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Résumé du projet de thése

The brown algae (Phaeophyceae) are key components of coastal ecosystems with important roles as primary
producers and as habitats for a broad range of other species. These seaweeds are attracting considerable interest as
aquaculture crops as a consequence of their capacity to rapidly produce large quantities of biomass under
sustainable culture conditions that do not require the use of arable terrestrial land nor freshwater resources. Brown
algae are also of fundamental interest as they represent the third most complex lineage of multicellular organisms
after animals and land plants, to which there are only very distantly related, being members of the Stramenopile
supergroup. Despite these highly interesting features, the basic biology of these organisms is still quite poorly
understood. The Phaeoexplorer project (https://phaeoexplorer.sb-roscoff.fr/home/), funded by the France
Genomique large-scale sequencing program and coordinated by the host laboratory in Roscoff, aims to address
this knowledge gap using a genomics approach. Phaeoexplorer has recently completed the sequencing and
annotation of 66 complete genomes, corresponding to 46 species of brown algae (Phacophyceae) and closely-
related sister species. The specific objective of this PhD project is use this newly-available resource to analyse the
role that integrating viral genomes have played in the evolution of brown genomes.

Genome sequencing has detected the presence of integrated viral DNA in the genomes of diverse eukaryotes and
this integrated DNA is thought to play an important role in genome evolution'. In most cases, integration of viral
sequences is thought to involve non-specific processes but a small number of eukaryotic viruses are lysogenic, so
that integration into the genome of their host is actually part of the viral life cycle. This is the case for the
phaeoviruses that infect brown algae>*. The phaeoviruses are members of the phylum Nucleocytoviricota and the
members of this phylum, known as nucleo-cytoplasmic large DNA viruses (NCLDVs), are remarkable for the
large sizes of their genomes, often extending to several hundred kilobases and containing large numbers of genes.
The large size of NCLDV genomes, and the diversity of gene they contain, means that they have a strong potential
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to influence the evolution of their host's genomes, particularly in the case of phacoviruses, which spend a
significant part of their life cycle as integrated sequences.

A pipeline has been developed to detect viral genes in the Phacoexplorer genomes and application of this pipeline
has identified a large number of diverse inserted viral sequences (referred to as endogenous viral elements or
EVEs) in the algal genomes. Analysis of the EVEs indicates that they include both complete, inserted viral
genomes (proviruses) and fragments of viral genomes that probably correspond to ancient insertions that have
partially degenerated. There are also indications that some viral genes have been or are being assimilated into the
alga host gene repertoire (for example, viral sequences that would normally be monoexonic and silent in the host
genome acquiring introns and becoming transcriptionally active). The aim of this PhD project is to analyse the
EVEs in the Phacoexplorer genomes to further our understanding of the interaction between the viruses and their
algal host and to understand how the integrated viral sequences impact the evolution of the host genomes. For the
former, analysis of the EVEs will provide an overview of the diversity of phaeoviruses and the diversity of the
overall viral geneset. The dataset will also be used to investigate phylogenetic associations between viral and algal
taxa (i.e. general host specificity). The EVEs will also be analysed to understand the fates of inserted sequences,
in particular the relative roles of degeneration and assimilation of genes by the algal host. Characteristics associated
with the former include provirus fragmentation, transposon insertion and gene inactivation (e.g. frame shift
mutations), whereas characteristics of the latter include intron acquisition and activation of transcription. Genomes
corresponding to 15 different species from the genus Ectocarpus will be particularly useful to precisely map EVEs
and to identify newly assimilated viral genes using genome synteny.

The analyses proposed for this PhD project will address several important outstanding questions including How
diverse are the phaeoviruses? How do phaeoviruses insert into their algal hosts genomes? What is the long-term
fate of proviruses after they have inserted into a genome? Are inserted viral genomes a source of important new
genes via horizontal gene transfer (HGT) and, if so, are these genomes an important source of HGTs?
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Faisabilité du projet de thése

The co-supervision proposed for this project will ensure that the student has access to all of the data and facilities
necessary to carry out the project. Mark Cock of the UMR 8227 is coordinating the Phaeoexplorer project, which
is being carried out in collaboration with Genoscope and involves a large, international consortium for the analysis
of the Phaeoexplorer genome data (38 institutes in 14 countries on four continents). Erwan Corre leads the Analysis
and Bioinformatics for Marine Science (ABiMS; http://abims.sb-roscoff.fr/) platform within the FR2424, which
is part of the French Bioinformatics Institute (IFB) and has extensive experience with providing bioinformatic
support to diverse scientific projects both within and outside Roscoff Biological Station and with providing the
calculation and storage environment for large-scale bioinformatics projects.

The student will have full, pre-publication access to the Phacoexplorer genome dataset and will carry out his
analyses using the extensive server facilities available in Roscoff (http://abims.sb-roscoff.fr). The PhD project will
build on work carried out by a postdoctoral fellow (co-supervised by the Algal Genetics group, UMR 8227 and
ABiMS), Dean Mckeown, which involved identification and manual validation of the large number of EVEs in
the Phaeoexplorer genomes. The PhD project will therefore be based on solid preliminary work and we therefore
estimate that the risk attached to the project is minimal. The student will benefit from interactions with the
extensive international consortium that has been formed around the Phaeoexplorer project, in particular from a
collaboration with Declan Schroeder at the University of Minnesota
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(https://www.virology.umn.edu/bio/virology/declan-schroeder) who is providing extensive expertise in virology,
including for phaeoviruses. Dean Mckeown is currently in Declan Schroeder's laboratory and will continue to work
on the Phaeoexplorer dataset and provide support for the PhD student's analyses. The project will involve
bioinformatic analysis of an existing dataset and no wet laboratory experiments are planned.

Both Mark Cock and Erwan Corre will participate in all aspects of the PhD project, including regular, joint
meetings with the student and concerted help with addressing both scientific and technical aspects of the project.
In terms of complementarity, Mark Cock will provide input regarding brown algal biology and genomics, whereas
Erwan Corre will provide high-level guidance for the implementation of bioinformatic approaches and coding.
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