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- HRREZLEY (Fungi, protozoa) 4-40 pm

* Prokaryotes

0.1-10 um

* \Viruses (MEMIZEHHEWZELZLY) 0.03-0.3 um
ZDINSZIHY, phenotypefiEHT Xsingle cell AT
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MEMDERETCORREIL,
= TIERELCIEOT OAEK

135 3t D 151

- LBIZEH#E (Luria-BertanitZih) https://togomedium.org/

-\t I EEzFEINT-EZHh T ) MEDIUM

https://www.icm riken. p/Cgi-bi n/icm/icm grmd?GRMD=58 Culture media database aggregated from various resources.

TogoMedium is a comprehensive knowledge base focused on culture media for
58 INORGANIC SALTS-STARCH AGAR (ISP-4) microorganisms. The media available in TogoMedium have been compiled from

information provided by diverse bioresource centers and research papers. All

|Solublc starch | 10.0 ‘ g information in TogoMedium is described as RDF and the composition of these media is

IKZHPO4 | 1.0 ’ g described with Growth Medium Ontology. This enables users to investigate the
interconnectedness between organisms, media, and their ingredients, facilitating a

IMgSO4 0 | 1.0 I & deeper understanding of their relationships.

[NaCl | 1.0 y g

I(NH4)2504 | 2.0 ’ g

CaCO3 | 2.0 y g

lTracc salts solution (see below) | 1.0 | ml

|Agar [20.0 | g

[Distilled water | 1.0 y E

Unadjusted pH will be 7.0-7 4.

Trace salts solution:

FeSO47TH,0 | 0.1 | g

[MnCl,4H,0 | 0.1 |

(2050, 7H,0 IEEE 2,840 39,447 1,349

lDistillcd water | 100.0 ’ ml media strains components

Comment: The premixed powder is available from Becton Dickinson & Co. as ISP Medium 4. 5


https://www.jcm.riken.jp/cgi-bin/jcm/jcm_grmd?GRMD=58
https://togomedium.org/
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Metagenomics (since 1998)

Genome analysis against “Microbial community”
to know member compositions and functions

‘n“c:‘c:‘n:“:‘ » » / »
1 % o

TogoTV (© 2016 DBCLS TogoTV)

Microbiota DNA extraction DNA sequencing Bioinformatics
sampling from microbes analysis




What’s metagenomics?

* Microflora, microbiota, microbial community: i EF5E
Total collection of microorganisms within a community

* Metagenome: HHEHE N ERIFERD AR

Total genomic potential of a community
[Handelsman J. et al. Chem Biol. 1998

e Microbiome: YA/ 20/\A A — L
Micro+biome or Microbio + ome?
Microbiota and metagenome in a microbial community



amplicon sequencing analysis
(72T BT, 16S rRNABIGF D7) #i)

Pre-analysis (Remove Primer, Chimera etc.)

ﬂ Sequence clustering or denoising

ﬂ DNA extraction

V) S
Lo .

ﬁ PCR amplification —_— —

Taxonomic assignment and

ﬂ DNA Sequencing Comparison between samples
e } FEEEEE
\ i
E=EsEs====

@
E
E

T | I 10
TogoTV (© 2016 DBCLS TogoTV)



16S ribosomal RNA (16S rRNA)

- IR — L D% EEDBRNAD—D
- ETOMELATE

- BRI DBEICE > TERBEZEK (RESNTWSA YA EZHRET AN
EHA7IKRIZTFTE)

- RtV —h—EEFDREH
170 ARULDIFEFZEREINNT —EXN—R([CEFFEH
- ZLOMENT / LAICEHOEEGEFIE—ZFTH

Phylogenetic Tree of Life
. éE%"]lSOO base Bacteria Archaea Eucarya

16S rRNAIEEFIILEEDMEICH (5
R ELTOLTEL-EEF

Woese CR. et al. PNAS. 1990



Metagenomic sequencing analysis
(AR 7 LSgHT, 23y T AR5 ) LRHT)
(AENSV ROV T —LFHT)

Metagenomic reads

!

| MEGAHIT,
Assemble SPAdes, etc.
Contig sets

ﬁ DNA extraction / RNA extraction

- Prodigal,
Gene finding MetaGeneMark, etc.

\/L Reverse transcription
/ﬂ Gene sets
ﬂ DNA Sequencing KEGG, Sequence similarity BLASTP,
e | —— DIAMOND,
RefSeq=F search MMseqs2, etc.

J

Samplel .
Gene Function abundance

Metadata - ;
omparative
Sample2 AR {— Pathway abundance

TogoTV (© 2016 DBCLS TogoTV) Metadata Taxonomic abundance

What are they doing?
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R
*PCR/INA T ADIETE
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AR J LR HT

M R

- RgHEREE R FHEEHEBRA T NS
EERICKD/NAT AMNDIE

BERMROEZTNT/ LOBE(FHNRITNIEAEE)
R =

‘referenceBe 3 K TFL =& 4T
- BHRETEITFEENZIEL. TN\ —F L E




FoT)AVBEAZT /) LGRS,

DNAH H

ﬁ DNA extraction

v
Lo

ﬂ PCR amplification

ﬂ DNA Sequencing

\

\
TogoTV (© 2016 DBCLS TogoTV)

EDBOHTEE

ﬁ DNA extraction

Lo

ﬂ DNA Sequencing

\

\

TogoTV (© 2016 DBCLS TogoTV) 14
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WMAEM D R B TDDNAK

