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Abnormal compositions of intestinal microbiota have been reported to be 
associated with various diseases. We analyze intestinal bacteriome and virome in 
various diseases and search for “pathobiont” that causes the diseases. By making 
use of bioinformatics, we are constructing an analysis pipeline for intestinal 
microbiome, conducting comprehensive metagenomic analysis, and developing 
phage therapy for the specific control of pathobionts.

1.  Analysis of intestinal microbiota in disease.
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In recent years, not only in intestinal diseases such 
as inflammatory bowel disease, but also in autoim-
mune diseases, diabetes, cardiovascular diseases, and 
autism, dysbiosis have been detected. It is now clear 
that dysbiosis is closely related to the pathogenesis of 
the diseases. It is expected to treat the disease by im-
proving dysbiosis.Fecal microbiota transplantation 
(FMT) is an effective therapy for recurrent Clostridi-
oides difficile infection (rCDI). However, the overall 
mechanisms underlying FMT success await compre-
hensive elucidation, and the safety of FMT has recent-
ly become a serious concern because of the occurrence 
of drug-resistant bacteremia transmitted by FMT. We 
investigated whether functional restoration of the 
bacteriomes and viromes by FMT could be an indica-
tor of successful FMT.The human intestinal bacteri-
omes and viromes from 9 patients with rCDI who had 
undergone successful FMT and their donors were 

analyzed. Prophage-based and CRISPR spacer-based 
host bacteria-phage associations in samples from re-
cipients before and after FMT and in donor samples 
were examined. The gene functions of intestinal mi-
croorganisms affected by FMT were evaluated. 
Metagenomic sequencing of both the viromes and 
bacteriomes revealed that FMT does change the char-
acteristics of intestinal bacteriomes and viromes in 
recipients after FMT compared with those before 
FMT. In particular, many Proteobacteria, the fecal 
abundance of which was high before FMT, were elim-
inated, and the proportion of Microviridae increased 
in recipients. Most temperate phages also behaved in 
parallel with the host bacteria that were altered by 
FMT. Furthermore, the identification of bacterial and 
viral gene functions before and after FMT revealed 
that some distinctive pathways, including fluoroben-
zoate degradation and secondary bile acid biosynthe-
sis, were significantly represented. The coordinated 
action of phages and their host bacteria restored the 
recipients’ intestinal flora. These findings show that 
the restoration of intestinal microflora functions re-
flects the success of FMT. In the future, we will con-
duct a comprehensive metagenomic analysis of feces 
from patients with Crohn’s disease and neurodegen-
erative disorders to investigate the role of dysbiosis in 
pathological mechanisms.
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2.  Development of treatments for dysbiosis-relat-
ed diseases by comprehensive metagenomic 
analysis

Our intestinal tract carries a lot of bacteria in the 
lumen as the resident microorganism. In addition to 
resident bacteria, viruses are also present in our intes-
tinal tract, most of which are bacteriophages. Howev-
er, it is still unclear what kind of bacteriophage exist 
in our intestinal tract, and what kind of bacteria they 
infect with. As one of the reasons, isolation of viral 
nucleic acids and preparation of libraries have not 
been established. Since conserved sequence such as 
16s rRNA gene do not exist in virus, whole genome 
analysis is necessary. Even if comprehensive whole 

genome analysis of intestinal viruses were performed, 
most of the sequence fragments couldn’t be classified 
by homology search due to the insufficient public da-
tabases. Thus, virome analysis is relatively difficult 
compared with bacteiome analysis and this situation 
is expressed by the word “vral dark matter”. We have 
developed the isolation method of intestinal viruses. 
We also have generated analysis pipeline of metagen-
ome analysis of viral genome and the method to ana-
lyze host-parasite association identified based on the 
shotgun sequencing data of the bacterial flora and vi-
ral plexus. We are now generating the foundation for 
next-generation phage therapy which uses phage-de-
rived enzymes to kill bacteria and artificial phage 
therapy for the elimination of intestinal pathobionts.
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