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	Abstract of Taxonomy Proposal: 

	Description of current taxonomy: 
The order Coyopavirales (realm Varidnaviria, kingdom Abadenavirae, phylum Produgelaviricota, class Belvinaviricetes) currently contains one family, Chaacviridae, comprising two genera and three species.

Proposed taxonomic change(s):
We propose to create a new family “Subterraneaviridae” within order Coyopavirales, containing one new genus “Altivirus” and one new species “Altivirus islingense”, with the species exemplar being the environmental viral genome (EVG) Altivir_1_MSI_2012 (GenBank MW522970).

Demarcation criteria for new taxon/taxa:
Family 
A protein supercluster (PSC)-based intergenomic distance (VirClust) cutoff of 0.90 was applied for family-level genome clustering. The family distinction is further supported by differences in conserved protein content.

Genus 
Only one genus is included in the proposed family, no numerical demarcation criterion can be derived at this time.

Species
The threshold was ≥95% intergenomic identity (VIRIDIC).

Justification: 
Altivir_1_MSI represents a group of five unclassified EVGs, forming a species-level cluster (cluster representative Altivir_1_MSI_BF_2012). These EVGs have a circular dsDNA genome of ~8.9-kb. They infect Candidatus Altiarchaeum hamiconexum. Currently, the members of the Altivir_1_MSI group have no assigned taxonomic affiliation. The major capsid protein (MCP) from Altivir_1_MSI has a double jelly-roll (DJR) fold and is related to the MCPs encoded by members of the order Coyopavirales. Hierarchical clustering of the Altivir_1_MSI EVGs and related viral genomes placed Altivir_1_MSI within the Coyopavirales-associated branch, but in a distinct family-level cluster. Its assignment to Coyopavirales is supported by the conservation of the DJR MCP and by another protein shared with Chaacviridae, whereas the absence of the protein-primed family B DNA polymerase supports the classification into of a separate family.



	Text of Taxonomy proposal:  

	
Description of current taxonomy:      

Altivir_1_MSI, an unclassified environmental viral genome (EVG) 

Altivir_1_MSI represents an EVG recovered from the subsurface biofilms of a cold sulfidic spring. The spring location is the Mühlbacher Schwefelquelle Spring, Isling (MSI), Germany. Altivir_1_MSI has a circular dsDNA genome of approximately 8.9-kb. Using CRISPR spacer–protospacer matches and virusFISH we showed that Altivir_1_MSI infects Candidatus Altiarchaeum hamiconexum, the dominant microorganism in the biolfilm. VirusFISH data showed that Altivir_1 undergoes a lytic reproductive cycle [1]. Four Altivir_1_MSI genomes recovered from samples collected in 2012 and 2018 showed 99.3–99.7% viridic-type intergenomic identities and were proposed to belong to a single species using the 95% species-demarcation threshold [1]. The species cluster representative is available in GenBank under accession MW522970 (Altivir_1_MSI genome recovered from a 2012 sample). Although at the time of the initial publication, structural genes of Altivir_1_MSI could not be identified, the proof that Altivir_1 is a virus came from subsequent experiments, which combined virusFISH, 16S rRNA FISH and scanning electron microscopy to resolve the spatio-functional organization of Altivir_1-infected altiarchaeal virocells. This linked the viral genome to cell-associated virus-like particles [2]. Long-term virusFISH analyses of biofilms sampled annually from 2019 to 2022 showed a recurrent Altivir_1_MSI presence over the four-year period, suggesting a persistent virus-host coexistence [3]. At present, Altivir_1_MSI virus has no assigned any taxonomic classification.

