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Copep>xaHune

BesegeHune

ML meToabl Ana npeackasaHns CTPYKTYpPbI
JaHHble
MpeacraBsieHne

BapunaHTbl NN

MpenckasaHue CTPYKTYpbl 6enkoB

3akJitoueHne
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Pazgen: BeepgeHue

n3anH octoBa nan dopMmbl besnka

¢ JloKaNbHbIW AM3alH: BCTaBkM 1 aeneunm gns ooCTMXXeHMs Heobxoanmon ¢bopmbl
JIOKaJIbHOTO OKPY>KeHMA

® no6anbHbiM au3arH popMmbl: MoaroH nocsieaoBaTeNbHOCTN Nog dona m
npeackasaHne CTPYKTYPbl U3 NOC/Ie0BaTE/IbHOCTH,
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Pazgen: BeepgeHue

OCHOBHble Npobiembi:

* MoHTe-Kapso: 100 a.k. 3N cTeneHein cBoboapl, nosiydaem 10*® koHpopMaumi.

¢ Mapapokc JleBuHTansA: "NpomMexXXyTok BpEMEHMU, 33 KOTOPbIM NOJNNENTUL,
NPMXOANT K CBOEMY CKPYYEHHOMY COCTOAHMIO, HA MHOTO MOPAAKOB MEHbLLE, YEM
ecnum 6bl noAnnenTMa NpocTo nepebrpan BCce BO3MOXHbIe KOHpUrypaumn”.

e [1ns peleHnsa pasyMHO MCNoJIb30BaTb HAKOMJ/IEHHbIE 3HaHMA A1 MOA4E/IMPOBAHMS.
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Pazgen: BeepgeHue

MocnenoBaTe/IbHOCTb-CTPYKTYPA

MpuunHbl Napapokca JieBUHTanNA:

* TeopeTnyeckne Mofesim, He COOTBETCTBYIOT TOMY, YTO NMPMPOAA CTapaeTca
ONTMMWN3NPOBATb;

e B xoae 3BoouUnn 6b11n 0TOH6paHbl TONIbKO Te 6eNKK, KOTopble 1erko
CBOpaYMBaloTCH;

® 6e/IKM MOTyT CBOPaYMBaTbCA Pa3HbIMKN NYTAMMU, He 06a3aTeNbHO Crieays
rnob6anbHO ONTUMANIbHOMY MYTH.

e CyMTaeTCs, YTO CTPYKTYpa onpeaenseTcs noc/ief0BaTes/IbHOCTbIO, HO MHOTAA
HY>KHbI Apyrne ¢bakTopbl.

e CTpykTypa 60/1€e KOHCEpPBATMBHA YeM Noc/1Ief0BaTeIbHOCTb
10.1101/2021.11.20.469408
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Pazgen: BeepgeHue

CpaBHUTE/IbHOE MOAeINpOBaHMe

® 33ayeM MCKaTb KOHPOPMALINK eCIN MOXHO NPeACTaBUTb, YTO NpY Noaobumn
nocsieaoBaTeNbHOCTEN NOA06HbI U CTPYKTYPb.

® Ha/Zl0 OLLEeHNTb HAaCKOJIbKO BEPOATHO, YTO OT/IMYME B NOC/I€0BATEIbHOCTN MOXET
NPUBECTN N3MEHEHNIO CNOCo6a YKNAAKK Lienu.

* Hapo oTdpunabTpOBaTb OWMOKM NONYYEHHbIE NMPY ONpeaeeHNN CTPYKTYPbI.
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M3BeCTHble CTPYKTYPbI M NOC/1€40BaTE/IbHOCTH

e CeMyac M3BeCTHO nopaaka 10* CTPYKTYP YHUKAbHbIX 6€1KOB.
e UniProt 310 565,928 6enkos. TTEMBL 225,013,025.

e 1na 50% nocnenoBaTe/IbHOCTEN MOXHO NpeAcKa3aTb cnocob yknaaku.
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3 MeToAb! ANA NPeACKasaHWs CTPYKTYPbI

Sequence cluster level: identity30% | identity 50% | identity 70% | idenfity 90% | identity 95% identity 100%

I Nurmber of New Sequence Clusters Growth Annually Total Number of Unique Sequence Clusters Available
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UNIPROT
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Paspgen: ML meToapbl ANA NpeACcKa3aHnA CTPYKTYpPbI

Pfam is a database of protein families that includes their annotations and multiple
sequence alignments generated using hidden Markov models
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PasHoob6pa3une

Sequence Feature Learned Feature
Amino Acid Sequence Variational Auto-Encoders
Chemical Descriptors ProtVec
Evolutional Information UniRep

Protein Graph Protein Surface
Voxelization Secondary Structure
Torsion Angles Inter-residue Distance

Full Structure Structural Feature

10.1016/j.patter.2020.100142
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MpeacTaBneHne Nocne10BaTe IbHOCTY

e EcTecTBeHHOe rnpepcraB/jieHe 3TO aMMHOKNC/IOTA = LieJ10€e YMNCJ10

Mo>xkHo fo6aBnTb MSA, PSSM Kak peasibHoe Y110
® BTOpWMYHas CTPYKTYpa Kak 3 nnm 8 byks

JaHHble 06 Ko3BOOLMN
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DKCTpaKLUMA npeacTaBieHnn

NLP anroputmbl: Word2Vec, Doc2Vec, BioVec, ProtVec
* HenepekpbiBlOwWwMeca Tpunentnabl
mLSTM (RNN), dnkcnpoBaHoe onncaHne gns nentuaos

