REEWERTA
Foldseeki&j4}

CIRA: BBEAR G3mRE: HREXR. &id
2024-01-14
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Martin Steinegger, B/REM KZEEYRBIEEE, AF2 (fE—IEDeepmindfEFE) .
MRIRE: ARBEZEERTETE.
RFEMT % &
®OMMseqs2: BEMNREXENELRISHRFT.

EEBLAST1100004%/EL PSI-BLASTR4004% . %
@ColabFold: FEAEEREMTN. %
#£3k, SAlphaFold&ZifHEL, MSALE R

FAlphaFold2F1RoseTTAFold 5MMseqs2&&
EERS 71615,
QFoldseek: MEMBRERREM, SEEREEMEETEMLLER 104 - 105,

Steinegger, M. et al. Nat Biotechnol 35, 1026-1028 (2017).
Mirdita, M. et al. Nat Methods 19, 679-682 (2022).
van Kempen. et al. Nat Biotechnol (2023). 2
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1.2 Bx-AFERR

EREER: $EASHEEHTILR. BEREEARBEMNERER. NA: IR, SHWN. Br#LXRE.
FRFIIEER: $EORFISFIIREEHTILRIFTESGITEEHE.

7735: BLAST. PSI-BLAST. HMMER. HHBIits. MMSeqs2.

BRE: ERBEENSFIIHEME.
FRZHEER: BEOREHSEHEREEHTILRIFTESITEE Y.

J73i%: Dali. TM-align. FAST, Mammoth,

Fak: 55k, BERREWEHCIEFNRENEEK, ERT.

PRE&I: ATFAMIBEZ, BEREEE.

BEY T pee R cPU B R
HZ 3 MMseqs2 | 1K CPU core | All-versus-all FF%EEE & 13

RVATT A TM-align 1 CPU core MEHERIE R 1A

112554 TM-align 1K CPU core | All-versus-all Z£fJEE#E % | 1000 ££
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2.1 Foldseek{& &I &1

Highlight: &7 —fMER=RHEEER (3Di) MEMFER, HEMKIRAIDIFS, FERAFIIIEXY (MMSeqs2)
FKibREM. HLEENSEHIEXN T ERRER THERAFY, EREGEMRONESREEFS+RSHMRENY.

DI HILBFE QRBEDIEE+AE+FINFE  QVQ-VAEIIZR{R=F3DIFES *F800k&EHaiE &
SARS-Cov2EyRdRp

Amino acid --Val-- 16
1week —si-——@ Dall

3Di sequence - A -

16y 20 ——® TMalign

oS gy 5| [cos @,
cos @ 5 lcos ¢y 4
o5 4 E fFos iy 4 7 10*
cos By 5| / cos Py 5 1 hour g o
cos ¢, Z] : c0s P 3| k3 ;
cos ¢ Encoder — E 10
cos P35 cos a5 a
d d ) 10?
T T 1 minute —»
foli=i) Fali=f) 161

55 -——o Foldseek
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2.3 Foldseek{# Af5+1-Ub #1 SUMO

PEREBRETESEIHMEZEER M EONEN, BiEZEHES (UBL)INZER(Ub). /NZEHEIHEY (SUMO)f
S . RERMABEFEIE2E3=S R EM. UbFISUMOBE B 25 FYIREEM.

Ubiquitination Lys48 Lys63 Linear Mono
™\ UM of
NZF

uB uB UB UB domain UB UB  UB | UB us ( \/p327
y E1+E2+E3 id & UB i us & of TAB2

Ve honss < UBA ue UBAN

—_—

<——— | Substrate domain of hR23 v domain of NEMO
DUBs

TRRREE: BHUbSSUMOR A T ELMHEMYE, ERERFIBMMERI.
Ub #1 SUMO EMBOSS Needle &R :

# ldentity:  12/76 (15.8%)

# Similarity: 33/76 (43.4%)

Ub(PDB: 1d3z) SUMO(PDB: 1u4a) Deribe, Y., Pawson, T. & Dikic, I. Nat Struct Mol Biol 17, 666-672 (2010).

