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LA16s DNAY 1B TUF DT EER T HEMRRE SIS, MBERINEMERFDIrERLL
FHT16s rDNARSRR, XIREMERSZRIERWAANMEIRZHITION ST, AKGEE 7 HAITINEMED
RYSESIAR,

V1-V3 ~510 bp for Roche 454
V3-v4 ~428 bp for MiSeq PE
V3-V5 ~548 bp for Roche 454
V4 ~252 bp for HiSeq
~562 bp for Roche 454 V6-V9

V1-V9 (Full-length)
Pacific Biosciences 46
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1. Eib#ksS
(1) 16S rDNA (8¢16S rRNA) : ‘miBEZEYIZEANIERNER, KEZ/91500bp, HoFA/INEF,

KRR/, BHEERRDEFARFPEREBNHEBIIRE.

(2) #E{E92EEJT (operational taxonomic units, OTU) : IRENEREREREZEDNA, FJFH16S rRNASL
ITSRYBAS (Y TPCRY &, ARERY 16S rRNAFFIRIBIIGSTI7%HMAILUBEENX I—1O0TU, 81
OTUM R F—AERI16S rRNAFS, HFEEENOTUNKTF— N EEE ((EY) . BZoTUS
. ATLARIEE R R RED SR ARFEIRFE.

(3) MFFXEE: AF16s IDNARIK, REENHEHAPZETHWHIXE, MBI ZXHI TR, 16s rDNAE
BIMHEKX, DAIRVI~VI, ARF, —ARXIVI-VAN R XIS AT EMNE, BERERTVI-VIKHT
i ISR
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(1) #EEVEFGEDNA: DNARTLLKEIE, #EE. S[EKAE,

(2) Q04 : —fR16s IDNAT IS FNFXIDNANREERHAST, RE>100ng, RE>10ng/uLkKZE
A[LAREEK, MREREMFTELERNEG, WERIEMEY]), RINEDNARAREES T HFE4ASH
KEDNA, FLXIDNANBEERSBATRES.

(3) MF: XIERPCRERIFIHITNE. HEI, SILIRBAZMARBNEN, W ERI454. llluminafy
MiSeq. LifefIPGMaELPacbiofIRSI=IF{HIT165 IDNATIRE.

(4) LoD

OREFLT, FEIRERSSFREO0TUs;

QEFEAEIRRFEDHT, #REHZ. Rank-Abundancefi%

A@ZHFMEDHT, PCoA. NMDS (IFEEZHREDTT) . PCA. LDA

@ERMRERDIT, TELHNESR.

GOINERFoth, RDA (Redundancy analysis) . CCA (canonical correspondence analysis) 48
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© NETHEFRISCIEFMEMBRINDONARME, RERABERIERBRREEEINEEY S ERIFm;
SRR PSR T AR YD, (FERRIIDNA, BRI REEMER LS A To R,

- =5, XDNARTEsYIsEEATIIGE, FIRESEERIEIRDNA 1 TER, WEBEHR.
- KR EREREDNANBIREIT T NEIMEY), EZERILTEEER.

- Bfa, NEERZENEFDNA #HITOT,
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(1) HmS DNARIREUN EEEEREZEDNANE
(2) RERBNEREL
(3) REREENEFRHIE
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19755, SangefRHAINIRERERIEE, TR 7 —UNFRIEIS, 19905, IEREs]TARAEAIARERA
it%l; 19955, NMFERT B — =2 AEERANRIIRRE, 2001F, epk s ASKERHITY, Eaprt
FIRRARHFANERBFEIN., 20055, F—ENF{454 GS20/E)tH, llluminatBE20075 &% 7 — Gl
A, BRIRR, AERANFTRSESHANT SEENFTN, STAREEHNE—, BEEREER
FERRIAR AR T IR ERBERIAR. 2011F, =AUFRFZAE®R 7 — ZRBFREIZKIMEZEIIDNARA
P FHTNFEIN —3R0, ENAHTS 2.

