
А̦̌л̛̚ ̭о̥̏е̭т̦о̜ ̭̏т̬еч̌е̥о̭т̛ ̥от̛̏о̏ п̛о̦е̬̭к̵̛ ̛ п̬̌т̦е̬̭к̵̛ 
т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏ ̦̌ о̭̦о̏е д̵̦̦̼̌ ChIP-Seq по ̥̭̭̌о̏о̥у 

̭ек̏е̛̦̬о̛̦̏̌̀
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Но̏о̛̛̭̬̭̍к ϮϬϮϭ



ʤкту̌л̦̽о̭т̽
1) Т̬̦̭̌к̛̬п̶̛́ ̐е̦о̏ ̾ук̛̬̌от п̬о̛̏̚од̛т̭́ под ко̦т̬оле̥
т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏.

2) ʦ̛̥̌̚оде̜̭т̛̏́ т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏ ̭ ДНК к̌к п̛̬̌̏ло
коопе̬̌т̛̦̼̏е, то е̭т̽ т̬̦̭̌к̛̬п̶̛́ ̐е̦̌ п̬о̵̛̭од̛т ̌̚ ̭чет
̛̥̏̌̚оде̜̭т̛̜̏ ̦е од̦о̐о, ̌ ̭̬̌̚у ̦е̭кол̽к̵̛ т̬̦̭̌к̛̬п̶̛о̵̦̦̼ 
̴̌кто̬о̏.

3) ˀ̛̌̏̚т̛е ̥етодо̏ пол̦о̐е̦о̥̦о̐о к̬̌т̛̬о̛̦̏̌́ ̭̜̌то̏ ̛̭̼̦̏́̏̌́̚
т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏ д̌ет ̏о̥̚о̙̦о̭т̽ ̛̭̭ледо̏̌т̽ ̭пе̶̴̛̛ч̦о̭т̽ 
̭о̥̏е̭т̦о̐о де̜̭т̛̏́ т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏.



ʿ̛о̦е̬̭к̛е т̬̦̭̌к̛̬п̶̛о̦̦̼е ̴̌кто̬̼
ʿ̛о̦е̬̭к̛е т̬̦̭̌к̛̬п̶̛о̦̦̼е 
̴̌кто̬̼ ́̏л́̀т̭́ ̬̐уппо̜ 
̬е̐ул́то̵̬̦̼ ̍елко̏ ̭по̭о̵̦̼̍ 
̬̭̌по̦̌̏̌̚т̽ ̛ ̭̼̏́̏̌̚т̭̽́ ̭ 
̌̚к̬̼т̛̼̥ уч̭̌тк̛̥̌ ̵̬о̥̌т̛̦̌.

ʦ̛̥̌̚оде̜̭т̛̏е п̛о̦е̬̭к̵̛ 
т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏ ̭ 
̦уклео̭о̥̦о̜ ДНК п̛̬̏од̛т к 
отк̬̼т̛̀ ̵̬о̥̌т̛̦̌, те̥ ̭̥̼̥̌ 
̭о̚д̌̏̌́ ̦у̙̦̼е у̭ло̛̏́ дл́ 
̌кт̶̛̛̛̏̌ т̬̦̭̌к̛̬п̶̛̛ ̐е̦̌.

Iwafuchi-Doi M. (2018) The mechanistic basis for chromatin 

regulation by pioneer transcription factors. Wiley Interdiscip Rev Syst

Biol Med



Тк̦̌е̭пе̶̴̛̛ч̦о̭т̽ т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏

Pihlajamaa et al. ;ϮϬϭϰͿ Tissue‐speĐifiĐ pioŶeer faĐtors assoĐiate with androgen receptor cistromes and transcription programs. EMBO J



ChIP-Seq

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


Cistrome data browser



Оп̬еделе̛̦́
Ко̥по̶̛̛̚о̦̦̼̜ ̾ле̥е̦т – ̴у̦к̶̛о̦̌л̦̽̌́ ед̶̛̛̦̌, ̏ кото̬о̜ ̛̥̏̌̚оде̜̭т̛̏́ ТФ-ДНК ̛ ТФ-ТФ 
̦̏о̭́т ̏кл̌д ̏ ̭пе̶̴̛̛ч̦̼̜ п̌тте̬̦ ̬е̐ул̶̛̛́ ̾к̭п̬е̛̛̭̭ ̐е̦о̏ ;Olga V. Kel-Margoulis et al. (2000) COMPEL: a 

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

ʺот̛̏ – п̬едпоч̛т̌е̥̌́ по̭ледо̏̌тел̦̽о̭т̽ ̦уклеот̛до̏ ̭ кото̬о̜ ̭̼̏́̏̌̚ет̭́ т̬̦̭̌к̛̬п̶̛о̦̦̼̜ 
̴̌кто̬.

