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Single-cell genomics for microbes
～Innovating novel findings to industry utilization～
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Through the world’s first microbiome 
single-cell genome analysis platform,
we provide:

• Analytics & insight

• Product & service
co-development

Inc.

Japan-based start-up formed 
Nov. 2018

Our platform is 
industry-recognized
as a potential 
game-changer

Source: illumine, QIAGEN website

Illumina, Inc.
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Microbiomes are untapped resources with potentially 
massive value

The percentage of
microbial species on Earth

that have been discovered to date 
is less than

0.001%

Market size of products
derived from 

microbiomes (global)

55
$ Billion
(2012)

and growing…

Scaling laws predict global microbial diversity Kenneth J. Locey, Jay T. Lennon
Proceedings of the National Academy of Sciences May 2016, 113 (21) 5970-5975; DOI: 10.1073/pnas.1521291113
バイオ産業創造基礎調査報告書(平成22年度版), 日経BP2012年版
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bitBiome’s next-generation microbiome analysis method uses single-
cell genomics and addresses the challenges of conventional methods

bitBiome’s technology: “bit-MAP®”

No need for cultivation

Clarifies functions from 
complete genome 
information

Single-cell genomics 
enable essential 
understanding of the gene-
microorganism linkage

Challenges

Difficulty of establishing 
incubation conditions for 
each microorganism, high cost 
of maintenance

Identifies microorganism 
classification and prevalence, 
but unable to determine 
function

Overall community genome 
analysis; difficulty in precise 
linkage between specific 
gene and the microorganism

Classic 
isolation and 
cultivation 

Shotgun
metagenomics

16S rRNA
metagenomics

Conventional microbiome 
genome analyses
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The bit-MAP® process

Sample 
acquisition 

& preparation

Microbial 
isolation

DNA 
amplification

Gel capsule 
selection

DNA
sequencing & 

analysis

Collection & 
preparation of samples 
from skin, fecal, soil, 
etc. 

Individual 
microorganisms 
encapsulated  in 
individual gel capsules 
(droplets)

Massively parallelized 
lysis and DNA 
amplification within 
gel capsules

Select only capsules 
containing microbe 
DNA using fluorescence

Next-generation DNA  
sequencing and 
bioinformatics analysis

Laser
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High-throughput microbiome isolation using microfluidics

Oil

Sample 
reagent
to be 
isolated

Oil

Sample 
acquisition 

& preparation

Microbial 
isolation

DNA 
amplification

Gel capsule 
selection

DNA
sequencing & 

analysis

Encapsulation
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Ref.) Basic protocol: analyze 384 single cells per sample

1 sample Microbial 
community

Analyze genome of
384 individual microorganisms

(use 384 well plate)

• Each well has “an amplified DNA sample 
from one microorganism”, which is confirmed 
to be isolated.

• In some cases, some wells include the same 
microorganism species/strain DNA, because 
of a biased balance of microorganism 
proportion, such as dominant microorganism

Isolation
and DNA 

amplification 
etc.

Analysis report

Genome sequence data

etc.
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So what?: We can explosively identify novel species

Of 771 microbial genomes 
identified, 24% (185 genome, 
12 species) were new

(No NCBI database registration)

2 4 %

High-quality
human gut microbial genomes

registered
in the NCBI database:

425 species (617 genomes)2)

1) From Takeyama lab, Waseda University
2) As of Jan. 2019 (Forster et al. Nat. Biotech 2019), 425 species, 617 genome

Microbiome single-cell analysis 
of 3 healthy volunteers (fecal sample)1)

We added
12 previously unknown

species (+3%) just 
from sampling

3 healthy volunteers

New
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What we want to achieve: next-gen applications through a 
microbial genome catalogue combined with meta-info

From complex 
microbial community..

