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YacTtb 1. MexaHn3mbl perynauum
TPaHCKPUNLUUN

YacTtb 2. basbl gaHHbIX NO perynauuu
TPaAHCKPUMNL UK

C.H.c. n1ab. asorroyuoHHoU buouHgbopmamuKku u
meopemu4yeckolu eaeHemuku, K.6.H. MeHambeega E.B.



OCOBEHHOCTU TPAHCKPUINUUN Y SYKAPUOT:

-A) YV 3yKkapuoT TpaHCKpUIILKS ocyulecTBisieTcs npu yuactuu PHK-nmonumepas Tpex TUnoB, KOTOpbIe
ob6o3nHauatorcs kak pol I, pol I, u pol III. MoxHO BBIAEIUTH TPU TPYIIIHI TEHOB:

- pol | Tpanckpudupyemsie: reasl pPHK (18S, 5.8S u 28S)

- pol 1l TparckpuOHpyemble: Bce OeIoK-Koaupyromye rensl + reasl Muorux MaPHK (U1, U2, U4, US,
Ull,Ul2 u np.)

- pol 11l Tparckpubupyemsbie : rersl TPHK + rensr amskomonexymsipabix PHK (5S pPHK, 7SL PHK, U6
PHK, 7SK PHK wu np.)

b) Kaxnas PHK-nonumepasa uMeeT CioKHOe, MHOTOCYObETMHUYHOE CTPpOCHUE, HanpuMmep, pol 11
BKJItOUaeT oosee 10 cyObeauHMIL;

B) Jlnsa tounoit nocanku PHK-nonumepas Ha ydacTok, Ipuiekaluid K CTapTy TPAHCKPUIILIUY, HY>KHBI
BCIIOMOTraTeIbHbIe OeIKU — 0a3aibHbIe (U1K OOIINUE) TPAHCKPUMIITUOHHBIC (PaKTOPHI;

I') Jns noctrkeHus: HEOOXOAUMOIO YPOBHS TPAHCKPUIIIMU KaXKJI0TO T'eHa, TOMUMO 0a3alibHBIX (OOIINX)
TPAHCKPHUIIIIMOHHBIX ()aKTOPOB, TPEOYIOTCS Apyrue Oenku (TpaHCKPUMIIMOHHbBIE (haKTOPHI,
KOaKTUBATOPHI, KOPEIPECCOPHI, MEAUATOPHI U JIP.);

1) IIpoMOTOpBI T€HOB, TPAHCKPUOUPYEMBIX KaXKIbIM THUIIOM MOJIMMEPA3, UMEIOT XapaKTEepPHOE CTPOCHUE

v E) Tpanckpunuus reHoB 3YKapUOT 3aBUCUT OT COCTOAHUSA XPOMATHHA U IVIOTHOCTH
HYKJICOCOMHOM YIIAKOBKHU.




OCHOBHBIE KJIACCbBI BEJIKOB, YHACTBYIOIIIMX B
PEI'YJIAILIMN TPAHCKPUIILINM 'EHOB OYKAPUOT

ﬁKbperynﬂTopé;;:\

OCIKH
(KOAKTHUBATOPBI
1 KOPEIPECCOopPHI)

He umeror JIHK-cBs3bIBaroniero 1omMeHa,
B3anmoneiicTBYIOT ¢ Oel0K-0eTKOBBIMU
u JIHK-6enkoBbIMH KOMITJIEKCAMU

Perynupyrotr natencuBHOCTh cuHTe3a PHK kaxmoro
KOHKPETHOTO T€Ha B COOTBETCTBUU C MOTPEOHOCTSIMU OpTraHU3Ma

(TUTIOM TKaHH, CTaJAUEN pa3BUTHS, BO3ACUCTBUIMHU /

OKPY’KAIOILIEH CPEJIbl)




Onpenesienue:

Koperyasitopublie 0eJIKH (KOAKTUBATOPHI U
kopenpeccopsbl) He uMeroT JIHK-cBsSI3pIBaronmx J0MEeHOB U
YYaCTBYIOT B PETYJISILIUA TPAHCKPUIILIUU O€3
HEMOCPEJACTBEHHOIO CIIENU(PHUIECKOTO B3aMMOJICHCTBHS C
JIHK.

Koperynsaropnsie 0elku, 3PHEKT KOTOPHIX COCTOUT B
AKTUBAILlMW TPAHCKPUIIIINH, HA3bIBAIOTCS KOAKTUBATOPAMU, a
O€JIKM, 0CIA0NSAIOIIMNE TPAHCKPUIIIIUIO, AMEHYIOTCS
KOPEIPECCOPAMH.




Kiaccebl KOperyJasiTOpHbIX 0€JIKOB (B COOTBETCTBHH C
MEXaHU3MOM HUX JeiCTBUSA):
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[ Brustor Ha CTPYKTYPY XpOMaTHHa Ojaroiapsi //l; """""""""" piN é
CBOEM CIIOCOOHOCTH KOBAJEHTHO MOIU(PUIIMPOBATL ! AHTePEI — 3aMMChIBAIOIAS,
OCJIKH, OCYILECTRISIOT
rucTonbl. Hanbomee n3BecTHBIC MPEICTAaBUTEIH
AlICTUIIMPOBAHUC,
OEIKOB ATOTO Kjacca GYHKIHOHUPYIOT B COCTaBE
6 MCTHJIMPOBAHUC U T..
rHCTOH-aNeTHJIa3HbIX (JINOO rMCTOH- - Puephi - GelKi,
neaneTnIa3HbIX) KOMIUIEKCOB, 0CIa0ss 11uoo, MIMEIOIIITE B CBOEM COCTABE
HAIIPOTHB, YCWJIMBAs B3aMMOJICUCTBHE TUCTOHOBBIX

JIOMEHBI, CIIOCOOHEIE
oenkoB ¢ JIHK B cocTaBe HyKII€0COM. OII03HABATh OMPE/ICIICHHBIE

Moau(dUKaIIMU XpOMaTHHa.

| |. BIusIOT Ha CTPYKTYpPY XpOMATHHA, OCYIIECTBIIsA | —2Pal3epbl — OenKy,
mMoaudukanuy uurTo3nHa B cocrage JHK (DNMT- | CTHPAIOMIIC MCTKH
', XpoMaTHHa

JHK meTuarpancgepasbl, 0eJKH ceMeiicTBa . /
\ TET etc.) ;
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[11. OcymecTstor AT®-3aBUCHMYIO peOopraHu3auio (PEMOJICIUINHT)
XpoMaTrHHa, BKiIrouyas ociabdimenue cBs3u JJHK ¢ ructoHoBbIMEU OelikamMu

(pa3pheIXJICHHE HYKJICOCOMHOM YKIIAJIKH), @ TaK)Ke IIePEMEIICHIE HYKIICOCOMBI
BJIOTTH JTHK (SWI/SNF kommiexc).

,——————————
-



[TPUMEP: cTpykrypa koaktuBaTopHoro komiiekca ARC/DRIP
MJICKOITUTAIOIINX

CRSP = cofactor required for SP1 activation

ARC/DRIP

CBP/p300

CBP = CREB binding protein

Kommuieke CRSP onocpenyer akTuBanuio TpaHCKPUNUMOHHBIM (pakTopom SP1 He
3apucumo oT ARC/DRIP

Hampsey M, Reinberg D. RNA polymerase Il as a control panel for
multiple coactivator complexes. Curr. Opin. Genet. Dev. 1999, 9, 2,
132-139



Komruiekc, ocymectrisromui AT®-3aBUCHMY1O
peopraHm3anuio (peMOJCIUIMHT) XpOMaTHHA

Nucleosomes >

Multicellularity, DNA methylation, linking histones

—O DNA-binding domain  —fl Bromodomain
~> Chromodomain or —> PHD Increased genome size and vertebrate organogenesis
chromoshadow domain >

Yeast Drosophila melanogaster Mouse
Swi/Snf complex BAP complexes BAF complexes

Monomorphic Dimorphic Polymorphic

Transcriptional activation Transcriptional activation Transcriptional activation
Transcriptional repression Transcriptional repression
Tumour suppressors

BAF complexes, brahma-associated factor complexes; BAP complex, BRM-associated proteins; BRD,
bromodomain-containing protein; BRG1, brahma-related gene 1; MOR, Moira; PHD, plant homeodomain;
PtdIns(4,5)P,, phosphatidylinositol-4,5-bisphosphate; SAYP, supporter of activation of yellow protein; SNR1,
Snf5-related protein 1; SWI/SNF, SWIltch/Sucrose Non-Fermentable

Lena Ho & Gerald R. CrabtreeChromatin remodelling during development Nature 463, 474-484(28 January 2010)



Moaesib COOpKH KOMILIEKCA XPOMATHH-MOAUPUITUPYIOLIUX U
0a3aJIbHbIX (PAKTOPOB HA NMPOMOTOPE reHa UHTepdepoHa- OerTa
YyeJI0BeKa

ATF2| [NF-kB
HMGI(Y)|| | IRF1 1l

B— GCN5 Pol
AT B o5 e

268 118 \ N A N . <
dHxaHcep : N "
(1107-49) 9HXAHCOCOMA | 2 3—

BupycHasn nHgekums aktusupyert
TPaHCKPUNLUMOHHBbIE haKTopbl
ATF2, NF-KB, IRF1, koTopble
BMmecTe ¢ HMGI(Y) cpopmupytot
KOMIJIEKC B panoHe 3HXaHcepa —

Pol 11
& Holoenzyme

Pol 1l

SWUSNF Holoenzyme

Complex
Jic

I }
3HxaHcocomy. Ha ee n
NOBEPXHOCTU MPOUCXOAUT "“;‘ ‘&-
:} n

AanbHeuwasn coopka
aKTUBATOPHOro KOMIMJEKca,

BKITIOHalOLLEro XxpoMaTmH- Agalioti T., Lomvardas S., Parekh B., Yie J., Maniatis T., Thanos D.