5
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2.3 Foldseek s A5l F1-Ub #1 SUMO Foldseek&5 8

BESE: DHAPDBEH (5] FJESMFold/ColabFoldX 3 {745 Tum)
QEFEBEREWE. BEAR, DERFF. & . Foldseek

1d3z (3Di) 1 DKEWEAEPVGDIDIDDDDQADFPLNVLVVVCVVPVAPSVFKWKDFPRDTGDRVGGNVVVVADPHGYIYIDGDDPPD 76

luda (3Di) 4 AWEWEAEPVRDTDTDTDDLQDFLLVVVCVVCVVPPHDPPWKWKAFPNDTDDRRDRVVSNVDRHDGYIYIYTDDDDD 79

Foldseek E-value = 3e-5
Sequence identity = 54% (41/76)

PDB100 1000 hits GRAPHICAL NUMERIC

Target Description (3 Scientific Name Prob. Seq.ld. E-Value Position in query (® Alignment

Solution structure of h... 1.00 16 437e-5 SIEEEEE——_— =

©)

Select target residues to highlight their structure
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2.3 Foldseek{ A il F2- A\ E&EER Es 5 iR S A R BRES

ATERBRABYRIMFTHNFEAERS TR SHERFTIRBERER X,
HRARGEAERREHSNEU2Z R B i FERNRBRSHEIREN2NEIRY) , FHiBdARREREREER XSNP
RA1Q (BEZEHRREBAM, HIEI.20%MIHAOS) BELERIER.

ERANERHRBHNEU2 5 RRFASHASTRBN2FIAOERRE, YHNELIESHMLSEERESE.

Ub #1 SUMO EMBOSS Needle &3
# Identity:  21/751 (2.8%)

# Similarity: 43/751 (5.7%)

HsNEU2(PDB: 1VCU) N2(PDB: 2BAT)
Li, CY., Yu, Q., Ye, ZQ. et al. Cell Res 17, 357-362 (2007). !
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2.3 Foldseek{f Af5l+2 Foldseek 45 R

¥R ANEREREEHSNEU2(PDB: 1VCU)EH): &R FEE AR RS HELSEREN2(PDB: 2BAT).

PDB100 412 hits GRAPHICAL  NUMERIC

Target Description @ Scientific Name Seq.ld. E-Value Position in query @ Alignment
THE STRUCTURE OF T... 109 7.67e-7 —

Select target residues to highlight their structure
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2.3 Foldseek{E 5l +2 Foldseek g &:# &

XEFIE D BT A FK AR RER B &P TS .
BRERRRSHASREEN2(PDB: 2BAT)EH, EREE 7 AERXREREHSNEU2, HSNEU3, TJgEESHSNEU3T#{T/REEM%.

AFDB-PROTEOME 541 hits GRAPHICAL NUMERIC

Target Description (?® Scientific Name . Seq.ld. E-Value Position in query (? Alignment
Sialidase-3 d 119 143e-6 =

12

Select target residues to highlight their structure
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3.1 Foldseek Cluster-X B iiE A RFEHIEX

Foldseek Cluster T{EiRT2: MMseqs28 3 (5AFDB50) +FoldseekBH+EpR BB, &2 MAlphaFold UniProt v.3
BHEEERN214,684,311 (2.1412) i, 15%12,302,908 N FEH %,

> Highest pLDDT % Fragment
® Representative

— JRE— 4% 44)

— ( ;T\ ® / ), % ), @ 2)
MMseqs2 cluster |* ¢ e Foldseek cluster v “/ o \\4‘(!.‘/

— 0% sequence overlap N [ ... 90% structure overlap / Qo " _,\; Remove (/ ,‘3 Remove —
s 50% sequence identity 7 \ \' . E <0.01 7 & fragments \ & singletons ,‘ \
— ( o — & —— (%) 2
— & %) %)

214 million 52.3 million 18.8 million clusters 15‘3 ITlI||IOn 2.30 million clusters
proteins clusters Foldseek clusters clusters AFDB clusters
AFDB AFDB50

TABNEAR (5%) H30%M% (BEXAESE) . RN T REZ NS FIRE: BEEEZERENE.

Top predicted molecular functions
= Wenoutamouation oo Transporter activity

With annotation P
100 Transmembrane transporter activity
80 lon transmembrane transporter activity
o DNA binding
Hydrolase activity, acting on ester bonds
Nuclease activity
Catalytic activity, acting on a protein
o EEFFF Ribonucleotide binding
\ﬁ‘;@\‘\ G S Carbohydrate derivative binding
OQ,?@(,TV \‘? Peptidase activity

Cluster size range I T T

$ 0 40 80 120

40

20

Occupation in each bin (%)
Occupation in each bin (%)

10
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3.2.1 Foldseek Cluster Z£R1-#EH=EEAE

AlphaFold Clusters

Investigate the 0 clustered

Gene Ontology Taxonomy St Y AOA1GS5ASEO0, —Fh4AEAEERL A B
UniProt accession -

AOA1G5ASEO Q

Cluster: D2N2J3 Representative structure

CREMER
Representative summary ﬁﬁ% n*@{n ﬁﬁi?&*’@

Accession Length
D2N2J3 2 123 aa

Histone H2B

Lowest common ancestor and lineage

EBERER

Cluster summary (?)
Number of members Dark cluster Average length Average pLDDT
318 no 122.98 aa 81.50