ATCC Mock

ZymoBIOMICS Gut M

ock

A /N7 XD

ZymoBIOMICS Mock

i

20 Strain Even Mix Genomic Material Species Theoretical Abun. (%) Species Avg.GC (%) Gram Stain  gDNA Abun. (%)
MSA-1002" M, Roscaliboacteibmprabsnitai 14 = Pseudomonas aeruginosa 66.2 - 12
M Veillonella rogosae 14
NGS Standards are mock microbial communities that mimic mixed . . = Escherichia coli 56.8 - 12
. . les. Thi duct ) c DNA d Roseburia hominis 14
metagenomic samples. This product comprises genomic prepared f : » Salmonella enterica 522 ) 12
fully sequenced, characterized, and authenticated ATCC Genuine Bacteroides fragilis 14
Cultures that were selected based on relevant phenotypic and genotypilll Prevotella corporis 6 = |actobacillus fermentum 52.8 + 12
attributes, such as Gram stain, GC content, genome size, and spore . i . i
formation. Each order for this product is provided with access to run 20. Bilidobacteniui adelescents g ® Enterococcus faecalis 37.5 + 12
analyses on One Codex, the leading bioinformatics platform for microbill Fusobacterium nucleatum 6 Staphylococcus aureus 32.7 + 12
genomics and metagenomics. B Lactobacillus fermentum 6
= | isteria monocytogenes 38.0 + 12
P . M Clostridioides difficile 1.5
Specification Range: 2.69 ng/pL to 4.48 ng/pL* : — Bacillus subtilis 438 4 12
*DNA concentrations indicate ATCC manufacturing specifications and arlll Akkermansia muciniphila 1.5
provided as a reference only T ——— 0.1 = Saccharomyces cerevisiae 38.4 Yeast 2
- = Cryptococcus neoformans 48.2 Yeast 2
3092/;22 11 Product Citations M Salmonella enterica 0.01 ryp
M Enterococcus faecalis 0.001
Product catego Bacteria 5 s : N B Rc M OC k
gory Clostridium perfringens 0.0001
Product type Nl(,;t;leic a;id ; Escherichia coli (JM109) 28 g NBRC ER(E M@ﬁﬁs‘]ﬁ
N tan
standar Escherichia coli (B-3008) 2.8 &S (%) (%)
Components Nucleic acids extracted from: W Escherichia coli (B-2207) 28 Bacillus subtilis subsp. subtilis 137197 6.7 6.8+0.2
5% Acinetobacter baumannii (ATCC 17978) — i —| Bifidobacterium pseudocatenulatum 113353 6.7 9.3%+05
5% Bacillus pacificus (ATCC 10987) Escherichia coli (B-766) 281" Clostridium butyricum 139497 67 77%02
5% Phocaeicola vulgatus (ATCC 8482) M Escherichia coli (B-1109) 2.8| Corynebacterium striatum 152917 6.7 73403
5% Bifidobacterium adolescentis (ATCC 15703) B Candida albicans 15| Cutibacterium acnes subsp. acnes 1076057 6.7 14.2+04
5;% ch OS_Z' i diu"_’ befjerinckil (AILC 35702) B SseetromycascreiiEe 14 Lactobacillus delbrueckiisubsp. delbrueckii 32027 6.7 10305
5% Cut:/ acterium a‘fnes ATCLL1878 L4 —| Staphylococcus epidermidis 1009117 6.7 54%+0.2
5% Deinococcus radiodurans (ATCC BAA-816) T 2 139557 67 67102
5% Enterococcus faecalis (ATCC 47077) n.ep ococcus mu.ans - = - - I -
5% Escherichia coli (ATCC 700926) Acmeto{)acter r.adlor.eﬂstens 102413 6.7 6.5+0.2
5% Helicobacter pylori (ATCC 700392) Bacteroides uniformis 113350 6.7 3.6%0.1
5% Lactobacillus gasseri (ATCC 33323) Enterocloster clostridioformis 113352 6.7 3601
5% Neisseria meningitidis (ATCC BAA-335) Comamonas terrigena 132997 6.7 58+04
5% Porphyromonas gingivalis (ATCC 33277) Escherichia coli (K-12%k) 3301 6.7 35£0.1
5% Pseudomonas paraeruginosa (ATCC 9027) Parabacteroides distasonis 113806 6.7 52%03
5% Cereibacter sphaeroides (ATCC 17029) Pseudomonas putida 141647 42+0.1

5% Schaalia odontolytica (ATCC 17982)

5% Staphylococcus aureus (ATCC BAA-1556)
5% Staphylococcus epidermidis (ATCC 12228)
5% Streptococcus agalactiae (ATCC BAA-611)
5% Streptococcus mutans (ATCC 700610)

AR/ L

H<ETHRESYTHY. %Iﬁ’%@
IS TJILEITEL S




18 species

=18 species even cell-mix
=18 species even DNA-mix

C
-

=

Prevotella copri
C Bacteroides thetaiotaomicron
Parabacteroides distasonis
Collinsella aerofaciens
Bifidobacterium longum subsp. longum
Catenibacterium mitsuokai
Streptococcus mutans
Megasphaera elsdenii
Veillonella tobetsuensis
Megamonas funiformis
Flavonifractor plautii
Faecalibacterrium prausnitzii
Anaerostipes caccae
Ruminococcus gnavus
Clostridium bolteae
Blautia producta
Roseburia faecis
Agathobacter rectalis

