: similar to figure 1 except the tree with the highest log likelihood was based on a total alignment of RdRps containing 2249 amino acids. 
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