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Abstract
	Until recently, only a handful of archaeal tailed viruses have been officially classified. Here we propose creating two new orders. Order ‘Juravirales’ will include two new families of tailed viruses associated with ammonia-oxidizing marine archaea of the class Nitrososphaeria, whereas order ‘Magrovirales’ will include one new family ‘Aoguangviridae’ of viruses associated with marine archaea of the order Poseidoniales. 


Text of proposal
		Viruses with helical tails and icosahedral capsids (tailed viruses), classified into the class Caudoviricetes, represent the most widespread, abundant and diverse group of viruses on our planet. Members of the Caudoviricetes infect organisms from both prokaryotic domains, Bacteria and Archaea. Until recently, only a handful of archaeal tailed viruses have been officially classified. In 2022, 14 families of archaeal tailed viruses (arTVs) infecting halophilic and methanogenic hosts have been created [1]. However, arTVs infecting other groups of archaea, such as ecologically important ammonia-oxidizers of the class Nitrososphaeria or order Posidoniales, have also been described [2-6]. 

Metagenomic analysis of surface water samples collected in Yangshan harbor (Shanghai, China) yielded a number of viral contigs clustering with the previously described viruses affiliated to archaeal hosts of the class Nitrososphaeria and order Poseidoniales (previously known as Marine Group II Euryarchaeota) (Fig. 1). All these viruses encode hallmark proteins of the class Caudoviricetes, including the HK97-fold major capsid protein, portal, large subunit of the terminase and various tail proteins (Fig. 2), and hence are genuine members of this virus class. Five of the genomes in the Yangshan harbor dataset, namely, YSH_462411, YSH_174770, YSH_922147, YSH_1032793 and YSH_150918 (Fig. 2), could be assembled as circular contigs, strongly suggesting that they represent complete virus genomes. Four of these viruses, YSH_462411, YSH_174770, YSH_922147 and YSH_1032793, were associated with marine archaea of the class Nitrososphaeria, whereas YSH_150918 displayed considerable similarity to the previously characterized viruses associated with marine archaea of the order Poseidoniales (Fig. 1 and Fig. 2). Notably, none of the Poseidoniales viruses, known as Magroviruses [5], have been officially classified and none of their genomes have been deposited to GenBank, precluding their official classification. Here we propose the classification of viruses from the Yangshan dataset using as the basis the demarcation criteria established previously for classification of arTVs infecting halophilic and methanogenic archaea [1]:

Species demarcation: 95% nucleotide sequence identity.
Genus demarcation: more than 60% of shared proteins.
Family demarcation: members of the same family share 20-50% of homologous proteins, whereas viruses from different families share less than 10% of proteins.

The proportion of orthologous fraction in each archaeal virus genome was estimated using compareM (https://github.com/dparks1134/CompareM) with the E-value of 1e-5 and identity of 30%. The output file was then converted into matrix using tidyr (R package) and set for heatmap construction using pheatmap (R packages). This analysis showed that the four viruses of Nitrososphaeria display high sequence divergence, with few orthologs detected using the used thresholds (Fig. 3). The closest viruses, YSH_462411 and YSH_922147, shared only 21% of proteins. Thus, we propose classifying the four viruses associated with Ntrososphaeria into four species within four separate genera (Table 1). The Poseidoniales virus YSH_150918 showed similarity only to the unclassified magroviruses of group B [5]. Thus, we propose creating a new genus, ‘Aobingvirus’ for classification of YSH_150918. 

We next analyzed the relationships between the five viruses in the context of the previously classified arTVs as well as unclassified marine arTVs associated with archaea of the class Nitrososphaeria (mathaviruses) and order Poseidoniales (magroviruses). The proteome-based ViPTree analysis [7] has accurately recovered all established families of haloarchaeal and methanogenic Caudoviricetes viruses [1]. Based on the same genetic distances (branch length of 0.05) observed between the established archaeal virus families, the four Nitrososphaeria viruses can be classified into 2 new families (Fig. 4). Although YSH_174770 shared less than 10% of orthologous proteins with YSH_922147, and in principle, the two viruses could be considered as representatives of separate families, they are connected through YSH_462411, with which they share 14% and 21% of orthologous proteins, respectively (Fig. 3). We expect that with the increased sampling of Nitrososphaeria viruses, this cluster will be further solidified and hence propose classifying YSH_462411, YSH_174770 and YSH_922147 into a single new family ‘Yangangviridae’. YSH_1032793 shared less than 10% of orthologous genes with other archaeal viruses and thus we propose classifying it into a separate family ‘Yanlukaviridae’. The high dissimilarity of this virus from the other Nitrososphaeria viruses is also evident from genome map comparisons (Fig. 2).    

Given that viruses from the two proposed families display considerably gene content similarity and form a clade in the ViPTree proteome-based tree (Fig. 4), we propose unifying them within a new order ‘Juravirales’. The low pairwise similarity between these viruses but overall conservation of the gene contents emphasizes a scarce sampling of the Nitrososphaeria viruses.

