benku rpynn Trithorax n Polycomb
(TrxG/PcG) - kno4yeBble

anureHeTu4yeckune dpaktopbl
nopaepXaHus KNneTo4yHou

AnddepeHUUPOBKHU
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MyTauuun gpyrou rpynnbl reHoB TRX-C
NPUBOAUT K pernpeccum roMeo3nCHbIX reHOB
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AxTnBaums rpynnbl reHoB TRX-C
NPUBOAUT K Aepenpeccmum roMeo3ncHbIX reHoB
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PeakTnBauusa romeo3ncHbIX reHOB ycunuBaeTcs Ha poHe
MyTauum reHoB Hira n dom, koanpyroLwmx
NMCTOHOBbLbIE WanepoHbI

dpp>Trx (3%) Hira”",dpp>Trx (94%) dom™;dpp>Trx (89%)

| J\L_A "

3KTOI‘II/I‘-IeCKa$I aKcnpeccusa romeo3nucHoro reHa Antp

[lo: Sadasivam DA, Huang DH. 2016.
Maintenance of Tissue Pluripotency by Epigenetic Factors Acting at Multiple
Levels. PLoS Genet




PcG u TrxG - noggepxaHue 3Kcnpeccum

P'Eﬁféﬂ%a33wrue MaTtepuHCKMe resbl, Gap,
[eTepMuHaums, <. M‘\‘3~4' Pair-rule, segment
WHULMaLmS UBX== polarity
Polycomb- da3za nojgaep:KkaHuA tmthomx-rpynna
e CoxpaHeHue ‘
naTTepHoOB
3KCNPEeccum

FTOMEO3UCHDLIX
reHoB




beaku PcG u TrxG cBA3BIBAKOTCHA CO MHOTMMH F'€HOMHBIMM JIOKYCAMMU::

roMe03MCHBIMHU IeHaAMU, YieHaMmu PcG u trxG u ap.

JTHK
Polyhomeotic

Iroquois-complex
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PcG u TrxG 0esiku 0CyHIeCTBISIOT CBOK (PYHKIUIO
MOCPEACTBOM B3aMMOACHCTBHUA CO ClieNUPUIECKUMU
pPeryjasasTopHbIMU yuc-3aeMenramu, PRE/TRE

» CBsasaHbl ¢ PcG/TrxG-6enkamu in vivo (Ha NOSIMTEHHbIX
xpomocomax, B X-ChlP akcnepumeHTax - Cross-linked
NMMMYHOrMNpeunnuTauuns XpOMaTI/IHa)

» CB43bIBaHMEe HeObxoaMMOo ANg nogaepXaHus penpeccuu
(MNK ycnneHnsa ypoBHSA 3KCNpeccun) penopTepHbLIX reHoB

* Penpeccusa (mnun aktneaumsa) ycunmBarTCA B
NPUCYTCTBUMN MHOXeCTBEHHbIX konun PRE/TRE (“pairing”-

adoeKT)



«Pairing»-4yBCTBUTEJIbHAS penpeccus: yCUJIeHue
penpeccuu pernoprepHoro reva mini-white
npu ysejauuenuu konuii PRE (Fab-7)

TpaHcreHHas /\
KOHCTPYKUMUS ) ..mini—white l

Transgenic Fab-7 Transgenic Fab-7
heterozygous homozygous
<o W — - W —
@ W —
---> weak silencing of the --=-> strong mini-white

mini-white reporter gene silencing



B TpaHCreHHOU nnHun Fab-X, anemenT PRE (Fab-7 ) B roMO3UMroTHOM
COCTOSIHUM penpeccupyeT reH, pacnosioXeHHbiu B6/1M3mn oT canTa
MHCepuum

Nunmns Fab-X mini-white B e ---~--4}7

18 kb

T'oMO3UTOTHBIN

I'erepo3uroTHbIi
TpaHcren Fab-7

Tpancren Fab-7

Her penpeccumn CunbHana penpeccus
SHAOreHHoro reHa sd SHAOreHHoro reHa sd



B3anumoaencresue Mexay

TOMOJOTrNYHBIMH KOIIUAMMU
PREs




FomonornuHblie Fab-7 (PRE) konun accouMmpyroT B sgpe

Dapi (IHK) g Merge

wt — AMKMM TMN
: % of
sd . ¢4 5 4

BX-C —Fab-7 .7

Fab-X

< .

