HEHFHIR

REREFY. FHFINRERIRE.

BEHBRSTE

BERBAEEE. BERTURANERETRESA.

FRFUE RS

BRRESR, FEBENRIASIERIRNEA,

LEEES

MEMBEFRS. BIRSHTITIE, LAIRIERERAARIUSAIRA.
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DR

MEYDRE (microbiota) BXEFEEYIA LILERREIMENESEHA, BERAETE. KA
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« RERENIRTERENHEDIMZERA (metagenome) , HENRE "ERFEIHEYIEEYIRRY
SR . CEEGER T AEFRIAR A BRI MR MENES R BEMRIE MRS, T
MEGRHEIRIMERERA, ESEREFMEHFERABS,

. ERIAEDFIMENER NS TR fEnEsr, RHINMEERNFEIfE16s rRNARREEFS;
EEERBEBAFRTIENZHE, BRISEESRIEAERISFIMEN. B, ITHHAR
BRASEIERP CREENFS ZHRISHEMEHATITE R TRIFNER, XR7FERAILRIMNEIE
IERIENZREIE.




1. BiligtE
(1) 16S rDNA (816S rRNA) : fRIBFERZEYIZEANIERNER, KEL91500bp, HOFXRIVER,

RTRIN, BHRERRDRFRRPRERAREARE.

(2) ¥{E92EEIT (operational taxonomic units, OTU) : BEVEESGERNGSEREZEDNA, FIFH16S rRNAEL
ITSHIEFAS [##H1TPCRY 8. AERY 16S rRNAFFIRIEIUMESTI7%HMAILUEEEN I—M0TU, 81
OTUMIRI F—AERI16S rRNAFRSI, BFEESMNOTUNMTF— M ENEE (EY) #. @goTus
. ATLARER P AR SRR R R R

(3) WFFXEE: BT 16s (DNARIK, REENHPLETHRIXE, tBHErIZEXHITUE. 16s rDNAE
BINEIEX, £3I2VI~VI, HARH, —RXIVI-VANRIZEXigH T EFINF, EERESIVI-VIKHIT
1SR,

ZEN, ARFEXEMTEXE
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i igF R

LA16s (DNAY TN RO E 2R T HENRFESHEAMRIIST, TERREDERZES AL
BT 16s (DNARIIR, XIREMRSERIERMBAMCERRHTIIUSHT, KAFRRE THIG T REHMED

RIEEZSIARD,

2 m V3 5 V6 V8 V9
=== &= &&a & " 1100k | &=

~510 bp for Roche 454

V1-V3
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)
46
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igFars
MFridtE

(1) fEREXEmRDNA: DNARTLLRB LR, FHE =[E0KAFF,

(2) FEIEFI4EY: —R&16s rDNAY IEFRIFEIIDNANEEERHAS, SE>100ng, KE>10ng/uL ks
AILAREENR, NREREMFELENRE, WERNZEMEY, EEEDNANARRESTHFEASHN
KEDNA, EHXDNANSEERSERHES.

(3) MfF: XI5TAKPCRGRIFHIHITINRFE. Bal, ATLARBASHARNUFK, NP EKRI454, lluminafy
MiSeq. LifeAIPGM&LPacbiofIRSII={CME{H#1T16s rDNATIRE.,

(4) #EESHT:

OREFLT, FIRERIFRSOTUs;

QHAMIRFE ST, #WREH%Z. Rank-AbundanceffiZ

@ZHDHT, PCoA. NMDS (FFEEZHRESH) . PCA. LDA

@EFUERDT, PEELNESR.

GOMEREFoHr, RDA (Redundancy analysis) . CCA (canonical correspondence analysis) 48
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© RNEFAEFRIFIBFAMENBRIDNANEZE, REREERIEEBARSEEMIMNRENZHIERIFm,
AT FAS TR AR, (FEEREMONA, BRRZESRER OERAHTOEEL.

- A, XDNAH{TEIEEERITIGIE, FIESSERNZADNA #H1TER, MEEAHK.

- BHEREEEDNANEFET RS IIENEINEY, BYSENTERER.

- &fa, MNRERENERIDNA HITOH.