MoAnMUMpyoLWMe aKTUBHOCTY Ordered Recruitment of Chromatin Modifying and General
Transcription Factors to the IFN-b Promoter. Cell, 2000, \ol. 103,
667678



Peryasiuusi TpaHCKpUIIIMM reHa uHTepdepoHa B yesioBeka.
IToaroroBka KOpoBOIro NMpPoMoTOpa rena nurepgepona 3 yesoBeka
K KOHTaKTy ¢ komnoHeHramu ITUK

Cragus 1: cO0Opka YHXAaHCOCOMBI

Y4YacTHUKU:

Hyxkneocoma 1

benku (TpaHCKpUNIIUOHHBIE
dakropsl): ATF2, NF-KB, IRF1,
HMGI(Y)

ATF2 / Yuactok JIHK (suxancep),

NF-KB
CBOOOHBIN OT HYKJIEOCOMHOM

HMGI(Y)
OHXaHCOCOMa ' |RF1 YKJIAJIKH

Pesyinbrar: oopasyercs
sHxaHcocoMma - JIHK-OenkoBbIit
KOMILJIEKC, CIIOCOOHBIN MPUTSATHBATH
MyJIbTHOETKOBBIN KoMmILiekc GCNS

Hyxieocoma 2



IToaroroBka KOpoOBOIro NMPoMoOTOpa rena nurepgepona B yesoBeka

K KOHTaKTy ¢ komnoHeHramu ITUK
Cramug 2: AIETUIIMPOBAHUE TUCTOHOB C YYACTUEM

komruiekca GCNbS

Y4YacTHUKU:

Hyxieocoma 1 .
y AC ['ucron-anerminasupii koMiuiekc: GCNS

N - KOHIIEBbIEC YYaCTKH IT'MCTOHOBBIX
OCJIKOB
ATF2
NF-KB AC )
HMGI(Y) ) Pesynprar: JIHK-OenkoBbIil KOMILIEKC
JHXGHCOCOMA ™ |RF1 nprobpeTaeT KOHPOPMALHUIO,
ONTHUMAJIbHYIO JIJIsl IPUBJICYCHUS OeJKa-
koaktuBaropa CBP (CREB binding
protein)

Hyxieocoma 2



IToaroroBka KOpoOBOIro NMPoMoOTOpa rena nurepgepona B yesoBeka

K KOHTaKTy ¢ komnoHeHramu ITUK
Cragms 3: [IpuBneuenune komruiekca CBP/ Pol 11

SWI/SNF
Hyxneocoma 1

Holoenzyme

DHXaHCOCOMAa IRF1

Hyxieocoma 2

Y4YacTHUKU:

Kommaexc: JIHK / saxancocoma

benok-koaktusarop: CBP (CREB
binding protein)

benkoBas MalmHa: X0JI03H3HUM,
BKJIrOuUaromnias oeox Pol |l

Pesyinprar: Co3maeTrcss BO3MOKHOCTD
1151 npusiiedeHus SWI/SNF kommiekca
(XpoMaTHH-pEMOICTUPY FOLITHH
KOMILJIEKC)




IToaroroBka KOpoOBOIro NMPoMoOTOpa rena nurepgepona B yesoBeka

K KOHTaKTy ¢ komnoHeHramu ITUK
Cragus 4: Ilpusneueane komruiekca SWI/SNF

Hyxkneocoma 1

I/SN

ATF2( ~gp Pol 11
NF-KB Holoenzyme

HMGI(Y)
DHXaHCOCOMa IRE1

Hyxieocoma 2

Y4YacTHUKU:

XpoMaTHH-pEeMOICIHPYIoIas OeIKoBas
mammaa SWI/SNF.

Kommieke JJIHK/anaxancocoma/ CBP

Pesynbrar: Co3maeTcsi BO3MOKHOCTD
11 PYHKIIMOHUPOBAaHUS OCJIKOBOM
MarmuHbel SWI/SNF




IloaroroBka KOpoBOro MpoMoTOpa reHa nHTepgepoHa 3 yeroBeka

K KOHTaKTy ¢ komnoHeHramu ITUK
Craaus 5: PeMojienMpoBaHre XpoMaTruHa (HYKICOCOMHON YKIIAJKH) C

Y4acCTHEM XPOMATUH-PEMOJICTUPYIOIIECH OCJIKOBOW MAIIIMHbI

SWI/SNF

QGMOHQO?O Y4YacTHUKNU:

Hyxeocoma 1
XpoMaTUH-PEMOICIIUPYIOIIAs OEITKOBAs

marnrnaa SWI/SNEF.

Hyxkiieocombl

DHxaHCOCOMA
Pesyakrar: Hykneocombl

pa3peIxisitoTes, TATA OOKC CTaHOBUTCS

JOCTYITHBIM JJIsl B3aUMOJACHCTBUS C
Hyxkneocoma 2 TFIID.




IToaroroBka KOpoOBOIro NMPoMoOTOpa rena nurepgepona B yesoBeka

K KOHTaKTy ¢ komnoHeHramu ITUK
Cragus 6: [TpuBiaeuenue 6eaka TFIID

Y4YacTHUKU:

Hyxkneocoma 1

[IpomoTop reHa, Bkarovaronuii TATA
OOKC

bazaibHbIN TPAHCKPUIIIIMOHHBIN (HAKTOP
TFIID.

Holoenzyme

Pesynprar: CTaHOBUTCSA BO3MOKHBIM
(dbopMHUpOBaHUE MPEAUHUIIIATOPHOIO
KOMILJIEKCA

DHXaHCOCOMa

Hyxieocoma 2



DopmupoBaHue npeauHUIMATOpPHOro komiuiekca (IIMK) na

npoMoTope rena nurepgepona 3 yesoBeka
Cranus 1: 3aKpbIThIA KOMILIEKC

Y4YacTHUKU:

Kommnekce JJHK/6emnok: TATA 6oxc/
TFID

Hyxkneocoma 1

benkoBasg ManimHa: XOJI03H3UM

Pesyibrar: X0JI03H3UM IIJIOTHEE
koHtaktupyet ¢ JJHK. PHK-
MOJIMMEpa3a CBA3BIBACTCS C
nmpoMoTopoM. OOpa3yeTcs «3aKpbIThIN
KOMILJIEKC)

DHXaHCOCOMa

Hyxieocoma 2



MNHuuManusa TPAHCKPUIIIUU TeHa uHTepdepoHa 3 yeroBeKa

Cramns 2: OTKPBITEINA KOMILIEKC -> HHANHUAINA TPAHCKPUIIINHU

Y4YacTHUKU:

PHK nonumepasza Pol 11
Marpuunas nens JIHK

Pesynbrar: MHULIIMALMS TPAaHCKPUIIIUM
MPOXOAUT CTAJUIO OTKPBITOTO
KoMILIeKkca. CUHTE3UPYIOTCS MEPBbIC 2-
9 nykneorunoB PHK




JTAIIbI TPAHCKPHUIILINU

SyKapI?IOTBI
-IToAroToBKa KOPOBOIO IMIPOMOTOPA K KOHTAKTy ¢ koMrmoHeHTamu [TMK

\

[-Hocaz[Ka PHK-monumepas B KOMILIEKCE CO BCIIOMOTaTeIbHBIMU
oenkamu Ha JIHK B pailoHe cTapTa TpaHCKPUIILUH,
YTO y 3YKapUOT O3HAYAET (POPMUPOBAHHE

\_ IPE/IMHHULMATOPHOTO KOMIUIEKCA (IT1K)

r S
| -MHunuanys TpaHCKPUIIIHH /@%‘&‘V

[-SJIOHraHH;I PHK / @Q ]

[ -TepMUHAIMA TPAHCKPHUIILIH / Q% ]




JlONOJIHUTEJIbHBIM CJIaia 1JIsl CAMOCTOSITEJIbHOI0 03HAKOMJIEHHU S

[ birEng J .\‘\‘

Chromatin - = Pol Il 11w .
kY X [ structure J [ binding ] Expression
b
Histone .
modification @
DNase, FAIRE,
Input DNA...
(1) Recruiting histone modifiers (7) Recruit general TFs
(2) Recruiting TFs (8) Interacting with histone modifiers
(3) Accessibility (9) Accessibility
(4) Remodeling (10) Accessibility
(5) Recruiting general TFs (11) Transcription

(6) Interacting with TFs

Cheng C. et al., Understanding transcriptional regulation by integrative analysis of transcription factor
binding data. Genome Res. 2012 Sep;22(9):1658-67.



OCOBEHHOCTU TPAHCKPUINUUN Y SYKAPUOT:

v E) Tpanckpunuus reHoB 3YKapUOT 3aBUCUT OT COCTOAHUSA XPOMATHHA U IVIOTHOCTH
HYKJICOCOMHOM YIIAKOBKHU.

————————————————————————————————————————————————————————————————————————————————————




B A

o1

TPEXMEPHAA CTPYKTYPA XPOMATUHA

LCR — NOKyC-KOHTpONuUpyroLine panoHbl;
UHcynaTopbl;
TpaHcKpunuuoHHble pakTopbl CTCF;

Kore3auH (cohesin) — 6enkoBbIN KOMMNEKC C KOSNIbLIeBOM
CTPYKTYpPOM;

XpPOMOCOMHbLIN ONEepPOH, TPAHCKPUNLMOHHbIEe (pabpuku;

JHxaHcepHas PHK (eRNA) n ee perynsaTtopHblie pyHKLUMU



I

O T N N —

te

JNIOKYC-KOHTPONUPYIOLLUMA PAUOH ( LCR)

N
(l)pal“MEHT (wom rpynmna ¢pparmentoB) JHK, npucyrcrBue KOTOpBIX
o0ecrevyrBaeT BLICOKMH YPOBECHb TKaAHeCHeM(PUICCKOM IKCIIPECCU

CBA3AHHOI'0O C HUM I'€HAa, BXOAAIIICIO B TPAHCICHHYVIO KOHCTPYKIIMNIO,

- IPONMOPIMOHAJIBHO KOJUYECTBY KONIMH TPAHCTE€HA U

h [ —————

- HE3AaBHCHUMO 0T ME€CTa BCTPaAanBAaHUA B I'CHOM .