BERT 1 GPT3 xopowo cpaboTanu gns npeackasaHna BTOPUYHOWN CTPYKTYPbl

AE 1 VAE 6b1211 ya4yHO NpMMeHeHbl A1 CBA3M NOC/1IeA0BaTe/IbHOCTU CO
CTabWIbHOCTbIO
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[MpencTaBneHmne CTPYKTYPbI

¢ [psAMoOe NCMoJib30BaHME KOOPAMHAT aTOMOB 3aTPYAHUTENIBHO

e Voxels, 3D ceTka okpyxeHua ana CNN

® TOPCMOHHbIE YI/ibl, MaJible U3MEHEHWNA CUIbHO MEHAIOT CTPYKTYPY
* [lonapHble pacTOAHWNA UM KapTbl KOHTAaKTOB

e padbl gna GNN, MOXHO oTAeINTb depMeHTbl oT 6e/1KoB, NpeAcKa3aHua
nHTepdencos

¢ [IpencrassieHne nosepxHocTtn, MASIF
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OLeHOYHble GYHKLMM 1 CUII0BbIE NOJA

MM CunoBble NoJsiA AOCTAaTOYHO XOPOLLUM A1 CTaHAAPTHbIX B3aMOAeNCTBUN

e ML ncnonb3yeTca A1 BHeAPEHMA KBAHTOBbIX IBJIEHUIM MPWN COXPAHEHMN
Npon3BOAUTESIBHOCTH

TOYHOCTb MOXET AOCTUIaTb 04EeHb 3aTPaTHbIX QM MeToa0B.
SchNet, ANI-1x, PhysNet
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Convolutional NN

Convolutional Neural Network

Sequence: _
MGSSHH ...... Convolutional
1 Kernel
i 1 . : 3 1 ﬁ
: Simulated
. | Annealing
o A
’f’éw%ﬂ*rﬁ%mfﬁ%ﬁ Predicted Distance

Pairwise Features Matrix
10.1016/j.patter.2020.100142
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Pazgen: BapunaHTbl NN

Recurrent NN

. Sequence:
Sui G i i = MGSSHH .....
®00000| 0000eo 0000e0 P

RNN * RNN ------ RNN
Cell Cell Cell
S, M L—ag > E
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Pazgen: BapunaHTbl NN

Variational Auto Encoder

el
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Pazgen: BapunaHTbl NN

Generative Adversarial Network

Real
) or
' Fake?
Gaussian
Noise Generator Synthetic  Discriminator
Data
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OcHoBHaA naen

Knaccuyeckre metobl ONMpatoTCA Ha CMJI0BbIe MOJ1A U CJI0XKHbIe MPOTOKO/1bl

HoBasa npges: KOHTAKTUpyrouine oCTaTkn 3BOJIOUNOHNPYIOT BMeCTe

Hy>xHa nHdopMaumsa o6 romonorax, 6onbine MSA
RaptorX u AlphaFold
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Pazpgen:

Apxute KTypbl, PaCTOAHNA

MpeackasaHune CTpyKTypbl 6e1koB

A 1D ResNet convoluted
sequential features a . D sequential features
1D 1D
block block
o LXLX3n I
pairwise features
M\ 2D feature conversion of sequential to
=+ derived from pairwise feature
L 1 1D feature
- ~ J Predicted
Merge distance matrix
M 2D dilated 2D dilated | goftmax ,/(/
_‘ — ResNet [——> ©@®@® ——> ResNet > " o
block block # PN\
L < y 4
Y LXL & e
2D RecNet
10.1002/prot.25810
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Pazgen: [pepackasaHue CTPYKTYpbl 6e1KkoB

ApxntekTypsbl, end2end
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Pazpgen:

Alphafold 1, npesn

Sequence
and MSA Deep neural
features network
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MpeackasaHune CTpyKTypbl 6e1koB

Distance and torsion
distribution predictions

164 bins deep
v 4

led L x 71D sequence and prof le features

= i

0.1038/s41586-019-1923-7
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Pazpgen:

Alphafold 1, CASP

MpeackasaHune CTpyKTypbl 6e1koB
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Alphafold 2, meTop,

Deep-learning architectures overly favor sequence-local interactions

Solution: Developed a novel, attention-based deep learning architecture to achieve
self-consistent structure prediction

Shallow MSA

Deep learning algorithm to attend arbitrarily over the full MSA, instead of using
pairwise co-evolution features
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Pazgen: [pepackasaHue CTPYKTYpbl 6e1KkoB

Alphafold 2, meTop,

MSA embedding Sequence-residue edges
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10.1038/s41586-021-03819-2
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Pazgen: [pepackasaHue CTPYKTYpbl 6e1KkoB

Alphafold 2, pe3aynbraT

Median Free-Modelling Accuracy
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Pazpgen:

trRosetta, meToa
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MpeackasaHune CTpyKTypbl 6e1koB

Coarse-grained models

¥

Full-atom relaxation 9
(FastRelax)

(HTY Cupuyc)
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Smoothed inter-residue restraints
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Energy minimization
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)

Final model
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trRosetta, pesynbraTr
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trRosetta, gn3anH
A 6
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Pazgen: [pepackasaHue CTPYKTYpbl 6e1KkoB
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3aKJ1royeHune

CyTb COBPEMEHHOrO MOAE/IMPOBaHNA 6E/IKOB - SMMNMpUYecKas

Yem 60onblue M3BECTHON MHOOPMALMM NCNOJIb3YETCA NPY MOAEIMPOBAHNM TEM
TOYHee MoJeslb.

Kaxabl1 MeTon uMeeT HeJoCTaTKM.

KpVITVI‘-IGCKVIVI dHa/n3 Moaes i No3BOJIAET BbIABUTb ownbKn 1 YAy4qylWwnTb Mmoaenb.
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