BN FE RPN 7

N
oF




EUERF T2 : o
Bioinforzatics %Egﬂi &ijjzuz,ﬁ

N
1]

B

7= e H A

plIESur
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SigZZEZBEHANFIRRAR
2. PRFE "HEEEEE"

EREGONFDNART, AILUSSZRRIMEMREED DRMITIE, StEEARDIE (FACS) 2—M
SREERE. ERRETIEERET IR EMRFHNETEIENTSE. A0, (ERFACSAFRM LIZEFEIT—
ERELFFANERRSEFRE, XERSERE R TEFMER—RESRNFSEFHITER,
H OB EREEEM D RS HERNMMEMEREUREFE RRINR, FEERERIANIERER
REZF 75 AR BIIX LA R,

SRS HERER) ?
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WEPDE (microbiome) BIEHEY (AE. HHE. REFUSFEZEDIRS) NERE, LUIKHE
FEEENR, Rl @nMENRRSEMENIR, NERESMIFRIERBALURABRIEERFET4.
MEWBARES T REREF. NHHEHS. REREZF. UNERERREFFNIRRASEIENSES.

MEMEFHRRAS:

OHEDEF, X2 T A EDTSEIMEENRERERRIGE, BEMEVIEF—RENED,
B SMENRAREFRN, ETESEENFTLIRRXLI R,

QHENINF, SEENFRARHEISRAMEH TEXMENNHAR, ET=BEERRRIHEYH
R aEEEREFNFRNANZERENFRASE.

PZHFHR, ERNFTEEAEEMEYFRIREIIES 7, BRIRCERITTAR SRR RGNE
PIEEAFMO R INEEFRRIERE, MMEWEFSNBEFFSAEFHRBIMBERRE, BEX
BROTERTEE. ARkiE. AMREBESFRHCEERSIHE, BEERTFNARR.
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EEEE DS

EHFIENE OB AR HFHRA
SRIERGEE e BEEEEE
'_S-CT?FEBEZ ; ) *mﬁﬂ ctionimmune tfaining , (ﬁgzﬁ)
Multi-species mmunotvoing N jotic
metabolism i ' ance
. . N RERE
Ecologictl S EEZ e’ : e
dynamlcs sooperatior metabolism Parasitism 4“7?‘5‘, ’

| A 1S 5 Q
o ERSSEES b AN
i i rgii VA [
xlgllltjll-ast?::'es = ”% E,\J%; UF];I | infection/cancer
Microbe-microbe ~EHAE
interaction

Community (co)evolution
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< e s I
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A W B BB RO RS AR A2
EMESIERRNES

MEMEFEIRITRR KR 7 MEVRRERAR, YA TFRMEMERINCNHEZMELIEK, M
EYEIEESFL>100TBRIREIG K. Efr LERE FITSAERABMEXAEIERE, thul

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

Erh, NCBIgYSequence Read Archive (SRA) (http://www.ncbi.nlm.nih.gov/sra) . MG-RASTLAK

CAMERA2HF AFRIZERAINB EIZ 10, 0001, B8 1PBRUEIE.
(a) (b)

REFPEFERIHD T REFBPFERNEAD
14000 (EEFNCBI) (RIFFNCBI)
12000 60000
e W TR
L PN ZEZS 5

8000

40000 4%'\ $¥$§Q

30000
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4000
20000

2000
‘ 10000
0 ,.vl||| I I
OrTOOONUNITOUORNIDTONONDIDTOONDD~OWLND 0 - - ] ™ u I
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MEMHEERIRRNES

- IRBEERBENETAE (biome) MALERMNHMEMESEHFATIESNFLIE, RKIBEFNEARERL
(RINZRN, BT EREMIELERAY. HIaN: #L1E20194EK, EBI MGnifyfUEFIMEA AR IE491
ANAARRS, T ARARFHE R B A A ERI 2 root > Host-associated > Human > Digestive system > Lar
ge intestine > Fecal’, XMAMREEIFREBFITHEANSD K. A, HEIXMEARNERBLREIHIERSE
RN, MEES— MMM EBETZSINARNERZFAMRIHE, FlaN Fecal’MBZIASMA LR E—FA
MER. B, B NMIEWESIRINEXEFMEAREE RS SIRE (multi-label) .

