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	Abstract of Taxonomy Proposal: 

	
Description of current taxonomy:       
Family Fuselloviridae currently includes 2 genera, Alphafusellovirus and Betafusellovirus, with 9 species.

Proposed taxonomic change(s):     
We propose establishing two new genera, “Gammafusellovirus” (1 species) and “Deltafusellovirus” (4 species), and 23 new species within genus Alphafusellovirus.

Demarcation criteria for new taxon/taxa:
Less than 95% overall genome sequence identity is proposed for species demarcation, that being consistent with the classification of other bacterial and archaeal DNA viruses. Members of different genera share ≤60% of proteins at ≥70% pairwise identity.

Justification:
Multiple viruses related to the classified members of the family Fuselloviridae have been described in the literature over the years but not classified. Here we propose classifying these viruses. 




	Text of Taxonomy proposal:  

	
Description of current taxonomy:       
Family Fuselloviridae comprises archaeal viruses with spindle-shaped virions and circular double-stranded DNA (dsDNA) genomes. The family currently includes 2 genera, Alphafusellovirus and Betafusellovirus, with 9 species.

Proposed taxonomic change(s):     
We propose establishing two new genera, “Gammafusellovirus” (1 species) and “Deltafusellovirus” (4 species), and 23 new species within genus Alphafusellovirus.

Demarcation criteria for new taxon/taxa:
Less than 95% overall genome sequence identity is proposed for species demarcation. This similarity threshold is consistent with the classification of other bacterial and archaeal DNA viruses. Members of different genera share ≤60% of proteins at ≥70% pairwise identity.

Justification:
Multiple viruses related to the classified members of the family Fuselloviridae have been described in the literature over the years but not classified. Here we propose classifying these viruses. Viruses in the genus Alphafusellovirus typically display regular lemon-shaped particles, whereas those of betafuselloviruses are more elongated, cigar-like (Redder et al., 2009; Figure 1). 

We used 95% overall genome sequence identity, as calculated using VIRIDIC (Moraru et al., 2020), for species demarcation. Of the 41 unclassified genomes, 28 were sufficiently different to be classified into new species (Figure 2). VIRIDIC and full proteome analysis of the 50 previously classified (n=9) and unclassified (n=41) fuselloviruses showed that 23 unclassified spindle-shaped viruses infecting Sulfolobales archaea could be assigned to the established genus Alphafusellovirus (Figure 2). The remaining five virus genomes were more divergent at both nucleotide and protein sequence levels (Figure 2 and 3), suggesting that additional genera need to be created. Below we provide a summary on the new members of family Fuselloviridae.

Expansion of Alphafusellovirus by 23 new species
Twenty-three new species are proposed for classification of viruses infecting different Saccharolobus strains sampled from Nymph Lake area and Norris Geyser Basin, Yellowstone National Park, USA (Pauly et al., 2019), Lassen Volcanic National Park, USA (Goodman and Stedman, 2018), Mutnovsky volcano area, Kamchatka, Russia (Pauly et al., 2019) and Iceland (GenBank accession: KY579375). These viruses share ~60% of proteins with existing members of the genus Alphafusellovirus.

New genus “Gammafusellovirus”, 1 new species
The complete 14,847-bp circular genome of Sulfolobales Mexican fusellovirus 1 (SMF1) was recovered from a metagenomic study of a Mexican hot spring (Servín-Garcidueñas et al., 2013). The SMF1 genome shows exceptional properties, including a coding-strand bias and a high incidence of genes organized in operon structures. VIRIDIC, VIPtree and full proteome analysis showed that SMF1 share only 5-10% nucleotide identity and 35-50% proteins with 40-60% identity with other fusellovirids. These analyses justify placement of SMF1 into a separate genus, which we propose naming “Gammafusellovirus”.

New genus “Deltafusellovirus”, 4 new species
Four fuselloviruses, SSV19, SSV20, SSV21 and SSV22, were isolated from hot spring sediment in Naghaso, Philippines (Zhang et al., 2020). Although the four viruses share overall gene content with other viruses, they displayed higher nucleotide and amino acid sequence divergence from viruses within Alphafusellovirus and Betafusellovirus genera. Notably, the four viruses display chimeric features. Specifically, whereas SSV19 encodes an adhesin protein homologous to that of betafuselloviruses, SSV20, SSV21 and SSV22 encode distinct adhesins homologous to those conserved in alphafuselloviruses (Zhang et al., 2020; Figure 4). Nevertheless, in both genome-wide nucleotide and amino acid sequence comparisons, the four viruses formed a separate cluster (Figures 2 and 3).
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Figure 1. Negative stain electron micrographs of viruses from the two genera of the family Fuselloviridae. Members of the genus Alphafusellovirus: Sulfolobus spindle-shaped virus 1 (SSV1), Sulfolobus spindle-shaped virus 2 (SSV2), Sulfolobus spindle-shaped virus 7 (SSV7), Sulfolobus spindle-shaped virus 8 (SSV8), and Sulfolobus spindle-shaped virus 9 (SSV9). Members of the genus Betafusellovirus: Sulfolobus spindle-shaped virus 6 (SSV6), and Acidianus spindle-shaped virus 1 (ASV1). The bars represent 100 nm (Redder et al., 2009). The figure is reproduced from TaxoProp 2011.001a-fB.A.v3.Betafusellovirus.
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Figure 2. VIRIDIC analysis of new and previously classified viruses of Fuselloviridae family. Color of the labels show previously classified viruses (pink), viruses classified into new species (black), viral sequences representing additional strains of new or existing species (grey).

[image: ]

Figure 3. Pan-proteomic analysis of spindle-shaped viruses. The heatmap was obtained based on all-vs-all diamond blast result (min identity 30%, max e-value 0.01). The color on the heatmap corresponds to the average protein sequence identity between two viruses. The established and proposed genera are indicated on the left.
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Figure 4. Genome comparison of fusellovirids from established and proposed genera. Genome maps were generated using PyGenomeViz library. The links show blastp hits (min length 50 nt, min identity 30%). Proteins with known annotations are indicated. The established and proposed genera are indicated on the right.
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