YeM 3aHMMAKOTCS
6nonHcpopmaTUKn?

Cepéxa Vcaen

BbiNyCKHUK PBB MI'Y
acnmpaHt ®YbM® MOPTU
MAaaWnn Hay4YHblin cotpyaHuk HMUL, aHpgokpuHonorum



3a4yemM MHe nsy4yartb 6uonoruio?



T

KayeCcTBEeHHbIN aHann3 gaHHbIX statistics
npegnonaraeT yBepeHHoe
NOHMMAaHWE TOro, Kak aTu
OaHHble BbINN NOMyYeHbl N Kak | 'ﬂ/‘
NMEHHO OHWN YCTPOEHbI ))/ | -

N

Artificial intelligence

Machine Learning




brnonHdpopmaTnka 3aHMMaeTCca aHasIN30M
ONONOrNYECKNX N MEOANLMHCKUX OAHHbIX — C
NOHUMaHUEM UX CrieundunKu.



IMnoTteTnvyeckasa pasa s 6puduHra

Hy>KHO coenaTtb HopMasbHbIM KnaccudgpukaTop (BO3MOXXHO, rpaANeHTHbIN
OYCTMHI?), KOTOPbIN OYAET U3 TPAHCKPUINTOMA BbITACKMBATb BaXKHbIE OHKOreHHbIe
unum gna chonnukynsapuon numcomebl. MoXKeTe NOTbIKaTbCA B NapamMeTpax n
cpaBHuUTb AUC. Ecnn Hanpgérte kakmne-to NpukKonbHble Bewm ¢ xopowmnm logFC, To
MAHLTE, MOXKET, 3TO ByAyT cBsA3aHHble ¢ BCL2 reHbl, KOTOPblE TOXE
TpaHcnounpoBaJiuCb?

NMpo 6unonoruio Mpo CS



Yem )xe Bce-takm 3aHUMMaroTCS
onounHopmaTuKn?



Bbl MOXXeTe n3ydaTb CTPYKTYPbl 6MOSI0rn4ecKmnx
MOJIEKYII...

CTpyKTypa 6enka peuentopa
anntennanbHoro gakrtopa pocta (EGFR)
— Ba)XHOM MULLEHN NPOTUBOPAKOBbIX
Tepanuu

www.rcsb.org



Bbl MOXXeTe n3ydaTb CTPYKTYPbl 6MOSI0rn4ecKmnx

MOJIEKYI...

www.uniprot.org

Article | Open Access | Published: 15 July 2021

Highly accurate protein structure prediction with
AlphaFold

CTpykTypa Toro xe 6enka (EGFR),
TOJIbKO MpeackasaHHasi HoOBbIM
HenpoceTeBbIM anroputMom AlphaFold2




...\ GuonornyeckKue nocnenoBaTesibHOCTU N UX

3BOJIIOLMUIO...

Article | Open Access | Published: 28 January 2021

CoV-2 outbreak in Russia

Genomic epidemiology of the early stages of the SARS-

© Lineaget

@ Lineage2

O Lineage3

@ Lineage4

© Lineage5

@ Lineage6

@ Lineage7

@ QO Lineage8
o) O Lineage9

N3yyeHuns nameHeHuin B
nocnegoBaTeNbHOCTUN reHoMa
SARS-CoV-2 no3BonsoT NOHATD,
KakK OH pacnpoCTpaHsincs no
Poccun...



...\ GuonornyeckKue nocnenoBaTesibHOCTU N UX
3BOJIIOLMIO...

Article | Open Access | Published: 28 January 2021
Genomic epidemiology of the early stages of the SARS-
CoV-2 outbreak in Russia

Russia|Mar-25 Switzerland|Mar-15

a Europe|Feb-27 c Non-Russian sequences with later dates (1)

