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Part 1b: Taxonomy Proposal Submission 
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Part 3: TAXONOMIC PROPOSAL

	Name of accompanying Excel module: 
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	Taxonomic changes proposed: 
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	Abstract of Taxonomy Proposal: 

	
Taxonomic rank(s) affected:       
Monodnaviria, Shotokuvirae

Description of current taxonomy:       
Currently, kingdom Shotokuvirae includes 2 phyla, with eukaryotic ssDNA and related dsDNA viruses classified into phyla Cressdnaviricota and Cossaviricota, respectively. Anelloviridae is the only family of eukaryotic ssDNA viruses not assigned to the realm Monodnaviria.

Proposed taxonomic change(s):     
Move family Anelloviridae into a new order, within a new class and a new phylum ‘Commensaviricota’ within the kingdom Shotokuvirae. The intermediate taxa between the phylum and family, will be order ‘Sanitavirales’ and a class ‘Cardeaviricetes’.

Justification:
Sequence and structural comparisons suggest that anelloviruses have evolved from a circovirus-like ancestor through gradual augmentation of the capsid protein and loss of the Rep protein genes.



	· Text of Taxonomy proposal:  

	
Taxonomic rank(s) affected:       
Monodnaviria, Shotokuvirae

Description of current taxonomy:       
Currently, kingdom Shotokuvirae includes 2 phyla, with eukaryotic ssDNA and related dsDNA viruses classified into phyla Cressdnaviricota and Cossaviricota, respectively. Anelloviridae is the only family of eukaryotic ssDNA viruses not assigned to the realm Monodnaviria.

Proposed taxonomic change(s):     
Move family Anelloviridae into a new order, within a new class and a new phylum ‘Commensaviricota’ within the kingdom Shotokuvirae. The intermediate taxa between the phylum and family, will be order ‘Sanitavirales’ and a class ‘Cardeaviricetes’. 

Demarcation criteria:
Not applicable.

Justification:      
[bookmark: _Hlk131262995]Anelloviruses are highly prevalent in diverse mammals, including humans, but so far have not been linked to any disease and are considered to be part of the ‘healthy virome’. These viruses have small circular single-stranded DNA (ssDNA) genomes and encode several proteins with no detectable sequence similarity to proteins of other known viruses. Consequently, in the absence of an identifiable Rep or a capsid protein typical of other eukaryotic ssDNA viruses, Anelloviridae is the only family of eukaryote-infecting viruses with circular ssDNA genomes currently not included in the phylum Cressdnaviricota of the realm Monodnaviria (Koonin et al., 2020). Although anelloviruses appear not to encode a homolog of the typical Rep of the HUH endonuclease superfamily, recent sequence and structure-based comparisons showed that ORF1 orthologs from all Anelloviridae genera adopt a jelly-roll fold typical of cressdnaviricot capsid proteins, establishing an evolutionary link to other eukaryotic ssDNA viruses, specifically, circoviruses (Butkovic et al., 2023). 

In particular, searches queried with the ORF1 sequence of torque teno virus 1 (TTV1; NP_817122) against the PDB and viral protein profile databases using HHsearch yielded a highly significant hit (Probability=95.8) to the CP of a bat circovirus (PDB id: 6RPO). Importantly, the aligned regions encompassed nearly the entirety of the circovirus CP but only ~30% of the anellovirus protein, highlighting the disparity in their respective sizes (233 versus 770 aa). Significant hits were also obtained with ORF1 sequences from viruses of other anellovirus genera (Butkovic et al., 2023).

Circovirus CPs contain an N-terminal arginine-rich region involved in DNA-binding (Sarker et al., 2016) and a single jelly-roll (SJR) domain comprising 8 antiparallel β-strands (B through I), which form 2 juxtaposed β-sheets, BIDG and CHEF (Fig. 1a). The anellovirus ORF1 protein also contains an arginine-rich N-terminal region similar to that of circovirus CPs. Structural modeling of representative ORF1 protein sequences from each of the established Anelloviridae genera with AlphaFold2 (Jumper et al., 2021) confirmed that in all ORF1 protein homologs, the arginine-rich domain is followed by the conserved SJR domain (Fig. 1b, 1c). Comparison of the ORF1 structural models from anelloviruses belonging to different genera explained their remarkable size variation and evolution of ORF1 proteins. It was found that the SJR domain shared with the circovirus CPs represents a conserved part of the proteins. The variation in ORF1 size (and sequence) could be attributed to a specific insertion (Projection domain) within a loop connecting the β-strands H and I (Fig. 2). Thus, it was proposed that anelloviruses evolved from a circovirus-like ancestor through a gradual augmentation of the Projection domain.

Given the shared evolutionary history between anelloviruses and other members of the Cressdnaviricota, in particular, we propose that anelloviruses should be included into the realm Monodnaviria, as a separate new phylum within the kingdom Shotokuvirae, alongside Cressdnaviricota and Cossaviricota. We propose assigning Anelloviridae to the order ‘Sanitavirales’ (after Latin sanitas for health, referring to anelloviruses being part of the healthy human virome), within class ‘Cardeaviricetes’ (after Cardea, Roman goddess of health) and phylum ‘Commensaviricota’, referring to the commensal lifestyle of anelloviruses. 
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Figure 1. Structure of the circovirus jelly-roll capsid protein and structural model of anellovirus ORF1. A. Capsid protein of bat circovirus (BCV, family Circoviridae; PDB id: 6RPK) colored using the rainbow scheme from blue N-terminus to red C-terminus. The inset shows the schematic topology of the jelly-roll fold. The 8 -strands are labeled from B to I and form two antiparallel -sheets BIDG and CHEF. The location of the projection (P-)domain is shown as a grey rectangle. B. Structural model of ORF1 from torque teno virus 21 (TTV21, genus Alphatorquevirus; GenBank accession number: AAK27697). The jelly-roll domain shared with circoviruses is colored using the rainbow scheme, whereas the P-domain is shown in grey. C. The superposed structures of the BCV (green) and TTV21 (grey) structures.[image: A close-up of a drawing
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Figure 2. Evolution of the anellovirus capsid protein by the projection domain augmentation. Examples of ORF1 structures with the circled projection domains inserted between strands H-I and arrow indicating additional smaller insertion between strands B-C are also shown. The anellovirus ORF1 proteins are numbered in the order of increasing size. The models are colored using the rainbow scheme, from blue N-terminus to red C-terminus.
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