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This research project is composed of three research items: (1) Quantitative 16S rRNA analysis, (2)
Rapid genome sequencing, and (3) Software development, which we conducted in parallel. In the
Heisei 28th fiscal year, we conducted the following research. About "Quantitative 16S rRNA analysis",
we made trials of quantitative 16S rRNA analysis using random DNA barcodes and next-generation
sequencer. We also developed software required for counting the numbers of DNA molecules. As a
result, we could successfully quantify DNAs from bacteria, but it appeared that there is room for further
improvements. About "Rapid genome sequencing", we developed an optimum protocol for sample
preparations for detecting infectious bacteria using next-generation sequencers. Using the protocol, we
carried out bacterial identification for various clinical samples. As a result, we made a new discovery
about causal bacteria of empyema from a severe pneumonia patient. About "Software development",
we developed software for analyzing outputs from nanopore-based DNA sequencer in a real-time manner.
Using the software, we could successfully set up an original bacterial identification system that can
identify bacteria contained in a sample within two hours after DNA extraction. More details are below.
(1) Quantitative 16S rRNA analysis: To conduct quantitative 16S rRNA analysis with a mixture of
DNA extracted from seven different bacteria, we made trials of DNA sequencing and developed a
pipeline of computational analysis. We ligated random DNA barcodes of 28 bases to PCR primers for
16S rRNA genes, amplified the gene segments with these primers, and determined nucleotide sequences
of PCR amplicons using MiSeq. By a detailed computational analysis of the sequence data, we could
estimate the numbers of DNA molecules in the original sample. However, it appeared that there is room
for further improvements, because the accuracy of bacterial species identified was low, and the estimated
bacterial composition was not accurate enough.

(2) Rapid genome sequencing: Concerning sepsis, we collected blood samples from 20 patients,
amplified the 16S rRNA gene region, and determined the DNA sequences by the lonPGM sequencer.
Then, we examined the correlation between the sequencing results and the results of bacterial culture
experiments. As a result, for 7 out of 11 samples, 0.5-12% of the total sequencing reads matched to
bacteria identified by blood culture at the species level. On the other hand, for 3 other samples that
showed negative results by bacterial culture, we could identify Corynebacterium callunae and other
bacteria that are known causes of sepsis. These results indicate effectiveness of our method of bacterial
identification. Concerning severe pneumonia, we collected empyema samples from 8 patients, extracted
DNA from each of the samples, and determined DNA sequences of entire DNA or 16S rRNA genes by
using lonPGM. As a result, we could identify Campylobacter curvus as a cause of empyema for the
first time, which was not possible by conventional methods. From the above, we conclude that our
method is applicable to identification of causal bacteria for these infectious diseases.

(3) Software development: To realize quick judgement of bacterial species by computers, we
developed a new database of genome sequences of representative species by extracting representative
data from our original GenomeSync database, and reformatted it to the BLAST and Centrifuge formats.
Then, we evaluated the performance of the database and our analysis software. Furthermore, we
developed a genome identification system that is composed of 2 high-spec laptop computers and a
MinlON sequencer, and installed the above software. Trials of the system successfully demonstrated its

ability to identify bacteria contained in a sample within two hours after DNA extraction.
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