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	Abstract of Taxonomy Proposal: 

	
Taxonomic rank(s) affected:       
Singelaviria; Helvetiavirae; Dividoviricota; Laserviricetes

Description of current taxonomy:       
Class Laserviricetes currently includes one order, Halopanivirales, with 3 families of viruses infecting halophilic archaea of the class Halobacteria (Simuloviridae and Sphaerolipoviridae) and thermophilic bacteria of the genus Thermus (Matsushitaviridae).

Proposed taxonomic change(s):     
Create two new monotypic orders, “Salinicovirales” and “Ducavirales”, for classification of viruses associated with haloarchaea (new family “Halicoviridae”) and nanohaloarchaea (new family “Nanicoviridae”), respectively. 

Justification:
The two recently discovered viruses encode divergent single jelly-roll major capsid proteins, justifying their inclusion in the Singelaviria realm. However, their relationship to each other as well as to currently known members of the order Halopanivirales is very distant, detectable only through sensitive profile-profile comparisons and structure-based searches. Consistently, VipTree analysis showed that both viruses form distinct branches in the proteome-wide phylogenomic tree.




	Text of Taxonomy proposal:  

	Taxonomic rank(s) affected:       
Singelaviria; Helvetiavirae; Dividoviricota; Laserviricetes

Description of current taxonomy:       
Class Laserviricetes currently includes one order, Halopanivirales, with 3 families of viruses infecting halophilic archaea of the class Halobacteria (Simuloviridae and Sphaerolipoviridae) and thermophilic bacteria of the genus Thermus (Matsushitaviridae).

Proposed taxonomic change(s):     
Create two new monotypic orders, “Salinicovirales” and “Ducavirales”, for classification of viruses associated with haloarchaea (new family “Halicoviridae”) and nanohaloarchaea (new family “Nanicoviridae”), respectively.

Demarcation criteria:
We propose using 95% sequence identity as a species demarcation threshold, to be consistent with the classification of other bacterial and archaeal viruses. For family and order demarcations, we used proteome-wide phylogenomic analysis with VipTree, which was further supported by comparative genomics and analysis of the protein structures.

Justification:      
Geothermally influenced salt lakes in the Danakil Depression, Ethiopia, some of the most extreme ecosystems known, are dominated by microbial communities consisting of haloarchaea and nanohaloarchaea (Belilla et al., 2021; Gutiérrez-Preciado et al., 2024). Analysis of metagenomes from Lake Assale or Karum (samples Ass and 9Ass collected during different years), cave reservoir at the Dallol proto-volcano salt canyons (9Gt) and two of the Western-Canyon Lakes (WCL2 and WCL3) (Gutiérrez-Preciado et al., 2024) using geNomad (Camargo et al., 2024) and VirSorter2 (Guo et al., 2021) yielded 2,085 viral contigs (≥5 kb). Among these, two complete virus genomes (circular contigs, i.e., with direct terminal redundancies) could be assigned to haloarchaeal and nanohaloarchaeal hosts, respectively, based on specific CRISPR spacer-protospacer matches (Zhou et al., 2025). Based on the presence of signature genes involved in virion morphogenesis, these viruses could be assigned to Singelaviria, a realm including dsDNA viruses with tailless icosahedral capsids formed from single jelly-roll fold major capsid proteins. Here, we propose classifying the two viruses into two new orders and two new families (Table 1).

Family “Halicoviridae”
Danakil haloarchaeal icosahedral virus 1 (DHIV1) genome was assembled as a circular molecule of 13.6 kb (Fig. 1a). BlastP analysis did not reveal significant hits to signature proteins encoded by previously characterized viruses. However, sensitive profile-profile comparison with HHsearch showed that DHIV1 encodes a homolog of one of the two single jelly-roll (SJR) major capsid proteins (MCP) typical of members of the order Halopanivirales. Structural modeling of the putative major capsid protein followed by structure-based searches using DALI and FoldSeek confirmed the relationship between the MCP of DHIV1 and halopanivirals. Notably, proviruses distantly related to halopanivirals and encoding only one of the two MCPs have been observed previously in other archaea, such as Archaeoglobus veneficus (Makarova et al., 2014). It has been hypothesized that halopanivirals have evolved from an ancestor with a single SJR MCP (Makarova et al., 2014; Krupovic et al., 2019). Thus, DHIV1 might represent a virus group more closely resembling the ancestor of halopanivirals. Consistently, in the tree based on whole-proteome comparison, DHIV1 branched outside of a group comprising Halopanivirales (Fig. 2). Furthermore, the genome of DHIV1 (13.6 kb) is considerably shorter than those of halopanivirals (16-31 kb). Based on high divergence of the DHIV1 proteins, including the MCP, and the fact that this virus encodes only one of the two MCPs, we propose classifying DHIV1 outside of Halopanivirales, into a new order, “Salinicovirales”, and new family “Halicoviridae”.