Д̏̌ ̥от̛̏̌ ̥о̐ут:
• ʿе̬ек̬̼̏̌т̭̽́
• ˀ̌̚дел́т̭̽́ ̭пе̜̭е̬о̥

Яко̬̦̼̜ ̥от̛̏ – ̥от̛̏ дл́ кото̬о̐о дел̌л̛ ChIP-Seq ̾к̭пе̛̬̥е̦т.

П̬̌т̦е̬̭к̛̜ ̥от̛̏ – ̵̦̌од́щ̛̜̭́ ̏̍л̛̛̚ ́ко̬̦о̐о ̥от̛̏̌ ̥от̛̏ п̬̌т̦е̬̭ко̐о ТФ.



Т̛ п̼ ̬̭̌поло̙е̛̦́ ̥от̛̏о̏ от̦о̛̭тел̦̽о д̬у̐ 
д̬у̐̌



Т̛п̼ о̛̬е̦т̶̛̛̌ ̏ п̬̌е ̥от̛̏о̏

Яко̬̽ - п̬̌т̦е̬ П̬̌т̦е̬ - ́ко̬̽ И̦̏е̬т̛̬о̦̦̼̜̏̌ Э̏е̬т̛̬о̦̦̼̜̏̌

5’ CGTAA ϯ’
5’ TCGGT ϯ’

ʺот̛̼̏ ̏ од̦о̜ ̶еп̛ ʺот̛̼̏ ̏ ̵̬̦̼̌̚ ̶еп̵́

+ ̶еп̽

- ̶еп̽



ˁ̬̦̌̏е̛̦е п̬о̬̥̥̐̌ по по̛̭ку КЭ
И̥́ А̦̌л̛̚ од̦о̐о 

̦̌̍о̬̌ п̛ко̏

П̬ед̭к̛̦̌̌̚е КЭ ̭ 
пе̬ек̛̬̼̦̏̌е̥ 

̥от̛̏о̏
URL С̭̼лк̌

Spamo Д̌ Нет http://meme-

suite.org/tools/spamo
Whitington et al.

iTFs Д̌ Нет http://veda.cs.uiuc.edu/

iTFs/
Kazemian et al.

Gem Нет Д̌ http://groups.csail.mit.e

du/cgs/gem/
Guo et al.

Taco Нет Д̌ http://bioputer.mimuw.

edu.pl/taco/
Jankowski et al.

MCOT Д̌ Д̌ https://gitlab.sysbio.cyt

ogen.ru/academiq/mcot

-kernel

Levitsky et al.

Whitington et al. (2011) Inferring transcription factor complexes from ChIP-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


Цел̽ ̛ ̌̚д̌ч̛
• Цел̽: ̛̼̏́̏т̽ тк̦̌е̭пе̶̴̛̛ч̦̼е п̬̌т̦е̬̭к̛е ̥от̛̼̏ дл́ 

̛̚уч̌е̵̥̼ ́ко̵̬̦̼ т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏.

• ʯ̌д̌ч̛:

1. ʿ̬о̏е̭т̛ ̦̌̌л̛̚ л̛те̬̌ту̬̼ ̭ ̶ел̽̀ ̼̏́̏ле̛̦́ ̛̏̚е̭т̵̦̼ 
ко̥по̶̛̛̚о̵̦̦̼ ̾ле̥е̦то̏.

2. ʿодт̏е̬д̛т̽ ̦̜̌де̦̦̼е ̏ л̛те̬̌ту̬е ̛̏̚е̭т̦̼е 
ко̥по̶̛̛̚о̦̦̼е ̾ле̥е̦т̼.