« N—JSEKiR, HMEVESIENSRERYE, FITEANERSSE, BT HAD S BSERIHRR.
« B—HHE, MENESENSREREFOASERRIFE, MBNSRZISERBEFEIFHERLERS

BERERIFER.
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HEYMABLGEIREREIES https://www.ebi.ac.uk/metagenomics

Overview Submit data vV Text search v 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
0x 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 b :
- EMG produced TPA metagenomics assembly of

2581  metatranscriptomics PRINA482836 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

e e
f—_“:\ e B# ‘" PRJ[BA2464 data set (Gut Microbiomes of European
e Farm Rain...

[ ]
Human Digestive Aquatic Marine Digestive t
(213666) ooty (51540) (38036) horeraty The Third Party Annotation (TPA) assembly was derived from the primary whole
(1%310) (3y5532) genome shotgun (WGS) data set PRIEB42464, and was assembled with

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

RRMERVAENBEHERE (MGnify)
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: -*-*x*- - -t x*-* :
|
: x‘-*:»x« -*-w J- x‘- :
I
: -*x*-*x« - x*- ¢ :
\ "
Feature extraction .
(e.g., GC content, k-mer freq.) Marker seloction
G1 —> 61% GC cont. L s e G
G2 —> 42.5% GC cont. XK =D H= =X
: G3 — 50% GC cont. X = = W=
No models Sequence-free models
(e.g. SVM, Naive Bayesian) Marker-based models Whole-geno
Species A <> 61% GC cont. Species A <> == Species A E%
Species B <> 42.5% GC cont. Species B <> ==l Species B 2
Species C <> 50% GC cont. Species C <> w=i» Species C E—H
Sequence-based Sequence-free machine Read-to-marker Read-to-genomes
clustering learning classification sequence mapping sequence mapping
@ @ @ 61%  425%  50% =~ i — —————
: “ Unlabeled bins Clade/pathway Read relative — —
i relative abundance relative abundance abundance : Intrinsic _ Extrinsic
1 o — o— : . information  information
T —— B D‘ B D‘ nn e o s ,
- A A Nl B i 61
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RS LE

RS triEiE

Isolated DNA

Metagenome

Microbiome In vivo sample

""" TACGTACGT
CACGACGGGGCAA
TATGGGTCGTTACCA

GPOPCs

TATTACGACGGT

Metabolic profiling pipeline

N omes and r
Environment

TCACATCAGGTCGAGCTA i 3
Sampe DA DNA. TATTACGAGGGT : Multiple Health/disease
collection extraction sequencing ATATCATGCACCATCGTA : samples PpH
—_— 3 TATCCACGACGGGGCCC s
AGGCTACACGTCATGCA Salinity
TACGTACGT BMI

Example tool: HUMAGLN )

Install HuMAnN, place one file of © ARCH
results per sample in the input directory,
save the resulting list of microbial and run the tool using scons to generate

Taxonomic marker DB abundances

a table of samples by pathway abundances.

Functional sequence DB

(e.g., MetaPhlan DB)
e v v

Each sample contains: Taxonomic profiles Each sample contains:

27.4% H. parainfluenzae 2.9% Bacterial ribosome

13.1% S. parasanguinis 2.7% Inosine monoph. biosynthesis
11.37% P melaninogenica 2.6% F-type ATPase

7.8% R. mucilaginosa 2.5% RNA polymerase

1 GraPhlAn
visualization
Energy met
- Carbohydrate
and lipid met.
Nucleotide and
amino acid met.

GraPhlAn
visualization

g T,
Firmicutes o5 e o
Proteobacteria

Actinobacteria

Others

15 Most abundant species

CEC LT C T T ety
20 Example metagenomes Others

Ell Tongue dorsum
Ell Buccal mucosa

Ell Tongue dorsum
Ell Buccal mucosa

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

v G NN 27

B ipas
'Poy
7 metapSaccharige S L

ATP i
Energy met.
met

(e.g., xEGG DB)

Metabolic profiles

“ 15 most abundant metabolic modules

20 example metagenome

Metabolic biomarkers

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

lism

system

Putative multiple sugar transp

and amino acid transp.

