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Single-cell genomics for microbes:
A novel tool for microbial genome analytics

Isolated strain genomics Genomic analysis output
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reference genomes

Diverse microbial
community

..\ BACTERIA

Metagenomics ik

P . ) ARCHAEA
BETRZSIE Mixture of aggregate DNA
RSN of microbial community

0>« 16STRNA

3:? > SN MisEEEmomies Genetic composition /
pathway analysis Strain-level diversity

1> B B b B

|

2o ” n
]

|

o— B -90-0o

|

|
O—-O—@ Single-cell genomics i
Ohd t0d Massively parallelized DNA |
— :
= |
|

—’—> from individual cells
~0-0 . witmaper

—_—_———_—_Mt—_—_—_t—_—_—_—_ —_T—_T—_ —_—_E—_—_E e e e e e e e e e e e e, e, e, e, e, e e

Methodologies can be combined
to maximize output quality




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

From complex ..to individual microbial
microbial community.. genome catalogue
via single-cell genomics
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bit-MAP® bitBiome Microbiome analysis Platform

Isolation Genome Amplification Sorting Sequencing Data analysis
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Individual microbes  Massively parallelized Select only capsules Next-generation Analyze genetic and
encapsulated in lysis and DNA containing microbial DNA sequencing functional information
individual gel amplification within DNA using and bioinformatics  of individual microbe
capsules (droplets)  gel capsules fluorescence analysis
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bit-MAP® single-cell microbial genomics
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High resolution High data quality Broad spectrum High throughput

e Strain-level * High genome « Compatible « High
analysis coverage with a wide throughput
(beyond  No contamination variety of reduces cost
species-level) microbiomes
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bit-MAP® identified species of bacteria that respond to

dietary fiber

Increase of Bacteroides sp.

Combination of single-cell and
metagenomics identified
microbiome strains
responding to dietary fiber in
the mouse gut
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" Bifidobacteriaceae
M Streptococcaceae
Ruminococcaceae
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B Lachnospiraceae
M Bacteroidaceae

Metabolomics

umolig cecal contents

Increase of succinate in cecum

Chijiiwa et al., Microbiome 2020,
https://doi.org/10.1186/s40168-019-0779-2

Single-cell genomics

Analysis of more than 300 single-cell genomes;
identification of uncultured Bacteroides sp.
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Identification of inulin utilization gene cluster and
succinate synthesis pathway from draft genomes
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bit-MAP® provides high and medium quality draft genomes
from gut microbiota at once Chijiwa et al, Microbiome 2020,

https://doi.org/10.1186/s40168-019-0779-2
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Lineage? # contigs (Tl\(jt)a;l S N50 (bp) | GC (%) | #CDS (Co/c:)r;wpleteness (CO/(;)r;tamination (?uAaGI‘ityC
Bacteroidota;Bacteroidia;Bacteroidales;Bacteroidaceae;Bacteroides;Bacteroides acidifaciens 369 4.93 29923 43.1 4165 97.27 1.12 High

Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae;28-4 709 5.08 13000 44.6 4725 93.87 1.78 Medium
Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae; CAG-65 308 4.62 48295 50.7 4203 98.85 3.97 Medium
Bacteroidota;Bacteroidia;Bacteroidales;Bacteroidaceae;Bacteroides_B 305 4.22 34968 43.1 3598 98.62 0.8 Medium
Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae; CAG-95 317 4.23 39279 43.6 4110 96.45 1.45 Medium
Bacteroidota;Bacteroidia;Bacteroidales;Muribaculaceae;UBA3263;GCA_001689615.1 265 2.42 24935 50.4 2284 85.47 0.89 Medium
Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae 496 5.06 25158 47.1 4957 95.89 3.59 Medium
Bacteroidota;Bacteroidia;Bacteroidales;Muribaculaceae; CAG-873 380 2.66 16733 52.1 2436 78.2 1.58 Medium
Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae; CAG-95 597 5.02 23340 44.4 4633 95.33 2.87 Medium
Firmicutes;Bacilli;Lactobacillales;Lactobacillaceae;Lactobacillus;Lactobacillus johnsonii 54 1.91 104736 34.3 1789 99.22 0.78 High

Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae; COE1 431 4.25 27757 37.9 3664 92.66 2.59 High

Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae;Eubacterium_J 419 3.92 25561 45.0 3748 92.92 4.75 Medium
Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae;14-2 884 5.14 11980 44.6 4945 85.42 0.95 Medium
Bacteroidota;Bacteroidia;Bacteroidales;Bacteroidaceae; F0040 273 2.64 20006 47.1 2340 95.18 1.58 Medium
Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae;Dorea 388 2.55 12891 45.3 2429 67.29 2.53 Medium
Bacteroidota;Bacteroidia;Bacteroidales;Muribaculaceae; CAG-485 385 1.94 8558 46.4 1735 56.91 0.5 Medium
Firmicutes;Bacilli;Erysipelotrichales;Erysipelatoclostridiaceae;Erysipelatoclostridium;Erysipelatoclostridium cocleatum | 299 2.69 19801 28.9 2384 95.28 0.94 Medium
Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae;Dorea 311 2.42 20896 44.1 2370 62.98 0 Medium
Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae; CAG-95 756 4.13 11653 45.8 4150 57.89 2.63 Medium
Bacteria;Firmicutes_A;Clostridia;Lachnospirales;Lachnospiraceae;Dorea 642 3.03 9299 45.8 2954 60.15 2.58 Medium
Bacteroidota;Bacteroidia;Bacteroidales;Muribaculaceae; CAG-1031;GCA_001689585.1 314 2.00 15566 50.5 1738 59.25 0 Medium
Bacteroidota;Bacteroidia;Bacteroidales;Rikenellaceae;Alistipes 265 1.73 22105 52.5 1581 56.76 1.92 Medium
Firmicutes_A;Clostridia;Oscillospirales; CAG-272 229 1.72 16943 45.4 1622 59.65 0 Medium
Bacteroidota;Bacteroidia;Bacteroidales; Muribaculaceae; CAG-485 667 2,51 6077 45.3 2558 50 7.76 Medium
Firmicutes;Bacilli;Lactobacillales;Lactobacillaceae;Lactobacillus_H;Lactobacillus_H reuteri_A 200 1.82 17958 38.3 1735 86.54 0.54 Medium
Firmicutes_A;Clostridia;Lachnospirales 317 1.74 11294 39.6 1762 54.88 1.34 Medium