(i

0.0 0.1 02 03 04

Evolutional distance

1SFEDMRAEERET-
Mock communityZ {E R

JCM 58257
~ Parabacteroides
distasonis.
.' v‘ O. . : . f

S ATy

JCM 12177 - JCM 17727
Bifidobacterium - Megasphaera
longum R
subspJongym

-
s

Mori H. et al.
DNA Res. 2023
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Comparison of 10 different DNA extraction methods using 18 species cell-mix

A

DNA ng/ cell mix (ul)

1200
1000
800
600
400
200
0
@ & © & 2
006 \2\\ Q‘QQ @e\ \,\Q Q’b §&?’
F L T F L VP
be \)é Q @9
F .
o DNA-mix gPCR ©
MonoFas
o o Theoretical
FastDNA (-]
)
3 HMP Enzyme
& o °
g ° NucleoSpin
o
QlAamp
- o
Beads Phenol
0 PureLink
o Zymo °
) o
MetaHit
[
4 - 0 2 ‘

DNA quantity

PC1 (45.92%)

Bmms

Relative abundance (%)

90%

80%

40%
30%
- . - - -
0%
s
"V S A
49& @ & &
®
Veillonella tobetsuensis JCM 179767
Megasphaera elsdenii JCM 17727
u Streptococcus mutans JCM 5705"
» Catenibacterium mitsuokai JCM 10609
» Bifidobacterium longum subsp. longum JCM 12177
Collinsella aerofaciens JCM 10188"
u Parabacteroides distasonis JCM 58257

» Bacteroides thetaiotaomicron JCM 58277
® Prevotella copri JCM 13464"

S
o sv’
S

00,’ <'~"
& Q"o «°

O 4
"o.é"?

m Agathobacter rectalis JCM 17463'
Roseburia faecis JCM 175817

® Blautia productaJCM 14717
Clostridium bolteae JCM 122437

» Ruminococcus cnavus JCM 65157
Anaerostipes ca:cae JCM 13470

» Faecalibacterium prausnitzii JCM 31915
Flavonifractor phutii 321257

» Megamonas fundormis JCM 14723"

Mori H. et al.
DNA Res. 2023 18
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ﬁ&&%ﬁ%d)ﬁf FFPE  tEYpiEfE =& —
5 [HEMED
ﬁ%i}%r; EFE =YE gy INAFTAI L
* DNase, RNase, proteinase ik ) _
- DNADZEEREYE v REwARe
DNAHE DL S £

Batch 1 Batch 2
[

100

2—5 Y RDDNANB LB DB E ] |||||||‘||||I|

* Host DNA/RNA ii‘“”"l
e KEMDRibosomal RNA IIII
o« FyhoK, REFOIUFIDNAL . £ it

-.—-I_

of taxa (%)

Relative abunda

Curvibacter

de Goffau MC. et al. Nature Microbiol. 2018

Other
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RNEONAT7OINA A =LYV TILOWNER

(2024F2 B =)

IOV 1Y N Y Y FILE | Y Y FILK

BRRIEE 69,628 2,185,756 31.3
TR 19,694 772,568 39.2
437K 7,753 341,949 44 1

BEEHE 39,368 3,266,106 32.9
E k 8,280 1,489,961 179.9
XA 4,289 275,127 64.2

Ay AU ASE ) LIZBBE LR DFI1/12
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Human microbiome

« HIEE-RE-SE-HSFICTHAMEYIER
c HBE-HTE

R B =%Y0.5 kg

RS EFDMRE D15 L

B FOREEH EFOEGRFOHEHFLL

s EFDBEREIZKEEE FICEHERNMEERE)
c BRREYEDODRB(EAS-IBIFEE-ZRIBAEE-TUOEZTS)
o EDMH
. TIEDHRE
 fix Rz +E RS
« 100l LDHRAGESEEE (A -BEEREMEKRESE)



E RN 70O A—LICDWT., BFITEFEMIC

XY TFT—H%EFa2L—3 > (2024FE2HKR)
SR

£~ DIEDERNL 7OV b | YU TILE

gut (feces) 4,633 847,414
oral cavity 1,195 153,980
respiratory system 755 72,700
skin 446 02,788
reproductive system 443 95,417
others 808 227,662

othersIZIZAF T —E3NEL D FETELWLVEDELED

23



E RN 70O A—LICDWT., BFITEFEMIC

XY TFT—H%EFa2L—3 > (2024FE2HKR)
A NDH

£~ DIEDERNL 7OV b | YU TILE

gut (feces) 144 15,294
oral cavity 26 4,187
respiratory system 5 168
skin 10 1,761
reproductive system 2 145
others wm. mx. ;. bie) 9 519

197 projects, 22,074 samples (shotgun 2,460 samples)
T—2Y A4 X: #36 TB (shotgun 5.6TB)
HADENRAVANAF =LY TILDFI1.4%




Summary of published human genome-microbiome association studies (2016~2022)

Goodrich, J. K. et al. Cell Host Microbe 2016

Wang, J. et al. Nat. Genet. 2016

Turpin, W. et al. Nat. Genet. 2016
Bonder, M. J. et al. Nat. Genet. 2016
Rothschild, D. et al. Nature 2018