Kak npaBuJ10, JIOKYC-KOHTPOJIMPYOIINE PAHOHbI PerYJIUPYIOT I'eHbI,
HAXOASIIIHUECH B KJacTepax u 00ecnedyuBalOT MX TKaHe- M CTaJue-
crneu(PUUYECKY 0 IKCIPECCUIO .

Kaxapiii LCR Brimouaer cnenmu(puuecKyo rpyniy caiToB CBS3bIBAHUSA U
pacnoJiaraeTcss HHOIrAa Ha OYeHb 00JIbLIIOM (10 AeCATKOB ThICAY I1.0.)

PACCTOSIHMH OT KOHTPOJMPYEMOH KACCEThI T€HOB

Locus control regions (LCRs) are operationally defined by their ability to enhance
the expression of linked genes to physiological levels in a tissue-specific and copy
number-dependent manner at ectopic chromatin sites.

Li Q, Peterson KR, Fang X, Stamatoyannopoulos G. Locus control regions. Blood.

2002 Nov 1;100(9):3077-86.



NMPUMEP: NOKYC-KOHTPOJTUPYIOLLMA PANOH KITACTEPA
B-rMOBUHOBbBLIX TEHOB YEJIOBEKA

70 ThIC.ITAP OCHOBAHUU
A
7~ LCR € Gy Ay yp1 o B N
—
AN . . . mn .
N— XKEJITOYHbIA MELLUOK
LCR € Gy Ay yp1 ) B
— —
b | B . ] . |
@ neyeHb aMOpPUOHa
LCR € Gy Ay yp1 ) B
— —
B | I ]

||
/ KOCTHbIA MO3r

g, Gy, Ay, 6, B - rennl remorsiod0uHoB; YP1 - mceBaorex



B-Globin locus

Chrll

Sposi N.M. Interaction between Erythropoiesis and Iron

Metabolism in Human B-thalassemia - Recent Advances

and New Therapeutic Approaches

YpoBeHb 3kcnpeccuu oOuHOB (%)

KINNACTEP B-TMOBUHOBbIX TEHOB YEJIOBEKA
n BPEMEHHAA OUHAMUKA 3KCINPECCUU B OHTOINEHE3E

HS64 3 2 1 € Gy Ay ym 5 P

e H— - H—

100

60

20

Embrionic Fetal Adult

Opras, rae oCyIIeCTBISECTCA SPUTPOIIOI3

o T
Kenrounsrii

MWCHCC’»GHI@, E  KocTHblil MO3T

Cpok BHYTPHYTPOOHOTO Bospacr nociie

( pa3BuTHs (MECSLIBI)

Poxpenne o4, ounienms (Mecsip)

IMOPHOHAIBHBII (€) U

- deranbubie (Gy, Ay)

IJIOOMHBI 00eCIICYUBAIOT

. 0oJIbIIIEE CPOACTBO

reMorio0OMHa K KHUCJIO0-
POy, 4TO 00CIeYnBaeT
3¢ PpexTUBHOE CHADKEHHE
IMOPHMOHA M ILJI0AA
KHCJIOPOAOM NMyTeM
IKCIIOPTA KHUCJIOPOAA U3
KPOBHM MATEPH.



[IpuMepsl CTpyKTYpHO-(YHKIIMOHAIbHOM opranu3amnuu LCR

TCRa/5 (MbiLb) Knactep a -rmo6GUHOBLIX reHOB (YenoBek)
L0009 H§|1$1 HS6 Dad1 L0006
3 3 -5
1
TCRC B
il i 540 ¢ a2 g
5 6 == 1T.M.H ¢ . %

HS1 - aHxaHcep 5

HS1, HS1" paiioH onpegensitowmin pacnpoCcTPaHEHHOCTb B TKAHSX HS-40 - sHxaHcep = 10Kb

HS2 - HS6 paiioH oTKpbIBaOLLMA XPOMATUH
Lincbpamu o603HaueHbl 3k30HbI reHa Dad 1

Fen CD2 (yenosek) HS1 HS3
Knactep 3 rmo6bMHOBBLIX reHOB (4enoBeKk) L0003
5 3
s 543 21 =
S Ay wp 5 B 14 4 < l l
J* ¢¢ J; T i 5,_“ v | |
= 10Kb HS1 1Kb
HS5 - uHcynaTop HS3 T -
HS4 - HS1 - aHxaHcep R
Lindbpamm o603Ha4eHbl 3k30HbI reHa CD2
Nen ADA (qenoseK)
KnacTtep 3 rnoOuMHOBbLIX reHOB (LibINSIEHOK) L0002 -
L0005
HS 4 32 1 HS2 3F
* *‘&* 5 BH BA . u 2 3 4 6 8 1012
- ‘ L 111 s
5!
EN 5Kb — 1Kb

HS4 - uHcynsato "
HS3, Hsgy_ 3HxapHcep HS2 - 5 BCMOMOraTesfibHblA 3fIEMEHT

EN - MeXreHHbIN aHXaHCep HS3 - aHxaHcep;
3'F - 3’'BCnomoratenbHbIN 3NIEMEHT

Lincdpamm o603HaveHbl 3k30HbI reHa ADA



LCR rmoOMHOBOIro nokyca 4yenoBekKa

HS 54 32 1

L

G, A, ¥B & P l

10Kb

| USF/TALI1 J-BP
USF/TAL1 \ GATA-1 USF

-

8650 8700 8750 8800 n.o.

Kaxapiid LCR BrI0OUYaeT cnenuuyecKylo rpyiniy camron
CBSA3bIBAHHUSI U PACIIOJIATA€TCS MHOIAA HA OYeHb 00JbIIOM (10

HEeCSATKOB THICAY I1.0.) PACCTOSIHUH 0T KOHTPOJHUPYEMOH KACCETbI
reHOB



UHcynaTop - yyactok O HK, BbinonHsAOWMN cneunanmM3mpoBaHHYHO
perynsaTopHyro (pyHKLUIO

PYHKLUUUN UHCYNATOpA:

NHCYyNnaTop MoXeT pacnosiaratbCA Ha rpaHuue Mexagy OTKpPbITbIM 1N 3aKpbITbiIM XpPOMaTUHOM U
npenAaATcTBOBaTb pacnpoCcTpaHeHUO MHaKTUBMpYOLLEro BJINMAHNA KOHOEHCUPOBAHHOIO

XpomMaTunHa benku, B3aMMOAECHCTBYIONINE C UHCYIATOPOM
PEKPYTHUPYIOT THCTOH-aneThaTpancdepassl (HAT).

suvss =
VNN HAT aneTuiupyroT coceHue HyKJIEOCOMBI.

Me Me Me Me Me

Reee® o (,—0-0-0-@@-0-0-

Me Me Me Me Me Me

OTKpI)ITI)II\/’I AHGTI/IJII/IPOB&HI/IG HYKIJICOCOM IIPCIIATCTBYCT
(aKTHBHBH‘/’I) Xp OMATHH PacipoCTpaHCHHUIO HCAKTUBHOI'O COCTOAHUA

XpOMaTHHA, HHAYLUPYEMOTO KOMILIEKCOM
Adam G. et al., Insulators: many functions, many mechanisms Genes & Dev. 2002, 16, 271-288 HP1/SUV39H1

Condensed Insulator
silent chromatin (barrier)

NHCynsiTop MOXET pacnonaratbCs Mexay dHXaHCepoM M NPOMOTOPOM U BriokMpoBaTh
aKTUBMPYIOLLIEE BNUSIHUE 3HXaHCepa Ha TPAHCKPUMLINIO reHa

i /_\ WHcynaTop ONOKUPYET aKTUBHOCTh
I a CX) AHXAHCEpa TOJIbKO MO OTHOIIEHHUIO K
HpOMOTop 1l npomotopy |. Eciiu BMecTo

SHxaHcep HpOMOTop I

MHCYJISTOPA PACIOI0KHUTh

2N D s HETAaTUBHBINA PETYJIATOPHBIN JIEMEHT
¢ 1 G ﬁ CX) (caitnencep), To OIOKHUpYIOIIEe
Tpomotop |1 [poMOTOp I BIIUsIHUE OyZIeT pacIipOCTPaHITHCS Ha
OHXaHcep Jycynarop o0a mpomoTopa

Gaszner M, Felsenfeld G. Insulators: exploiting transcriptional and epigenetic mechanisms. Nat Rev Genet. 2006 Sep;7(9):703-13.
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MHCYNATOP ;’

UHcynaTop MoXeT ObITb MOMELLEeH MeXAY NTOKYC-KOHTPONUPYHLWMUM panoHOM
(LCR) n Kknactepom perynupyemMbiX UM reHoB. B aTom cny4ae perynsitopHoe
BO34eMCTBUE NTIOKYC-KOHTPONUpylowero pamoHa oyaet 6nokupoBaHo



Ponb MHCynATOopa MOXeT BbIMOMHATb Y4aCTOK NMPUKpenneHus K
apepHomy matpukcy (MAR). MNMpu BKNOYeHMN TaKoro MHCyNATopa ABa
perynaTopHbIX pavoHa OKa3bIBalOTCA B pa3fNUYHbIX 4OMEHaX, U He
CNnocoOHbI B3aumoaencTsoBaTb

MARs =matrix attachment regions

AnepHas MemOpaHa

~—

3HXaHcep

npomMmoTop

\l:,

,*

“\/

MAR

@ -
\/
MAR

QHXaHCep He BJInsdeT Ha

3HXaHcep akTuBupyeT
TPAHCKPUNLMUIO reHa

TPaHCKPUNLUMIO reHa



UHcynaTop - yyactok AHK, BbinonHAwWMNA cneunanu3npoBaHHYHO
perynatopHyro ¢pyHKuuo. byayum nomelweHHbIM Mexay ABYyMS
perynaTopHbIMM 3fIeMEeHTaMU MOXeT NMpPenAaATCTBOBaTb akKTUBUPYHOLLEMY
nubo nogaBnsAoLWEeMy AeUCTBUIO OOHOIO 3fieMeHTa Ha ApYyrou.

anI BKINMHOYEHUN NHCYNATOPA ABa PerynaTopHbIX pa|7|0|-|a OKa3bIBaKOTCA B
Pa3/fIN4YHbLIX AOMEeHaX, n He CNOCOOHbLI B3aMMOAENCTBOBATb



Ponb TpaHCcKpUnuuoHHbIX pakTopoB CTCF npu
dopmupoBaHuum netenb [AAHK

OYHKIHOHHPOBAHUE UHCYIATOPOB TECHO CBA3aHO C HAIMYHMEM CaliTOB
cBs3pIBaHUs TpaHckpunuornHoro ¢pakropa CTCF (CCCTC-binding factor).

