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My project improved our understanding of genome reduction in bacterial endosymbionts. It led to two
publications in scientific journals, including one publication in MBE, a recognized journal in the
field. My project was scientifically relevant and improved our understanding of endosymbionts.

We sequenced 448 Blattabacterium genomes, including over 300 assembled in a
single contig. Other genomes were fragmented and assembled in multiple contigs. We analyzed these
genomes to study the evolution of Blattabacterium, a bacterial endosymbiont of cockroaches. We
reconstructed the history of gene loss in Blattabacterium and attempted to identify the mechanisms
responsible for gene loss. We identified enhanced mutation rate as the primary mechanism responsible

for gene loss. Our work yielded two papers published in Molecular Biology and Evolution (IF: 10.7)
and Molecular Phylogenetics and Evolution (IF: 4.3).
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Most cockroaches host Blattabacterium in their fat body, a bacterial endosymbiont
participating in the cockroach nutrition, recycling the nitrogen wastes of their host into
amino acid, the building blocks of proteins. The association of cockroach and
Blattabacterium is ancient and date back to the origin of cockroaches themselves.
Blattabacterium has been vertically transmitted across generations of cockroaches for
over 200 million years. The genomes of Blattabacterium are seven times smaller than
that of Escherichia coli and keep on losing genes at a multi-million-year timescale. My
project aimed to identify and model the mechanisms responsible for this slow and
gradual genome erosion.

Before we initiated this research project, a total of 67 Blattabacterium genomes were
already available. While this is a good number of genomes allowing to investigate
how Blattabacterium genomes have evolved, this number was insufficient to study
the process of genome reduction. Indeed, only a handful of reduced Blattabacterium
genomes were available, all of which already missing many genes, preventing the
reconstruction of the cascade of gene losses that initiated genome reduction in
Blattabacterium. In addition, many questions remained unanswered with the
analyses of the available genomes, justifying the sequencing of new Blattabacterium
genomes.
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My project aimed to document how endosymbiont genomes evolve at timescale of
hundreds of millions of years. While the interactions between endosymbionts and
their hosts have been extensively studied, a comparative genomic approach hasn’t
been used yet to study endosymbiont genome evolution. Comparative genomic
approaches provide a powerful tool to identify the factors responsible of genome
evolution. In this project, we originally planned to sequence 246 genomes to answer
the following questions: A. Why does mutation rate differ among Blattabacterium
strains? B. Is increased mutation rate linked to low GC-content? C. Is there
correlated gene loss as predicted by the domino effect theory? D. Can we predict the
likelihood of a gene to be lost? My project was the first to attempt to infer the
sequence and timing of gene loss, how fast it occurred, and whether there are
patterns of convergence in one endosymbiont lineage.
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We used shotgun sequencing of cockroach fat body tissues to reconstruct
Blattabacterium genomes. Blattabacterium grow in specialized cells inside the fat
bodies of cockroaches. DNA of cockroach fat body was extracted with standard DNA
isolation kits and sequenced with the Novaseq platform to generate paired-end short
reads. We generated between 2 and 20 Gigabases of short read data for each
cockroach sample studied in this project. These reads were assembled and the
Blattabacterium genomes were identified in the assemblies. The genomes of
Blattabacterium are compact and mostly composed of genes. They can generally be
assembled with short reads only. Assembled Blattabacterium genomes were
annotated, and their genes were classified in orthologous groups. We carried out
phylogenetic analyses on these orthologous groups to reconstruct a robust
phylogenetic tree of Blattabacterium. We reconstructed the gene loss history of
Blattabacterium genomes. We estimated GC-content for the first, second, and third
codon positions, gene length, dN, dS, and dN/dS. We correlated these parameters
with the loss probability of each gene. Finally, we estimated the mutational spectra
of closely related strains of Blattabacterium. These analyses allowed us to answer
questions A to D, with the final goal of improving our understanding of the evolution
of Blattabacterium. My project aimed to use Blattabacteriumi as a model to study
genome reduction in endosymbionts.
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We sequenced 448 Blattabacterium genomes, including over 300 assembled in a
single contig. Other genomes were fragmented and assembled in multiple contigs.
Therefore, we sequenced more genomes than originally planned in this project. We
analyzed these genomes to answer questions A to D. We published two papers in
Molecular Biology and Evolution (IF: 10.7) and Molecular Phylogenetics and
Evolution (IF: 4.3). Of note, the analyses are still ongoing and will lead to
additional papers in the coming years. The two papers published at the moment
are:

Kinjo Y.*, Lo N.* (*equal first authors), Villa-Martin P., Tokuda G., Pigolotti S. &
Bourguignon T. (2021) Enhanced mutation rate, relaxed selection, and the ‘domino
effect’ are associated with gene loss in Blattabacterium, a cockroach endosymbiont.
Molecular Biology and Evolution, 38, 3820-3831. [Journal IF: 10.7; ranked 4/52 in
Evolutionary Biology]

Che Y., Deng W., Li W., Zhang J., Kinjo Y., Tokuda G., Bourguignon T., Lo N. &
Wang Z. (2022). Vicariance and dispersal events inferred from mitochondrial
genomes and nuclear genes (18S, 28S) shaped global Cryptocercus distributions.
Molecular Phylogenetic and Evolution 166, 107318. [Journal IF: 4.1; ranked 11/52
in Evolutionary Biologyl
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This project yielded two papers published in recognized journals. We have not published all the genomes we sequenced yet and are currently
working on additional papers. | expect to publish an additional three papers in the coming years. Many of the genomes we produced in this project
will be published in these papers.




