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	Abstract of Taxonomy Proposal: 

	
Description of current taxonomy:
The order Nidovirales (Riboviria: Orthornavirae: Pisuviricota: Pisoniviricetes) currently includes 130 species, 79 subgenera, 48 genera, 27 subfamilies, 14 families, and 8 suborders.

Proposed taxonomic change(s):
Expansion of the order by 1 new family with 1 new genus and 1 new species.

Demarcation criteria for new taxon/taxa:
For demarcation at the suborder and family rank, we used patristic pairwise distances (PPD) that were calculated using FastTree 2.1.4 SSE3 ML phylogeny based on a multiple sequence alignment (MSA) of five concatenated protein domains (3CLpro, NiRAN, RdRp, ZBD and HEL1). Commonly, the PPD thresholds are selected as local minima in the clustering cost (CC) distribution, with CC=0 corresponding to an optimal solution (when available) without any violating distances (see below for details). Only one virus is proposed to be classified in a new virus family. Consequently, species and genus demarcation criteria were left undefined.

Justification:
Establishment of the new taxa within the order Nidovirales is based on the presence of five nidovirus-wide conserved replicative protein domains and using these domains for phylogeny analysis and for pairwise distance-based hierarchical classification assisted by DivErsity pArtitioning by hieRarchical Clustering (DEmARC).




	· Text of Taxonomy proposal:  


	
Description of current taxonomy:
The order Nidovirales (Riboviria: Orthornavirae: Pisuviricota: Pisoniviricetes) currently includes 130 species from 79 subgenera, 48 genera, 27 subfamilies, 14 families, and 8 suborders. Six of the established families (Abyssoviridae, Medioniviridae, Mesoniviridae, Mononiviridae, Roniviridae, Euroniviridae) from four suborders exclusively harbor viruses with invertebrate hosts, whereas the other 8 families (Arteriviridae, Cremegaviridae, Gresnaviridae, Olifoviridae, Coronaviridae, Naghoshaviridae, Nanhypoviridae, Tobaniviridae) encompass viruses with vertebrate hosts.

Proposed taxonomic change(s):
We propose the expansion of the order Nidovirales by 1 new family with 1 new genus and 1 new species. The exemplar virus of the new species, glytrida virus 1 (GTDV-1), is associated with a pharyngeal lobes sample of a bloodworm (Glycera tridactyla Schmarda, 1861). Since this bloodworm prays on fishes, and because the virus was so far only identified in a single sample, there remains uncertainty about the host of the virus. We therefore avoided a reference to the putative host in the proposed viral taxon names. The coding-complete genome sequence of GDTV is reported in [1]. The word stem of the name for GDTV-1 (“Gly” + “trida”) is a remote reference to its host; this virus was named Glycera tridactyla tobanivirus in the original publication [1]. Phylogenetic trees with proposed classifications at the suborder and family ranks are shown in Figures 1-2.

Demarcation criteria for new taxon/taxa:
Demarcation of family and suborder ranks was established using coding-complete nidovirus genome sequences and thresholds of, respectively, 3.270 and 4.870 patristic pairwise distance (PPD) that were calculated for the concatenated amino acid sequences of five order-wide conserved domains 3CL-like protease (3CLpro), nidovirus nucleotidyltransferase (NiRAN), RNA-directed RNA polymerase (RdRp), Zinc-binding domain (ZBD) and superfamily 1 helicase (HEL1). The two PPD thresholds correspond to a pairwise uncorrected distance of 65.8% and 75.5%, respectively. The intra-cluster PPD ranges and PPD thresholds are shown in Figure 3. The two PPD thresholds were chosen by minimizing the optimization criterion, clustering cost (CC), which was zero (suborder rank) or very close to zero (0.00001, family rank). The newly proposed family is represented by a single virus. Consequently, species and genus demarcation criteria were not considered.

Justification:
Here, we used the same approach as in an accompanying proposal about the classification of novel invertebrate nidoviruses into 8 new families, 34 new genera and 43 new species. Due to considerable sequence divergence, we analyzed invertebrate nidoviruses (accompanying proposal) and a subset of vertebrate nidoviruses (this proposal) individually, following their separation into two main branches in the nidovirus phylogeny.

The single virus classified in this proposal, GTDV-1, is recognized as a nidovirus based on the presence of five conserved replicative domains (3CLpro, NiRAN, RdRp, ZBD and HEL1) (Figure 4) and the phylogeny reconstructed based on these five domains (Figures 1-2). The synteny of the five conserved protein domains is a hallmark feature of nidoviruses and has not been observed in viruses from other orders. The five domains include the nidovirus genetic markers NiRAN and ZBD, covalently linked to RdRp and HEL1, respectively [2]. We included representatives of families Coronaviridae and Tobaniviridae in the phylogenetyic analysis and used members of the families Nanhypoviridae and Nanghoshaviridae as an outgroup. The inferred phylogenetic position of GTDV-1 as a sister lineage of the family Tobaniviridae is consistent with that of an RdRp-based nidovirus-wide analysis in the original virus discovery study that provisionally assigned GTDV-1 to this family (hence tobanivirus in the name) [1]. GTDV-1 has a coding-complete genome of 35 kb (GenBank accession BK070347) and thus qualifies for inclusion in the Nidovirales taxonomy.