3. ʿ̬ед̭к̌̌̚т̽ ̦о̼̏е тк̦̌е̭пе̶̴̛̛ч̦̼е ко̥по̶̛̛̚о̦̦̼е 
̾ле̥е̦т̼ дл́ ́ко̵̬̦̼ ̥от̛̏о̏ FOXA1, JUN, ESR1, ZEB1.



Эк̭пе̛̬̥е̦т Chip-seq

ʥ̛̍л̛отек̌ ̥от̛̏о̏ ̛̏̚е̭т̵̦̼ 
т̬̦̭̌к̛̬п̶̛о̵̦̦̼ ̴̌кто̬о̏

MCOTЯко̬̦̼̜ ̥от̛̏

ʿ̬̌т̦е̬̭к̛̜ 
̥от̛̏

ˁопо̭т̌̏ле̛̦е ̭п̛̭ко̏ 
п̬̌т̦е̬̭к̵̛ ̥от̛̏о̏

От̍о̬ ̛̦̌̍олее 
̦̌̚ч̵̛̥̼ п̬̌т̦е̬̭к̵̛ 

т̬̦̭̌к̛̬п̶̛о̵̦̦̼ 
̴̌кто̬о̏

Оп̬еделе̛̦е по̶̛̛̛̚ 
̥от̛̏о̏ дл́ ́ко̬̦о̐о 
̛ п̬̌т̦е̬̭ко̐о ̥от̛̏̌ 

от̦о̛̭тел̦̽о д̬у̐ 
д̬у̐̌ 

Эк̭т̬̌ќ̶̛ 
п̛ко̏ Chip-seq

(Cistrome)

ʿо̛̭к ́ко̬̦о̐о 
̥от̛̏̌ ;de novo, 

Homer)

ʿо̛̭к 
ко̥по̶̛̛̚о̵̦̦̼ 
̾ле̥е̦то̏

ˁ̵е̥̌ ̬̌̍от̼



Н̌ч̌л̦̼̽е д̦̦̼̌е

ʻ̛̦̌̏̌̚е клеточ̦о̜ 
л̛̛̛̦

FOXA1 JUN ESR1 ZEB1

Тк̦̌̽ пече̛̦ / к̶̛̬̦̌о̥̌
пече̛̦

Liver Liver

Клетк̛ ̥олоч̦о̜ ̙еле̼̚ 
/ ̌де̦ок̶̛̬̦̌о̥̌
̥олоч̦о̜ ̙еле̼̚

T47D Mammary gland

ʤде̦ок̶̛̬̦̌о̥̌
̦̾до̥ет̛̬́

ECC1

Э̦дотел̛̌л̦̼̽е клетк̛ 
пупоч̦о̜ ̏е̦̼

HUVEC

ʤде̦ок̶̛̬̦̌о̥̌ ле̐ко̐о A549

B-л̴̛̥о̶̛т̼ B cells



ʿо̛̭к ́ко̬̦о̐о ̥от̛̏̌ de novo

• Дл́ по̛̭к̌ ́ко̬̦о̐о 
̥от̛̏̌ de novo ̼̍л̌ 
̛̭пол̽̚о̦̏̌̌ п̬о̬̥̥̐̌̌ 
HOMER

Яко̬̦̼̜ ̥от̛̏ ̦̜̌де̦̦̼̜ HOMER дл́ д̵̦̦̼̌ ̛̚ 
GSE96114, FOXA1

Непол̦̼̜ ̭п̛̭ок ̦̜̌де̵̦̦̼ ̥от̛̏о̏ de novo

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


Тепло̏̌́ к̬̌т̌ ̦̌̚ч̵̛̥̼ 
п̬̌т̦е̬̭к̵̛ ̥от̛̏о̏ дл́ 
́ко̬̦о̐о ̥от̛̏̌ FOXA1. 



Тепло̏̌́ к̬̌т̌ 
̦̌̚ч̵̛̥̼ п̬̌т̦е̬̭к̵̛ 
̥от̛̏о̏ дл́ ́ко̬̦о̐о 
̥от̛̏̌ JUN. 