Application in
industries/academia

..to individual microbial 
genome catalogue
via single-cell genomics
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Superiority of bit-MAP®

Extensive coverage
• Compatible with a 

wide variety of 
microbiomes 
(gram+/-)

High resolution
• Strain-level analysis 

(beyond species-
level)

High throughput
• High throughput 

reduces cost at the 
same time
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bit-MAP® reveals strain-level diversities in human gut 
microbes at single-cell resolution

100 99 98 97

ANI Score
(Average Nucleotide Identity)

High Low

Heatmap of the species “a” strain-level comparison from 
different hosts (Gut microbiome, fecal sample)
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Host A originHost B origin

Strain
i

Strain
ii

Strain iii Host A and B has 
different strain type 
in their gut

Host A has 2 
different strains 
inside the gut

<Impact of strain 
difference>

O-157, toxin–producing 
type E. coli., is a 

different strain of 
common E. coli

Strain
difference

O-157 Ordinal
E.coli
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bit-MAP® Raison d’etre

Whole-genome sequencing 
with single-cell

No need for cultivation

Draft Genome Data 
derived from Genuinely 
“Single-cell” with no 
contamination

Applicable to subtle 
microbiome sample
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Technological competitive advantage through
seven pending patents and proprietary database

Foundational patents    Application-oriented
patentsWet (Biology)

Single-cell 
analysis

Dry (Bio-Informatics)

Microbiome
genome database

Patent portfolio related to bit-MAP®

Six other pending patents
(Confidential)
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Only bitBiome can conduct single-cell genomics of microbiota

Human/animal
cell

Single-cell
genomics

Microbiome

Meta-
genomics

Technical hurdles

of single-cell genomics

targeting microbiomes

• Various cell types, 
making a uniform 
analysis impossible 

– Different shapes, 
sizes, and cell wall 
types

• Small cell size and small 
amount of DNA per cell

• Contamination risk

Company A

Company CCompany B

Company D

Company E

Company F

Company G

Company H

Company JCompany I

Company L

Company K

Company M

Company O

Company N
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Individual strains play critical roles in human health

Strain-level understanding is keyMicrobiome balance is critical for health

Source: 1. Nat rev Immunol, 2. Nature, 3. Nat Microbol., 4. Cell

▪ Mixture of 11 strains induce 
CD8 T cells with synergetic 
effect on immune checkpoint 
inhibitors

▪ Community gut microbiota dysbiosis correlates 
with multiple immune-related diseases1

▪ F.rodentium, H.biformis
strains produce SCFA for 
an anti-tumor activity

▪ S.epidermidis - strain 
level diversity affects 
human skin microbiome

Nature Reviews Immunology

Role of the gut microbiota in 
immunity and inflammatory disease
Nobuhiko et al.
volume 13, pages321–335(2013)

Nature 

A defined commensal consortium elicits 
CD8 T cells and anti-cancer immunity
Takeshi et al.
volume 565, pages600–605(2019)

Nature Microbiology 

Endogenous murine microbiota 
member Faecalibaculum rodentium and its 
human homologue protect from intestinal 
tumour growth
Elena et al.
volume 5, pages511–524(2020)

Cell

Host-Specific Evolutionary and 
Transmission Dynamics Shape the 
Functional Diversification of Staphylococcus 
epidermidis in Human Skin
WeiZhou et al.
Volume 180, Issue 3, 6 February 2020, Pages 454-470.e18

https://www.nature.com/articles/nri3430
https://www.nature.com/articles/s41586-019-0878-z
https://www.nature.com/articles/s41564-019-0649-5
https://www.sciencedirect.com/science/article/pii/S0092867420300532
https://www.nature.com/nri
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The importance of individual microbial identification led the National 
Cancer Center and Ministry of Agriculture to select bitBiome as a partner

Source: 国立がん研究センター・農林水産省 webサイト、日本農業新聞 (2019年11月25日) http://www.maff.go.jp/j/press/keiei/kinyu/191105_16.html

Ministry of 
Agriculture, Forestry 

and Fisheries

National Cancer 
Center Hospital

http://www.maff.go.jp/j/press/keiei/kinyu/191105_16.html
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Whereas metagenomics 
provides an abstract, 
overall picture…

16S

…Single-cell genomics provides a 
complete understanding of the
target.

bit-MAP® is not a replacement for metagenomics.
Rather, bit-MAP® can be used with metagenomics to provide

deeper understanding with additional value.