MetaHI T2 AZER4E

eI W4
AEHFESTY  BEwERE: ONTEAKILRE
=) EEEE A OB ‘ T4 MinlON
454 GS20
1977 \ 1995 l 2001 l 2007 2011 l
U L} \ L

O

LW
0 0 O
T 1990 l 1996 ] 2005 2008 ‘ 2014

SangerkBH T FTENE AEERAER ‘ﬂﬂi;f}'l? : OZTEEJ{JCRS
WHESELIE  EREA: 5ok o
PUEEZN Pz lluminaZZ 7 AR :

Genetic Analyzer2

Ell.4 ZREBANFRALZRERSE
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St Z=EEBNFMA R

- BREHSREEEREFIRARDAFET T ERREIERE. ERERERERRIRRIELL
MARFEME BN B R ARE S E.

« NXMRERE, EBREENREERIMERASHFAERAS, B3O ERENAERSIESE
NATEARMENRRE, Bz B EHNEYEREERTFNARER=.

- EXREN, XUKEBENERARITEERAZHENARE, KBrEEFt 7B RINERREE
FrHIRIERD
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1. BERERRMNEFESERASHNAREAST

DNATSERIZEERN (DNA-stable isotope probing, DNA-SIP) , BILURIEEIMZEFRCHIEY (2013, 15,
%) BB NRKEF X EEFERMEN. TixaiEF, BNSREMNERCHUESY—EREINERR
HIEENHIDNAR S EZERE D BEAAENES . 2B R HRIFCHDNASERSBD. eSSy
E{Y/EFE T B IDNAZ ERZS(LHERT, DNA-SIPREME St EENT iR R kiE AT A,

HTF16S rRNATRCERNEEENRF, —LLDNA-SIPIARTLUREZRZ A A B SIEMINEEZ BRIELR, LI, 5
DNA-SIPIEXHID RN BELBAEETNEZNESEHEARIERSAE, BIENFRZaEEHZDNAIERE M
DRIV TNERD, EINRLLER S PHREREYIRIENERE, MMmELEEEDNANEISENFEE CEE A,

53



EVSEF iRz &= R
Bicinfornis \icE:: /19-]—];IjZ'JZ~—f

BE

SigX=EERNFRNARHR
2. SERRE “HEEEEA"

EIRBFINFDNARY, BILUSEZRAYHMENRFE 5 ABNUITE, SOCiEMIETIE (FACS) @—
SREERE. ErRiEEE B ERNETEIRRITSE. BlaN, {EFRFACSAFRM TEFEI T —
ERZFEAFNEERSERE, XERSEREAREBY TEFNMEE—RESENFD AR TAR,
FSAFBEREREM D RS ERICANERBLREFRERRINWR, FAEERERNANIERE
REBEZF A e BRXLEHEEMEA,
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SigX=EERNFRNARHR
3. BTSN S e EE

BB LSt (BN ER2IEEMEYMEE, S 7 ERMNAETEEERA
RYT5iE. B SHIKFRE RSB EVRE S, BIRSRIREEREMENHER G LR
ZIESRERE. BETXRANAN, S, ERIEIINSHEETRRD, NNEERTPER D BRAILLIN
ERRESEIENFIERTT BIRUEERRE,
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MEMBFEHRENIIREAKXEH FMEMEREIIAR, EEETHEMEMBXINENNHNESMELIEK, 7K
EMAEZIEEFFL>100TBRIEREEK. Eff LEEEI TS REFBHERAIEEERE, than

MG-RAST (http://metagenomics.anl.gov/) FICAMERA (http://camera.calit2.net/) Z,

Erfh, NCBIfJSequence Read Archive (SRA)  (http://mww.ncbi.nim.nih.gov/sra) . MG-RASTLAK

