Sequence and structural analysis of related proteins in distant viral species
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Unlike cellular organisms, viruses do not constitute a monophyletic group, in which the
phylogenetic history can be traced back to a common ancestor. The origin and relatedness of
different virus families is currently a subject of active discussion. It is unclear, whether
viruses have evolved by reduction of many essential genes from cellular species, descend
from mobile elements of other organisms, or whether they precede cellular life and are
ancient self-replicating units. Possibly, all these hypotheses are true, for a subset of viral
families [1]. The recent discovery of giant viruses [2, 3] revived this discussion with
suggestions that a certain clade of them may represent a fourth domain of life [4].
Analysis of evolutionary relationships between distant viral families presents particular
difficulties, since the sequence similarity of viral proteins is rarely detectable outside the
immediate viral family. We have performed an all-to-all sequence and structural comparison
of viral proteins, and focused on cases where similarity is detected between proteins from
viruses that use different type of nucleic acid to encode their genome. We can split the
corresponding proteins families into families with balanced and unbalanced distribution of
viral genome types. For the former category, we recapitulate viral hallmark genes (i.e. genes
characteristic to only viruses and present in diverse species [5]) and other known wide-spread
viral proteins [6], providing the first comprehensive analysis of these cases. The protein
families of the latter category can be often characterized by horizontal gene transfer events.
We could not detect any events of horizontal gene transfer between different viruses,
however, we have identified several events of horizontal gene transfer from the host to an
infecting virus. We have also identified proteins from several protein families that appear in
very distant viruses, whose function is likely conserved but whose origin cannot be traced
back to a single viral class, which hints at a much more complex network of kinship in the
virus world than previously recognized.
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