BX-C —Fab-7‘*

Fab-X; Fab-7"
... s
BX-C v |
0 Wt RBX oy
r3nH Transgenic Fab-7 at sd (Chr.X) = 4+ 4+

Endogenous Fab-7 at the BX-C (Chr. III) <4 < =




JIBa napenTnuHbix Fab-7, Haxopsimuecs Ha pa3Iu4HbIX
xpoMocomax (!) MOryT B3auMOAEMCTBOBATH B SIJPE, YTO
BeAET K ycuineHuto PcG-3aBucuMon perpeccum




dunoreHeTnyeckoe cpaBHeHune cantoB PRE/TRE
panoHa bxd reHa Ubx

CAACGCTAGECCACGOCCCTACGCACCoACEC0R 0o BREA CAGGCAGE-CARAGTCCCTATAACTCAARAGCAACTGTEAE - -
CCACGCTAGGCCACECCTCCECTGOGACAGCECTECCCACGACAACGACGCACATACE e . ACGATRACTCAAACCAARNGERCTCC0C
ETCT-CTACGCCACRCCCT TTCACACE OGGCAGAG - CAAAGTGCCGATAACTCARRAA- - - SAGAGAECCC
ETCT-CTAICCCACGCCCE TTCACACG CGECAGARCCARACTGCCGATAACTCAAARA - - - GAGAGRAGCCC

Bell

AAAC RN CAGC GACCCTRRGARCACA CAR CRTCAGCGACAT GCTG-GOCAACCAT (CECECCCEATEAABRBABABCCCCACRSEACR
ARGTGGEACAGATAGTGOGA CABAGARART GARCETATATACACTACGA A BABABC AR A - OT - -GOGCACCOT, CGCA- TTAAGCCCTGACTGATTTG- - - -

TATTGETGETCATGCATGTETT - - -GERAGTGAG- - -ATGE AGCTARAGCTGOGOGCACCAT, GCOGC-GTARRGAGAG- - ATGGT- -GGARAT
TATTCCRARSTCTGACSTGCCTA- - - RGAGCGAG- - -ATAC ACATAGCGRCTACCOGSCACCAT COCOGTARRCOGAG- -AGCCGATCCCRGE

BABAGTCTeCTTRTETTGCC BRGIGECTCGCGC  GCTGRCTGTTCETGCTCA
CTCCOGCTeTTE CTE CTECTE T eI e TeCETCTaC ACCCCACE BIOTEAA CCATCARCCTOTCC CAGEECCACCTOT - CTCTOC CATTAAAACARCTAAATCCCCACTT
GAGATAG-ATATCTOGCTCAC- TEICICTTCCTCATTT BEER-TC TCCTCTOr CATTAACACAAGTARATCGCCTRTT

GAGCATARTCOATACACARGCTCGTTCTGATTTCA
GAGCATARTCSATACGCRAGITC

CTCTCGETCGCTT. ATTTTARCGTGCCRCTGARTETEECTC - - AATCGCGACAAGACACCCCARGTTTTAAGGZATT
GTCECCES0GARCTESCOGTTCTTET. CTGTCCTCETTT GTTTTAACTGCGAL TCATRATOCTTTGCTGARTSTTEC
GTCEC-GEC-TOT- -6C08- OGTCET CTGETCGTTCET GTTTTAAGTGCGAC TCATAATOGTTTGCTGAATETEEC
GTCEC-TECCTCT - -GCAG- CTCOST CTETCCTTCGET. GITTTAACTGCGACTS TCATARATOGTTTGCTGAATCTCAATGCTTTGTCTCART
Pstl HirnFl

