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We propose classifying the Sulfolobus ellipsoid virus 1 (SEV1) as a first representative of a new family because the unique morphology and unusual architecture of the virion. The virion of SEV1 contains a protein capsid with 16 regularly spaced striations and an 11-nm-thick envelope (Figure 1). The capsid exhibits an extraordinary architecture in which the viral DNA, probably in the form of a nucleoprotein filament, wraps around the longitudinal axis of the virion in a plane to form a multilayered disk-like structure with a central hole, and 16 of these structures are stacked to generate a spool-like capsid. To our knowledge, the shape and the architecture of SEV1 have not been observed for other viruses in the viral world. The virus acquires its envelope intracellularly and exits the host cell by creating a hexagonal hole on the host cell surface.
SEV1 harbors a linear double-stranded DNA genome, which encodes 38 predicted open reading frames (ORFs; Figure 2). Most of the ORFs encode an unknown function.  A BLASTP search initiated with SEV1 proteins against a locally built archaeal viral protein database revealed seven significant sequence matches (E value <1e-03): ORF281, ORF665, ORF159, ORF129, ORF381, ORF100, and ORF140. ORF281, ORF665, and ORF159 encode a glycosyltransferase, a protein-primed B-family DNA polymerase, and an S-adenosylmethionine-dependent methyltransferase, respectively. The other four ORFs encode uncharacterized proteins with homologs in lipothrixviruses, rudiviruses or the unclassified spindle-shaped virus Sulfolobus monocaudavirus 1. Notably, the protein-primed DNA polymerases are also encoded by archaeal viruses classified into the families Ampullaviridae (bottle-shaped virions) and Pleolipoviridae (pleomorphic virions) and the unassigned genus Salterprovirus (spindle-shaped virions). Given the radically different virion organizations of all of the above mentioned viruses and the fact that none of SEV1 structural proteins is shared with these other viruses, it is likely that the shared genes have been either horizontally transferred between viruses or independently acquired from the respective hosts. Maximum likelihood phylogenetic analysis of the protein-primed DNA polymerases confirms that SEV1 is not closely related to any other archaeal or bacterial virus (Figure 3).
The new family is named Ovaliviridae (from the Latin ovalis, for oval). Alphaovalivirus is designated as the genus of the family Ovaliviridae. Sulfolobus ellipsoid virus 1 is designated as the species of the genus Alphaovalivirus.
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Figure 1. Electron micrograph and 3D reconstruction of SEV1. (A) Electron micrographs of SEV1 virions negatively stained with 2% uranyl acetate. The virion is slightly constricted in the middle, as indicated by a red arrow. Scale bar: 200 nm. Inset, an SEV1 virion. The envelope, capsid striations and central hole of the virion are indicated by black, blue and white arrows, respectively. Scale bar: 100 nm. (B) Cryo-ET of SEV1 virions. The virus envelope, spikes on the envelope and striated capsid are indicated by black, orange and blue arrows, respectively. Scale bar: 50 nm. (C) A thin slice (~16.12Å) from the cryo-ET of SEV1. The central hole in the capsid is indicated by a white arrow. The envelope and striated capsid are indicated by black and blue arrows, respectively. Scale bar: 50 nm. (D) A sectioned slice from the reconstructed tomogram of an SEV1 virion (top view). Scale bar: 50 nm. The envelope and central hole are indicated by black and white arrows, respectively.
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Figure 2. The genome map of SEV1. The size and direction of each predicted ORF or genetic element is indicated by an arrow. ORFs with a putative function, those homologous to ORFs from other archaeal viruses or containing conserved motifs, and those having no significant sequence matches to known sequences in public databases are shown with blue, green and grey arrows, respectively. The inverted terminal repeats (ITRs) are indicated by orange arrows. 
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Figure 3. Maximum likelihood phylogenetic analysis of protein-primed family B DNA polymerases from bacterial and archaea viruses. In this tree, archaeal viruses comprise the following taxa: Ampullaviridae, Pleolipoviridae and Salterprovirus. The phylogeny was inferred using PhyML (Guindon et al., 2010) with the VT +G+I+F substitution model which was selected as the best-fitting model for the provided alignment and is mid-point rooted for convenient visualization. 
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