Hughes, D. A. et al. Nat. Microbiol. 2020
Xu, F. et al. Microbiome 2020

Liu, X. et al. Cell Discov. 2020

Ishida, S. et al. Commun. Biol. 2020
Rihlemann, M. C. et al. Nat. Genet. 2021
Kurilshikov, A. et al. Nat. Genet. 2021
Qin, Y. et al. Nat. Genet. 2022
Lopera-Maya, E. A. et al. Nat. Genet. 2022
Boulund, U. et al. Cell Host Microbe 2022

UK

German
Canadian

Dutch

Israeli

Belgian, German
Chinese

Chinese

Japan

German

Many populations
Finnish

Dutch

Many populations

1126 pairs

1812
1561
1514
1046
3890
1475
1295
1068
8956
18340
5959
7738
4117

16S rRNA
16S rRNA
16S rRNA
Shotgun
16S rRNA
16S rRNA
16S rRNA
Shotgun
16S rRNA
16S rRNA
16S rRNA
Shotgun
Shotgun
16S rRNA

Sanna S. et al. Nat. Genet. 2022 modified



LETTER

Unusual biology across a group comprising more
than 15% of domain Bacteria

Nature, 2015 ARTICLE

doi:10.1038/nature1448¢

Nature, 2015

doi:10.1038/nature14447

Complex archaea that bridge the gap

Christopher T, Browr Laura A, Hug?, BrianC. Thoms? s Sharor, Cindy 1 Castelle, Andrea singr?, vicnse 1w, )@ T W @I proka_ryotes and eu_ka_ryotes

Kelly C. Wrighton®, Kenneth H. Williams® & Jillian F. Banfield®>-

Insertion bases
(max: 3,881)

* Complete genome (this study)
@ Draft genome (this study)
Y Compiete genome (previous study)
@ Draft genome (previous study)

3 N -2 7 2N 1~L1 Parcubacteria (OD1) \t\\ - &
> 4 %A\\ ‘

9, / ¢ 8 4

/

i \

TR

Anja Spang'*, Jimmy H. Saw'*, Steffen L. Jorgensen®*, Katarzyna Zaremba-Niedzwiedzka'*, Joran Martijn', Anders E. Lind',
1 Roel van Eijk't, Christa Schleper®?, Lionel Guy"* & Thijs J. G. Ettema'

Methanopyrus kandleri AV19

Euryarchaeota

LA Pt et b e e e A et v A

1
ﬁ Thermococcales

1 '
! ey Eukarya
1 & Loki3 (low GC) 5
g
w 1 Loki2 (high GC) (8.
[V
100 ! g
. Lokiarchaeum )
94
Korarchaeota
1 TACK
Crenarchaeota
7 MCG
0.99 j
0.25 —wovm’aumarchaeota
=L Aigarchaeota
100

Candidate Phyla Radiation (CPR)¥°Asgard cladeZf . I5&E %9 IZ

AZT ) LEEH| T —E Mo HERE

ELHTEGRERAHEESN-RIAA S HEFH
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Metagenomic sequencing analysis
(AR 7 LSgHT, 23y T AR5 ) LRHT)
(AENSV ROV T —LFHT)

Metagenomic reads

!

| MEGAHIT,
Assemble SPAdes, etc.
Contig sets

ﬁ DNA extraction / RNA extraction

- Prodigal,
Gene finding MetaGeneMark, etc.

\/L Reverse transcription
/ﬂ Gene sets
ﬂ DNA Sequencing KEGG, Sequence similarity BLASTP,
e | —— DIAMOND,
RefSeq=F search MMseqs2, etc.

J

Samplel .
Gene Function abundance

Metadata - ;
omparative
Sample2 AR {— Pathway abundance

TogoTV (© 2016 DBCLS TogoTV) Metadata Taxonomic abundance

What are they doing?
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Taxonomic assignment strategy?

Coverage of Single Can analyze Robust Example of

ref. copy in eukaryotes against tools
sequences genomes? and virus? HGT?

16S rRNA O X X O VITCOMIC2,
genes MAPseq
Single copy A O X O mOTUs3
genes

Unique marker A O X Or MetaPhlAn4
genes

Read mapping A X O X BWA-MEM,

Centrifuge

k-mer A X X Kraken2,

sourmash

29



« AT ) LT TIL
Read coveragehicontig, scaffoldfdl CEZLEH>TLVTHRELY
IDBA-UD, MEGAHIT, MetaVelvet, SPAdes, etc.

o A3 ) LE{GF T
Ok EFRBEE Hicontig, scaffoldfEl CEL>TWVWTHELY
Prodigal, MetaGeneMark, MetaGeneAnnotator, etc.

o AR/ LGB FHEREIERE
Re&grg)nceﬁﬂﬁ']75\Bﬁb\i%’%IZ:E@E@J§E1u'|‘$§*ﬁtj'§_%)dz\g
AN

DIAMOND, MMseqs2, etc.