PHO e GAGA ZESTE DNase |
GoeRT. binding site  SHEEEY Linding site  ESHEES b ing site hypersensitive site




[Mpouecchkl, KoHTponupyemsblie PcG n TrxG

Cell cycle coni
proliferati

General
transcriptional
activation




Benku rpynn Polycomb u Trithorax: anureHeTu4yeckue
perynatopbl PYHKUMOHNPOBaAHNA reHoOMa

cxoQHO OTKpbITble Y Drosophila Kak perynsatopbl roMeio3ncHbIX reHoB HOX,
OTBeYaloT 3a crneymdukaymo naaHa popmmpoBaHna Tena, a Takke perynpyrotT MHorve
reHbl, yyacTByloLLue B KsieTouHoun audpdepeHuupoBke 1 nponundcepaumn.

MopnepxmBaloT TKaHecneLumuyeckoe pacrnpeneneHme aKCcnpeccun reHos,
nepegaBaemMoe Mo Hac/eAcTBY fOYEPHUM KeTkaM (3anureHeTuyeckas perynsauus,
«K/1eToYHas NaMATb»).

MpegnonaraemMbii MeXaHU3M OYHKLUMOHNPOBaHUS: cneundnyeckoe npmerieyeHmne
XPOMaTUH-PeMOAESTNPYIOLLMX aKTUBHOCTEN K KOHKPETHBbIM XPOMOCOMHbIM yYacTKam
[EHOB-MULLEHEN («TMCTOHOBLIW KOA4»); KOMOUHaAUUSA yuUC- W mpaHc-B3anMoaencTBum
MexXxay oTAa/IEHHbIMWN PErynATOPHbIMU XPOMOCOMHbIMU 3/1IEMEHTaMU («MO YN
K/IETOUHOW NamMATU»)

JBOJIIOLMOHHO KOHCepBaTUBHbIE MEXaHU3MbI

Y mnekonutarowmx (U yenoBeka), atu 6enkn noggepxunsaroT AndpdpepeHyMpoBKy
KNEeToK, a Takke Ux PyHKUNA Heobxogmma aia nponuvdhepaumm n nogaepuaHins
pa3HbIX TUNOB CTBO/IOBbIX K/IETOK, BK/AKOYAA 9MOPUOHAIbHLIE CTBOSIOBLIE KIeTKN,
HakoHeL, aTn 6enkn peryimpyroT X-nHakTUBaLMio y CaMOK U TeHOMHBLIA MMIPUHTUHT.

MyTauum, HapyLwarnume paboty aTux anureHetTndecknx tpaktopos (PcG n TrxG), BegyT
K Cepbe3HbIM NaToNorMsam, UHAYLMPYIOT MHOTUE TUMbI PakoBbIX 3abos1ieBaHuin




YUTOo Takoe anureHeTu4yeckaa perynauua?



- Ha ypoBHe
(6azoBble (TFIl) n cneundunyeckmne

TPaHCKPUNLMOHHBbIE (haKTopbl)

® Ha ypoBHe

(dbakTopbl, pemoagynupyroLine XpomMmaTuH)



Cxema NMPEVNHUUNATOPHOIO TPAHCKPUNMUMAOHHOIO KOMIJNeKca
(Perynsaiumsa Ha ypoBHe TpaHCKpUNuun)

Penpeccop
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Perynsiuns Ha ypoBHe KOMMNaKTM3aLumn XpomMaTmHa

*Benku rpynn PcG un TrxG y4yacTBYHOT B
«pemMogenmpoBaHNUN» XPOMaTUHA, U3SMEHSASA
poctynHoctb AHK ana apyrux ¢gpakropos,

| TpedyroLwunxcsa ang TpaHCKPUNUMM gaHHOro reHa.

eHbI rpynnbl PcG y4acTBYHOT B penpeccuu reHoB,
yepe3 hopMmnpoBaHME «3aAKPLITOro» XpomMaTuHa,
reHbl rpynnbl /rxG npoTUBOAENCTBYIOT 3TOU
penpeccuu 1 y4acTBYIOT B noanepXaHum akTUBHOMU
TPpaHCKpunNuunu reHa, obecneumnBas choopmupoBaHue
«OTKPbITOro» NOKasibHOro XxpomMaTuHa.




