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Genome Analysis of Yet-uncultured Bacteria

Metagenome Genome Analysis
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Suppression of Amplification Bias
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Hydrogels

<1 min
>
Alginate Acetic acid (pH <5)
on » Ca?*+H O + CO
%‘il
Core "o A on \bb\w . \\’\‘z;%
0.5-1h

Agarose

~OH = R50 i i
Shell HJ-O&LO\&W Toss e
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sol state initial gel final gel structure




Stable Emulsion for Agarose Shell Gelation

Before Mixing After Mixing

Control Kit 0 min 30 min

Control
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Agarose Gel Microcapsule

: . Shell Gel .

E. coli+ CoreOil Gelator B Base Equ|pment
Core + .______).. _...--’j. .
Gelator A Mixing > Pre pa rat|0n
Core Gel

* Vortex Mixer

* Angle-rotor Centrifuge (15 mL and 50 mL) or
Swing-rotor Centrifuge (50 mL)

* Pipette Aid

* Pipetteman

* Electric Balance

Base

Shell ol sore Observation
—> > * Fluorescent Microscope
Mixing Wash

Isolation
* Micromanipulator or
Plpetteman and Microscope




Termite Gut Microbiome

Escherichia coli

Mock

(wellcomecollection.org)

No.1 Bacteroides thetaiotaomicron No.9  Megasphaera elsdenii

® /v 7 7/
: Mo [swain v s IRV , /7 7

No.2  Blautia producta No. 10 Parabacteroides distasonis \N\
No.3  Catenibacterium mitsuokai No. 11 Prevotella copri : ¢

- . . Cellulase 2
No.4  Clostridium bolteae No. 12 Roseburia faecis { (V) \N\
No.5 Collinsella aerofaciens No. 13 Ruminococcus gnavus “w & Symbiotic
No. 6  Faecalibacterium prausnitzii No. 14 Streptococcus mutans %0000 2 / Microbe

@ 009, L]
No.7  Flavonifractor plautii No. 15 Veillonella tobetsuensis ° . / \N\
. Cellulose Protist

No.8  Megamonas funiformis



Cell Density

0 cells 3.05 x 106¢ cells

3.05 x 107 cells 3.05 x 108 cells

100 pm
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AGM Library

60 -
_ 50 -
40 |
% 30 -
20 |
Iy gl It i
i il __dl_n 0 ] ol N el e e m ]
40 50 60 70 80 90 100 100> 10 20 30 40 50 60 70 80 90 100 100>
Diameter (um) Core (pL)
Total 53.2 % 36.8 X10° particle/batch
E. coli + 56 * 1.7 X 105 particle/batch
125 £ 54 %
Single cell / E. coli + 938 * 88 %
Diameter 455 £ 83 um
Core 237 £ 111 pL
Shell 76 £ 27 um
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AGM

(Repli-g UltraFast Mini Kit, Qiagen)

MDA

Agarose Bead

SYBR Green | / Phase Contrast

WGA +

46 £ 29 X10° particle/batch

89 * 09 %

WGA + / E. coli +

938 * 88 %

100 pum
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Genome Sequencing

Micromanipulator

Heat Lysis

|:> 16S rRNA |:>
DNA Sequencing

DNA Sequencing

QlAseq FX DNA E> MiSeq Reagent E>
Library Kit (Qiagen) Kit v3 (Ilumina)

MiSeq (lllumina)



Data Analysis

Sequence Reads (300 bp x 2, >3 x 10° reads)

Adapter Trimming (Cutadapt, etc)

——

De novo assembly (SPAdes)

Over 1-kb Contigs (SeqKit)

Random sampling (Rasusa)

Mapping to reference
genome (Bowtie2)

De novo assembly (SPAdes)

Sequence Depth (SAMtools)

Taxonomic Classification (GTDB-Tk)

v

Evaluation (CheckM, QUAST)

Single-cell Amplified
Genome (SAG)

Evaluation (CheckM)

v

Lorenz curves and
Gini coefficients
(R ineq package)