16S rRNA metagenomics 
• Quickly identifies the members of a 

microbial community
• Cannot conduct functional analysis; 

specializes in phylogenetic analysis 
• Species with a low presence are treated 

as “other”

Shotgun metagenomics 
• Analyze composition/functions of the 

entire microbial community 
• Comparing related species and obtaining 

data for rare species are difficult
• Difficult to reconstruct fragmented 

mixed-species genome sequences

Single-cell analysis 
using bit-MAP®
• Analyze functions from genome 

sequences at the strain level 
for individual microbes

• The original genome sequence 
is undoubtedly from a single 
cell

• Analyzes rare and/or difficult–
to-cultivate species
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bit-MAP®: Bioinformatics Process

                     

                       

                         

                       

                       

                       

                       

                     

                       

                         

                       

                       

                       

                       

De novo assembly
Single-cell Draft 

Genome
Bioinformatics 

Analysis

Assemble raw reads obtained 

from NGS to construct contigs 

Analyze genomic information of 

individual microbes, such as 

phylogenetic classification and 

functional analysis

Integrate single cell-derived 

genomic data into individual draft 

genomes

                     

                       

                         

                       

                       

                       

                       

                     

                       

                         

                       

                       

                       

                       

bitBiome’s proprietary bioinformatics pipeline (automating general tools)

enbles to analyze hundreds of microbes’ genome in a few hours

Metabolic Pathway

Prediction

Protein Structure

Prediction

Function 

Prediction

Comparing Genome 

Analysis

Detailed Analysis
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bit-MAP® identifies function potentials of individual microbes 
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Cellar process

Environmental Information Processing
Genetic Information Processing

Human Disease Metabolism Organismal
Systems

Functional pathway name

Cell motility

Drug resistance

Polysaccharide 
metabolism

Limonene and pinene 
decomposition

Functional species-level 

microbiome catalogue 

from stool samples of 

healthy volunteers
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bit-MAP®’s unique capabilities were recently highlighted in 
Microbiome (Impact Factor: 11.4) (Jan. 2020; by CSO Hosokawa)

Combination of single-cell and 
metagenomics identified 
microbiome strains 
responding to dietary fiber in 
the mouse gut

Analysis of more than 300 single-cell genomes;

identification of uncultured Bacteroides sp. 

genomes

Identification of inulin utilization gene cluster and 

succinate synthesis pathway from draft genomes

Single-cell genomics

Metagenomics

Increase of Bacteroides sp.

Metabolomics
Increase of succinate in cecum

Inulin

Inulin-supplemented diet for 

2 weeks

Source: Hosokawa et. al. Microbiome 2020 Jan 23;8(1):5.
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Our business model will evolve from providing technology to 
a licensing and data business based on intellectual property. 

Step 1
Consignment 

analysis
business

Step 2
Collaborative research 
with academia/industry

Step 3
Licensing & data business 

that leverages connections between 
microbial genome data and 

biological phenomena 

• Fee-for-service

• Fee-for-service

• Based on knowledge obtained: product/service 
development & patent licensing → milestone/royalties

• Business that utilizes our microbial genome database

Identification of microbes at the strain level that are 
targeted by existing therapeutic drugs through 

collaborative research with pharma co. and academia

Establishment of microbiome testing as a 
companion diagnostic to existing therapeutic 

drugs 

Expansion of bitBiome’s microbial genome database 
Subscription-based data utilization and fee-for-
service analysis using microbial genome database 

connected to disease
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bitBiome’s mission

Unlock the Potential 
of Microbes
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