Ae Ha XpomMocoMax HaXOAUTCA «3aKPbITbIN» U KOTKPbITbINY

XPOMaTUH?
«3aKpbITbIN» «OTKpbITBIN»
KOHOEHCUPOBaHHbIN XpOMaTUH
XpomaTuH
KOHCTUTYTUBHBLIN TunuyeH ana
reTepoxpomaTtuH NnoKycosB
aKTUBHbIX FreHOB
Tenomepsbl BOOMNb
LleHTpOoMepbI— XPOMOCOMHbIX
nneyen
KoHaeHCUpoOBaHHbIN
XpomMaTuH . ——
Bme:nﬂeTcn TaKXe B “‘*-.‘\ v
panoHax MHOIrmx \ i
MOnYalNX reHOE, P/ R W
HaxoAsLuxcs Ha s (V0"
XPOMOCOMHbIX . - \Jr. 2
nnevax W




CXEMA YMNAKOBKU XpomoHema 1. IHK

XPOMATUHA 2.Hykneocoma

— 3. Hykneomepa

i 4. XpoMomepa
5. XpoMmoHema
6. Xpomatnga
/. Xpomocoma

a

i
':’*S Hykrneocom
% )
/i
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XpoMaTuH ABNAETCA He NPoCTo
naccuBHbIM «ynakoswukom» AHK, HO
N HOCUTENneM ANUreHeTU4YeCcKoun
UMHopmMaLumn.

MexaHU3Mbl,
KogupyoLme annMreHeTUYECKyto
MHQOPMaLIUIO:
1. MetunuposaHue OHK
2. OvHamun4Hble npeodpa3zoBaHunA
OenkoB XpomMaTuHa (TMCTOHOB)




nupoBaHue

Me METHJIbHAS IPyIIIA,
npucoeaunennas k JIHK

I'HCTOHDI

]
)
' T

XpoMocoMa




MonekynsipHble OCHOBbI 3NUreHeTUKU
MeTtunupoBaHue OHK

Bb.®. BaHOWWUH

BnepBble onpepenun
npupoay MeTunmpyemMbix
nocrnefoBaTeNbHOCTEN
OHK y pa3Hbix BuaoB
opraHnamoB (1959 r.)

O  Robin Holliday

OGocHoBan ponb
metunupoBanua [1HK B
perynauuun paboTbl reHa.
lNMpeanoXxun TepMuH
«anumyTtauma» (1987 r.)




MeTtunupoBaHue [1HK

NH,
S ST e
—
ﬁ/go

METH/IITHTO3HH

MeTunupoBaHuto B HopMe nogsepraetcsa ot 2 Ao 7%
Bcex unTo3mHoBbix octatkoB [JHK knetku. MNpn atom B 70%
criyyaeB MeTUNIMpPyeTCA LUTO3MH B cOCTaBe
avHykneotungoB C-G (CpG). CpG-yyacTku, Kak npasurio,
npeactaensaT cobon pparmeHTol JHK gnnHon 6onee yem
500 n.H. n 6asmpyoTCa B NPOMOTOPHLIX 30HaX Yy boree yem
40% reHoB MriekonuTaroLmx.

OHK-meTtuntpaHcdepasbl (DNMTs) ycnosHo genart Ha
ase rpynnesl — metunupyowmne [HK de novo, To ecTb B Tex
ydacTkax, roe paHee He bbinio metunumtodmHa (DNMT3A n
DNMT3B), n «nogoepxuvsatrouine» METUIIMPOBAHME B
nodepHen uenn OHK, obpasytowencs B npouecce
pennukaummn (DNMT1), coxpaHsas, Takum obpasom,
CTPYKTYPY, NPUCYLLYI0 MaTEPUHCKON LENW.




