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Part 3: TAXONOMIC PROPOSAL
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	Etymology (origin) of proposed taxonomic names: 

	Taxon name
	Etymology of the term

	Megarnaviridae
	The family name Megarnaviridae is derived from Greek μέγα [méga], meaning “large” and “rna”, highlighting the exceptionally long RNA genome (≈64.3 kb) of viruses in this family. The name underscores the distinctive genomic length and RNA nature of these viruses, which sets them apart from other classified viruses in the order Nidovirales and all other RNA viruses.


	Alphamegarnavirus
	[bookmark: tw-target-text]Etymology identical to that of family Megarnaviridae with the addition of Greek prefix άλφα [alpha], meaning “leader” and referring to the first letter in the Greek alphabet. This genus naming approach is in line with the current practice in other nidovirus families, for instance the family Coronaviridae.

	Alphamegarnavirus gigas
	Binomial Latinized species name consisting of the genus name and a species epithet, gigas. The species epithet is derived from Magallana gigas, which is the species of the viral host, the Pacific oyster.
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	Abstract of Taxonomy Proposal: 

	
Description of current taxonomy:    Order Nidovirales (Riboviria: Orthornavirae: Pisuviricota: Pisoniviricetes) currently includes 14 families distributed among 8 suborders.

Proposed taxonomic change(s):     Expansion of the order by a new family (Megarnaviridae), including one new genus (Alphamegarnavirus) including one new species (Alphamegarnavirus gigas) for Pacific oyster nidovirus 1 (PONV1).

Demarcation criteria for new taxon/taxa: Only one virus is proposed to be classified. Consequently, species and genus demarcation criteria could not yet be established. Family demarcation was established using coding-complete nidovirus genome sequences and a threshold of patristic pairwise distances (PPD) of 3.18 with a clustering cost (CC) of 0.

Justification: Establishment of a new virus family within the order Nidovirales is based on the presence of five nidovirus-wide conserved replicative protein domains, RNA-dependent RNA polymerase (RdRp) phylogeny, and sequence-based hierarchical classification using DivErsity pArtitioning by hieRarchical Clustering (DEmARC).




	· Text of Taxonomy proposal:  


	
Description of current taxonomy: Order Nidovirales (Riboviria: Orthornavirae: Pisuviricota: Pisoniviricetes) currently includes 14 families distributed among 8 suborders.

Proposed taxonomic change(s):
Expansion of the order by a new family (Megarnaviridae), including one new genus (Alphamegarnavirus) including one new species (Alphamegarnavirus gigas) for Pacific oyster nidovirus 1 (PONV1). The new family is not assigned to a suborder.

Demarcation criteria: Only one virus is proposed to be classified. Consequently, species and genus demarcation criteria could not yet be established. Family demarcation was established using coding-complete nidovirus genome sequences and a threshold of patristic pairwise distances (PPD) of 3.18 with a clustering cost (CC) of 0.

Justification: Nidoviruses are recognized based on the presence of five conserved replicative domains and RNA-dependent RNA polymerase (RdRp) phylogeny. The current hierarchical classification of nidoviruses has been developed by applying DivErsity pArtitioning by hieRarchical Clustering (DEmARC) to the conserved replicative domains [1-5]. The proposed taxa are represented by a single virus, Pacific oyster nidovirus 1 (PONV1), described by Zhong et al. 2025 [6] (NCBI accessions: PQ030832 and PV579160). A closely related variant of the same virus, Crassostrea gigas nidovirus (CGNV), was independently described by Neuman et al. 2025 [7] (NCBI accessions: BK070331 and BK070332). In this taxonomy proposal, PONV1 was chosen to represent this virus and its species; all features described below for PONV1 apply also to CGNV.

