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Exploring the microbiome frontier with single-cell analysis
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It has been widely recognized that human microbiomes play important roles in the host.
Especially in the gut microbiome, they are closely related to the health and disease of the host.
To understand their functions precisely, we have developed a microfluidic droplet-based single-
cell genome analysis method and conducted massively parallel single-cell genome sequencing
of human gut microbiomes". This method enables us to obtain the genome information of
unknown bacteria and to identify genome structural variations including SNPs and functional
gene mutations at single-cell resolution.

On the other hand, the diversity of environmental microbiomes is still overwhelming the
throughput of single-cell genome sequencing. Therefore, the method for primary screening that
detect candidates for beneficial microbiomes is required. In our laboratory, we have adopted
the Raman spectroscopy to perform the primary screening of target microbiomes from the
populations at the single-cell level. The Raman spectroscopy enables label-free detection of
substances at molecular level in microbiomes and gives in-real-time images of cellular
molecular distributions. Furthermore, a decomposition spectrum derived from the
biomolecules is acquired by using a multivariate curve resolution method (MCR-ALS), and
this method enables us to evaluate the productivity of microbial metabolites and to observe
various target molecules in microbiomes®.

Combining these technologies, we have developed a platform for screening beneficial
microbiomes and acquiring genome information at the single-cell level. We have applied this
platform to marine sponge Theonella sp. and acquired the single-cell draft genome of symbiotic
microbiome producing functional secondary metabolites.

Here, the novelties and the latest applications of our developed single-cell genome analysis
will be introduced. Furthermore, the potential of single-cell analysis toward the personalized
medicines with the data of human microbiomes will be explained.
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