Evaluation of Sequence
Read Distribution
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Completeness and Contigs of E. coli at Different Coverages
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Heat Map of E. coli

MDA-in-AGM FACS-MDA
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Lorenz Curve

Gini coefficient =
A/(A+B)

Cumulative fraction of
total sequencing depth

Lorenz Curve and Gini Coefficient

Cumulative fraction of sequencing depth

Mock

Bacteroides thetaiotaomicron

1.00 4

0.751

0.50 1

0.25 4 -

Cumulative fraction of
total sequencing depth

0.00

0.00

0.25

0.50

0.75

1.00

Cumulative fraction of sequencing depth

1.00- MDA-in-AGM i
c FACS-MDA 7
5 5 p
c ® (75 Cultured Cells " d
O T 5 ~
e P
g2 -
£ 8 ~”
o 5 0.501 P
=2 3 ”
= O '
=9 g
S — 0.251 P
E S -
=} o) ”
(@) ) ”
7’
0.00 , . . .
0.00 0.25 0.50 0.75 1.00

Cumulative fraction of

total sequencing depth

1.00 1

0.754

0.50 1

0.25 1

0.00

Cumulative fraction of sequencing depth

Parabacteroides distasonis

0.00

0.25

0.50

0.75

1.00

Cumulative fraction of sequencing depth

Gini coefficient

1.01

0.8

0.6 1

0.4 4

0.2 1

P 5

E. coli B. thetaio-
taomicron
MDA-in-AGM

P. distasonis

(**: P<0.01)

FACS-MDA
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Mock

| MDA-in-AGM FACS-MDA

Genome Contamination Genome Contamination
completeness (%) (%) completeness (%) (%)
acteroides thetaiotaomicron EY: 67.9£22.0 19+1.2 15 53.7 £ 19.6 0.8+1.1

lautia producta 9 74.5+£16.2 1.6+0.9 3 19.1+8.7 0.1+0.1
Catenibacterium mitsuokai 2 97.1 0.9 “

2 37.9 0.0

Collinsella aerofaciens | n.d. | nd | nd  [nd| nd | nd |
Faecalibacterium prausnitzii | n.d. | nd | nd  [ndl _nd | nd_ |
Flavonifractorplautii | nd. | nd | nd_ [ 19.0 35

4 73.5+39.6 20+1.2 3 89.5+7.7 1.2+0.5

Parabacteroides distasonis 8 84.4+£12.6 22+1.3 6 449 +23.0
2 88.5 1.8 4 54.0+6.8 12+1.4
1 28.1 17
uminococcus gnavus 1 81.5 2.5 1 54.1 1.2
treptococcus mutans 1 97.8 1.1
Veillonella tobetsuensis m 2 75.9 0.4
Total 40 37

n. d.: not detected

18



Termite Gut Microbiome

| MDAin-AGM FACS-MDA'
. Genome Contamination Genome Contamination
SAG completeness (%) (%) completeness (%) (%)
15 73.5+20.6 09+1.1 35 32.5+19.0 0.3+0.6
8 88.2+8.7 1.3+0.7 51 36.1+17.7 0.6+1.2
2 87.0 0.0 8 52.9+19.5 09+1.7
7 87.5+5.9 1.2+0.3 9 35.3+12.6 09+0.8
3 86.4+6.7 0.5+0.3 3 22.8+16.7 1.1+0.6
2 55.0 2.2 2 38.8 1.2
4 70.2+23.6 1.3+0.4 27 36.7+16.2 0.7+1.1
1 51.9 0.87 3 33.5+15.9 1.9+1.7
1 87.1 0.1 11 42.6 +21.0 0.6+0.8
2 83.9 1.2 4 65.5 + 21.9 0.2+0.3
1 72.8 0.0
1 72.9 2.0
1 74.1 0.0
Bacilli ~~~ [nd] nd | n.d. 8 47.2+23.2 1.4+2.0
18 91.2+9.8 15+1.0
48 78.6 +18.2 1.0£1.0
(66) (82.0 £17.2) (11£10) 161 37.7+19.0 07+1.1

n. d.: not detected. n. t.: not tested.
t: DNA libraries were made using Nextera XT (lllumina) and read using HiSeq (lllumina).
(): including Endomicrobia



Suppression of Amplification Bias using AGM

100 ~

Completeness (%)
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Termite

(**: P<0.01)

[] MDA-in-AGM
[] FACS-MDA
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Conclusions

e AGM, a microcapsule consisting of a sol core and a hydrogel
shell, was developed to SCG using stable shell gelation with
emulsion oil of water-equivalent density.