Poseidoniales viruses (magroviruses) consistently form 3 family level groups in our ViPTree analysis (Fig. 4) as well as in the previously published studies [5]. One of these groups is now represented by YSH_150918 and we propose creating a new family, ‘Aoguangviridae‘, for its classification. Although the two other magrovirus groups currently lack representatives with complete genome sequences in GenBank, we believe that representative genomes will become available in the near future either through metagenomics sequencing efforts or as third party annotations. With this anticipation, we propose creating a monotypic order ‘Magrovirales’, which will include ‘Aoguangviridae‘.  


Etymology of the proposed taxon names:
Orders
· Juravirales – from Lithuanian word jūra, which means sea;
· Magrovirales – truncation of Marine Group II Euryarchaeota, historical name of Poseidoniales archaea; besides, name magroviruses has been coined in the first publication [5] describing this group of archaeal viruses.

Families
· Yangangviridae – truncation of Yangshan and gang (harbor in Chinese);
· Yanlukaviridae – truncation of Yangshan and luka (harbor in Croatian);
· Aoguangviridae – after Aoguang, the Dragon King of the East China Sea in ancient Chinese myths and legends.

Genera
· Nohelivirus – truncation of ‘no MCM helicase’ virus;
· Senitvirus – truncation of sea Nitrososphaeria virus;
· Mathaucavirus – truncation of marine thaumarchaeal Caudoviricetes virus;
· Sweetvirus – the name is based on the finding that the sole member of this genus, YSH_1032793, encodes a saccharide transporter of the SWEET superfamily;
· Aobingvirus – after Aobing, son of Aoguang.






Supporting evidence

Table 1. Proposed taxonomy of marine archaeal viruses associated with Nitrososphaeria and Poseidoniales.
	Order
	Family
	Genus
	Species
	Virus name
	Genome length (bp)
	Accession number

	Juravirales
	Yangangviridae
	Nohelivirus
	Nohelivirus yangshanense
	Nitrososphaeria virus YSH_462411
	36645
	ON649699

	
	
	Senitvirus
	Senitvirus yangshanense
	Nitrososphaeria virus YSH_174770
	36856
	ON649700

	
	
	Mathaucavirus
	Mathaucavirus yangshanense
	Nitrososphaeria virus YSH_922147
	38245
	ON649701

	
	Yanlukaviridae
	Sweetvirus
	Sweetvirus yangshanense
	Nitrososphaeria virus YSH_1032793
	35889
	ON649698

	Magrovirales
	Aoguangviridae
	Aobingvirus
	Aobingvirus yangshanense
	Poseidoniales virus YSH_150918
	
	ON649702
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Figure 1. The gene-sharing networks of YSH archaeal viruses and reference prokaryotic DNA viruses constructed by vConTACT2 [8]. Each node represents a viral genome, and the edges between genomes represent the degree of connectivity based on the fraction of shared proteins. Nodes for classified archaeal tailed viruses are colored orange, other classified archaeal viruses are in purple, bacteriophages are in lake blue, whereas unclassified marine archaeal viruses, including those from the Yangshan dataset, are shown in magenta (left panel). More detailed view on the nodes corresponding to the YSH archaeal viruses, metagenomic Poseidoniales viruses and Nitrososphaeria viruses are shown on the right. Yangshan virus genomes are shown in red, whereas uncultured and unclassified viruses of Nitrososphaeria and Poseidoniales are in green and blue, respectively.
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Figure 2. Genome maps of marine archaeal viruses from the Yangshan dataset. A. Genome map of Poseidoniales virus YSH_150918 compared to the previously reported genome of a Group B Magrovirus. B. Genome maps of four Nitrososphaeria viruses. Related genes are linked by turquoise shading. Genes sharing significant similarity (BLASTp E-value <10-5, bitscore >50) are linked grey shadings, the intensity of which correspond to sequence identity (see the scale at the bottom of the figure). Abbreviations: MTP, major tail protein; MCP, major capsid protein; Pro, prohead protease; terL, terminase large subunit; MCM helicase, minichromosome maintenance helicase; DEDDy exo, DEDDy 3'-5' exonuclease domain of family-B DNA polymerases; tail TMP, tail tape measure protein; GTase, glycosyltransferase; LamG domain, Laminin G-like domain; MTase, DNA-adenine methyltransferase; TR, transcriptional regulator; RNR_II_monomer, class II ribonucleotide reductase monomeric form; GcrA, cell cycle regulator GcrA; DPSC, DNA polymerase sliding clamp; CL, clamp-loader.
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Figure 3. Heatmap of orthologous fraction among archaeal tailed viruses. Values ≥ 0.08 shown in the boxes. The proportion of orthologous contents for family-level demarcation is around 0.1. Viruses for which new taxa are proposed are highlighted with the colored background.
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Figure 4. Classification of archaeal Caudoviricetes. The Viral Proteomic Tree (ViPTree) of archaeal tailed viruses. Viruses for which new taxa are proposed are highlighted with the colored background. The tree is constructed using BIONJ based on all-versus-all genomic similarity matrix, and mid-point rooted. Branch lengths are log-scaled. The branch length for family-level demarcation is around 0.05 (red dashed line).
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