PONV1 has a bisegmented, positive-sense, single-stranded RNA genome of ≈64.3 kb and was identified in the Pacific oyster (Magallana gigas; Crassostrea gigas is a junior synonym). The sequences of the genomic segments of PONV1 are coding-complete and thus this virus qualifies for classification. As detailed in [6, 7], segment 1 encodes the non-structural/replicative protein domains, whereas segment 2 encodes structural proteins and putative accessory proteins. For both segments, the protein-coding region is flanked by 5’ and 3’ untranslated regions (UTRs). The PONV1 genome encodes the following protein domains characteristic of nidoviruses: 3C-like protease (3CLpro), nucleotidyltransferase (NiRAN), RdRp, Zinc-binding domain (ZBD), and superfamily 1 helicase (HEL1) (Figure 1). This synteny of 5 protein domains is a hallmark feature of nidoviruses and has not been observed in viruses from other orders. These 5 domains include the nidovirus genetic markers NiRAN and ZBD linked to HEL1 [8]. In addition, the PONV1 genome encodes exoribonuclease (ExoN), guanine-N7-methyltransferase (NMT), and ribose 2’-O-methyltransferase (OMT) domains downstream of HEL1, like other long-genome nidoviruses of invertebrates, as well as several specific domains (Figure 1, Supplementary Table 1). Combined, these results show that PONV1 is a nidovirus.

For further demarcation, we used a value/threshold of patristic pairwise distances (PPD) that were calculated using IQ-TREE [9] (maximum likelihood phylogeny reconstruction tool) based on a multiple sequence alignment of RdRp amino acid sequences used in [6]. We considered candidate PPD thresholds that were selected based on local minima in the clustering cost (CC) distribution, with optimal thresholds having a CC=0 if all intra-cluster PPD values of all taxa are smaller than the threshold and all inter-cluster PPD values are larger than the threshold. One PPD threshold (value of 3.18) with a CC=0 resulted in 15 clusters, each forming a monophyletic lineage in the RdRp phylogeny reconstructed using PhyML v3.1 (Figure 2A). These 15 clusters were: the outgroup (picornaviruses), a cluster formed by PONV1, and 13 clusters that match the recognized nidoviral families with one single exception – arteriviruses and olifoviruses were merged into a single cluster. The latter deviation from the ICTV taxonomy could be explained by lineage-specific evolutionary rates due to shorter genome lengths, the restriction of the analysis to a single protein (RdRp), or other factors. Notably, the smallest inter-cluster (e.g., inter-family) pairwise distance involving PONV1 and any other virus in the dataset was considerably larger than all intra-cluster distances of previously established families (Figure 2B, red bar). Moreover, an RdRp-based phylogenetic tree reconstructed with another tool (IQ-TREE 2) [10] and involving the assessment of branching support demonstrates that PONV1 forms a well-supported, long-branch monophyletic lineage within the order Nidovirales (Figure 3). The large evolutionary distances separating PONV1 from all other known nidoviruses are associated with a distinct genomic organization and unusual proteome components in both variants of the virus (Figure 1). The two studies reporting the discovery of PONV1 variants also recognized independently that this virus is the founder of a new family in the order Nidovirales. This conclusion was based on RdRp-based phylogenetic analysis involving sequences from 129 representatives of virus species from all 14 recognized nidoviral families, and sequences of two picornaviruses (human poliovirus 1, and hepatitis A virus) as the outgroup [6, 7]. The proposed taxonomic classification was prepared using the sequence-based computational framework of DEmARC [5], as detailed in taxonomic proposals filed in 2017–2021 and approved by ICTV, and was accompanied by standard comparative genomics and phylogenetic analyses. Together, these results justify the creation of a new virus family within the order Nidovirales.

