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AKTYa/IbHOCTb

1) TpaHCKPUNUKUA FEHOB 3YKapMOT NPOU3BOANTCA NO4 KOHTPONIEM
TPAHCKPUNUMNOHHbIX PAKTOPOB.

2) B3anmopaencrteua TpaHCKpUNUMOHHbIX pakTopos ¢ AHK Kak npasuno
KoonepaTuBHble, TO eCTb TPAHCKPUMLUMA reHa NPOUCXoAUT 3a CHET
B3aMMOOENCTBMN HE OAHOIO, a CPa3y HECKONbKUX TPAHCKPUNLUMUOHHbIX
dbaKTOpOB.

3) Pa3BuUTME MeToA40B NO/IHOFEHOMHOIO KapTUPOBaHMS CalnTOB CBA3bIBaAHUS
TPAHCKPUNUMOHHbIX GAaKTOPOB AAE€T BO3MOKHOCTb UCCNeA0BaTb CNELUMPUYHOCTb
COBMECTHOrO AeNCTBMA TPAaHCKPUNLMOHHbIX PaKTOPOB.



[TMOHepCcKMe TPaHCKPUNLIMOHHbIE paKTOPbI

MoHepCKMii TPAHCKPUNLIMOHHbBIN hakTop HMOHepCKME TPAHCKPUNMUMNOHHbIE
daKTopbl ABNAIOTCA rpynnou
PEryNATOPHbIX 6€/IKOB CNOCOOHbIX
PAcNoO3HaBaTb U CBA3bIBATLCA C
3aKPbITbIMM Y4AaCTKaMMU XPOMATUHaA.

B3anmogencrteme nMoOHEepPCKUx
TPAHCKPUNUMUOHHbIX GAKTOPOB C
HyKneocomHou [IHK npuBoaAUT K
OTKPbITUIO XPOMAaTUHA, TEM CaMbIM
CO34aBasd HY)XHble YyCNoBUA ANA
aKTUBALLMM TPAHCKPUNLUNN reHa.

Iwafuchi-Doi M. (2018) The mechanistic basis for chromatin
regulation by pioneer transcription factors. Wiley Interdiscip Rev Syst
Biol Med



TKaHecneunPUYHOCTb TPAHCKPUMNLMOHHbBIX GaKTOPOB

Pro Kid Epi

Nuclear
receptor

AR

ER

Hnf4a
RXR
COUP-TF
NR2F6
Nur77
PPARa

Forkhead

FoxA1
FoxA2

NFIC

Helix-loop-
helix

Tcf12
AP-2a.
AP-28
AP-2y

E2F

BBa-zinc
finger

SP1
SP2
Mtf1
Zfp691
Znf263

MpocTaTta MoYKku
AR _ Hnf4o
14,062 . 16,539
AR FoxA1
10,171 18,759
MpuaaTokK AandKa
AR 2 AP-2q.
80-100% 22,598 25,246
3 0 g g
60-79% 5,654
40-59%
20-39%
1-19%

0%

Pihlajamaa et al. (2014) Tissue-specific pioneer factors associate with androgen receptor cistromes and transcription programs. EMBO J



ChIP-Seq
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https://biomolecula.ru/articles/novyi-metod-cetch-seq-mozhet-za-odnu-metku-poimat-mnogo-rezultatov



https://biomolecula.ru/articles/novyi-metod-cetch-seq-mozhet-za-odnu-metku-poimat-mnogo-rezultatov

- C

Cistrome data browser

@ Hesauwpnweno | cistrome.org/db/#/ p

e Check what factors regulate your gene of interest, what factors bind in your interval or have a significant binding overlap with your peak set. Have a try at CistromeDB Toolkit.
e |f you have a Transcription Factor ChiP-seq (and TF perturbed expression) data, Cistrome-G0O help you predict the function of this TF.
s Please help us curate the samples which has incorrect meta-data annotation by clicking the button on the inspector page. Thank youl

Species Biological Sources <« Factors
Homo sapiens 1-cell pronucle AATE
Mus musculus 1013c ABCCY

103286 ACS52

10645k ACTB

106A - ADNP -
Results

Batch Species Biological Source Factor Publication Quality Control

] Homo sapiens Hela; Epithelium; Cervix BTAF1 Johannes F, et al. Bicinformatics 2010 . .. ...
] Homo sapiens Hela; Epithelium; Cervix GAPDH Johannes F, et al. Bicinformatics 2010 . .. ...
] Homo sapiens K562, Erythroblast; Bone Marrow EGRA1 Tang C, et al. Electrophoresis 2010 . . . .. .
@ Homo sapiens LS174T: Epithelium; Colon TCF4 Mokry M, et al. PLoS ONE 2010 900000
@ Homo sapiens LS174T: Epithelium; Colon TCF4 Mokry M, et al. PLoS ONE 2010 900000
@ Homo sapiens LS174T: Epithelium; Colon TCF4 Mokry M, et al. PLoS ONE 2010 900000

@ Homo sapiens LS174T: Epithelium; Colon TCF4 Mokry M, et al. PLoS ONE 2010 900000

S .