CAMERA2H AN FHIZEEREAEINEFEIE 10, 0001, BE&B1T1PBRISIE,
(a) (b)

e Ps 2 S SRV Va3 RERAFEXIEAD T
1000 (3EJETNCBI) (EJETNCBI)
12000 60000
o0 oy anemﬁzts@z _
8000 40000 .| ;ﬁzgﬁ

6000 30000

2000

4000
20000
||| 10000
0 ...||||| -‘
D MW® 0 e e—m 1R Il - _ I o [l

rrrrrrrrrrrrrrrrrrrrrrr §§NNNNN 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 57
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cisutordibe M AR RN R A SRS AL S

- IRBEEERIFENAEFINE (biome) MALRERNMEMESZHEARFIBXNFEGE, RKIEEFENERIRLY
{AIIDEN, BT BREIALSRERAY. FI0: #1E20195FK, EBI MGnifyfU4 RIS A ABLRLEHIEIE491
ANARGRR T AR KEZHE YRR AR ERI 2 “root > Host-associated > Human > Digestive system > Lar
ge intestine > Fecal’, IXFIAREHIFREBFITHEAND L. A, BRIXMHAAHNERBREEHIERS
EMRE, MEEE 1M ARETZ N AREREFAMRREHE, Hal FecalMBZIASMNA LR E—RA
IMER. B, SMAEMBEIERNIERETFANMEAAEEIRESZr& (multi-label) .

- N—ERR, MEMBEIENSIIERE, AT HANERDSE, & T AT SR ERIRIR,
- B—HH, HWEVEEIENSIREREREREIEARNSHE, FBVREINEREZIFHEREER

EIRERIFHIZER,
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HEMQE%Z nﬂ!\%ﬂlgé https://www.ebi.ac.uk/metagenomics

Overview Submit data v Text search Vv Sequence search [ Browse data Vv About Help v Login
Search by Request analysis of
Text search @ Sequence search @ Submit and/or Request @ Request @
Name, biome, or keyword Sequence search Your data A public dataset
Or by data type Latest studies
1 Analysis types o’ Public data <. EMG produced TPA metagenomics assembly of -
PRJEB31095 data set (The intestinal microbiome
480962 amplicon 5004 studies from two ec...
57629 assemblies 597736 analyses The Third Party Annotation (TPA) assembly was derived from the primary whole
genome shotgun (WGS) data set PRIEB31095, and was assembled with
2050 metabarcoding 478810 genomes in 11 metaSPAdes v3.14.1. This project includes samples from the following biomes:

MAG catalogues root:Host-associated:Fish: Diges...

39920 metagenomes .
<< EMG produced TPA metagenomics assembly of

2581  metatranscriptomics PRINAAB82836 data set (Gut microbiome from

Piaractus mesopo...
2 long reads

assemblies The Third Party Annotation (TPA) assembly was derived from the primary whole
genome shotgun (WGS) data set PRINA482836, and was assembled with
metaSPAdes v3.15.3. This project includes samples from the following biomes:

Or by Selected biomes root:Host-associated:Fish: Dige...

—< EMG produced TPA metagenomics assembly of

. . .
é\ GH* H PRIEB42464 data set (Gut Microbiomes of European
j ® £ Farm Rain...

(;1”3“;2%] D;%:tsetxe ?Sqluﬁatgj (?g[r)lgng) Dsi\%:tseti’;e The Third Party Annotation (TPA) assembly was derived from the primary whole
(110810} (35532) genome shotgun (WGS) data set PRIEBA2464, and was assembled with

megahit v1.2.9, metaSPAdes v3.15.3. This project includes samples from the
i following biomes: root:Host-assoc...

ARMEAMEYIEEGEE (MGnify)
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oo | SIS RIEINAE fkaseae | RERS
Eﬁfzﬂzﬁl . e MIRE ction/fmmune tr;ining (Eggﬂ)
Multi-species y A | ‘
metabolism : v ’
. N s graaz]
AL b ccooperation™ metabolism  Parasitism
YEE |
=~ iE4E
& e s Multi-species
g%% regulation
=J = Q
Microbe-microbe o
interaction
o e

E%giiﬁj Community (co)evolution
Lyl

Huttenhower, et al., Molecular Systems Biology, 2013
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No models

Sequence-based
clustering

DO @

Unlabeled bins
relative abundance

Feature extraction
(e.g., GC content, k-mer freq.)
G1 —> 61% GC cont.