The order Coyopavirales

The order Coyopavirales (realm Varidnaviria, kingdom Abadenavirae, phylum Produgelaviricota, class Belvinaviricetes)  includes dsDNA viruses that have major capsid proteins (MCPs) with the double jelly-roll (DJR) fold and infect prokaryotes, distinguished from the eukaryotic preplasmiviricot lineages by comparative genomic and replication-protein analyses [4]. The order currently contains a single family, Chaacviridae. Members of Chaacviridae are archaeal dsDNA viruses with linear dsDNA genomes of approximately 10.2–10.8 kb containing inverted terminal repeats and encoding the DJR MCP and a protein-primed family B DNA polymerase (pPolB) [5]. The family currently contains two genera and three species. 

Proposed taxonomic change(s):     
We propose to create a new family “Subterraneaviridae” within order Coyopavirales, containing one new genus, “Altivirus”, and one new species, “Altivirus islingense”, represented by Altivir_1_MSI_2012 (GenBank MW522970).

Demarcation criteria for new taxon/taxa:

Family 
A protein supercluster (PSC)-based VirClust intergenomic distance cutoff of 0.90 was applied for family-level viral genome clustering, consistent with the recommended range of 0.90–0.925 for Varidnaviria [6]. Family distinction is further supported by differences in conserved protein content.

Genus 
No numerical genus demarcation criterion is proposed at this time because only one genus is included in the proposed family.

Species
The threshold used was ≥95% intergenomic identity, as calculated by VIRIDIC [7].

Justification:      

Dataset
To find relatives of Altivir_1_MSI, we used protein similarity searches against the NCBI databases (with delta Blast). These searches identified proteins related to those of Altivir_1_MSI in the genomes of Huginn virus [8], representing a larger group of unclassified viruses informally referred to as the Odin group [9], in the genomes of the proposed family “Karaliviridae” [10], and in the genomes of members of Chaacviridae. Therefore, our analysis dataset (91 genomes in total) comprised two members from the candidate family “Karaliviridae”, five from the Odin-group, all members with complete genomes and official taxonomic classification from Abadenavirae, and five Altivir_1_MSI EVGs collected in 2012, 2018 and 2024.

Taxonomic identification with vConTACT3 did not yield any relatives for Altiviri_1_MSI
An attempt to identify Altivir_1_MSI related viruses with vConTACT3 did not yield any results. When we analyzed the above dataset with vConTACT3 (v3.2.4, database 232, default intergenomic distance metric), the 5 Altivir_1_MSI genomes formed at all taxonomic levels a separate cluster from all viruses. This apparent contradiction with our previous results (delta Blast search for relatives) is likely explained by the way vConTACT3 calculates protein clusters. To identify related proteins vConTACT3 uses protein sequence searches based on MMseq2, which has lower sensitivity than delta Blast.

Hierarchical clustering based on shared protein super-clusters with VirClust
The viral genomes in this dataset were clustered hierarchically with VirClust, using intergenomic distances based on shared protein superclusters [6]. To this purpose, proteins were grouped into protein clusters (PCs) using BLASTp (E-value ≤1 × 10⁻⁵, bit score ≥30 and alignment coverage >70%). PCs were subsequently grouped into PSCs based on HMM-HMM similarity (probability ≥90% and coverage ≥60%). Pairwise intergenomic distances based on PSC presence/absence profiles were used for hierarchical genome-content clustering, and the dendrogram was cut at an intergenomic distance of 0.90.
Hierarchical clustering followed the current order-level classification of Abadenavirae (Figure 1). Altivir_1_MSI, Chaacviridae, the candidate “Karaliviridae”, and the selected Odin-group viruses were grouped on the same major branch. Within this branch, at an intergenomic distance cutoff of 0.90, Altivir_1 formed a separate cluster, Chaacviridae and “Karaliviridae” clustered together, and the Odin-group viruses formed another cluster. In terms of PSC sharing, Altivir_1 shared a protein of unknown function (Cons1, see below) with Chaacviridae, the candidate “Karaliviridae” and the Odin-group; and it shared a homologous DJR MCP with members of Chaacviridae.
In contrast with vConTACT3, VirClust was able to assign the five Altivir_1_MSI EVGs into clusters related to Coyopavirales, because VirClust used HMM-profile searches to place more distantly related proteins into clusters.