CTCF - numepnsbiit pakrop. Umeet
NPOCTPAHCTBEHHYIO CTPYKTYDY,
00€eCcrneYnBaroIy0 BO3MOKHOCTh
B3aUMOJICCTBOBATH C PA3JIMYHBIMUA HUTSIMU
JAHK, 3a cuer 4ero B sipe KIETKU MOTYT
dbopmuposarbes neriau JIHK nmubo
MEXKXPOMOCOMHBIE KOHTAKTHI.

CTCF sBasercs mapkepom ydyactkoB JIHK,

PA3CIAONINX AKTUBHBIN 1

pPENPECCUPOBAHHBIN XPOMATHH

Nunez E., Fu X-D., Rosenfeld M.G. Nuclear organization in the 3D space
of the nucleus — cause or consequence? Current Opinion in Genetics &

Development, 2009, 19, P. 424-436.
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2796509/figure/F5/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2796509/figure/F5/

Kore3anH — komnnekc 6enkoB , GopMUPYIOLLUNX KONbLEOoOpPa3Hy CTPYKTYpPY

JlumMepH3aluoHHbIE ﬁﬁf

JOMCHBI
\Cknc3 ‘
. Sccl

oeakoB Smc3 Smcl
VYyacTku, ClIoCOOHBIE
B3auMojercTBoBarh ¢ JJHK

50nm

Kores3un - OEJIKOBBIN KOMILJIEKC, BKIFOYAFOIII
gyeThIpe Oenka: Sccl, Scc3, Smcl, Smc3. ATP
benxkun Smcl u Smc3 nMeroT JOMEHBI ¢

AT®a3H0i1 aKTUBHOCTBIO.

benok Sccl coenunusior ATDa3Hbie TOMEHBI b
Smcl u Smc3, cTaOunu3upysi CTpyKTypy

KOJIBIA.

benok Scc3 cesa3biBaercs ¢ C-TepMUHATIBHBIM

ydacTkoM Oenka Sccl

Katherine M. et al., Cohesin: a regulator of genome integrity and gene
©2010 by Portland Press Ltd expression Biochemical Journal 2010, 428 (2) 147-161;



Mopenu 3-[1 CTPYKTYyp XpOoMaTUHa C y4aCcTUEeM KoresmHa
1)

A) Ring model:

B) Handcuff model (1):

Handcuff model (2):

Handcuff model (3):

Katherine M. et al., Cohesin: a regulator of genome integrity and gene
expression Biochemical Journal 2010, 428 (2) 147-161,



KnacTtep reHoB B-rno6uHOB: neTrneobpa3Has CTPyKTypa obpa3syetca
onaropgapsa Bzaumogencrteuito oenkoe CTCF n koreauHa

B—globin genes

5[ 3!
Hypersensitive Hypersensitive
region region

cohesin
Kore3un

regulatory elements

Katherine M. et al., Cohesin: a regulator of genome integrity and gene
expression Biochemical Journal 2010, 428 (2) 147-161,;



Ponb TpaHckpunuuoHHbiX pakTopoB CTCF B perynsauumu
3Kcnpeccum reHoB 6eTa-rmoOMHOBOIO Knacrtepa ublinyieHKa

(a)

conesin b P O
N

™
Q) CICcF

erythroid differentiation

poised active

HSs

transcription

222 '

AXTHUBHOCTb T'€HOB KJIacTepa [3-TIIOOMHOB PEryIMPYETCsl IOKYC-KOHTponupyomuM paiionom (LCR).

Ha nauansnoit ctaguu passutus haxtopsl CTCF B3aumopeiicteyror ¢ JIHK u npyr ¢ npyrom takum oOpa3zom, 4To
oOpasyetcs netis, Bkmrodaromiasi LCR u redst B-T1o0uHOB.

B xone nuddepeHmpoBKy KIETOK MO SPUTPOUTHOMY THITY SPUTPOU/I-CIICTU(PUIHBIE TPAHCKPUIITMOHHBIC (DaKTOPHI U
0enKOBBIN KoMIUIEKC Kore3uH Moauduiupytot nemio JJHK takum o6pazom, uto LCR conmxkaercs ¢ reHamu f3-
IJIOOMHOB ¥ aKTUBUPYET UX TPAHCKPHUIIITHIO.

Holwerda S.J., de Laat W. CTCF: the protein, the binding partners, the binding sites and their chromatin
loops. Philos Trans R Soc Lond B Biol Sci. 2013 May 6;368(1620):20120369.



Monesiv B3aUMOAEHCTBUS MEKAY PeryJasiTOPHbIMUA Y4aCTKAMMU

I'CHOB B ICHOMC YcCJ/IOBCKA.
Metox ChIA-PET (Chromatin Interaction Analysis by Paired-End-Tag sequencing)

IHO3BOJISIET BBISIBUTD KOHTAKTBI MECK/1Y Y4aCTKAMHU XPOMOCOM

UcciienoBaHbl KOHTAKTHI B KJI€TOYHBIX KyJbTypax yesioBeka MCF7 n K562

IIpomoTopHast Moxeb Onnorennasi Moje/ib MyabTureHHasi MojaeJb (XpOMOCOMHBIN
IIpomoTop-JHxaHce |« 9
(Sirgle-gene irgeraction modeP ) OnepOHl\Aulti—gCem%mg cemrggd

Basal promoter model
¢’ \\\ £
—‘&: [\-&: — e —
G - e }—
e P 8 400Kb . P 9 P 0 o5
chr2:220000000-220180000

-
~

¥ Bgises

¥ 20 Kb
. chr20:205578290-20707828 = _______©chr0:109000000-112000000 =
FGRIB, T ) S =ra e
R A DU - A > — =k ‘.'J. .\'w‘vr‘..‘,‘, vl
Licallle, s A - — V'J - ’.',w..,‘-'- JT (7 S
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Li G. Etal., Extensive promoter-centered chromatin interactions
provide a topological basis for transcription regulation. Cell. 2012 Jan

20;148(1-2):84-98.



XpPOMOCOMHBIE ONEPOHbI U TPAHCKPUIILUOHHBbIE (PAOpPUKHU

Anpo KIeTKH — y4aCTKH
TPAHCKPUIILUHU IO
MHUKPOCKOIIOM

CTpykKTyphl, HaliieHHbIe ¢ oMombio ChIA-PET

I'ednl B
MeTJIAX

XpOMOCOMHBI
OIlePOH

(Lietal., 2012)

He
KOHTAKTHpYIOLHe I'ensI B y371ax F I S H
I'CHbI (HKope)

XPOMOCOMHBIN OIIEPOH — CTPYKTYPA, B KOTOPOH I'eHbI COJIMKEHBbI OJ1arogaps
nersieo0pa3Hoi ykiaajake xpomaruna . Meronamu FISH MokHO moMeTHTDh pacmoJioskeHue
TPAHCKPUIIIIMOHHOI0 KOMILJIEKCA B I/Ipe KJIETKEe JYKAaPHUOT, TOI1A M0J MUKPOCKOIIOM
TaKHe CTPYKTYPbI B si/ipe BbIABJIATCH KaK «TPAHCKPUIIIMOHHBbIE (padpuKm»




PoJib TPEeXMEpPHOI CTPYKTYPbI XPOMATHHA B PeryJasiliuu

TPAHCKPHUIIINHA
CTpyKTYpBI, HAlICHHbIE ¢ TOMOIIbI0O METOAUKH TpaHckpUNIMOHHASI AKTUBHOCTD
ChIA-PET, B MCF7 kaerkax 4ejioBeka renoB B MCF7/ kieTkax 4esjioBeka

I'edunl B
MeTJIaAX

S
He §
KOHTaKTHpYomue I'eHBbI B y31ax Q Q°
reHbI (sixope) S  MyabTHreHHast MOAEb

(XpOoMOCOMHBIN OIIEPOH -
“chromoperon”)

['eHbl, pacroa0KEHHBIE B Y3J1aX XPOMOCOMHBIX ONIEPOHOB (MYJIBTUT€HHASI MOJIC]Ib KOHTAKTOB),
UMEIOT JOCTOBEPHO 00JIee BHICOKUN YPOBEHB IKCIIPECCHUHU M0 CPABHEHHUIO C TEHAMU U3 IPYTHUX
rpynn (OJHOT€HHAS! MOJAEb, TPOMOTOPHASI MOJEb U HE KOHTAKTUPYIOIIUE TEHBI)

Li G. Etal., Extensive promoter-centered chromatin interactions provide a topological basis for transcription regulation. Cell. 2012 Jan 20;148(1-2):84-98.



TpaHcKpununoHHas hadbpuka
(transcription factory)

Kaxnas «rpanckpunironHas padpuxa MOKET
BKJIrouaTh oT 4 110 30 mosiexkyn PHK- nonmumepassr
|1, moKamM30BaHHBIX HA MMOBEPXHOCTH OEIKOBOTO
kopa (d~87 nm, in HelLa). beskoBelit kop hadpuku
COJICPKUT MHOXKECTBO OEJIKOB, YUaCTBYIOIIUX B
PETYISIIIUU TPAHCKPUIIIUU: KOAKTUBATOPHI, OCTIKH,
PEMOJIETTUPYIOIINE XPOMATHH, TPAHCKPUIIIIIOHHBIC
daktopsl, pepMeHTHI, MOAUPHUITUPYIOIITUE THCTOHBI,
gactuiibl RNP (pubonykieonporennsi), PHK-
reyiukasbl, (PaKTOPhI CIUIAMCUHTA U TTPOIIECCUHTA.