G2 —» 42.5% GC cont.
G3 — 50% GC cont.

Sequence-free models
(e.g. SVM, Naive Bayesian)

Species A <> 61% GC cont.
Species B <> 42.5% GC cont.
Species C <= 50% GC cont.

Sequence-free machine
learning classification

61% 42.5% 50%

Clade/pathway
relative abundance

Marker selection

* * i ' - *
X N H= =X
X = = =

Marker-based models
Species A <> ==
Species B <€—> =)
Species C <> w=il>

Read-to-marker
sequence mapping

S'a

Read relative
abundance

e S e e e S N ST amran=s

No extrinsic i
processing

Whole-geno
Species A
Species B
Species C

Read-to-genomes
sequence mapping

: Intrinsic Extrinsic
. information  information
: Inputs i  :Outputs

b o o o
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Microbiome In vivo sample Isolated DNA Metagenome Metagenomic dataset
e < B
P TACGTACGT .
GpOpa; PO Opas< ! CACGACGGGGCAA . I’ Metagenomes and metadata
GPOPUPADS GpOpCs . Tczé;ﬁfgfggf;;‘:%%:‘“ 1 Environment
Sample DNA GPOPOPat DNA TATTACGAGGGT . Multiple | S Health/disease
collection extraction o e ey~ S€Qquencing . ATATCATGCACCATCGTA : samples ! (FastQ) H
OCpr WPOOArs —J- | TATCCACGAC CCG 2 > ! POt
LY A U B ! AGGCTACACGTCATGCA 1 Salinity
5 e . TACGTACGT 1 BMI
' TATTACGACG

R

MR

Install Me a2 An, provide your sample’s
FASTQ file as input to metaphlan . py and
save the resulting list of microbial
Taxonomic marker DB abundances

GPpOpOpgsy

GT

Metabolic profiling pipeline

Example tool: HuMaAnN

Install HuManN, place one file of usEarCH
results per sample in the input directory,
and run the tool using scons to generate
a table of samples by pathway abundances.

Functional sequence DB

(e.g., MetaPhlan DB) / *

Each sample contains: Taxonomic profiles
27.4% H. parainfluenzae t

13.1% S. parasanguinis i
11.37% PR melaninogenica 3
7.8% R. mucilaginosa
L] GraPhlAn

visualization

2.,
&2

Firmicutes
Proteobacteria
Actinobacteria

15 Most abundant species

Others
[EEssssssmsaaaeaaa ]
20 Example metagenomes

Hll Tongue dorsum
Il Buccal mucosa

Taxonomic biomarkers

Example tool: LEfse
Upload the abundance table
into the galaxy server
(or run it locally) to identify
taxonomic biomarkers with
significance and effect size,
and plot graphical reports

85, LD AR50
Aty 7 \ e
‘s o
Cl i yoo
Giales o

L
Bacilli -
S. mitis: : .
36 2.4 1.2 o 1.2 24 36
LDA effect size (log score)

v

Each sample contains:

2.9% Bacterial ribosome

2.7% Inosine monoph. biosynthesis
2.6% F-type ATPase

2.5% RNA polymerase

L] GraPhlAn
visualization
Energy met.

Carbohydrate
and lipid met.

Nucleotide and
amino acid met.

