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Giant viruses are a group of double—-stranded DNA viruses that possess large
gene repertoires and infect various eukaryotes. So far, all known giant
viruses belong to phylum Mucleocytoviricota (realm Varidnaviria). Previous
studies revealed that giant viruses are abundant, diverse, and active
everywhere in the ocean, from the Arctic Ocean to the Southern Ocean. Despite
the importance of several isolated giant viruses in the marine ecosystem, our
knowledge of giant virus ecology and evolution still remains limited due to
the difficulty in culturing these viruses. Compared to labor—intensive
isolation approaches, 7in silico analyses of large-scale omics data hold the
promise of extending our knowledge on these viruses and revealing their
enigmatic world in the ocean.

Taking advantage of the recent large—scale marine metagenomics census (i.e.,
the 7ara Oceans data), the author of this dissertation explored the ecology
and evolution of marine giant viruses. Four major findings are organized into
separate chapters (Chapters 2 to 5) in this dissertation as outlined below.

The study in Chapter 2 examined the global distribution of marine giant
viruses. In a previous study, the latitudinal diversity gradient, which is
characterized by the increase of diversity from high to low latitudes, was
observed for both giant viruses and microeukaryotes (the host of giant
viruses). In this study, the author used an extended dataset for the frequency
of giant viruses that spans various size fractions. The analysis demonstrated
that the diversity pattern across latitude varies along size fractions and
viral lineages. For example, viruses in relatively large size fractions showed
an elevated diversity at high latitudes. This result suggests that giant virus
diversity pattern across latitude is more complex than previously reported and
that they have a diverse host size range. Notably, by mining eukaryotic
genomes, the author identified evidence of potential infection of giant
viruses in diatoms, for which no giant viruses have been isolated until now.
These diatoms are known to have high diversity in polar regions, which is
consistent with the diversity pattern of some giant viruses.

The study in Chapter 3 quantitively assessed the accuracy of the co—
occurrence—based approaches for the prediction of giant virus hosts. Co—
occurrence—based approaches are often used for host prediction but there was
no study for their accuracy. The author demonstrated that the accuracy of such
approaches can exceed that of random prediction. Furthermore, the author
demonstrated that the phylogeny—informed Taxon Interaction Mapper method
substantially improves the naive use of co—occurrence methods.




The study in Chapter 4 addressed the genomic adaptation of giant viruses. The
author first confirmed the existence of a strong ecological barrier for the
community of giant viruses at the boundary between polar and nonpolar regions.
Then, the author demonstrated that the evolutionary adaptation crossing the
boundary recurrently occurred in various lineages of viruses. Furthermore, the
study identified evidence suggesting that these adaptations are likely driven
by alterations of viral gene repertoire, which are unexpectedly decoupled with
the genomic adaptation of their potential hosts

The study in Chapter 4 describes the metagenome—-based discovery of a new
group of plankton—infecting DNA giant viruses, proposed to represent a new
phylum ‘Mirusviricota’ . Mirusviruses were found to be abundant in the ocean,
and to possess a remarkable chimeric feature in their genomes, with the virion
module similar to the viruses in the Dup/odnaviria realm and the information
module similar to the viruses in the Varidnaviria realm. The author suggests
that this chimeric feature provides missing links in the evolution of viruses
in both realms.
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