Family “Nanicoviridae”
Danakil nanohaloarchaeal icosahedral virus 1 (DNIV1) genome was assembled as a circular molecule of 18 kb (Fig. 1b). Three related complete virus genomes were identified in the IMG/VR database (Fig. 3). Two of these viruses, namely, DNIV1 and SNIV1, similar to members of Halopanivirales, encode two SJR MCPs, which are identifiable similar to the homologs encoded by simuloviruses. Notably, however, the two other viruses, CNIV1 and CNIV2, encode distinct variants of the two MCPs, suggesting horizontal gene transfer between simuloviruses and DNIV1 ancestor. This hypothesis was confirmed by phylogenetic analysis of the two MCPs (Fig. 4a). Notably, in the phylogeny of the putative genome packaging ATPase, all four DNIV1-like viruses clustered together, outside of a group including halopanivirales and related proviruses (Fig. 4b). Importantly, besides the two MCP genes, none of the DNIV1-like viruses shared considerable similarity with halopanivirals or other viruses in the databases. Consistently, in the VipTree anslysis, the four DNIV1-like viruses formed a group distinct from other known viruses. Thus, we propose classifying DNIV1 into a new order, “Ducavirales”, and new family “Nanicoviridae”. Although SNIV1, CNIV1 and CNIV2 genomes are complete, they are not available in GenBank. Thus, at this time, we will only classify DNIV1.
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	Tables, Figures:  


<Start here>Table 1. Proposed taxonomy and classified viruses.
	Order
	Family
	Genus
	Species
	Virus name
	GenBank accession
	Genome size, bp

	Salinicovirales
	Halicoviridae
	Ertavirus
	Ertavirus danakilense
	DHIV1
	PQ827550
	13570

	Ducavirales
	Nanicoviridae
	Alevirus
	Alevirus danakilense
	DNIV1
	PQ827561
	18021
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Figure 1. Genome maps of new singelaviruses. a. Danakil haloarchaeal icosahedral virus 1 (DHIV1). b. Danakil nanohaloarchaeal icosahedral virus 1 (DNIV1). CP_S, capsid protein (small); CP_L, capsid protein (large); REase, restriction endonuclease; TNF-like, TNF-like jelly-roll domain protein; NPP, nucleotide pyrophosphatase/phosphodiesterase.
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Figure 2. Genome-wide proteomic tree of representative archaeal tailless icosahedral viruses. Viruses from the Danakil Depression are highlighted in bold font. The proteomic trees are based on all-versus-all proteomic similarity matrix and are mid-point rooted. Branch lengths are log-scaled. 
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Figure 3. Comparison of four DNIV1-like viruses and two halopanivirals. HJIV1 and SNJ1 belong to family Simuloviridae (order Halopanivirales). Homologous genes (>25% identity) are highlighted using the same color and linked via shadings.
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Figure 4. Maximum likelihood phylogenies of the major capsid proteins and genome packaging ATPase of archaeal signelavirians. a. Phylogenetic analysis based on the concatenated alignment of the two SJR MCPs. Note that DNIV1 and SNIV1 are nested among simulovirid homologs, whereas CNIV1 and CNIV2 cluster outside. b. Phylogenetic analysis based on the putative genome packaging ATPase. All four DNIV1-like viruses cluster outside of halopanivirals. Branches with bootstrap support values higher than 85% are indicated with blue circles. The sequences were aligned using Muscle5 with default parameters (Edgar, 2022), and non-informative columns were removed from the alignment using trimAl v1.2 with option -gt 0.2 (Capella-Gutiérrez et al., 2009). Next, a phylogenetic tree was constructed based on the trimmed alignment using IQ-TREE v2.2.2.2 with the following parameters: -m MFP, -alrt 1000 (Minh et al., 2020). The best fitting models for phylogenetic reconstructions were Q.pfam+F+I+R4 (for a) and Q.pfam+I+G4 (for b), respectively.
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