
S4 Text. Evidence of the evolutionary relationship between Herpesvirales and Caudovirales lineages.
The evolutionary linkage between the two viral lineages of Herpesvirales and Caudovirales (tailed bacteriophages) has so far been established based on structural, functional, and mechanistic similarities, rather than sequence similarity [1]. The strongest evidence of the relationship between the two lineages came from their capsid assembly pathways. Both lineages assemble an icosahedral capsid enclosing the viral dsDNA genome, from an immature form called the procapsid [2,3]. To create the procapsid both herpesviruses and bacteriophages use a helper protein termed scaffolding protein, which is later released from the mature capsid once its formation is completed. Variations exists regarding the number of scaffolding proteins used and whether these are encoded by an independent ORF (as in the case of herpesviruses and most bacteriophages), or constitute a segment of a major capsid protein sequence (as in the case of bacteriophage HK97) [4,5]. Albeit differences in shape (e.g. spherical vs elongated) and symmetry (i.e. T number) occur among bacteriophages, the mature capsid is in both lineages icosahedral, and its faces are composed of true pentameric and hexameric complexes (i.e. pentons and hexons, respectively). These are primarily formed by the major capsid protein (MCP), which holds another striking evidence of a shared common ancestor [1]. First identified in bacteriophage HK97 [6], herpesvirus and tailed bacteriophages MCPs hold a common fold, either comprising the full length or a domain of the protein, which locates at the floor of the capsid, suggesting a key role in the structural transformations occurred during capsid maturation. This MCP fold is distinctive as it is unique in the virosphere (i.e. not observed in other viral lineages to date) [1]. Another capsid component that links the two lineages is the dodecameric portal-complex located in one of the capsid vertices and through which the DNA is injected to and released from the capsid [7,8]. During genome packaging (i.e. insertion into the capsid), a virally-encoded complex, the tripartite terminase, is required to bind the portal complex whilst the capsid is still in its procapsid form, and genome packaging occurs concomitantly to capsid maturation. A tripartite terminase complex is employed by both herpesviruses and tailed bacteriophages, and its large subunit constitutes the only example of sequence conservation between the two lineages found to date [5]. Finally, both tailed bacteriophages and herpesvirus encode auxiliary proteins, which assist the release of the viral genome from the capsid. For this to happen, the genome has to traverse the portal complex and the respective channels at the prokaryotic cell wall and eukaryotic cell nucleus, respectively, prior genome release, triggering the injection across the portal complex and into the cell and nucleus, respectively, to start [5].
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