Others

Hll Tongue dorsum
Hl Buccal mucosa

ATP Synthesis

(e.g., xEcc DB)

Metabolic profiles

% 15 most abundant metabolic modules

20 example metagenome

Metabolic biomarkers

Example tool: LEfse
Upload the abundance table
into the galaxy server
(or run it locally) to identify

- metabolic biomarkers with

significance and effect size,
and plot graphical reports

v

o Lipag®, ) :
722 miPoDoly s, < . £ Eneérgy met.
Metaboy;. ACChariq, : Lij ide met.
xs’" = Bacterial n system
i sugar transp.
and amino acid transp.
i e transp.
rt
Putine 2 5
i information proc.
3 : 2 t Oli charide and polyol téansp.
3 1 o 1 2 3

LDA effect size (log score)
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- MEEBSEMEMABLIUENRER, Bl 7 KENMEHEIERE, IR KERMENBEIES IR

- BERARMEMESIEESIEEBI MGnify, QITAZBRMAEMELIERE, NS EERIZTEN
CARDEUERE. sHXIEGKHEERIZERIantiSMASHS,

- MEMBEEIEERND ARG s FEERERHIRIFastQC, FHXIREYHENFEIES

(MWNFEEERIFER) BIQIIME 2.0F0MetaPhlAn, XA 4ERIINEEIE S HTEY HUMANN 2.0, 3
MEYIR RS TRYSource Tracker, $TXIRIEYIBEINEEE R ZHEAIDeepARG, antiSMASHZEGX,
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7 101
B ——

e I

REEYIHEY:

B TISHE

%
1N ikl i
TR &N gtk it
Trimmomati | —fFFlllumina NGSEIEKRE 23]
c . SRR AR TR,
- https://huttenhow
%ﬁ;‘%%ﬁ%@?;&tggﬂqﬂﬁﬁ er.sph.harvard.ed [24]
i RESEERe u/metaphlan?2
HUMANN 2.08]LiERY. E@itt  https://huttenhow
HUMANN2 | ti— M EEE R RIEYIIRIRFE/fREL  ersph.harvard.ed [25]
FFEE. u/humann2
MEGAHIT | TR BRFIZARREEAERREE  httpsi/githubco 0
o m/voutcn/megahit
CD-HIT Mo eI B, http://weizhongli- [27]

lab.org/cd-hit

ARMENZEREFEIRED T EAR G
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1.2 BRI TR

¥4 CEg) 4 pinEdEHRe g R ZEN ik
. MRS, EERIDIASI, DR -
/ < L A = 1= 37
MOCAT R M Z IR
o R, EEITNAEI, DR -
MEGAR oS A BIFRZEIAFLR, -
MetaPhlAn: FE R L ONES X X
PICRUSt~ | =Ad, 163 S FIFIT 55 2 ZE
ARRRRANSRATI tRINA=
antiSMASH® | EEEE- BGC j#f- [30l.
CARMA- 165 RNA= IR R A 2 rol:
Sort-ITEMS« 168 rRNA- HIFPEE HIFOTH R 2 Bl
QIIME- 165 RNA= S PEIET SX
| EmEm, s | Ees, EEAEAK, LR .
MG-RAST RNAS e il
L | mEES, 65 | RS, EEIEAK, LR .
CAMERA RNA® Pz B
| EEEER, 165 USRI, EEITNASE, DB .
IRDsiter /RNA- 0 65
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REMERAR
nEREE W BENGEE  BFETEE

e ZEE -
RS .
RRETHE
i
AL
TEEE IR

TN EFHR TS R ZFRIARES DR 2N, ETREY
BEIARIRIGRERAE, NHEFHE, ETXEERARAREARASZD
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Directed m Antbicbic predctons R .
| lupper limit 107 +) Lo

i NT*/' : / ,T,a
" [l % A
3
Camn A"“}.&
NXLI/L.\, Training set
4 0* molecudes)
S v1
.‘fQ / Doep learning
sssese { v2
\ P 7 \ Mode! valkdaton
& . 7 ) £\ . "
: B NI |
e L ftitiote] |
A Deep Learning Approach to Antibiotic Discovery, Cell, 2020 ﬂ:tAb Eﬁ/m&/__q:%é %L |-‘-|\
A R E R EHETZY
Host  Microbial Cancer-associated I}\lt ﬁb 1’1' B — - 9 - ﬂ Hj
DNA DNA microbial DNA