South America|Mar-09

North America|Mar-06 Germany

Asia|Mar-16 Switzerland

Australia|Mar-18 ) o Russia/Moscow-77620/2020|Mar-22

Non-Russian sequences with later dates (87) 84.1 ‘e Russia/Yakutia-73709/2020|Mar-20

a TaK)Ke TO KaKVI MVI I—I TﬂMVI Russia ) ® Russia/Moscow-77610/2020|Mar-22

"es ’ y i‘s’i“ath America o Russia/Yakutia-83301/2020|Mar-25

s North America
STOT BUPYC OblS1 3aBE3EH B
Australia
o B Russia/StPetersburg-RI14649S/2020|Apr-05
P O C C Vl I-O ° & Russia/StPetersburg-RI141445/2020|Mar-20
87.9 |e Russia/StPetersburg-RII7553S/2020|Apr-21
. Russia/StPetersburg-RII17557S/2020|Apr-21
. Russia/StPetersburg-RII8380S/2020|Apr-22 4
. Russia/StPetersburg-RI18372S/2020|Apr-22 4
. Russia/StPetersburg-RII8373S/2020|Apr-22 ¢
. Russia/StPetersburg-RII8371S/2020|Apr-22 4
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...\.JIU UHble AaHHble: 00 3KCNpeccumn reHos, o
CTPYKTYpe XpomMaTuHa U TakK pganee

Letter | Published: 08 August 2018

RNA velocity of single cells

a @ e Radial glia ...
® © Neuroblast

® © Immature neuron ®

® ® Neuron

MeTofb! TPaHCKPUNTOMUKN
OAMHOYHbIX KNeToK (SCRNA-Seq)
NO3BOSIAIOT NOHATb, KAK MIMEHHO
KNeTKU g depeHumpyoTcs n Kakme
reHbl BOBJ1I€YEHbI B 3TO



KOHKpEeTHbIN Kenc: Kak
OnouHopmMmaTuKa rnomoraeT JiIie4YUuTb
pakoBble 3abosieBaHUA?

12



Y10 Takoe pak?

»  Onyxonb — 3TO U36LITOYHO N HEYKITOHHO Pa3MHOXXatoLLNeECS
KJTOHbI KNETOK

- 3noka4yecTBeHHas onyxoJib (cancer, Ui C HEKOTOPbIMY
OroBopKamu pak) — 3TO TaKue OMnyXosu, KOTopble MOryT
Bbl3BaTb CMEPTb OpraHn3mMa-xo3sHa

13



Noyemy BO3HUKaeET pak?

I'Ip|/|L||/|Ha BO3HUKHOBEHNA 3J1OKa4YE€CTBEHHbLIX onyxone|7'| — 3TO MyTaunu

) o
2 .(\6°z N = 6‘0\)
N
A £ & O P & & &
o & N @& & & \@ & o &

> & & & 8 & g & & S ¢ & L

; X > S > & LS, O R R )
e LS EF ST E IS Onyxonu pasnuyaroTcs rno
LN SO L R SRR R SR G M S S R SN RN

1 1 1 1 1 1 1 1

N y
' M MyTaLMOHHOW Harpy3ke

100 1 2 - % /
. . . * < 1000
Mutations 107 : . e S P ..-'. ;'. .I/ - Coding
per : . s AL AT TS . fioo mutatons
megabase . oo ’_,- !l P #~ '.-"' & ’ L. R . . per tumour
ra
.'f . 10
0.1 £
F1
wof 07 . Bonee TOro, B pa3HbIX
o 804
mutations 60 q. | \ \‘l'\
e 1 i b | M n i | I 1" \ W b TR T onyxonax nprwel
signature 20 | I I B Y MyTaLnn TOXe, KaK
CpG deamination (1) B Unknown etiology (5) APOBEC (2) Tobacco (4)
BRCA1/2(3) Ultraviolet rays (7) APOBEC (13) Other npaBVU-IO, pasHbIe

Martincorena et al., 2015



Noyemy BO3HUKaeET pak?

an/I‘-IVIHa BO3HUKHOBEHUNA 3JTOKaQHECTBEHHDbIX onyxone|7'| — 3TO MyTaunun

= He niobble MyTaumn BbI3bIBaAOT pak

= Pak BbI3bIBaAOT TE€ MyTauumn, KOTOPbIE NPUBOAAT K MOCTOSAHHON
nponudgepaunmn, n3déeraHmro cynpeccopoB pocTta, n3éeraHuto
MMMYHHOIO OTBeTa N HEKOTOpbIe apyrum ceoncTteam (cM. Hallmarks of
Cancer)