 AGM suppressed amplification bias using one-cycle plL-scale
MDA.

« AGM will allow many researchers easily to obtain high quality
SAGs, and can accelerate genomic analysis of yet-uncultured

microorganisms. \
y



Manual Picking

AGM Picker

Automatic Picking Throughput Improvement

% o° 5@

ID: 0102
O DNA (pg): 200
@ @ Core (pL): 50
@ @ D (um). 75

* Fluorescent Quantification

Anaerobic culture and isolation

50—100 pm AGM Core

Motorized Components

Transfer Single AGM in a
microtube or microplate
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o Optics
[

Phase
Fﬁ Plate Fluorescent Filter LED High-sensitive

UVex. Bex. YG ex. CMOS Camera
(DAPI)  (SG, GFP, FITC) (DsRed) Epi
o [ N . , pi- UVex. Bex. Red
Objective lllumination /
Lens 109 m \
90
80
Excitation i
LED E @
A %T 50
40
:E 30 h [ ]
i 0 Red = YG ex.
10
F!uorescence & £ = o g 2 pa 3 i (The Imaging Source, DBK37BUX178,
Filter = g E g 8 g g g g using SONY CMOS Stavis IMX178)
Z-Stage
Condenser (Chroma Technology, Multi LED Set for CoolLED)
CMOS Lens
Camera
Fluorescent Beads (4 um)
Objective Lens Optimisation of Condenser Lens using Zemax
Achromatic Lens Fix-focus Lens

(Olympus, (Olympus,
PLN10XPH) LUCPLFLN40XPH) Edmond Optics, Cat. 47-715
(d =30 mm, WD =75 mm)

Edmond Optics, Cat. 63-249
(WD =75 mm)

UV ex: Blue, B ex: Green, YG ex: Red

100 pm
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Picking

After Picking

W1 MR FRN ORI MO SIT DN ALTH)
a@an

ARt VReaion gy 0 ORTH
[

|
BT PO aRRED o)
Ert e T T —

A e

B »oup GeE aEw TOSIRR RO WD DUEW ALIH

Qe Jineen @ o] v e

=]

Dispense

][]
[ 50000 ey

[ S
IrhE WEE TV IOV mO|

100 pm

24



RIKEN

Acknowledgments

Hiroyoshi Aoki
Takuya Hosobata
Toshihide Kawai

AMST

Masahiro Yuki
Michiru Shimizu

Cell Bank

\ Masaharu Watanuy

Tokyo Institute of Tokyo

\ Michiya Noguchi

Y RETIZT]

School of Life Science and

Technology
Yuichi Hongoh

Tokyo Tech

TOYO Corporation

/ \ /BRC QBRC\ /IMS :::,MS\
UPOTT ICM . | | Lab. for Intestinal
Yutaka Yamagata Moriya Ohkuma @& | | Ecosystem

Yumiko Nakanishi
Tamotsu Kato

\_ J

* RIKEN
FY2019 Engineering Network

JSPS KAKENHI
Grant Number 16K07224

TOYO Corporation

Financial Supports

Pioneering Project "Biology of Symbiosis"
FY2019 Incentive Research Project

25



Termite Gut Microbiome

Yet-uncultured Bacteria

Wood (lignocellulose)

(Brune A, 2014)
Nature Reviews | Microbiology (Hongoh, 2008)

* Highly Efficient Utilization of Plant Biomass
* Complex Symbiosis between bacteria, protozoa, and host
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