HMEDIZE . EAMICEEIXERERET Clr)]rrgl;ggsé%trircl:e
WA ICERBLTWE, BABTHEIESNZLY  plasma

membrane
cell ( @ >
wall

duplication
VPEOIO—AERMGHIBLE-ERERBELOEZLE. lof chromosome
HREINTEHREINTHLRVNE AN EST-BARETIE. C

BRNOZENKEIZEETSET,

continued growth
septum of the cell wall

TEUTILDFERTEEIIE. H<ETHED C @ )

EHETHLAIEITEFEIT RS,

division mto
two cells

(@) C@D

Figure 9.3 Microbiology: A Clinical Approach 2e (© Garland Science 2016)




TILTET )L KERRR

e Overlap-Layout-Consensus

— k-merOHEFOO—AILT AV AVNEFET)—FED
overla ’&E’.DH”C %_LL\Contl Z1{ERL . &lZ
ContlgF'aE]Eoverlap’&%tl fa & (layout) o 'J—F D
overlapZ fE1E ;&kx&)’C?)lx?J)l/)’?’f/)‘/I*
%’Ebfconsensus’&té ETCT7LETIVLT S

— {51l Celera Assembler, Newbler, Mira, Canu
* de Bruijn Graph

— 1)—FZoverlap®HY Dk-merlZHZEIL T, ZEHD)—F
[ D k-mer® £ F Zde Bruijn graph&lND T 78 &
%%ZIEL’C J57 L TCRERRERDITHMES




AR ) LT TILY—IL DB

(Peng et al. 2012)

— &L k-merT7 27 JLL TContigfE B (ContigfEl M coverage D E & H
HIREHFBTI D). TDContigiFz ALVT. LD L RO Dk-merTT
2T JLL TContigfEik, CNZHEYIRT , &x&RIZ. ContiglllZF1=H
%pair')—F (paired-end%®mate pair) D ZTH &I, scaffoldingd 5,

— B \k-merTY—45 2 AIS5—, KL k-merTYE—FD B REIZxF A0

* MEGAHIT (Li et al. 2015)

— ContigfER D A iEIXIDBA-UDEFEEIL TLYS AN, de Bruijn graphD &
IRAENERIESINTLNST=HD N
(https://www.alexbowe.com/succinct-debruijn-graphs/) . &1 TH *
E!), £1=. coverage N /NEL k-merDFTLMZDLVTR L ET KL TLY
%, scaffoldingl& L7,

« SPAdes (Nurk et al. 2017) A8 5 ) LA T a {EFE
— ContigfE XD A A IXIDBA-UDEFEEL TLNS A, U—KRT—FH D
strainL N JL D EE 51| 2 k1% % Contig/ScaffoldIZHE WL TEHTE A TR
D=2, GAMZIZE A H B EContiger I3 BIER AVFELY,




Representative Next Generation Sequencer (NGS) in June 2024

Sequencer Name Specific Read length | Read number / run
property LEH)

ABI 3730x| (not NGS)  Sanger 500-1000

illumina iSeq Bridge PCR 150 4,000,000

MiSeq Bridge PCR 300 25,000,000

NextSeq 550/2000 Bridge PCR 150 400,000,000
NovaSeq 6000 Bridge PCR 150 or 250  710,000,000,000
PacBio Sequel lle / Single Average ~8,000,000 (Sequel lle)
Revio molecule 20,000 ~25,000,000 (Revio)
Nanopore Single Average ~400,000

MinlON |, GridlON molecule 10,000-

, PromethION 30,000 ~2,000,000
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LETTERS

nm
blOtCChﬂOlogy https://doi.org/10.1038/541587-020-0422-6

'.) Check for updates

OPEN 2020

Complete, closed bacterial genomes from
microbiomes using nanopore sequencing

Eli L. Moss'3, Dylan G. Maghini'? and Ami S. Bhatt ©"25<

Table 1| Circular bacterial genomes assembled from human stool samples

Genome Sample Assembler Genomesize  Genes 16S
(Mbp) rRNA
Dialister sp. P1 Canu 196 1,912 4
Dialister sp. P2-A Canu 1.89 1,803 4
Faecalibacterium prausnitzii® P1 Canu 34 3,234 6
Oscillibacter sp. P1 Canu 3.04 2,926 3
Phascolarctobacterium faecium P2-B Canu 2.35 2,307 5
P. copri P2-A Canu 3.71 3,324 5
Akkermansia muciniphila | Flye 3.01 2,906 3
Anaerotruncus sp. F Flye 21 2,156 2
Bacteroides sp. F Flye 3.04 2,467 3
Clostridales sp.? D Flye 2.05 1,971 2
Eubacterium siraeum? F Flye 312 2,894 3
Eubacterium sp.? G Flye 21 2,043 2
Methanobrevibacter smithii B Flye 1.78 3,579 2
Oscillibacter sp.2 G Flye 3.29 3,169 3
Phascolarctobacterium faecium | Flye 2.35 2,481 5
Prevotella sp. F Flye 346 3,031 5
Roseburia sp.? D Flye 217 2,953 2
Ruminococcus bromii G Flye 2.21 2,820 3
Ruminococcus sp. E Flye 248 3,007 4
Sellimonas intestinales® D Flye 1.76 2,889 3

Short reads TDfH1E (X h7E

35



PacBio HiFi sequencing

Start with high-quality

https://www.pacbh.com/technology/hifi-sequencing/

Circularized DNA

double stranded DNA

Prepare SMRTbell libraries & ™.

is sequenced in
repeated passes

S

Anneal primers and

u,j The polymerase reads
are trimmed of adapters
to yield subreads

Consensus and

bind DNA polymerase &y”'

e }} methylation status are
% called from subreads

nature > nature communications > articles > article

Article | Open Access | Published: 26 October 2022

HiFi metagenomic sequencing enables assembly of
accurate and complete genomes from human gut

microbiota

Chan Yeong Kim, Junyeong Ma & Insuk Lee

Presence of
genome from isolates
(63)

102 cMAGs

f:;::*lvjf
;3:
L
:2:
HiFi read

(99.9% accuracy)

Presence of
complete genome
(39)

Scaffolds or contig level
genome from isolates
(24)

Short reads TO##H IE [T S THOK

No conspecific
genome from isolates
(39)
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Metagenome Assembled Genome
(MAG)
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k-merffl F > coverageZ FALNT A% %/ LiContigZ 53 [+ A (binning)Y— JL D {5l

Genome binner using differential
CONCOCT coverage, tetranucleotide

frequencies, paired-end linkage

Genome binner using multi-sample Largest average purity and completeness across entire

Near complete (>95%) assignment of datasets at some
cost for average genome purity and completeness.