Tissue/tumour
sample

AT BREARIRMEYIREURRHIE
AT BRI EEEEER
AT ERERF AR =S REL
AT SreFmNERE

AT EBRETRNR AR LR R

\ /

Al models detect cancer-associated
microbial signatures

Al finds microbial signatures in tumours and blood across
cancer types, Nature, 2020
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https://github.com/facebookresearch/esm
Evolutionary Scale Modeling

Update April 2023: Code for the two simultaneous preprints on protein design is now released! Code for "Language
models generalize beyond natural proteins” is under examples/Im-design/. Code for A high-level programming

language for generative protein design” is under examples/protein-pregramming-language/.

This repository contains code and pre-trained weights for Transformer protein language models from the Meta
Fundamental Al Research Protein Team (FAIR), including our state-of-the-art ESM-2 and ESMFold, as well as MSA
Transformer, ESM-1v for predicting variant effects and ESM-IF1 for inverse folding. Transformer protein language
models were introduced in the 2019 preprint of the paper "Biological structure and function emerge from scaling
unsupervised learning to 250 million protein sequences”. ESM-2 outperforms all tested single-sequence protein
language models across a range of structure prediction tasks. ESMFold harnesses the ESM-2 language model to
generate accurate structure predictions end to end directly from the sequence of a protein.

In November 2022, we released ve of the ESM Metagenomic Atlas, an open atlas of 617 million predicted
metagenomic protein structures. The Atlas was updated in March 2023 in collaboration with EBI. The new wv2e23_e2
adds another 150 million predicted structures to the Atlas, as well as pre-computed ESM2 embeddings. Bulk
download, blog post and the resources provided on the Atlas website are documented on this README.

ARMERRMEMBARNRE (RTREFREFERE)
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Available Models and Datasets

Pre-trained Models

Embedding Mod

Shorthand esm.pretrained. #layers #params Dataset b
im
UR50/D https:/;
ESM-2 esm2_t48 15B_URSED 48 15B 5120 —
- - - 2021_04 esm/m
UR50/D https:/;
esm2_t36 3B URS8D 36 3B 2560 _
- T - 2021_04 esm/m
UR50/D https:/;
esm2_t33 658M URS8D 33 650M 1280 -
- - 2021_04 esm/m
UR50Q/D https:/
esm2_t3e_158M URSeD 30 150M 640 =
2021_04 esm/m
UR50/D https:/;
esm2_t12 35M URS8D 12 35M 480 -
- - - 202104 esm;/m
UR50/D https:/;
esm2_t6 8M URS8D 6 8M 320 _
- T 2021_04 esm/m
690M UR50/D https:
ESMFold el 48 (+36) / - hitps:/
(+3B) 2021_04 esm,/m
690M UR50Q/D https:/
esmfold ve 48 (+306) - -
(+3B) 2021_04 esm/m
. UR50/D https:/;
esmfold_structure_module only * . various - —
(+wvarious) 2021_04 esm/m

ARMERRMEMBARNRE (RTREFREFERE)
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- EREFEOFAEL 7 EREFFIFERE. BN, BE 7 SEENFRATHEREEANRTIE
2. NETERABE. ERMUMEREIRNERDZE, RETe T FHIZRENIRAR, SERRHE
B, FEENRENSIRRIVENRE SRR,

© REFNAFERONEE © EWEIEA. SIEREDDE, F5iRA 7 REEBFEERIASEIURE
RFESD, LRI @ R S E e e SR E YIRS DO RERN( L.

- MEENFRARNHLHEMEEZTENAMAR, EREFIEEFNEFRBURETHREIST. BEET.
INBENFIESRFAR P ARIFEREIER,

- ANITHEHERA, [FEREFS, EX—IETEEERERIAR.
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