OnpepeneHunA

KomMno3uuuoHHbIN 3nemeHT — PyYHKLUMOHANbHAA eaAnHMLaE, B KoTopoln B3aumogenctama TO-AHK n TO-ToO
BHOCAT BKNaA, B cneunPunYHbIN NAaTTEPH PEryaaummn skcnpeccum reHos (Olga V. Kel-Margoulis et al. (2000) COMPEL: a

database on composite requlatory elements providing combinatorial transcriptional regulation. Nucleic Acids Res. )

MoTtuB — npegnoyntaemas Nocsea0BaTe/IbHOCTb HYKNEOTUA0B C KOTOPOM CBA3bIBAETCA TPAHCKPUMNLUMOHHbIN
daKTop.

[1Ba moTMBa MOTYT:
* [lepeKpblBaTbCA
* PasgenaTtbca cnencepom

AKOpPHbIM MOTUB — MOTMB ANA KoToporo aenann ChlP-Seq akcnepumeHT.

MapTHepCcKnit MOTUB — HaxoaALLKUIACA BOIN3M AKOPHOrO MOTMBA MOTUB NapTHepcKoro To.



Tnnbl pacnonoXeHnAa MOTUBOB OTHOCUTE/IbHO APYT
Apyra

[TapTHEPCKUA
AKOPHbIA MOTUB MOTUB

Cneiicep MoTuBbI pasgeneHHble
cnencepom
I
I YacTuyHoe nepekpbiBaHue
I
|
I

: [MonHoe nepeKkpbiBaHUe




Tnnbl opueHTaumMm B nape MOTUBOB

::>ﬂ|<opru71 MOTMB
(:> MapTHepCcKkuit MOTUB

5 CGTAA 3’
5 TCGGT 3’

MoTuBbI B 04HOMU Lenu

N

AKopb - napTHep MapTHep - AKOpb

5L >3 5T >8 5 >3 57— >3
tUenb  CGTAANNNTCGGT TCGGTNNNCGTAA

335" 35 35 35

- uenb GCATTNNNAGCCA AGCCANNNGCATT

MoTtusbl B Pa3HbIX Lenax

N

MHBEpPTUPOBAHHDbIN 9BEepPTUPOBAHHbIN

S>3 5 5<—13' 5 >3
CGTAANNNAGCCA GCATTNNNTCGGT

315" 3 >5 3= >5 3 I5
GCATTNNNTCGGT CGTAANNNAGCCA




CpaBHeHMe nporpamm no NOUCKy K

MNpeackasaHue K3 ¢

AHanus ogHoro

nepekpbiBaHUEM Ccbinka
Habopa nukos
MOTUBOB

Spamo [a Het http://meme- Whitington et al.
suite.org/tools/spamo

iTFs [a Het http://veda.cs.uiuc.edu/ | Kazemian et al.
iTFs/

Gem HeTt Aa http://groups.csail.mit.e | Guo et al.
du/cgs/gem/

Taco Het [a http://bioputermimuw. | Jankowski et al.
edu.pl/taco/

MCOT [a [a https://gitlab.sysbio.cyt | Levitsky et al.
ogen.ru/academig/mcot
-kernel

Whitington et al. (2011) Inferring transcription factor complexes from ChlP-seq data. Nucleic Acids Res.

Kazemian et al. (2013) Widespread evidence of cooperative DNA binding by transcription factors in Drosophila development. Nucleic Acids Res.

Guo et al. (2012) High resolution genome wide binding event finding and motif discovery reveals transcription factor spatial binding constraints. PLoS
Comput Biol.

Jankowski et al. (2014) TACO: a general-purpose tool for predicting cell-type-specific transcription factor dimers. BMC Genomics.

Levitsky V et al. (2019) A single ChIP-seq dataset is sufficient for comprehensive analysis of motifs co-occurrence with MCOT package. Nucleic Acids Res.


http://meme-suite.org/tools/spamo
http://veda.cs.uiuc.edu/iTFs/
http://groups.csail.mit.edu/cgs/gem/
http://bioputer.mimuw.edu.pl/taco/
https://gitlab.sysbio.cytogen.ru/academiq/mcot-kernel

Llenb 1 3aaa4n

* Llenb: BbIABUTb TKaHecneunduyHblie NnapTHEPCKME MOTUBLI A
M3y4yaembiX AKOPHbIX TPAHCKPUMNLMOHHbIX GpaKTOPOB.