= KomGuHaumn cobbITumn, NPUBOSALLNX K paKy, O4€Hb MHOMOYNCIIEHHDI

Bce cyactnvBble ceMbu MOXOXU ZPYyr Ha Apyra, kKaxgasi
Hec4YacT/MBasi CeMbsi HECYaCT/INBa r10-CBOEMY
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NMpumep: HeMEeNKOKNEeTO4YHbIN PakK JIErkoro
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CekBeHUpoBaH/e reHOMa N 3K30Ma

CeKBeHMpoBaHue — 3TO MNPOLEeCC onpeaeneHns nocnenoBaTelbHOCTY
6NONIOrMYEeCKOro HeperynsapHoro retepononumMepa

CekeHunposaHune [JHK no3sBonsaeT noHATb, KaKNe MMEHHO MyTauun MPON3OoLLIN B
onyxonu. 3aga4va 6uonHopmMaTKn — NPOBECTU aHANNU3 Pe3ybLTaToB
CEKBEHNPOBaHNS N OLEHUTb CTATUCTUYECKYHO 3HAYMMOCTb HaXo4oK

OT TOro, Kakne MMeHHO MyTauMn NPOU3OLLIN B ONyXOsn, 3aBUCUT CTpaTerus
BblOOpa Tepanuu

17



Uurnéutopsl EGFR: HenpocTasa ncropus
perncrpauus ekapcraa

www.rcsb.org

NHrnéutopbl EGFR 6b1nn ogHMMn n3 nepsbIX
3aperncTpupoOBaHHbIX TAPreTHbIX
npenaparos A5 Ie4eHnsa aaeHoKapLUHOMBI
Nérkoro

MyTtauus B reHe EGFR saBnsaetcs
6GuomapKepom TOro, YTo OMyXosSib OTBETUT
Ha Tepanuio
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MonekynsipHbin ooKUHr u Rational Drug Design

Target Ligand Complex

docking
+ _

en.wikipedia.org
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MMMyHHas cuctema cama AoCTaTO4HO HEemnaoxo

GopeTcs C pakom...

Trafficking of
T cells to tumors
(CTLs)

Killing of cancer cells

cancer cell antigens
(Immune and cancer cells)

(cancer cell death)

@ 6 Recognition of

Priming and activation ®©®
(APCs &T cells) 3 @ @
J
=
@) Q bl od O
lﬂ&@(‘.
lymph node v
Cancer antigen @ dior
presentation =
(dendritic cells/ APCs)
€ W,
Release of

= Infiltration of T cells
into tumors
(CTLs, endothelial cells)

cancer cells by T cells
(CTLs, cancer cells)

Chen et al., 2013

[MpoTrBOOMNYXONEBLIV UMMYHHbIN

UMK (cancer-immunity cycle) —

3TO MOAENb, KOTOpasi ONNCbLIBAET
NMMYHHbIA OTBET Ha OMNyXoJn
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...HO ONyXoJib MOXeT “XakKaTb’ TaKue CUCTEeMbl
3aLlinThbl...

“,'\Ilw‘,n‘i'k‘:r‘]‘“j cking of CX3CL1
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Si;ﬁfoii’éi" o ® i
oo ® @
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SBLLA;‘,F:B;,: \ SRR A = ‘ ) into tumors
5,2;;;?;1;,@ e | Onyxonb MOXET aKkTUBUPOBAaTb
| VEGF
Endothelin B receptor I-IyTVI , KOTO p ble B H O p M e OTBeL'I aI'OT
er antiger
ntation
) \ 3a TO, YTOObl HE BO3HUKIN
ggd"[;L“CDAO ( () ) T cell receptor
CDN l Reduced pMHC on cancer cells ayTO VI M MyH H ble 3a60ﬂ eBaH MH
i1
TLR o "
IL-10
::—:1 ) I1F(N(\‘\ gr: e content
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M Inhibitors immunggenioes!ldeett 13‘?[:2& TIr\-ﬂ-3.'[1'105;)'\[)“[1|(1:~‘.
Tolergenic cell death VISTA

Chen et al., 2013 21



...HO, 3HasA, KaK MMeHHO onyXxoJib “4ntTepvuT”’, Mbl
MOXXEeM ee nepeunrparb...