ʿ̬̌т̦е̬̭к̛̜ ̥от̛̏ дл́ ТФ JUN ˁт̌т̽́

HIF1A

AráŶtzazu Alfranca et al., c-Jun and Hypoxia-Inducible Factor 1 Functionally Cooperate in 

Hypoxia-Induced Gene Transcription // Molecular and Cellular Biology (2001)

Robert Carlsson et al., STATϯ preĐedes HIFϭα traŶsĐriptioŶal respoŶses to oǆǇgeŶ aŶd 
oxygen and glucose deprivation in human brain pericytes // PLOS ONE (2018)

BATF3
Rachel C. Lynn et al., c-Jun overexpression in CAR T cells induces exhaustion resistance //

Nature (2019)

ESR1

Joseph M. Collins et al., ESR1 ChIP-Seq Identifies Distinct Ligand-Free ESR1 Genomic 

Binding Sites in Human Hepatocytes and Liver Tissue // International Journal of 

Molecular Sciences (2021)

ZEB1
Nora Feldker et al. GeŶoŵe‐wide ĐooperatioŶ of EMT traŶsĐriptioŶ faĐtor )EBϭ with YAP 
aŶd AP‐ϭ iŶ ďreast ĐaŶĐer // The EMBO Journal (2020)

Т̌ ̍л̶̛̌ ̦̜̌де̵̦̦̼ п̬̌т̦е̬̭к̵̛ ̥от̛̏о̏ дл́ JUN, 

подт̏е̬̙де̵̦̦̼ ̏ л̛те̬̌ту̬е



Тепло̏̌́ к̬̌т̌ ̦̌̚ч̵̛̥̼ 
п̬̌т̦е̬̭к̵̛ ̥от̛̏о̏ дл́ 
́ко̬̦о̐о ̥от̛̏̌ ESR1.









Тепло̏̌́ к̬̌т̌ 
̦̌̚ч̵̛̥̼ п̬̌т̦е̬̭к̵̛ 
̥от̛̏о̏ дл́ ́ко̬̦о̐о 
̥от̛̏̌ ZEB1.







ʦ̼̏од̼
1. ʥ̼л п̬о̏еде̦ ̦̌̌л̛̚ по л̛те̬̌ту̬е ̭ ̶ел̽̀ ̼̏́̏ле̛̦́ те̵ ТФ, кото̬̼е о̬̍̌̚у̀т КЭ ̭ д̬у̛̛̥̐ ТФ. 
2. ʿодт̏е̬̙де̦̼ ̬̦̌ее оп̛̭̦̦̼̌е ̏ л̛те̬̌ту̬е ко̥по̶̛̛̚о̦̦̼е ̾ле̥е̦т̼: JUN/HIF1A, ESR1/JUN, 

ESR1/RXRA, ZEB1/JUN.

3. ʥ̼л̛ п̬ед̭к̦̼̌̌̚ ̦о̼̏е поте̶̛̦̌л̦̼̽е тк̦̌е̭пе̶̴̛̛че̭к̛е ко̥по̶̛̛̚о̦̦̼е ̾ле̥е̦т̼ дл́ чет̼̬е̵ 
̛̭̭ледуе̵̥̼ ́ко̵̬̦̼ ̥от̛̏о̏: 

- FOXA1: BMAL1, CEBPE, COT2, MYCN, NR2C1, PPARG, THB ;тк̦̌̽ пече̛̦).
ARNT, COE1, ETS1, ETV2, HIF1A, NFIC, NFKB2, ;клетк̛ ̬̌к̌ ̥олоч̦о̜ ̙еле̼̚).

- JUN: CEBPA, CEBPE, ETS2, FLI1, OTX2, PO2F2, Z354A, ZFPB2, ZIMϯ ;клетк̛ пупоч̦о̜ ̏е̦̼).
AP2C, FOXM1, ITF2, NFIC, PEBB (̌де̦ок̶̛̬̦̌о̥̌ ле̐ко̐о).

- ESR1: FOSL2, JUN, NR1I2 ;тк̦̌̽ пече̛̦Ϳ.
ATF1, TYY1, USF2 (ʤде̦ок̶̛̬̦̌о̥̌ ̦̾до̥ет̛̬́Ϳ.

-ZEB1: ATF1, CTCF, NFAC3, RARA, TF65, ZN143 ;клетк̛ ̥олоч̦о̜ ̙еле̼̚Ϳ.
ESR1, GATA4, NFIA, NFKB2, NR6A1, RFX1, SP1/2/4, THAP1, ZN582, ZN816 (B-л̴̛̥о̶̛т̼Ϳ.