RNA transcript

[Ipu yyactuu ogHoM (haObpHUKKU MOKET

, OCYIIIECTBIATHCS TPAHCKPUIMIUS HECKOIBKUX
reHoB. Pazmep pabpuku moxet BappupoBath oT 40
70 198 HM B 3aBUCUMOCTH OT TUMA KJICTOK, TUIIA
(baOpuKH, U SIKCIEPUMEHTAIBHBIX METOJIOB

JETEKIIUUA U U3MEPECHUSL.

®abpuKku MOTYT UMETH CIIeIMaIn3allnio, Onarogaps
00O0TallEeHUIO ONPEICTCHHBIM TPAHCKPUIIIIUOHHBIM
dakTopoM. Torma oHU MPOCTPAHCTBEHHO
00BEIUHSIOT BMECTE HECKOJIBKO FE€HOB,
PETYIUPYEMBIX OJIHUM TPAHCKPHUIIIIMOHHBIM

RNP
.’ Transcription factors

Protein rich core
@» RNA polymerase Il

Rieder D1, Trajanoski Z, McNally JG. (1)aKTOpOM.
Transcription factories. Front Genet. 2012 Oct 23;3:221.



Onpenesennsi ¥ NpeabIAYIIAX JEKIIMH

JHxaHcepsl 1 3HxaHcepHass PHK:

IIpoMOTOpPHBIN PaliOH, JHXAHCEPbI, CAUICHCEPHI -
PEI'VJIATOPHBIE EJIMHUIIBLI

JHXAHCEPBI — PETYISTOPHBIEC €IUHULIBI, AKTUBUPYIOIINE
TPAHCKPUIILIHIO.

DHXAHCEPhl YCWIMBAIOT TPAHCKPUIIIMIO T€HA, YIIPABIAEMYIO
ONpeAeICHHBIM IIPOMOTOPOM, U OKa3bIBAIOT CBOM (P(PEKT KaK B
IpsIMOi, TaK U B 00paTHOM OPHMEHTALIMU U B PA3JIMYHOM JIOKATU3allUU
(5°- 1160 3’°-) MO OTHOIIEHUIO K MPOMOTOPY.

oooooooo

Y4acTok sHXaHCcepa MOXKET TPAHCKpUOMPOBATHCS ¢ 00pa30BaHUEM
saxancepHoit PHK (eRNA)




Eme B 2010 romy 6nU10 MOKa3aHo, 4To....

IuxaHceps! cBsa3biBalOT PHK-nosmmmepa3sy |1 u npoxyuupyror

el yaxancepuyo PHK (eRNAS)

- ( JlaHHbIE -\ / Touck HeHpaJIbHO —CHEIU(PUIHBIX SHXAaHCEPOB COITIACHO KpI/ITepI/IHI\h
Heiponanrirre SKCIIEPHMEHTOB 1) VYwuactok reHOMa, yIaJe€HHbIH OT CTapTa TPAHCKPHIIIMHK OoIee yeM
Kﬂeng:l e ChlPseq: -? Ha 1000 HyKI€0THIOB

Teronapu3arys KoIruecTBO KO 2) HWwmeer mapkep xpomaruna H3K4mel, Ho He umeeT Mapkep
MeMOpaHbI | / CBSI3BIBAHMS H3K4m63£MapKep POMOTOpA)
» P300/CBP B 3) Bszaumogeiictyror ¢ P300/CBP ( xonraktsr JJHK ¢ P300/CBP
AKTUBALUS KOAKTHBA- reHOME MBIIIH \ OTIOCPEIOBAHBI Yepe3 IPyrue OCIKu) }y
topuoro 6enka P300/CBP | | yBenuunuBaeTcs ¢ %

1000 10 28000 Amnamu3 cs3piBanust PHK momumepasst |1 (RNAPIT)

CeaspiBanue PHK mosmmepassr |1 (RNAPII) B
paiioHaX MPOMOTOPOB W YHXAHCEPOB

a Promoters

- RNAPII_8WG16 -KCI
— RNAPII_8WG16 +KCI
------- RNAPII_4H8 -KCI
— RNAPII_4H8 +KCI

0.3 04 0.5

Binding

0.2
1

0.1

0.0

-1.0 05 0.0 05 1.0
Distance to TSS (kb)

AcCCUMMETPHUYHBIN NTUK —
TPAHCKPUIILHS UIIET
B OJTHOM HalpaBJICHUU

kcnpeccust PHK B sHxaHcepHBIX

b Extragenic enhancers YuyacTkax
c Extragenic enhancers
0 e RNAPII_BWG16 -KCI cBp
© | — RNAPILBWG16 +KCl Foward (F) —
------- RNAPII_4H8 -KCl Reverse (R) —afri
- —— RNAPII_4H8 +KCI
o7 —-- F total RNA -KCI
— F total RNA +KCI
»»»»»» R total RNA -KCI
g) g n E £ — R total RNA-#KCII — R polyA+ RNA +KCI
2 S g
o> % o S
=5
- @ o
S g 83
o g°
m =
2 e -F
r T T T 1 : =z 8
1.0 05 0.0 05 1.0 g xS
Distance to CBP peak (kb) = 4
CHMMETPUYHBIN UK — > g1 IR
TPAHCKPUIILIUS UJET B 000UX = B 1 0 1 2

Distance to CBP Peak (kb)

HalIpaBICHIAX Paccrosinue ot HECHTPA IIMKA CBA3bIBAHUA C

(c + u — uenu JIHK)

Kim T.K. et al., Widespread transcription at neuronal activity
enhancers Nature. 2010 May 13; 465(7295): 182-187.



Pe3ynkraTtbl npoekta FANTOM (2014 r.), uccnegoBaHue npoBeaeHoO Ha
knetkax HelLa yenoBeka
JHXaHCePbl MHUIUHUPYIOT IKCNpeccuio KOpoTkux (10 350 n.H) Hecruiancupyembix PHK

(ERNAS)

/ YpoBeHb IKCIIpeccHu \‘

J0JIs1 IHXAHCEPOB,
KoTopbIX cunThiBaerca PHK

&

B rerome yesioBeka ObLIN ONpefe/ieHbl Y4aCTKH,
COOTBETCTBYIOIME JHXAHCEPAM.

0.03 1 Kpurtepuem 1Uist BBISIBJIEHUs YJHXAHCEPOB ObLIN:

u H3K4mel u
(2) nUKOB cBA3BIBAHMS KOAKTHBATOPHOro oenka P300
(BbIsiBIeHHBIX MeToauKoi ChlP-seq).
Oo0napykeHHbIEe TAKHM 00pa30M HXaHCePbI ObLIN

0.02 4

0.01 4

~500 0 500

Io3uuusi OTHOCUTEILHO IEHTPA  jyeppeccun (10 AaHHBIM dKcnepuventoB CAGE).
(MUK cBA3bIBaHMS Oesika PSRO)

LEHTPUPOBAHbI OTHOCUTEJIbHO CaiiToB cBsi3biBaHusA P300.
JLJ1s1 JHXaHCEePOB ObLJIM PACCYUTAHBI YCPeIHEHHbIE YPOBHH

~

(1) coBmecTHasi BCTpeuaeMoCTh MapKepoB xpomaTtuna H3K27ac

/

\_

~

boLu BbisiBieHbI TPaHCKPpUNTHI (KopoTkue PHK), koTopbie cCHUTHIBAIUCH
Kak ¢ npsaMmoii (+), Tak u oopartnoii (-) nenu JJHK B paiione 3nxaHcepa.
Paccrosinne mexay (+) 1 (-) NTMKaM#u COOTBETCTBOBAJIO IJIMHE Y4ACTKA
JAHK, ymakoBanHoro B HykJjeocomy (180 m.o.).

\

J

7

\

B kiaerkax Hel _a yesoBeka BpigBjeHAa Y3 HXaHcepHasa PHK (OPHK)

\

J

Andersson R., Gebhard C., Miguel-Escalada I., et al. An atlas of active enhancers across human

cell types and tissues. // Nature. 2014. V. 507. P. 455-461



S’-pIaHKUPYOIINE YYACTKH TPAHCKPUOUPYEMbIX IHXAHCEPOB

cogep:xatr TATA 6oxchl 1 INR 3j1eMeHTHBI
(Pesyabrarel npoekta FANTOM, nccienoBanue nposeneno Ha kierkax Hela dyesioBeka)

AHaJIU3 HYKJIEOTHHOTO KOHTEKCTA HA 5’-()IaHKMPYIOIIUX y4aCTKAX

(i
E TPAHCKPUOUPYEMBbIX IJHXaHCepPOB BhIABUJI Hajinuue TATA 6okcoB u
= .
= g 5 o0 INR 3;1emenTOB.
0 AR
Vo 9
2o g ( ~
E = 2 o002 B
S < 32 2=
LM RO =
I =
2 O =) =)
= om @ 0014 ot <O
231 SE3
S = 2 - : ; r . INr — uHUIIHATOPHBII o &i
> I e 500 sam A 500 3JeMeHT, MO:KHO ONHCATH B E
=]
\ 2 IMo3uiusi OTHOCUTEJIBLHO HEHTPA KOHCEHCYCHbIM MOTHBOM =
© (nuk cBsi3pIBaHus 6eaka P300) YYANWYY, mie Y=C —‘? . Bk
aubo T 36
§ >
w
i RCE
= \— DNase I = S
r s crna- [/(,'J: Je3oxkcupudonykJieasa | ) e
tepmocrn o (THKaza I) — e TATA e R
k IHaze | "o "o Hammnune yuyactrkos JIHK, : R —
L " THNEPYYBCTBUTEIBHBIX K P;zm;ggrﬁg;:e . 24 bp
o [ W JTHKas3e |, siBasiercs [%)Nasel High EEEEEET  Low
®ochoaudrpupnas e N” =N _ . DNase | cleavage
/50 " Deoxyadenosine XaPaAKTEPUCTUKOU OTKPHBITOI'0 5
CBA3b . (per nucleotide) —
e XpoMaTHHA
) |
L AN

an0oJbIIell 4YyBCTBUTEJIbHOCTHIO K DNase | (Menee miiornas
on YKJICOCOMHASl YIIAKOBKA, HAM0O0/Ib1IAs JOCTYNHOCTD VI KOHTAKTA C
kﬁemcaMu), YTO MOATBEP:KAaeT UX PYHKIMOHAIbHYIO 3HAYUMOCTb.

| OHazal ¢ \o\w peoxyadenosine] | 1103HIAM TATA 60kcoB 1 INR 3;1eMeHTOB XapakTepH30BaJINCh

Andersson R., Gebhard C., Miguel-Escalada ., et al. An atlas of active enhancers across human cell types and tissues. // Nature. 2014. V. 507. P. 455-461



Peryasitopubie pyHkuuu 3uxanceproin PHK:

»O0J1eruaert oopaszoBanue nerejib JJHK, conmxaomux 3HXaHcepbl U
IPOMOTOPHBbIC PAHOHBI.