Sensitive HMM-searches used for Altivir_1_MSI protein annotation
Annotation of Altivir_1_MSI proteins based on more sensitive HMM profile-profile comparisons using HHsearch from the HH-suite v3 package [11] against the Pfam, Protein Data Bank (PDB), Conserved Domain Database (CDD) and viral protein sequence (uniprot_sprot_vir70) databases available from the MPI Bioinformatics Toolkit [12] The analysis revealed that Altivir_1 shares two more proteins with the Huginn virus, bringing the total to thee: conserved protein 1 (Cons1) of unknown function, conserved protein 2 (Cons2) likely encoding single jelly-roll (SJR) minor capsid protein, and conserved protein 3 (Cons3), encoding an EndoMS-like nuclease of the PD-(D/E)XK superfamily (Figure 2). In contrast to Chaacviridae, with which Altivir_1 shares the DRJ-MCP, Altivir_1 lacks the gene for the protein-primed family B DNA polymerase. Accordingly, the genome of Altivir_1 is circular and not linear like in the case of members of the Chaacviridae, further distinguishing the two groups of viruses and justifying the classification of Altivir_1 into a separate new family. 

Conclusion
Although three of the Altivir_1_MSI proteins are distantly related to proteins from the unclassified Huginn virus, our analyses did not place the DJR MCPs from Altivir_1_MSI and those from the Odin-group in the same protein super-cluster. However, the shared MCP PSC between Altivi_1 EVGs and Chaacviridae indicate that the Altivir_1_MSI are more closely, albeit distantly, related to Chaacviridae. Therefore, we propose that Altivir_1_MSI is classified within Coyopavirales, but in a separate family.  We propose the new family to be named “Subterraneaviridae” (from the Latin for “underground”, reflecting the habitat of Altivir_1).
Within this family, the 5 Altivir_1_MSI EVGs form a species-level cluster, with intergenomic identities between 95.1% and 99.7%, as calculated using VIRIDIC [7] (Figure 3). Thus, we propose classifying the representative EVG of this cluster – Altivir_1_MSI_BF_2012 (GenBank accession number MW522970) – into a new species, named “Altivirus islingense” (the species epithet reflects the name of the cold sulfidic spring were Altivir_1_MSI was found), within a new genus, named “Altivirus” (from the host – Ca. Altiarchaeum hamiconexum). 
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Figure 1. VirClust-based hierarchical genome-content clustering of members of the proposed “Altivirus islingense” (the Altivir_1 group), members of Abadenavirae, and related unclassified DJR-MCP viruses. Pairwise intergenomic distances were calculated from the presence or absence of protein superclusters (PSCs) across 91 viral genomes. Hierarchical clustering was performed using PSC-based intergenomic distances, and genome clusters were defined at an intergenomic distance cutoff of 0.90.
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Figure 2. Comparative genome map of “Altivirus islingense” and of related DJR-MCP viruses. Genome maps are shown for Altivir_1_MSI_BF_2012, the exemplar of “Altivirus islingense”, members of Chaacviridae, the candidate family “Karaliviridae”, and Odin-group viruses. Coding sequences are shown as arrows, and curved links connect proteins assigned to the same PSC in the VirClust analysis. “Altivirus islingense” proteins were annotated using the HMM-based analyses described in the Justification section; annotations for “Karaliviridae”, Huginn virus strain 1, and the other Odin-group viruses were taken from references [10], [8], and [9], respectively. 
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Figure 3. Intergenomic identities of “Altivirus islingense” genomes. Pairwise intergenomic identities among five “Altivirus islingense” genomes recovered from samples collected at the Mühlbacher Schwefelquelle Spring, Isling, Germany in 2012, 2018, and 2024 were calculated using VIRIDIC. Intergenomic identity values are shown in the upper triangle of the matrix, while aligned genome fractions and genome length ratios are shown in the lower triangle. Genome lengths are indicated by the bar plot above the matrix.
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