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Thesis Summary

The mutual interaction between the intestinal microbiome and the host forms a complex biological
process. Although the function of the intestinal tract varies from site to site and there are differences in
the physicochemical environment, the microbiome responses to these environmental shifts, as well as
the changes in the host-microbiome interactions, remain unknown. In this dissertation, | developed a
metatranscriptomic analysis method for multiple intestinal sites and a gene co-expression network
analysis method for the host and microbiome genes. | further applied these methods to the intestine of
the primate, the common marmoset, and elucidated the host-microbiome interactions across the
multiple intestinal sites.

In Chapter 1, | delineated the concept of the host-microbiome interactions and expounded upon the
significance of the analytical techniques in decoding these interactions.

Chapter 2 details the development of the metatranscriptomic analysis method to understand the
functional changes in the microbiome along the host intestinal tract and its application to the common
marmoset. This method overcame the issue of potentially overlooking unknown genes inherent in
conventional database-dependent methods by reconstructing reference metagenomic sequences
across multiple intestinal sites. Moreover, | successfully predicted the functions of unknown genes by
incorporating spatial correlation in co-variation analysis.

Chapter 3 reports on the gene co-expression network analysis along the intestinal tract of the
common marmoset to decipher the host-microbiome interactions. In a huge gene co-expression
network, it is crucial to divide the network into understandable units and extract densely connected gene
modules. | proposed a gene module extraction algorithm based on graph theory suitable for
understanding inter-species interactions and identified 27 gene modules including genes from both the
host and microbiome. These gene modules not only produced results consistent with previous studies
regarding the host-microbiome relationships, but also provided new insights into microbiome genes
acting as potential mediators in host-microbiome interplays.

Chapter 4 concludes the dissertation, discussing the potential applications of the analytical methods
proposed in this study and future prospects derived from the findings.

In summary, this dissertation developed the metatranscriptomic analysis that enables quantification of
gene expression levels in the microbiome, including unknown bacterial genes, and the gene
co-expression network analysis incorporating both host and microbiome genes. These methodologies

provided insights into the host-microbiome interactions along the intestinal tract.