Lowest common ancestor and lineage




3.2.2 Foldseek Cluster ZER2-#403%

Archaea
2.30 million 331 , 10t -
LA %! Ca, Bathyarchasota
T V1 TN archaeon
2 Euryarchasota,
188x10° Acido, bacterium
Celiular | Bacteria 10 C. bacterium
organisms. 11 x 106 100 '
Protecbacteric E. coll
0° D. bactenum
™ . pyfon
I 737 8. enterica
880 10¢ =
onAY 8 Actrobactaria’ 33 * 19" Actino, bacterium
1.08x 10¢ 11110
N - Planctomycetes P: becterium
Fimicu
Py 1o, BFmicutes
Eiskaryota = Bacteraidetes
o 19° Cyanobactesia
= 107x10° R, irreguiaris
10t
® secomycon
189 < 10 jﬁusvdmmycou‘ R e
y Metazod = Arthropoda 179 1° A ventricosus
311 % 10° 2
= Chordata
1,05 % 10 el PR
529% .64 x 10 *10° T cinerarifolium
20l [ -
¢ B sveooohya
T T r T )
Life Domain Kingdom Phylum Species

B Cluster members

Eukaryota

AERRDLFFERMLCA (REHFEHERE) .
REBEMNEFREELE, MEREETRIERMNLEENSITF.

2 I3k S

Metazoa

Viridiplantae

Fungi

Chordata

Arthropoda

Nematoda

Streptophyta

Apicomplexa
I Platyhelminthes

Euglenozoa
s Chlorophyta
mmmmm Cnidaria
wmmm Basidiomycota

Bovidae

Trypanosomatidae
Plasmodiidae Plasmodium
Trichuris
Caenorhabditis
Trichinella
e [rypanosoma
| eishmania
Araneus
Branchiostoma
Odobenus

Poaceae
Trichuridae
= Formicidae
Rhabditidae
ms Cyprinidae
— Apidae
Trichinellidae
s Brassicaceae Nematostella
Araneidae Triplophysa
Branchiostomatidae Clupea
Odobenidae Toxoplasma

e Bos mutus

Araneus ventricosus
Odobenus rosmarus
Nematostella vectensis
Triplophysa tibetana
Trichuris muris

Clupea harengus
Toxoplasma gondii
Trichuris trichiura
Plasmodium falciparum

3 EXPORT

12
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323 ERIHEAA (REARLEM)

Structure @ Accession CLUSTERED STEP ® M Actions
= E
BERRER

AOA016SYUS [

(" AFDB50/MMseqs? )
Histone H2B —

Filter by

( AFDB50/MMseqs2 )

P— (D /-5 [F] — M 50%5E 3
I:j_.__AFDB/Foldseek__._} O LM B K
( Frag ment.i ) OMBREY F B

@MER 9 2

Singleton I

4
4R 4H & 5 AOA1G5ASEQ A4 B AOA2REY619

Amee? 13



3.2.4%R-AMHE (BE+8flDomain)

o
L)
o
3
N
)
B
3

A== | = Q
= =] © "o
"""" = B @]
_____ B » = o o O
...... Pfam 2 =Pfam 1 OO O -
C o [
--------------- — i —
""""""""" No annotation

© e
®

[ —_— ] ©
Region 1 Region 2 | O © 9 E;:::g 8 EI::: i
@ O . O No Pfam

DEESIMFENRFTMEEND.
QX Hit F IR R A BER K FH E X T8 IDomainifi 51,
O AR EMBLIENDomainEiZEeX, FHIEEBEMERERNDomainEK ik

B Similar clusters

RUENRREN

Structure Average length Average pLDDT Number of members Dark cluster Rep pLDDT

Accession Taxonomic filter

®

Histone H4

% PEKING UNIVERSITY

3+ EXPORT

Rep length

E-value Actions
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4. 5%

1.Foldseek(search.foldseek.com)

OEAMR=RKBEER (3Di) NEMNFIREERHEIEAIDIFS, FEAFIILEXN (MMSeqs2) REREREM.
Q5 HuRIREMIRE T AR 104 - 105, FHRFFHMREE.

Q%R : THEMNENAREEMERD.

2.Foldseek cluster(cluster.foldseek.com)

O BEEARFHOERE, 214N EHRETR 200 MBEEMREFHAE.

QZR: EHEMNEMNBERENOETEFEQENKQEMT (REAFELEM) @ORME (A48{MUDomain) .
3IRERIE

OEMERSE, SINE—EAAFEEESHIRESE, ARHITRAKTEMEHE.

QABCIREARMIEM T WX ETANESEERE, BEXEREILRMNEBOETHEENTIHERAZ & ENRFTESD.
@Half day on the Web, saves you half month in the lab!

RRif T ZITAIABCIRTE |
BRg K X EYES I | 15
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