»CnocoocTByeT ocBoOoxaenni0 PHK-nmosuMepa3sbl 13 KomiJiekca ,
o0ecneynBaAOIIEr0 OCTAHOBKY (IMay3y) Ha CTAAMM PAHHEH JIOHT ALUHU

P



Poab 3uxancepuoun PHK:

~~

JuxancepHass PHK moxer

o0Jieryarb 00pa3oBaHHue neTem)I:>
JHK, cOMKkaomux dJHXaHCepbl
U IPOMOTOPHBIE PANOHBI.

JHXaHCepHasl o /
PHK (

IToxa3zaHo, 4TO B peaju3aluu 3TOu
¢pynknun yuacrsyer CDK8 monyan
MeUATOPHOI0 KOMILIEKCA,
00bCAMHAOIIMHA CYObeTUHUIbI
MED12, MED13, CCNC, CDKS.

Promoter

MenuaTopHblii KOMILIEKC BKJIOYAeT y dykapuort 31
cy0benmHuILy, KoTopbie 000o3HavaoTest MED1, MED2,
...MED31, CCNC, CDKS. SIBasieTcsi KOAKTHBATOPOM
TPAHCKPHUIILUH, B3aMMOJECTBYeET ¢ —_—
NpeTUHUIUATOPHBIM KOMILJIEKCOM U

TPAHCKPUNIIIMOHHBIMH (paKTOPAMHU.

st Toro, yroos1 PHK nmotumepa3sa |l cBsizanacek ¢ MeInaTopHbIM KOMILTEKCOM, MoayJib CDKS
JA0JI2KE€H OTCOeAMHUTBLCH 0T MEeAUATOPHOI0 KOMILIeKca. MeanaTopHblii Komiuiekce (0e3 MoayJis
CDKSB) cBs3piBaercs ¢ PHK nmosmmepasoii I1. A mogyar CDKS8 ocraercs BO.1M3M cTapTa
TPAHCKPHUIIINH, OYAY4YH CBA3aHHBIM ¢ JHXaHcepHoi PHK. JT10 00s1eryaer nmocaenyrouryro

Benjamin L. Allen and Dylan J. Taatjes*The Mediator complex: a central integrator of transcriptionNat Rev Mol Cell Biol. 2015 Mar; 16(3): 155-166.



OcranoBka PHK-mosiuMepasbl Ha cTagvM 3JIOHTalMU M €€ 0CBOOOKICHHE
peryJupyercss MHOK€CTBOM CUTHAJbHBIX yTed 1 MHOTUMH (paKTOpaAaMHU
(ITIOBTOPEHMUME wm3 npeabiaymmx JeKIMi)
—

\

eRNA B =@ Enhancer <@ GDOWN(1 V npo3o¢un nay3a BO3HHKaeT 0COOEHHO 4acTo B IeHaXx,

. . COACPIKANIUX TAKHNC PErYIATOPHBLIC 3JICMEHTDBI:
motif 4 Pause button || DPE <__O Trim28
" l DPE - downstream promoter element

pause button
GAGA — caiit ces3biBaHusaA GAGA-dakTopa (TD) )

(" . .. ] N\
l . P-TEFb - positive transcription elongation factor
miG DSIF Pausing |\ foser BBICBOOOXKIATHCS U3
“‘:ignal [ 7SK-HEXIM inhibitory complex )
| I (P-TEFb AKTUBUPYETCS NMPU YIACTHUU:
BRD4 - Bromodomain-containing protein 4
TFs Mediator | |BRD4 SEC -TAT || SEC - super elongation complex
HIV-TAT - HIV-encoded transcriptional transactivator
eRNAS — sHXaHCEepHBIC TPAHCKPHUIITHI Mexanuszm
yyacTusi
/" Oxonuanue nay3bl NPOHCXOINT IPH: 3PHK cMm. Ha

- TertmoBom moke (TD) CJIeAYIOIIEM

- I'unokcuu (TD)

caaiize |:>
- Bocmanenuu (Nf-kB, BRD4) J

- uddepentmpoke cTBoOBBIX KiIeTOK (SEC, TD)
\" Wudexuu HIV (HIV-TAT)

< Productive
N> Elongation

QG"

Liu X, Kraus WL, Bai X. Ready, pause, go: regulation of RNA polymerase Il pausing and
release by cellular signaling pathways. Trends Biochem Sci. 2015 Sep;40(9):516-25.



Posb suxancepuonn PHK:
B3aunmopeiicteue 3nxancepuoii PHK ¢ uaruouropom snonramuu NELF
BbICBOOOAaeT PHK-mosiumepa3sy || u3 HHruOMTOPHOT0 KOMILJIEKCA U AKTUBUPYET

N TPAHCKPUIIIUIO reHa Arc
I'en Arc = Activity-regulated cytoskeletal protein

Ha craguu paHHeil 3JIOHrauMy MPOUCXOAUT )

CTD
Arc enhancer ocranoBka PHK-noumepassr 1.
= OCTaHOBKA NPOMCXOAUT B Pe3yJabTaTe CBA3LIBAHMS
NG e RNA ]HOJIHMepaBLI ¢ NELF u DSIF
= Neural activi HETATUBHBIE PET'YJISITOPHI 2JIOHTALIAN:
3HX3HcepHaﬂ ‘ NELF = negative e_zlpr?gation fa_ctor
PHK > DSIF = DRB Sensitivity Inducing Factor /
s
JHxaHcep reHa Arc HaxoauTcst BOJIM3HM MPOMOTOPA. )

IIpu ero akrtuBanumn HapadareiBaercs 3Hxancepuas PHK.

3PHK B3aumopeicTByer ¢ E-cy0bequnnneid HHruoOuTopa
atoHranuu NELF (c NELF-E) u BeiTecasier PHK
nojauMepasy |l u3 ”HrUOMTOPHOTO KOMILIEKCA y,

PHK
Tax:ke pexpyrupyercsi paktop P-TEFD, xoTopsbrii
dpochpopunupyer PHK-nosmmepa3sy |l u uHruéuTopHbie
? koMmIuiekcebl DSIF u NELF. OcranoBka PHK-
nojumMepassl || 3aBepmaercs, TpaHCKpUNIIUS

IPOA0/IZKACTCS AKTHUBATOP DJIOHT'AIIUN:
P-TEFbD - positive transcription elongation factor

Schaukowitch K et al., Enhancer RNA facilitates NELF release from immediate early
genes. Mol Cell. 2014 Oct 2;56(1):29-42. doi: 10.1016/j.molcel.2014.08.023.



Jleknus 4, Yacts 2.

BA3BI JAHHBIX IO
PETYJISILIUUA
TPAHCKPUIILUUA

K.0.H., C.H.C. J1a0. ABOJIFOIIMOHHOMN OMOMH(POPMaTUKU
U TeopeTuueckou reHetuku Mruarsesa E.B.
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B jgexkuun Ne 4 (yactb 2) OyayT paccMoTpeHa 0a3a JaHHBIX:

EPD Eukaryotic Promoter Database Geneva,Switzerland
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EPD = Eukaryotic Promoter Database

http://epd.vital-it.ch/#
(06beanHeHHbIN pecypc, BKO4YalowWwmmn aBe 6a3bl)

m Y EPD
&

Computational Cancer Genomics | ExPASy | EPFL

Access EPDnew

H. sapiens

M. musculus

D. melanogaster
A mellifera

D. rerio

C. elegans

A. thaliana

Z mays

5. cerevisiae

S. pombe
Standard search
Select / Download
Promoter analysis tools

FTP site

Access EPD

Promoter elements
Select / Download

FTP site

Access MGA data

MGA Data Overview

MGA FTP site

Other Resources

in All databases SEARCH

News: 10-10-2016 — New liftOver option added to "Select / Download" page more

This resource allows the access to several databases of experimentally validated promoters: EPD and EPDnew
databases. They differ by the validation technique used and the coverage. EPD is a collection of eukaryotic promoters
derived from published articles. Instead, the EPDnew databases (HT-EPD) are the result of merging EPD promoters whith
in-house analysis of promoter-specific high-throughput data for selected organisms only. This process gives EPDnew
high precision and high coverage.

EPDnew is a collection of databases of experimentally validated promoters for selected model
organisms. Evidence comes from TSS-mapping from high-throughput expreriments such as
CAGE and Oligocapping. The resulting databases are the following:

* Animals:
¢ Homo sapiens: 25503 promoters,
o Mus musculus: 21239 promoters,
o Drosophila melanogaster- 15073 promoters,
o Apis mellifera: 6493 promoters,
o Danio rerio: 10728 promoters,
o Caenorhabditis elegans: 7120 promoters;
s Plants
o Arabidopsis thaliana: 10229 promoters;
¢ Zea mays: 17081 promoters;
« Fungi:
¢ Saccharomyces cerevisiae: 5117 promoters,
o Schizosaccharomyces pombe: 3440 promoters.

The Eukaryotic Promoter Database is an annotated non-redundant collection of eukaryotic POL
Il promoters, for which the transcription start site has been determined expermentally. Access to
promoter sequences is provided by pointers to positions in nuclecotide sequence entries. The
annotation part of an entry includes description of the initiation site mapping data, cross-
references to other databases, and bibliographic references. EPD is structured in a way that
facilitates dynamic extraction of biologically meaningful promoter subsets for comparative
sequence analysis. This database contains 4806 promoters from several species.