bit-MAP® revealed complex microbial diversity in various
environmental samples rtps:/doiong 10101 5070 0505862001

Marker tophit phylum
<> Proteobacteria
<> Desulfobacterota
Q Cyanobacteriota
<> Bacteroidota

0 Patescibacteria
<) Bdellovibrionota
<> Actinobacteriota
<> Firmicutes

’ Omnitrophota
@ Planctomycetota
€ multiple_hits

& Others
Sampling site

[0 s1 Beach
[ s2 Desert
[] s3 Mangrove soil
s4 Sea soil
[[]s5 Seasoil
S6 Seasand
B w1 Seawater
B w2 Seawater

Dataset legend

@ 165 rDNA detected(>500 bp)
@ <97% identity to top hit resuit
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The various metabolic capabilities were found across
the Iineages at Single-ce” reSOIUtion https://doi.otl’\;lgi/syg)lfflvz)al/eéoa;.(,).gi?vo.(F){;.i\9/6220020017
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Caspase domain

FlgD lg-like domain

TonB-dependent Receptor Plug Doma
Diguanylate cyclase, GGDEF domain
Histidine kinase-, DA gyrase B-, and H
Glycasyl wansferase family 2
Adenylate and Guanylate cyclase catak
Sulfatase

Frokaryotic N-terminal methylation mc
Protein kinase domain

Adenylate and Guanylate cyclass catak
Radical SAM superfamily

Respanse regulater receiver domain
Haemolysin-type calcium-binding repe
PRD domain

Aldehyde farredozin oxidoreductase, d
Concanavalin Adike lectin/glucanases :
AcrBAcrDrAceF family

Frobable Ainc-ribbon domain
Sugar-specific transcriptional regulator
5-laver homalogy domain

Phycobilisome Linker palypeptide
Chloraphyll A-B binding pratein

j]‘

Virulence factor

Biosynthetic gene cluster
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Phycobilisome protein
ABC transporter
Enayl-[Acyl carrier protein) reductase
Fhage integrase family

B Ring hydroxylating alpha subunit (cata
EamA-like transporter family
LysR substrate binding domain
Cytachrome ¢
Aminomethyltransferase folate-bindin
LysE type translocator
Unannotated
DDE domain
Unannotated

What does single-cell genomics provide?

O Bacterial functions from complex
communities

Unannotated
Glutathione-dependent farmaldehyde
Snoal-like polyketide cyclase
B Cytochrome P450
Protein of unknawn function (DUF421]

Bacterial regulatery protains, lacl farmil:
#inding-protein-dependsant transport |
Binding-pratein-dependant transport :
Spore germination B3/ GerAC like, C-te
Protein of unknown function (DUF323°
Spore germination pratein

Puch C-terminal hebix-tum-helix domai
Bacillus/Clestridum Gerd spore germis
Yhel/D like ATP-grasp

O Massively parallel obtaining draft
genomes
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O Target cell screening
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bit-MAP" reveals strain-level diversity at single-cell
resolution

Genome identity heatmap for microbes which are
identified as the same species “X” by conventional 16S rRNA
genome analysis (gut microbiome, fecal sample)
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What we provide

Single-cell whole-genome sequence specific to microbes

Expansion of reference genome database
Within-species diversity analysis

Functional analyses of strain/whole genome/single-nucleotide variation

Microbiota composition or quantitative analyses can be combined with
metagenomics for additional insight
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Whereas metagenomics ---Single-cell genomics provides a

provides an abstract, complete understanding of the
overall picture:-- target.
16S rRNA metagenomics Single-cell analysis

* Quickly identifies the members of a
microbial community

« Cannot conduct functional analysis;
specializes in phylogenetic analysis

e Species with a low presence are treated
as “other”

using bit-MAP®

« Analyze functions from genome
sequences at the strain level
for individual microbes

« The original genome sequence
is undoubtedly from a single

Shotgun metagenomics cell

« Analyze composition/functions of the
entire microbial community

« Comparing related species and obtaining
data for rare species are difficult

e Difficult to reconstruct fragmented
mixed-species genome sequences

 Analyzes rare and/or difficult—
to-cultivate species

bit-MAP® is not a replacement for metagenomics.
. Rather, bit-MAP® can be used with metagenomics to provide
;,ff bitBiome deeper understanding with additional value.




Our Mission

Unlock the Potential
- of Microbes
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