The CGNV and PONV1 genome sequences are colinear and share≈96% pairwise nucleotide identity, as determined using Vclust [11], MMseqs2 [12], checkV scripts [13], and pairwise alignment in Geneious Prime v.2023.2. Based on the species demarcation criteria for best sampled nidoviral species established in prior studies (species threshold: ≈92% pairwise amino acid identity in the most conserved proteins), we considered this high similarity to reflect intra-species variation. Consequently, CGNV and PONV1 represent variants of the same virus species, which we propose to name Alphamegarnavirus gigas.
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Figure 1. Genomic map of Crassostrea gigas nidovirus (CGNV) and Pacific oyster nidovirus 1 (PONV1), variants of the proposed species “Alphamegarnavirus gigas” (proposed genus “Alphamegarnavirus” and proposed family “Megarnaviridae”). Panel A shows segment 1 of the two viruses, while panel B indicates segment 2. The linear representation outlines the genome organization, with the scale bar indicating the genome length in kilobases. Grey arrows along the genome line represent predicted coding sequences (CDS) or polyproteins. Conserved domains within these CDS or polyproteins are depicted by colored bars, illustrating the structural and functional diversity across the nidoviral genome landscape. Similar domains shared by the two neighboring genomes were connected by blue areas. The predicted protein domains include ExoN (nidovirus 3'-5' exoribonuclease), HEL1 (superfamily 1 helicase), ZBD (zinc-binding domain), RdRp (RNA-directed RNA polymerase), NiRAN (nidovirus RdRp-associated nucleotidyltransferase), 3CLpro (3C-like protease), MIEAP (mitochondria-eating protein), NADAR (NAD and ADP-ribose), YbiA-like (currently grouped into NADAR), Macro (a.k.a., ADRP [ADP-ribose hydrolase/phosphatase]), SH3 (Src Homology 3), L domain-like (Late domain-like), LRR (leucine-rich repeat), PDZ-like (PSD-95/Dlg1/ZO-1), CPPro (capsid protein with protease activity), glycoprotein, and several SAM-dependent methyltransferase domains, namely RMMT (restriction–modification methyltransferase), NMT (N7-methyltransferase), and OMT (2’-O-methyltransferase) (Supplementary Table 1). Domains were predicted using InterProScan [14][10], NCBI CD-Search [15], HHpred [16], and Foldseek [17] as detailed in Neuman et al. (2025) [7][1] and Zhong et al. (2025) [6][2].
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Figure 2. DEmARC-based classification of the two ”Alphamegarnavirus gigas” variants into the family “Megarnaviridae”. (A) Mapping of DEmARC family classification results on the RdRp-based nidoviral phylogeny, which was reconstructed using PhyML v3.1 and involved 129 nidoviral species representatives from all 14 families, the two ”Alphamegarnavirus gigas” variants, and two picornaviral outgroup sequences (see also Figure 3). Family clusters delineated by DEmARC are shown in separate colors and labeled using family names. Only the merge of representatives from the Arteriviridae and Olifoviridae families deviates from the current nidoviral ICTV taxonomy at the family rank. The tree branches reflect average substitutions per site. (B) Intra-group genetic divergence in taxa at the family rank (green) and inter-family divergence (blue) as determined by DEmARC [5]. PPD ranges that are demarcated according to the PPD threshold (red vertical dashed line) are highlighted with distinct colors. The red horizontal bar indicates the range of inter-family PPD values involving the two ”Alphamegarnavirus gigas” variants (“Megarnaviridae”). The frequency distribution of the PPD value is shown at the bottom. The identities of family clusters are indicated via family names (y-axis); numbers of analyzed virus species representatives of the respective family are shown in brackets. All identified family clusters correspond to monophyletic groups in the phylogenetic tree in panel A. Box-and-whisker graphs were used to plot distributions of distances between viruses belonging to the same taxon. 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 species representative.
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Figure 3. Phylogenetic relationships of the proposed family “Megarnaviridae” (represented by CGNV and PONV1 variants of the proposed species “Alphamegarnavirus gigas”) with recognized virus families in the order Nidovirales and statistical assessment of its uncertainty via bootstrap support values. The phylogenetic analysis is based on sequences available in the current database (ICTV, release 40). The rooted maximum-likelihood (ML) tree is based on the inferred amino acid sequences of the RdRp domain and reconstructed using IQ-TREE v2.2.0.3 [10]. RdRp sequences containing the conserved palm motifs (A, B, and C) were identified using Palmscan [18, 19]. The analysis includes representative viruses from all ICTV-recognized nidoviral families (release 40). Members of the family Picornaviridae of the order Picornavirales (Hepatitis A virus [HAV, NC_001489] and Human poliovirus 1 [PV1, NC_002058]) were used as the outgroup. Phylogenetic clades are collapsed into slanted triangles, with base width proportional to the sequence diversity within each family. Node labels indicate bootstrap support values. The scale bar represents the relative rate of amino acid substitutions per site. Details of tree construction are provided in Zhong et al. (2025) [6].
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