Anti-CTLA4

Anti-CD137 (agoni st) 3 \
Anti-OX40 (agonist) \)

QQ
Q@

Anti-CD27 (agonist)

IL-2
IL-12

Vaccines
IFN-.
GM-CSF
Anti-CD40 (agonist)
TLR agonists

m\
@) @ blood B
na&cac
lymph node v
| 2

(1 (/) Antipo-L1
Anti-PD-1
IDO inhibitors

Chemotherapy
Radiation therapy
Targeted therapy

filtration ¢
into tumor

Anti-VEGF

Chen et al., 2013

[Mpy NOMOLLY MMMYHOTEpanuu
(HanpuMep, NPV MOMOLLIA
NHIMOUTOPOB KOHTPOJbHbIX TOYEK
NMMYHHOIO OTBETA, HO HE TOJbKO)
MO>XHO 3aCTaBWUTb Hallly UIMMYHHYHO
cucTemy No6opPOoTb OMyXosb
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...HO He Bcerga NoHATHO, MO KaKOMYy NMPUHLUMNY
Ha3Ha4yaTb Tepanuu. OTO 3aBUCUT OT OKPYIXEeHUsA

ARTICLE | VOLUME 39, ISSUE 6, P845-865.E7, JUNE 14, 2021

Conserved pan-cancer microenvironment subtypes
predict response to immunotherapy

Unsupervised Clustering of TME Reconstructed from

>10,000 RNA-seq of RNA-seq across Melanomas and Carcinomas

Different Carcinomas and Tumors
Melanomas [
lll 1l
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Immune-Enriched,
Fibrotic (IE/F)
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Immune-Enriched, Fibrotic Desert
Non-Fibrotic (IE) (F) (D)

"'@ - o- s 7PN @ Beels
@ @" '@ 'I & ‘..'.. o° o @ o Macrophages
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o o0 )ﬁ’ a0 L) Q.‘\

CocTaB UIMMYHHOIO
MUKPOOKPY>XEHNS ONYXONnN BANSIET
Ha BEPOSITHOCTb OTBETA Ha
NMMYHOTEPanuo

NMMYyHHOE MUKPOOKpPY>KeHne
MO>XHO M3y4aTb B TOM 4uncne u
MeTogamMmu 6uonHopMaTrK nNpu
nomown RNA-Seq n scRNA-Seq
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UToro, 6MonHdopmaTkKa nomoraet OHKOJsIoram:

NMOHATb, KaKe MNMpoLueccChbl JieXkatT B OCHOBE o6pa305aHV|9| OﬂyXOﬂeVI;

BblbpaTb TapreTHble 6enkKn-KaHgmMagaTbl, OT KOTOPbIX MOXXET 3aBUCETb
TeyeHune 3abosieBaHus;

Bbl6paTb MONEKYIbl-KaHOngaTtTbl Ha POJib JIEKAPCTBEHHbLIX MNMpernapartos,

nogobpaTb CxeMy Tepanun s KaXXaoro KOHKPETHOro naumeHTa.
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Ecnv npeabiayLlie UCTOpUn BCE-Takn He
yoeaunu Bac ctatb 6MonHopmMmaTUKOM,
TO cnepnyeT 3HaTb:
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BnounHdopmaTnka cenyac o4eHb BoCcTpeb6oBaHa
Kak B akaileMUM...

[lepen Bamun Bbinyck XXypHana Nature 3a aBrycTt
2020 ropa:

= Bcero B HéM 19 nccnenoBaTeNbCKUX cTaTeun,

m
00

Freml - 113 HUX B 9 eCTb ccbinka Ha GitHub-

= 13 Hux 13 no 6uonorum (U OKoso TOro),

keytoregulation of stem

PENO3UTOPUIN C KOOQOM




...TaK U B UHAYCTpUM

C KaXXxgbiM rogoM nosiBAseTcsa BCé
6onbLue 1 605nbLUe BUOTEXHONOMMYECKNX
cTapTanoB N KOMMaHnn, KOTopble
3anHTEepPeCcoBaHbl B cneuuanucrax-
OnonHmpopmMaTmnKax
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CpepHsaa sapnnata BbinyckHnkos ®bb no
OaHHbIM PEKPYTUHroBoro areHTcTea Blastim
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