* 3aaauym:

1. TMpoBecTn aHaNAn3 AMTEpPaATYpPbI C LUE/blo BbIABAEHUA M3BECTHbIX
KOMMO3ULUMOHHbIX 3/IEMEHTOB.

2. MoarBepAuTb HaMAeHHble B AIUTEPaType U3BECTHbIE
KOMMNO3ULUMOHHbIE 3/IEMEHTbI.

3. [lpeackasaTb HOBble TKaHecneunduyHble KOMNO3ULIMOHHbIE
anemeHTbl Ana AKopHbIX moTnsos FOXAL, JUN, ESR1, ZEB1.



dkcnepumeHT Chip-seq

Cxema paboTbl

JKCTpaKLUUA
nukos Chip-seq

(Cistrome)

MoncK AKopHoro
moTmBea (de novo,
Homer)

AKOPHbLIN MOTUB

MapTHEPCKMiA

MOTUB

BubnnoTteka MOTUBOB U3BECTHbIX
TPAHCKPUNLMOHHbIX GaKTOPOB

MCOT

Mounck

KOMMNO3NUMNOHHDbIX

1EMEHTOB

ConocTaBaeHne CnNUCcKoB
NapTHEPCKNX MOTUBOB

Ot60p Hanbonee
3HAYMMbIX NAPTHEPCKMX
TPAHCKPUNLMOHHbIX
daKTopos

OnpepeneHne nosnunmn
MOTMBOB A/19 AKOPHOro
N NAPTHEPCKOro MOTMUBA

OTHOCUTENbHO ApYr

Apyra




HavyanbHble AQHHbIE

Ha3BaHue KneTtoyHou
NNHUN

FOXA1

JUN

ESR1

ZEB1

TKaHb NevyeHu / KapunHoma
neyeHu

Liver

Liver

KneTkn MONI0YHOM XKenesbl
/ afleHOKapuMHOMa
MOJIOYHOM enesbl

T47D

Mammary gland

ALeHOoKapunmHOMa
3HOOMETPUA

ECC1

JHAOTEeNNANbHbIE KNETKU
MYNOYHOMN BEHDI

HUVEC

ALeHOKapUuMHOMA Nerkoro

A549

B-numdoumThbl

B cells




[Tonck AKopHOro motnea de novo

IlnAa NnoOnCKa AKOPHOro
MoTnBa de novo bbina
MCNONb30BaHa NPorpamma

HOMEPR

AST

S
Reverse Opp051te

5

aTCTAAAS

p-value: 1e-7835

log p-value: -1.804e+04
Information Content per bp: 1.720

Number of Target Sequences with motif 18760.0
Percentage of Target Sequences with motif 71.70%

Number of Background Sequences with motif ~ |4578.4
Percentage of Background Sequences with motif [18.02%
Average Position of motif in Targets 100.5 +/- 40.1bp
Average Position of motif in Background 101.2 +/- 63.4bp
Strand Bias (log2 ratio + to - strand density) 0.0

Multiplicity (# of sites on avg that occur together)|1.35

Motif File:

file (matrix)
[EVETSe opposite

. f - log P- % of % of STD(Bg : o Eile
Rank|Moaonf value [pvalve Tagets  |Background  [STD) Best Match/Detalls Motif Flle
Foxad(Forkheady Liver-Foxa3-ChiP-
1 T I I I AC Lol SYITEUE [ T ﬁj’l’g‘p. Seq(GSE77670) Homen(0.977) lmLJ.LUJ.}L’
A = Mare Information | Similar Motfs Found
HNF4a(NR), DR 1 ' Hep(G2-HNF4a-ChiP-

) é‘ l ! I ggg ioys [3480es03Rods  [530% l‘,f'-j”.?,f'p, Seq(GSE25021) Homer(0.955) e
-~ 4.\'- = ) e iMore Information | bl

le- & sonlrr g cra 500, 4bp CEBPAMADI02.4/Jaspar(0,885) motl file
i I | ! ! ;éCCA Coftling [ROMeIREIN JHSI% (623bp)  [Maore Information | Similar Motifs Found (matix)