MaxBin 2.0 coverage, tentranucleotide abundance range. Recovery of 2" most genomes with
frequencies high purity and completeness.
Genome binner using multi-sample Assignment of a large portion (>88%) of datasets at
MetaBAT  coverage, tetranucleotide some costs for average genome purity and
frequencies, paired-end linkage completeness.
Recovery of the most genomes with high purity and
Genome binner using completeness; near complete assignment of datasets

MetaWatt-3.5 : : :
tetranucleotide frequencies at some cost for average genome purity and

completeness.
Genome binner using short k-mer
frequencies, multi-sample Near complete assignment of datasets at some cost
coverage, and 40 universal for average genome purity and completeness.
phylogenetic marker genes

MyCC

Sczyrba A. et al. Nature Methods. 2017

AT ) LTI IV ->Binning >4 / LBInZ IR -HEsET /T —23a

AT ) LT —RADERBEEZRT SO TIILL EHRFED
KSOMT /LB ZHMEL TSRS /LD DO#EEIC DLV TERT S
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e SCIENTIFIC DAT
microbiology

Data Descriptor | OPEN | Published: 16 January 2018

Article ~ OPEN | Published: 11 September 2017

The reconstruction of 2,631 draft
metagenome-assembled genomes from
the global oceans

Recovery of nearly 8,000 metagenome-
assembled genomes substantially expands
the tree of life

Donovan H. Parks, Christian Rinke, Maria Chuvochina, Pierre-Alain Chaumeil, Ben J. Woodcroft, Paul

Benjamin J. Tully, Elaina D. Graham & John F. Heidelberg

= = Scientific Data 5, Article number: 170203 (2018) =~ Download Citation %
N. Evans, Philip Hugenholtz®¥ & Gene W. Tyson ™

Nature Microbiology 2, 1533-1542 (2017) ~ Download Citation &

RESOURCE | VOLUME 176, ISSUE 3, P649-662.E20, JANUARY 24, 2019

nacure

International journal of science

Article = OPEN | Published: 11 February 2019

Extensive Unexplored Human Microbiome Diversity Revealed by Over

A new genomic blueprint of the human
Lifestyle gut microbiota

Edoardo Pasolli * Francesco Asnicar & + Serena Manara © « ... Christopher Quince * Curtis Huttenhower

150,000 Genomes from Metagenomes Spanning Age, Geography, and

Alexandre Almeida , Alex L. Mitchell, Miguel Boland, Samuel C. Forster, Gregory B. Gloor,
Nicola Segata 2 ° =+ Show all authors * Show footnotes

Aleksandra Tarkowska, Trevor D. Lawley & Robert D. Finn
pen / s * Published: January 17, 2019 * DOI: https://doi.org/10.1016/j.cell.2019.01.001

nature e
scientific data

Nature 568, 499-504 (2019) = Download Citation

Atticle | OPEN | Published: 13 March 2019 2022 owe
New insights from uncultivated genomes OPEN | The OceanDNA MAG catalog ..............
of the global human gut microbiome paTADEsCRIPTOR | CONtains over 50,000 prokaryotic
Stephen Nayfach B, Zhou Jason Shi,Rekiha Seshad, Katherne . ollrd & Nikos . Kyrpides @ _genomes originated from various
Noture 568, 505-510 2019) | Download Citaion & _marine environments

: Yosuke Nishimura®*™ & Susumu Yoshizawa (%3
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In February 2024

Taxonomic  Cultured and validly Genome-based putative taxa

rank described taxa

Phylum 49
Class 157
Order 294
Family 717
Genus 4. 079
Species 24 363

List of prokaryotic names with standing in nomenclature

(https://lpsn.dsmz.de/text/numbers)

Genome Taxonomy Database (https://gtdb.ecogenomic.org/stats)

iIncluding uncultured taxa

181
548
1,772
4,772
20,739
85,205



https://gtdb.ecogenomic.org/
GTDB Browsers Downloads Statistics Forum Help All Fields ¥ Advanced

*** GTDB Release 220 is now available & download files ***

*** GTDB-Tk has been updated to use the R220 taxonomy from v2.4.0 ***

BACTERIA (584,382)

GENUS I 03112 Ecogenomics
FAMILY [ 4,870
ORDER [ 1,840
CLASS @538
PHYLUM B 175

- Concatenated protein phylogenies

- BEARER

 NCBI Assembly DBH 54/ L BER 5 [T HR 15

= |solate+MAG
Welcome to GTDB

GENOME TAXONOMY DATABASE

596,859 genomes
Release 09-RS220 (24th April 2024)