EPDnew

EPD

EPD pa3paborana o0bennHeHHbIMU yeuiausiMu Tpex LlIBeliniapckux HHCTUTYTOB. Pecypc Bkitouaer
0a3bl EPD (Eukaryotic Promoter Database) u EPDnew.



EPD — nepBasi 4acth 00beIMHEHHOI'0 pecypca

Computational Cancer Genomics | ExPASy | EPFL

Access EPDnew

H. sapiens

in | All databases SEARCH

EPD database
M. musculus
The Eukaryotic Promoter Database is an annotated non-redundant collection of

D. melanogaster eukaryotic POL Il promoters, for which the transcription start site has been determined

D. rerio experimentally. Access to promoter sequences is provided by pointers to positions in
) nucleotide sequence entries. The annotation part of an entry includes description of the
© EEEE initiation site mapping data, cross-references to other databases, and bibliographic
A thaliana references. EPD is structured in a way that facilitates dynamic extraction of biologically
meaningful promoter subsets for comparative sequence analysis. This database

Standard search contains 4806 promoters from several species.

Select/Download Current version is based on EMBL 124.

Promoter analysis tools
Collection accessibility

FTP site
EPD database is accessible in different ways: (1) using the input form in the header,

Access EPD searching for single gene symbol, gene description or ENSEMBL / RefSeq gene IDs;

T (2) using the download page for selecting specie-specific promoters and downloading
them in various formats or (4) through an fip website for bulk download of the whole

SRS access to EPD database in various formats (SGA, BED, ...).
Select/Download Reference
FTP site

A detailed description of the principles governing EPD can be found here:

Access MGA data EPD and EPDnew. high-guality promoter resources in the next-generation sequencing

MGA Data Overview era. Dreos, R., Ambrosini, G., Périer, R., Bucher, P. Nucleic Acids Res. (2013)

. 41({Database issue).D157-64; PUBMED 23193273
MGA FTF site -

EPD (Eukaryotic Promoter Database) conepxut nndopmanuto o 4806 npoMoTOopax reHoB
3yKapuoT, Tpanckpubupyembix PHK-nonumepasoii II. Onucanue npoMoTopa BKIOYAET, TOMUMO
MOCJIEA0BATEIIbHOCTH, CChUIKU Ha Apyrue 0a3bl JaHHBIX (B TOM YHCIIE, COAEPKAIIME TaHHBIE 110
HKCIIPECCUU TEHOB), HA3BaHUE METO/Ia, C TOMOILbIO KOTOPOTO UACHTU(PUIIMPOBAH TPOMOTOP,
uH(OpMaIHIO 0 HATMYUH abTEPHATUBHBIX IPOMOTOPOB, a Takke Onbnurorpaduueckue CChUIKHU.



EPD: nndopmauyumoHHoe cogepxaHue (download page)

Download the complete promoter collection for the following databases: —
Download EPD (refine selection)

¥ All promoters (4809)

e 4809 npoMOTOPOB, AHHOTUPOBAHHBIX

Chromosomal genes (186) MPAKTUYCCKU BPYYHYIO HA OCHOBAaHUM
Zea mays (maize) (21) o
Prokaryotic plasmid DNA (8) yrenud crare . Hanbomnee momaHo

Viral genes (4)

P ey liaiut gl MPEJCTaBICHBI TPOMOTOPBI HACEKOMBIX
Arthropode promoers (2000) (3 HuX 1926 BX070B 1151 APO30dUIIBI) U
Chromosomal genes (1991)
Drosophila melanogaster (fruit fly) (1926) MO3BOHOYHBIX (M3 KOTOPHIX 1871 BXOMOB
Transposable elements and retroviruses (5)
viral genes (5) == ]IS TCHOB Y€JIOBEKa, a Takxke 196, 119,
Mollusc promoters (3)
e ninoderm romaters (44 72, BXOJIOB COOTBETCTBEHHO JIJISI MBIIIIH,
Vertebrate pl'ClthEl’S {2540) KPBICI)I u HBIH_]'[eHKa)

Chromosomal genes (2383)

xenopus laevis (African clawed frog) (28)

Gallus gallus (chicken) (72)

Mus musculus (mouse) (196)

Rattus norvegicus (rat) (119) from [-459 to |100 as

Bos taurus (cattle) (24)

Homo sapiens (man) (1871)
Transposable elements and retroviruses (28)
Viral genes (129)

DOWNLOAD
Fasta

EBV (Human Epstein-Barr virus) (23)

HSV-1 (Human herpes simplex virus type 1) (48)
Preliminary EPD entries:

Oryza sativa (rice) (13046)

Onuus Ut 3arpy3Ku JaHHBIX B
dacra-dopmare (1100 B hopmare
+ 13046 nmpoMoTOpOB puca (c EMBL)
MTOMETKOM «IpeIBAPUTEIIBHBICY )



NMpumep kapToukm ns EPD

General information about the entry

Entry name HS AK2
Entry type standard
Promoter type region

Accession number EP74037

Description of the gene  Adenylate kinase 2.
Creation date 10-JAN-2003 (Rel. 73)
Last annotation 06-APR-2006 (Rel. 86)

Taxonomic division VRT
Organism Homo sapiens (human)
Keywords Transferase, Kinase, ATP-binding, Mitochondrion, Alternative splicing.

Similarities with other entries

Homology group none.
Alternative promoter none.
Neighbouring promoter(s) none.

Cross References

GENOME NT_032977.8 [3474400, -70361425]

CLEANEX HS AK2
AL020995.14

DNA References [46401, -104596] =

DDBJ
SWISSPROT P545819 KADZ2_HUMAN
NM_001625 [ DBTSS ]
REFSEQ
NM_013411 [ DBTSS ]
MM 103020

References

MEDLINE=10521335

(1] Strausberg RL., Feingold EA_, Klausner RD., Collins FS.
The mammalian gene collection
Science 286:455-457(1999).

Promoter-specific information

Sequence

tgtgagcggcgagtgggacgtgogtggegtgegtgegttgacctgggaaGCACTGGACCT

Method(s) Mammalian gene collection (MGC) full-length cDNA cloning [1]. G
6. Vertebrate promoters
Taxonomy 6.1. Chromosomal genes

O6wasn nHcpopmaumsa o
reHe

Mepeccbinku Ha Bxoabl
nU3 Apyrux 6a3 gaHHbIX,
coaepXxawmx
nHcpopmaumio 06 ITom
reHe.

NocnepoBaTenbHOCTbL

— OHK nepepn ctapTom

TpaHcKpunuuu n go +10

6.1.7. Unclassified
Supplementary information Expression/Regulation:

5-prime end distribution

——

MeTtoa naeHtncpukaumn
cTapTa TpaHCKpuUnuuu



TexcToBasi BbIgaua, MoJy4eHHAsA B OTBET HA 3aNPOC: ONUCAHHUE
IIPOMOTOPOB M UX HYKJICOTHAHbIE MIOCIeI0BATEILHOCTH B (pacTa popmare

| »EP33826 (-) Bt TP2; range -200 to 50. — l-as cTpoka - obwas
AGCTCCACCCGACCTGAGGGGCTGCTCTCAACCCACAGACACGCCCTTTGAALGCTGCCC nHopmaums o
CACCCTGCGTGTTAGGATGAGGGCAGAGGGCTTTGTTCCCGTTGGGCCACATCTGTTACA nocnepoBaTenbLHOCTM
TACCCCCCTGTGGCCAGTGCCATCACAATCGEGCCCAACTATATAACCAGGGGCTGLCAG 4t o 0 onoys
Eigggigggggﬁ.ﬁ[TEEGT[TGCCAGMEAGGAGG#EGAGGEEGCGG[[CCTG[[[CTCT nocnegosatenbHocTs AHK

»EP28@@6 (+) Bt protamine P1"°1.1; range -208@ to 50.
GeCCCCACCCCCACACACAT CACARCCCCACCCCTaCACATCACAGCCCCOCCCTCCCTE
ACCAAGCACCTCCCACATOCCCATATATGEGCATGATTTOGGCAGCTCTGACCCTGETCT
GTGAGGTCTEGETCTCTATEACCTCACAATGACCAGGACCCTQCCCOOGTCTATATAAGA
GECCaaEAAGTCOGCCCCTOTCACAGCCCACAAATTCCACCTGETCACAGGT TEGCTGGLE
TCAACCAAGGT

»EP15826 (+) Bt cytokeratin Ia; range -28@ to 50.
MAMEBNMNMNNNN NN NBNNNRNNN N NNNN RN NN NENNE N NENNN NN NN NN NN
MNNHNNHNNNNNNNNNNENNNNNNSNRNNNN SN NENNN NN NSNS NNNN NSNS RNNRNANN
MNMEMNNNCATGETEEACGECAAGTTATTCAARAGOAGAGCGLACCOONAGGT TGLGCEGAL
ACGCOEAGACCTTCTGAAGCTCTOEOCCAGAGOTOECGCTTATATAGOGCTGGGAGCTTG
GCTGGCTGECG

»EP15@27 (+) Bt cytokeratin Ib; range -28@ to 50.
MNNMNNNRNNNNNNNNNNNNNNNNNSNNNNNN NN NENNNNNNNRNNNNNNNNNNRNNRNNNN
MAMEBNMNMNNNN NN NB NN NRNNN N NSNS RN NN NANNN AN NNENNN NN NN NNNCATGG
TEAGTEAAGTCOGTEAAGOEARAGTOCAAGAGT TAAGCAGGLCCACT CAGAGCCAGAGGA
AGAGAGAAGCARACT GAAGACCTOTOCAGRATALATCCCTTTATATACATCTAGGAGGCT
GCTOGECTCAL

»EP15828 (+) Bt cytokeratin IV*; range -28@ to 58.
CAAGGCTAGAAGCCAGAAGAATTTCTCCATGACTAARAGEAAACCAAAGAAGCAATATTCA
TACTTCATACCTTTCTAGAGGCAGEGOGTOATCTCACTATTTGTAALGCCCAGLCCTTTE
TAATCTGCAGGCTCACCTTCCAGGACTGAGCCCOOCCCATTTTTTCCATATATAAGETGE
TeCCaeGCCaCCCTCTATAGATCTETTCTTTAGCTCTGCTTTCCACCTCTCACACCETTE
TCAACCTATTC -

Ol T N W Y r s £ oa [ PR S | PP L S T ol I —— Ca W o W T O o Y




EPDnew - Bropasi yacTb 00beAMHEHHOTI0 pecypca

Infinie % 0% Squi x W0 DNAL x ' Addil x =5 DNA L x w, Medi x \( = Reag, x = Enhay x /B3 EPD T x .