Putative wansp,
L transport
Bacilli Putine
S. mitis: ion proe.
36 2.4 12 o 12 24 36 of and polyol téansp.
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R MBEEIRE B RIS

- MEEEEMEWELSIERIRRR, BT KAENMEWELEIERE, IUNRKERRMENBESIRESIT AR,

- HPERIEENESIERFEIREBI MCnify, QIITAFBRMENELZIERE, IAREIINEEEEZEN
CARDEUER:. FHRIESHBERZZIERantiSMASHSE,

s HEMBEIEERNS A IAIEGEE: FRSNFSIERERHIRFastQC, $HXIHEMENFEIEDSHT
(MNEEEEZIFPLER) BIQIIME 2.0§0MetaPhlAn, $HX34414BR0THEEL S HTEY HUMANN 2.0, 13
EYIE BRSO HTASource Tracker, §HRIRIEYIEIREREIZIERIDeepARG, antiSMASHE A,
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B EIR D TIEE

&7 i Rk .
Trimmomati | —fFFlllumina NGSEUE(KRE [23]
c . SIfIEELFAIERT A,
https://huttenhow
%ﬁ;%%@%&éﬂqﬂﬁﬁ er.sph.harvard.ed [24]

u/metaphlan2
HUMANN 2.0R]LAIS3%. /Rt https://huttenhow
HUMANN2 | fi—MEEEHEYIRERFE/HSK  er.sph.harvard.ed [25]

FEE. u/humann2
2 YR AL, Sl
. m/voutcn/megahit
— http://weizhongli-
CO-HIT | MRAFTUREER. lab.orgicd-hit ~ 127]

AR AR B FEIR D 5 R
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(e E

BTIEIE

F12 FHMITR

B8 CFE) « iR PUrEER
cas PFhEETY . EEINEESZE, LI
j . S E R i 2
MOCAT AR i R
- PFheEFD . EEINEES 2, LI
MEGAN 165 rRNA o SRR,
MetaPhlAn: EEFEER- P, £8-
PICRUSt ARy 1% PR ORI R 25
antiSMASH:- FoER R BGC 44+
CARMA- 165 rRNA: e FFOTh AE S 2
Sort-ITEMS: 16S rRNA< PIFpEE 70 g 28
QIIME: 168 rRNA< PIFhEEts . FEAIRES 2
‘ , E=EFH, 165 PhER). EEMhEESD 2, LR
MERASE RNA® iz BRI
; =EFH, 165 PR, EEMIh D2, LR
CAMERA fRNAS P [ERIELER
s EEEE, 165 | PSR, EEMONEESZ, LI
IBDsite {RNA' Py Z AL
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Directed moss: = Antbotc pv::d‘l":rnn
. s
. 'y A
. ) ""'}.&
L R I Traing set
: |\
.. 1| Y S—
sssese "‘-, { v2
T | e
s o ) EI . Y New
: : J o 5 Antibictics
A Deep Learning Approach to Antibiotic Discovery, Cell, 2020 I —-:Ab EGHI- _%2 1 sleL i ""Q
A Y EYIH RS ZHE
Host Microbial Cancer-associated mhﬁ b n p— S - A . ] ﬁ : m
DNA DNA microbial DNA

e AT SRR R A B SRS
AT SR EETEEEE

ety AT SRR S ol SR

sood AT EReFmuNREY
sampe ‘ ‘ AT SRR ER R
R

Al s d cancer-;
microblal 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-programming-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 v2023_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.

ARMERHMENERER (BTRERAFHIR)
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Available Models and Datasets

Pre-trained Models

Embedding Mod

Shorthand esm.pretrained. #layers #params Dataset Di
im

UR50/D https:/,
ESM-2 esm2_t48_15B_UR50D 48 15B 5120 S,
- T 2021_04 esm/m
URS50/D https:/,

esm2_t36_3B_URSeD 36 3B 2560 _
Commaiians 2021_04 esm/m
UR50/D https:/;
esm2_t33_656M_URSeD 33 650M 1280 T S
o w 2021_04 esm/m
UR50/D https:/,

esm2_t30_150M_URS5eD 30 150M 640 _
- 202104 esm/m
UR50/D https:/;
esm2_t12_35M_URS@D 12 35M 480 T
2021_04 esm/m
UR50/D https:/;
esm2_t6_8M_URS@D 6 sM 320 |
- 2021_04 esm/m
690M UR50/D https:/
ESMFold esmfold_v1 48 (+36) - B
(+3B) 2021_04 esm/m
690M UR50/D https:/,
esmfold_ve 48 (+36) - ]
(+3B) 2021_04 esm/m
0 p URS50/D https:/,

esmfold_structure_module_only_ * > various & —
(+various) 2021_04 esm/m

AR EDERE (BT EREREFEEE)