19 @ PHYLUM
64 [ CLASS
166 [l ORDER

564 I FAMILY
% IHE UNIVERSITY 1,547 I CF\US
OF QUEENSLAND 5 869 [ °C S

AUSTRALIA ARCHAEA (12,477)




MAG construction test using a metagenomic
sequence data from an 18 species DNA even-mix sample
NovaSeq 6000 & MetaBAT2 & Gene content analysis

Completeness (%) NovaSeq
Bacteroides thetaiotaomicron 94.28
Prevotella copri Parabacteroides distasonis 92.02
Bacteroides thetaiotaomicron A gathobacte r rectalis 38.78
L Parabacteroides distasonis .
, : Anaerostipes caccae 22.49
_|: C‘,’{Imse”a a?mfac'e"s Prevotella copri JCM 34.08
Bifidobacterium longum subsp. longum ) )
Catenibacterium mitsuokai CO”mS,e”a agrofacn_&*ns . 33.53
Siolococcs mans Catenibacterium mitsuokai 48.31
Megasphaera elsdenii Bifidobacterium longum 50.25
-(: Veillonella tobetsuensis Flavonifractor plautii 64.75
L Megamonas funiformis Megamonas funiformis 24.45
| Flavonifractor plautii Blautia producta 38.87
Faecalibacterrium prausnitzii Veillonella tobetsuensis 93.16
Anaerostipes caccae Roseburia faecis 34.11
-'j Ruminococcus gnavus Clostridium bolteae 50.85
= Glostnakimbollete Faecalibacterium prausnitzii 34.07
Blautia producta Megasphaera elsdenii 24.98
. fosebiNlalasas Streptococcus mutans 72.19
Agathobacter rectalis ,
Ruminococcus gnavus 26.16

0.0 0.1 02 0.3 04

Evolutional distance

3-5 / 18 species’ MAGs are very high quality
Mori H. et al. DNA Res. 2023
Short read?liﬁ%’&*ﬁﬁﬁ?’ééfd)ﬁi%@MAGbﬁ'%BhébH'C*‘li%lﬁ



Short or Long reads?

Short reads low low low O A

Long reads high high high © O

B2 FONAD BlugAh —F —TCRAEIZHLSRILRBIEN,
Long readZ FHLNT AR / LS DFTELET / LIBEMNTREIZEYDD2HDS

Nanopore
GridION Nanopore
PromethION

PacBio Sequel lle PacBio Revio
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MAGFEHT7—oo0—o 4l

Short/Long
read sequence

Assemble sourmash to
(MEGAHIT/hifiasm-meta) GTDB

contigs Species/Genus
composition
Binning
(MetaBAT2 + CheckM?2)

Protein
sequences

DIAMOND KEGG

/KofamScan Protein /
KOfam

KEGG
Orthology
composition

EARBIIZShort read&long read TTIX 7V T ILY—ILRRL S
Long read B F D & 5 A MAGHE Ebinningy — )L ITBRFELLGLY



Short read MAGIEE D HE R D (CheckM2DEE R )

k__Bacteria (UID203)
p__Euryarchaeota (UID49)
c__Deltaproteobacteria (UID3216)
k__Bacteria (UID203)
c__Deltaproteobacteria (UID3216)
c__Deltaproteobacteria (UID3217)
c__Deltaproteobacteria (UID3217)
k__Bacteria (UID3060)
k__Bacteria (UID203)
k__Bacteria (UID2566)
k__Bacteria (UID2495)
c__Deltaproteobacteria (UID3216)
k__Bacteria (UID2565)
k__Bacteria (UID203)
k__Bacteria (UID3060)
k__Bacteria (UID2495)
k__Bacteria (UID2566)
k__Bacteria (UID203)
k__Bacteria (UID2569)
k__Bacteria (UID3060)
k__Bacteria (UID2566)
k__Bacteria (UID2569)
k__Bacteria (UID203)
k__Bacteria (UID2569)
k__Bacteria (UID2495)
c__Deltaproteobacteria (UID3217)
f__Flavobacteriaceae (UID2845)
c__Deltaproteobacteria (UID3217)
k__Bacteria (UID203)
k__Bacteria (UID203)
k__Bacteria (UID1452)
k__Bacteria (UID1452)
k__Bacteria (UID2570)
k__Bacteria (UID3060)

(o))
N
N

1
0
0
0
0
1
0
1
1
[’}
0
0
0
0
5
0
0
1
0
1
4
1
4
1
1
0
3
6
0
8
0
0
1
1

o
(SIS IS B S IS IS IS IS IS IS IS IS IS IS S IS B ORI IS IS IS IS IS IS IS IS IS IS IS IS I
(SICSIECS IS B SIS IS IS IS IS IS BGS IGS S BGS IS S IS S IBS IS IS IS IS IS IS IS IS BGS IS IS IS I OR)

- — & B9 12 [& Completeness 90% L _E . Contamination 10%EL T A%
- £ MAG® Contighll [& #+ Contigs