A\ o el | 49,6bp CTCF(ZECD+-CTCF-ChiP-Seq( Barskd_et_al.)Homen(0.910) |mouf flie

| - - NS L s a

t mAClA: . l \ " 5 T (i | (66,5bp) Moee Information | Stmilac Motits Found (nasis)
A( ZA A 52,0bp AridSa'MADG02. 1/1a mout fi

. \J . aeil1 s ~ o) ' 52,0 4 /) 2.1/ Jaspar{0.603) ouf file
|G AAT ) N A [les66/1075e080.90% 39 (503bp)  [More Informasion | Similar Motifs Fe rmsrery
=S =1 1b HNF1b{Homeobox yPDAC-HNF 1 B-Chip- nout fi

I Aé 9 A A 16457 1.05%+03[5.24%  [|1.17% ";.]' g Seq(GSER4557)/ Homet(0.926) :—"—"ﬁ”“‘
- P Sp WL R T » 7'hpl More Information | Similar Motits Found | Tt
C " GG = NF1-halfsite{ CTF)/LNCaP-NF1-ChIP- ul fil

g ) C‘ " :Aéel' le-d22{0.721e+022800%  [17.13% o [SeqUnpublished)Homer(0.965) R
oAy N " s S0p) More Information | Similar Motifs Foune (matny)

HenonHbI cNUCOK HanAeHHbIX MOTUBOB de novo

SVG Files for Logos:

forward logo
TEVETSe opposite

AKopHbIN MOTUB HanaeHHbIM HOMER gna gaHHbIX U3

GSES6114, FOXAl



https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE96114

TennoBaA KapTa 3HaYUMBbIX
NapTHEepPCKMX MOTUBOB ANA
AKopHoro motuea FOXAL.

ARNT{ O 14.07
BMAL1 { 19.68 0
CEBPB -+ 20.54 0
COEl1{ O 16.31
COoT21 19.95 0
ETS1{ O 14.72
g ETV2 -
S FOSL1
o FOXH1
S GATA3{ 25.13 | 25.15
:',- HIFIA1 O 13.72
E JUNB 1 49.03 38
© MYCN{ 20.76 0
L NFIC - 15.7
§ NFKB21 O 24.33
© NR2C141 18.74 0
PPARG 1 19.72 0
SOX3 -

SOX9
THB 1

ZNF8 +

44 .02

Lver

100 3HaunmocTb oborawenuns K3, -log10(p-value)

80

-20



TennoBaA KapTa
3HAYUMbIX NAPTHEPCKUX
MOTMBOB A/1A AKOPHOrOo
moTtumea JUN.

Ha3BaHWe NapTHepPCKOro MoTuea

AP2C
BATF3

CEBPA
CEBPE 1
ESR1
ETS2 -
FLI1 -
FOXM1 -

HIF1A
HXB4
HXB8

ISL1 -
IMF2 1
KLF8 -

MITF
NFIC
NR1D1
oTXx2
PAX6

PEBB -
PO2F2 -
REST -
RXRG 1
SMAD4 -
SRBP2 1

TFE3

Z354A 1
ZEB1 1
ZFP82 -
ZIM3 -

0 18.52
95.62 59.98

17.07
24 .44 0
40.36 4.9
25.06 0
23.83 0

0 16.69
64 .83

181.17 | 1
67.38 B

24.6 19.77
70.41 72.32

0 | 1596
8509 | 80.84
1807 | 0

83 110.05
0 15.6
18.11 0

2241 23.78
35.27 24.14
29.84 32.49
20.04 26.92
76.59 80.31

17.8 0
23.78 34.57
18.41 0
22;98 0

HUVEC A549

100 3HaunmocTb oborawenus K3, -log10(p-value)

-20
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KonuyecTBo pa3nnyHbix Tunos K3 ansa JUN/HIF1A B 3aBUCMMOCTW OT B3auMHOM opueHTauuun n pacnonoxexHus CCTO B knetkax HUVEC
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Tabnnua HangeHHbIX NAapTHEPCKUX moTneoB Ana JUN,
NoATBEPXAEHHbIX B 1UTepaTtype

MNapTHepckmnn motus ana TO JUN

CraTtba

Ardntzazu Alfranca et al., c-Jun and Hypoxia-Inducible Factor 1 Functionally Cooperate in
Hypoxia-Induced Gene Transcription // Molecular and Cellular Biology (2001)