Previous and already approved nidovirus taxonomy proposals as well as the currently proposed hierarchical classification of nidoviruses have been developed within the computational DivErsity pArtitioning by hieRarchical Clustering (DEmARC) framework [3-9]. For nidoviruses, the DEmARC analysis is applied to a multiple sequence alignment (MSA) of five concatenated protein domains (3CLpro, NiRAN, RdRp, ZBD and HEL1). From the 5-domain MSA, a maximum likelihood (ML) phylogeny was reconstructed using FastTree 2.1.4 SSE3, and PPDs were obtained from this tree. PPD thresholds for demarcating taxa at the two proposed classification ranks were selected as follows. All local minima in the CC distribution were considered as candidate thresholds. From these, optimal PPD thresholds satisfied the following requirements. First, the clusters formed under these thresholds were monophyletic in the ML tree of the respective nidovirus subset. Second, all intra- and inter-cluster PPDs were (predominantly) smaller and (predominantly) larger, respectively, than the respective threshold. If all intra- and inter-cluster PPDs, respectively, were smaller and larger than the respective threshold, such clustering has the optimal cost of zero (CC=0). Third, we ensured that there were no conflicts between the current Nidovirales taxonomy and the newly proposed classification for existing taxa, e.g. no split or merge of existing clusters at these two ranks.

One PPD threshold (value of 4.870) with a CC=0 resulted in 3 clusters corresponding to the established suborders Cornidovirineae (covering the established family Coronaviridae) and Tornidovirineae (Tobaniviridae and GTDV-1), including nidoviruses with long genomes, and Nanidovirineae (Nanhypoviridae and Nanghoshaviridae), including a subset of nidoviruses with short genomes (Figure 3). GTDV-1 was therefore assigned to the established suborder Tornidovirineae. Another PPD threshold (3.270) with a CC=0.00001 resulted in 5 clusters corresponding to the established families Coronaviridae, Tobaniviridae, Nanhypoviridae, and Nanghoshaviridae, as well as GTDV-1 being assigned to a separate cluster (Figure 3). GTDV-1 was therefore classified as a member of a new virus family. As this new family is currently only represented by GTDV-1, this virus also represents a new genus and a new species.

We note that another PPD threshold with a support value comparable to that of the chosen family threshold would result in 4 clusters that would classify GTDV-1 as a new most distantly related subfamily in the family Tobaniviridae and not as a separate family. We did not choose this threshold for classification as it would result in an increase of the maximum intra-family distance range of the Tobaniviridae which already is much larger than in the Coronaviridae. Nevertheless, an expanded sampling of viruses clustering with GTDV-1 or Tobaniviridae and Coronaviridae may result in a revision of the proposed assignment in the future.
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Figure 1. Phylogeny and classification of four established and one newly proposed family of vertebrate nidoviruses. GTDV-1 (GenBank accession BK070347.1) and the newly proposed family are indicated in green. The ML phylogenetic tree is mid-point rooted. Branch support was estimated using the Shimodaira-Hasegawa-like approximate likelihood ratio test (SH-aLRT) with 1,000 replicates, whose results are depicted with white/black shades of dots at the internal nodes, according to three brackets detailed within the key-box in the upper-left corner. 
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Figure 2. Phylogeny and classification of three established suborders of vertebrate nidoviruses. GTDV-1 (GenBank accession BK070347.1) is indicated in green. The ML phylogenetic tree is mid-point rooted. Branch support was estimated using the Shimodaira-Hasegawa-like approximate likelihood ratio test (SH-aLRT) with 1,000 replicates, whose results are depicted with white/black shades of dots at the internal nodes, according to three brackets detailed within the key-box in the upper-left corner.
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Figure 3 Intra-group genetic divergence in taxa at the family and suborder ranks as inferred by DEmARC. Pairwise patristic distance (PPD) were calculated for amino acid sequences of the order-wide conserved 3CLpro, NiRAN, RdRp, ZBD, and HEL1 domains. Three divergence ranges that are demarcated according to PPD thresholds are highlighted with distinct colors: intra-family (green), inter-family intra-suborder (blue), and inter-suborder (purple). For simplicity, the GTDV-1 family cluster is indicated by the virus acronym (left axis); the number of available unique virus sequences of the respective clusters are shown in brackets. Box-and-whisker graphs were used to plot distributions of distances between viruses belonging to the same taxon on the candidate classification level under consideration but belonging to different taxa on the previous level. The boxes span from the first to the third quartile and include the median (bold line); and the whiskers (dashed lines) extend to the extreme values. No box-and whisker graphs are provided for singleton taxa that include a single virus.
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Figure 4. Genome map of glytrida virus 1 (GTDV-1). White rectangles are open reading frames (ORFs). The five conserved replicative protein domains used in the DEmARC analysis are highlighted by color.
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