INART)TAT—RIRN—X
AR4 ) LsTlE . KEGG OrthologyZ
. BIEFHEEDHEAMELTHEOICENZ LY

W=l KO (KEGG ORTHOLOGY) Database https://www.genome.jp/kegg/ko.html

66

Linking genomes to biological systems by functional orthologs

KEGG2 PATHWAY BRITE MODULE KO Annotation Taxonomy Synteny Mapper

Search 7 KO i for Go

Enter K numbers (Example) K00161 K00162 K00163 K00627 K00382

4
Filter || Ortholog table | Map pathway | Map brite | ‘; Map module | | Get title | Get entry || Clear |

KO Database of Molecular Functions

The KO (KEGG Orthology) database is a database of molecular functions represented in terms of functional orthologs. A
functional ortholog is manually defined in the context of KEGG molecular networks, namely, KEGG pathway maps, BRITE
hierarchies and KEGG modules. Each node of the network, such as a box in the KEGG pathway map, is given a KO identifier
(called K number) as a functional ortholog defined from experimentally characterized genes and proteins in specific organisms,
which are then used to assign orthologous genes in other organisms based on sequence similarity. The granularity of "function"

is context-dependent, and the resulting KO grouping may correspond to a group of highly similar sequences within a limited
organism group or it may be a more divergent group.

t=1=L. KEGGD 7= /EEEL 5| T—42 &EKO IDED X IH B % &
FEEICIEBIT BH=HDKEGG FIPHAADT IR ITEH


https://www.genome.jp/kegg/ko.html

KofamKOALA - KEGG Orthology Search

K number assignment based on KO-dependent scoring criteria

BlastKOALA GhostKOALA KofamKOALA
KOALA job status 2024/04/23 07:11:04 (GMT+9)
Blast Ghost Kofam
Number of jobs in the queue 1 0 0

Submission of last completed job 2024/04/23 07:05:46 2024/04/23 06:31:08 2024/04/23 05:15:12

KofamKOALA assigns K numbers to the user's sequence data by HMMER/HMMSEARCH against KOfam (a customized
HMM database of KEGG Orthologs (KOs)). K number assignments with scores above the predefined thresholds for
individual KOs are more reliable than other proposed assignments. Such high score assignments are highlighted
with asterisks '*' in the output. The K number assignments facilitate the interpretation of the annotation results by
linking the user's sequence data to the KEGG pathways and EC numbers.

KOfam Search (keyword search for IDs or Definitions)
Search

Enter FASTA Sequences

or upload a sequence file
BIR... | 77 MIHBRINTVWER A,

E-value
Hits with scores above the predefined adaptive thresholds and E-values
lower than or equal to the specified threshold will be reported with '*'.

0.01

E-mail

Your e-mail address

Compute || Clear

Current release

e ver. 2024-03-01
o KEGG release 109.0

Version history &)

Download

« KOfam - HMM profiles for KEGG/KO with predefined score thresholds (download by [FTP][HTTPS])
« KofamScan - Software to search KOfam (download by [FTP][HTTPS])

https://www.genome.jp/tools/kofamkoala/

BHEEER L 7\ B B (KOfam)IZDULVT,
TILFTILTSAA D OEEL-ERIRE
JOJ7A4IILIZRLTENTILITETILE
RAWT7O774ILIEET S

KEGG FTPH A FE{FESKOD T /EEER S| F Dt
DEFSEFHEI. KODERIREFETOAT7A
JWIETERTA O O—RA[EE,

BCSI BV R Y — L PR RRE XTI/,

BRAHZDHLDEEIREFETOTI7AILTIEE
AN
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hAHIRERFELETI/ERECHT
REDBIZALIERERY—IL

Sensitive protein alighments at tree-of-life scale
USing DIAMOND Nature Methods. 2021

Benjamin Buchfink ©7, Klaus Reuter®? and Hajk-Georg Drost @12

MMseqs2: sensitive protein sequence searching for analysis of massive data sets

Martin Steinegger'? & Johannes Soding'
IQuantitative and Computational Biology group, Max-Planck Institute for Biophysical Chemistry, Am Fassberg 11, 37077
Gottingen, Germany; “Department for Bioinformatics and Computational Biology, Technische Universitdt Miinchen, 85748
Garching, Germany

e-mail: johannes.soeding@mpibpc.mpg.de; martin.steinegger@mpibpc.mpg.de

Nature Biotech>2017



BLAST

1. TE VY F DseedBR 3R (BLASTPIE osize 6)
2. gapiE Tseed iL{#
3. gap®HY DSmith-Waterman 7 LT ) XA LTF 54
A
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DIAMOND ver. 2.x (BLASTP® 10001Z L1 L = 3&)

1. 9TV ETFPLURFIEMET S/ BRICE R
2. VTV E)TFLOREIIMAIZHLT, O—FEGERORT DT—T ILEERL
(RERE) 7L RBIEERINAERLTI7AIVICREFEEFAGDT, I DH)
—KI. spaced seed
fast mode = weight 10 M spaced seed T2 shapes
sensitive mode = weight 8 C16 shapes
very-sensitive mode = weight 7T14 shapes
ultra-sensitive mode = weight 77C64 shapes

3. 9T)-)I7L 2 AR TseedM Yy FLIzb, seedZH 1} T48 AADwindow TN
7 Mhamming distanceZ 5t H ., —TE U T E04(2ED

4. gap#E|l TseedZRIRIZMHIXL TLVE, scoreM—TE UL EIZHE>f=6512H# T

5. 7I'I£C°&(:é'J77I/‘/Z@E§IJ P CA4H LW L T-gapELT7 T A EEAscoreT
\/_

6. scorefm L MEIZ400X7 Z —BAL (chunk)&EL TgapdhY)Smith-Waterman7 )L
ALTPIAVFA b A00NTETCT—EDAATERE T DT A A
EMoT=5, TDquerylZDWNTIZLLFED chunklX £ ER5TA.,
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