HIF1A
Robert Carlsson et al., STAT3 precedes HIF1a transcriptional responses to oxygen and
oxygen and glucose deprivation in human brain pericytes // PLOS ONE (2018)
Rachel C. Lynn et al., c-Jun overexpression in CAR T cells induces exhaustion resistance //
BATF3
Nature (2019)
Joseph M. Collins et al., ESR1 ChIP-Seq Identifies Distinct Ligand-Free ESR1 Genomic
ESR1 Binding Sites in Human Hepatocytes and Liver Tissue // International Journal of
Molecular Sciences (2021)
7EB1 Nora Feldker et al. Genome-wide cooperation of EMT transcription factor ZEB1 with YAP

and AP-1 in breast cancer // The EMBO Journal (2020)
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[ona nukoB copeprkawux K3
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KonuyecTso pa3nunyHbix Tunos K3 ana ESR1//JUN B 3aBUCMMOCTU OT B3aUMHOW opueHTaunm u pacnonoxeHna CCTO B TKaHu neyeHu
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[ona nukoB copeprkawux K3

200 -

175 1
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100 A

0.75 1

0.50 1

0.25 -
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KonuyecTtso pasznuyHbix Tunos K3 ans ESR1/MAFB B 3aBMCUMOCTY OT B3auMHOW opueHTaumm u pacnonoxeHus CCTO B TKaHU nevyeHn
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[ona nukoB cogeprkawmx K3

KonuyecTtso pa3nuyHbix Tunos K3 ans ESR1/RORA B 3aBMCMMOCTM OT B3aUMHOM opueHTauuu un pacnonoxenuns CCTO B TKaHU NeYeHu
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ATF1 100 3HauyumocTb oborawenusa K3, -log10(p-value)

CTCF 1
ESR1 -
GATA4 -
MITF
NFAC3 -
NFIA -
NFKB2 -
NR6AL1 -
RARA -
RFX1 1
SMADS3 -

TennoBaAa KapTa
3HAYMMbIX NAPTHEPCKUX
MOTMBOB ANA AKOPHOTrO
moTtunea ZEB1.

TFAP4 201.72 97.72
THAPL1 0 [ 1679 |
USF1 90.11 116.85
USF2 74 3 3.33
VDR 1 14.39 17.63
ZN143 1 15.46 0
ZN554 20.52 26.28
ZN582 - 0 19.25
ZN816 - 0 17.82

Mammary_gland B-cells

Ha3BaHWe NapTHepPCKOro MoTuea
S

=20
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KonuyecTBo pa3nuyHbix Tunos K3 ana ZEB1/JUN B 3aBUCMMOCTH OT B3aUMHOW opueHTauun u pacnonoxenns CCTO B kneTkax MOJIOYHON Xene3bl
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[ons nukoB copeprkawmx K3

KonuyecTBo pa3nuyHbix Tunos K3 ana ZEB1/SMAD3 B 3aBUCUMMOCTU OT B3aUMHOW opueHTauuu n pacnonoxeHua CCTO B KneTkax MONIOYHON Xenesbl
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BbiBOAbI

Bbin NnpoBeAeH aHaAM3 No AnTepaType C Lenblo BbiABAEHMA Tex T®, KoTopble 0bpa3ytoT K3 ¢ apyrumm TO,

MoAaTBepKAeHbl paHee onMcaHHble B AUTepaType KOMNo3nLUMoHHble anemeHTbl: JUN/HIF1A, ESR1/JUN,
ESR1/RXRA, ZEB1/JUN.

bblan npeackasaHbl HOBble NMNOTEHLUUNA/IbHbIE TKaHeCI'IELI,MCbW—IECKMe KOMMNO3NUMUOHHbIE 3I1EMEHTbLI ON1A4 YETbIpeEX
ncenegyembiX AKOPHbIX MOTUBOB:

- FOXA1: BMAL1, CEBPE, COT2, MYCN, NR2C1, PPARG, THB (TKaHb ne4yeHwu).
ARNT, COE1, ETS1, ETV2, HIF1A, NFIC, NFKB2, (KneTku paka MONO4YHOM Kenesbl).

- JUN: CEBPA, CEBPE, ETS2, FLI1, OTX2, PO2F2, Z354A, ZFPB2, ZIM3 (KNneTK1 Nyno4YHOW BeHbI).
AP2C, FOXM1, ITF2, NFIC, PEBB (aaeHoKapunHOMa Nerkoro).

- ESR1: FOSL2, JUN, NR1I2 (TKaHb neyeHn).
ATF1, TYY1, USF2 (AneHOoKapuMHOMa 3HAOMETPUA).

-ZEB1: ATF1, CTCF, NFAC3, RARA, TF65, ZN143 (KNneTkn Mo/IoYHOM Kenesbl).
ESR1, GATA4, NFIA, NFKB2, NR6A1, RFX1, SP1/2/4, THAP1, ZN582, ZN816 (B-numdoumntbl).