& C | ® epdwital-it.ch/EPDnew_database php

Access EPDnew

H. sapiens

M. musculus

D. melanogaster
A. mellifera

D. rerio

C. elegans

A. thaliana
Z.mays

S. cerevisiae

8. pombe
Standard search
Select/ Download
Promoter analysis tools

FTP site

Access EPD

Promoter elements
Select / Download

FTP site

Access MGA data

MGA Data Qverview

MEA ETD cita

5] _ Methyll_so..xl.. ~ =] _ Methylo so..xl.. *] _ Methylo so...xl.. * ) _ Methylo_so..xl.. Mokasats Bce

EPDnew databases

EPDnew is serie of species-specific databases of experimentally validated promoters. At the
moment 10 species are supported: 6 animals (H. sapiens, M. musculus, D. melanogaster, A.
mellifera, C. elegans and D. rerio), 2 plants (A. thaliana and Z. mays) and 2 fungus (S. cerevisiae
and S. pombe). Evidence comes from TSS-mapping from high-throughput expreriments such as
CAGE and Oligocapping.

Collection accessibility

EPDnew databases are accessible in different ways: (1) using the input form in the header,
searching for single gene symbol, gene description or ENSEMBL / RefSeq gene IDs; (2) using the
search page for searching multiple genes symbols, ENSEMBL or RefSeq gene IDs; (3) using the
download page for selecting promoters based on their genomic context (core promoter elements,
CpG island, expression, ...) and downloading them in various formats or (4) through an ftp website
for bulk download of the whole database in various formats (SGA, BED, ...).

Reference
A detailed description of the principles governing EPDnew can be found here:

EPD and EPDnew., high-quality promoter resources in the next-generation sequencing era. Dreos,
R., Ambrosini, G., Périer, R., Bucher, P. Nucleic Acids Res. (2013) 41(Database issue):D157-64;
PUBMED 23193273

NHdbopmaumnoHHOEe coaepxXaHue

aQ@w| O

(10 BUOOB OpraHN3mMmoB)

J{aHHbIE 0 MO3UIUAX MPOMOTOPOB MOJY4Y€HbI HA

OCHOBE BbICOKOIIPOU3BOAUTEIbHBIX METOAUK
CAGE (cap analysis gene expression
= Kon-ananu3 3xcnpeccuu 2eHog)
n Oligocapping
JlanHbIe IKCTparupoBanbl U3 UHTEPHET-T0CTYIIHBIX PECYPCOB:
- HayuHbIX nyOsMKanui ¢ canmjiuMeHTaMu
- 'enomuoro opayzepa UCSC,
- lIpoekTa FANTOMS

Homo sapiens m
Mus musulus

O
D. melanogaster E
C. elegans e
Apis mellifera (honey bee)| 2

D. rerio (Zebrafish)

A. thaliana
Z. Mays T~ Pacrenus

S. Cerevisiae
S. pombe ]

= JIpoxoKu




EPDnew — NICTOYHUKU AaHHbIX

Table 2. Source data

EPDnew database Source data: type, reference or source repository

H. sapiens CAGE from ENCODE/RIKEN, downloaded from UCSC genome browser database (12) 148
M., musculus CAGE from FANTOMS (http://fantom.gsc.riken.jp/s/1) 339
D. melanogaster CAGE from modENCODE (ftp://data.modencode.org/) T55-seq from Machibase (13) 57
D. rerio CAGE from Mepal et al. (%), downloaded from SRaA (8), ID SRA0D55273 12
C. elegans GRO-cap from Kruesi et al. (19) 3

EPDnew, the Homo sapiens (human) curated

promoter database

Overview

\ersion: 004

Coverage:25503 promoters, 17785 genes
Genome assembly:GRCh37 / hgl19

Gene annotation UCSC known genes (30-Jun-2013)
Based on data from: Riken/ENCODE CAGE data

downloaded from UCSC,
FANTOMS data,
EPD (old)

promoter database
Overview
Version:001

# of libraries total tags (millions)

jg4l
6236
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236

EPDnew, the Danio rerio (zebrafish) curated

Coverage:10728 promoters, 10235 genes
Genome assembly: Zv9 / DanRer7

Gene annotation UCSC known genes (30-Jun-2013)
Based on data from: Nepal et al, Genome Res. 2013,

PubMed PMID: 24002785, EPD (old)

Oxford Journals » Science & Mathematics » Nucleic Acids Research » Volume 43, Issue D1 > Pp. D92-D96.
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EPDnew: BO3MOXHOCTh IIPOCMOTPA JAHHBIX O MPOMOTOPE I'eHa B
rpadudeckom Buae (EPDnew viewer) mHa mpuMepe npoMoTopa reHa

MAPK1 1:

H. sapiens
M. musculus
D. melanogaster
D. rerig
C. elegans
A thaliana
Standard search
Select/Download
| Promoter analysis tools

FTP site

Access EPD

Promoter elements
SRS access to EPD
Select/Download

FTP site

Access MGA data

MGA Data Cverview
MGA FTP site

Other Resources

References

What is new

Text view Genome view

General information:
Entry name:
Promoter type
Crganism:
Gene Symbol:
Description ofthe gene:
Sequence:
Position in the genome:
Ensembl:
RefSeq:
NCBI Gene:
GeneCards:
External resources:
EPD view at UCSC (hg19):
EPD view at UCSC (hg18):
SwissRegulon:
FANTOMA4:
MPromDB:
Promoter image:
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EPDnew: onuuu nmoucka U aHAJIN3a JTaHHBLIX

P (éEEPD

| »

Computational Canc er Genomics | ExPASy | EPFL

in | Al databases SEARCH
=
H. sapiens .
° EPDNew human version 003 ey
M. musculus )
D. melanogaster Overview [Tonck no Ha3BaHuIO reHa
. rerio Coverage: 23360 promoters, 16599 genes
Genome assembly: GRCh37 / hg19
C. elegans
_ Gene annotation UCSC known genes (30-Jun-2013)
A thaliana

Riken/ENCODE CAGE data downloaded from UCSC
EPD (old)

Select/Download Documentation files Promoter assembly pipeline description
Statistics and quaility control report

Standard search Based on data from:

Promoter analysis tools
FTP site Promoter Selection and Analysis tools

Various tools allow you to analyse promoters from EPD and/or to select subsets of promoters. In order to —
analyze the complete EPD promoter set, go directly to one of the analysis pages. If you prefere fo first select a

Promoter elements subset of promoters, go to one of the selection pages. From the output of the selection pages you can then

directly navigate to one of the analyses pages, or you can continue with another selection page to refine your

promoter selection.

Access EPD

5RS access to EFD

Select/Download

Selection tools < Bbi6op rpynnbl reHoB no

« EPD selection tool: Promoter subset selection based on EPD-supplied annotation. XapakTeépnctukam npoMoTopa: (1)
« ChIP-Cor: Promoter subset selection based on experimental data or genome annc 33YKOMEHTUPOBaAHHLIM B EPD:; (2)

FTF site

Access MGA data

MGA Data Overview the MGA repository. Example: select promoters that have more than 100 H3K4me3 ( .
_ between -100 and +100 relative to the TSS. JkcnepvmeHTanbHbIM AaHHbIM Chip-
MGAFTP site + Eindhi: Promoter subset selection based on DNA mofif occurrences. Example: sel seq; (3) NPUCYTCTBUIO MOTMBOB
have (or don't have) a c-Myc binding site between -100 and +100 relative to the TSS. o
(cariToB CBA3bIBAHMWS)
Other Resources Analysis tools H
References « ChiP-Cor: Generation of an aggregation plot (feature correlatioﬁ plot) for a specific chromatin of 0
genome annotation features. Example: Distribution of nucleosomes (MNase-seq tags) near promoters, nunn anA
e.g. from -1000 fo +1000 refative to the TSS. aHanusa

« OProf: Generate a motif occurrence profile around TSS positions. Example: Generate a plot showing
the occurrence frequency of TATA-boxes between -100 to +100 relative to the TSS.

« Findid Extract DNA motif positions near transcription start sites. Example: extract coordinates of
CCAAT-boxes located between -150 and -50 relative to a TSS. The output is set of CCAAT-box
positions that can be further analysed in the same way as a set of TSS positions.

Howe Tn Nincumentation: CProf Findbkd and ChIP_(Cnr




Ilouck mpoMoOTOPOB YejIoBeKa ¢ 3aIaHHBIMH CBOIiICTBAMM:

EPDnew selection tool

Use this tool to select all promoters (leaving all 'Optional criterias' blank)
restrict them based on all or some of their genomic contexes (such :
presence of core promoter elements) or expression levels. After selection, yt
can download them in various format (for example in FASTA, BED, etc..
liftOver them fo a different assembly or use them to perform further analys
such as motif enrichment/search and chromatin status.

Select promoters for 4 sapiens

Optional criteria:

with | TATA-box motif

ANB with ~ Initiator motif .
AND with ~ CCAAT motif

AND with ~ GC motif

AND with +~ CpG island

Anp marked as single
AND average expression of at least 5 tags

AND expressed in at least 3 samples

Select | —

== Results: 3 promoters selected

Database: human_epdnew TATA-box: with
Assembly: hg19 Initiator: with
CCAAT-box: with
GC-box: with
Marked as: single
Average
expression:

Expressed in:

scar INEESHEN
v | Submit
Sequence Extr TA Downstream Analysis
T

action Tool (FAS

format)
From: o Motif Enrichment (7]
Vo Discovery o

Chromatin analysis (]

BED file

| oI T T H | hg38 (Dec 2013 GRCh3s)
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