De novo
meTtunupoBaHue OHK u

coXpaHeHUue XapakKTtepa
de novo DnmtSa
methylation Dnmt3b MmeTunupoBaHusa JHK B

npouecce pennukKauum

UNMETHYLATED

METHYLATED

maintenance
replication methylation
» LG

. . HEMIMETHYLATED




MexaHuU3Mbl MHaKTUBaL UM reHa B
pe3ynbraTte MeTUriMpoBaHNA NMPOMOTOPHOWU

obnacTtu
1. MeTunbHble rpynnbl HapyuwaoT [IHK-6enkoBble

B3aMMoOAeUCTBUSA, BbICTyMnas B O0NbLUYHO
6opo3aky HK n npenaTtcTBys CBA3bIBaHUIO
cneundunyecKknx TpaHCKPUNUMOHHbLIX (PaKTOPOB.

2. MeTunupoBaHHble panoHbl AJHK cneunduyecku
CBA3bIBAOT TPAHCKPUNLIMOHHLIE penpeccopbl.

3. MetununpoBaHue [1IHK BnusaeTt Ha CTPYKTYpY

XpomMaTuHa.




PG — OCTPOBKMU

ieMeTUNMpPoOBaHHbIe Y4acTKu anvuHou 1 kb
5°-KOHLUax 60% NPOMOTOPOB aKTUBHbIX FTeEHOB

CpG ISLAND PROMOTER

ACTIVE

SILENCED




Penpeccusa TpaHCcKpunuum nocpeacrsom
metunupoBaHua OHK

AKTHBHAA TPAHCKPHITLIHA penpeccHs TPAHCKPHITLIHK

EH
i meTunuposansii CpG
_— nemerwiupoasuusii CpG




BapuaHThbl
3ANUreHeTn4YecKou
perynauum c
y4dyacTvem

meTunupoBaHua JHK




* NeHOMHbIU UMMPUHTUHT — SMUTEHETUYECKNI NPOLIECC,
Npu KOTOPOM 3KCnpeccusa onpenerneHHbIX reHoB
OCYLLEeCTBNSAETCA B 3@aBMCUMOCTU OT TOrO, OT KaKoro
poauTend NOCTynun annenbs reHa.

* OTKpbIT B 80-x rogax XX Beka

OTO NPOLECC, KOTOPbLIU HE NOAYUNHAETCS HacneaoBaHNK
no MeHpento.

Hanpumep:
LiBeT rnas: kapmn nepenaeTcst NOTOMKamM HE3aBUCUMO, U
OT OTUa U OT MaTepu — AOMUHAHTHbIN NPU3HaK.

*Ecnun 6bl 3TOT reH Oblf1 UMNPUHTHBLIA, TO OH Obl He
nposBnancs, ecnu 6sl nepegasancs, Hanpumep, ot
MaTepu, a NPosiIBNSNCS, TONbKO, ECNn NPUXoann oT oTua.




[Ipymepbl UMNPUHTUHTA

JNNowak -nomechb >Kepe6u,a n
ocnuubl. JlowakoB BbIBOAAT B
cTpaHax CpeansemMHOMOpbS
n B Asnn. OaHako, Tak Kak
OHW YCTYNaKT Myram no
paboToCcNOCOBHOCTN U
BbIHOCITMBOCTUN, BCTpEYatoTCH
ropasfo pexe, Yem Mynbl.
Camubl Nnowaka Bsceraa
6ecnnoAHbl, caMmKkn B
BonbLINHCTBE CryYaes.

. Myn pe3yanaT
CKpelinBaHua ocna u
Kobbisibl. OTNUYaoTCA
onbLen, YeMm rnoLuaku,
AONroBeYHOCTbIO (XKUBYT 40
40 neT), MeHbLUEN
BOCAPUNMYNBOCTBIO K
3aboneBaHUAM,
HeTpeboBaTENbHOCTLIO K
KOpMY U yxoay.
MyroBoaCTBO pa3BuUTO B
cTpaHax Asuu, Adpuku,
tora EBponbl, CeBepHON U
KOXxHOM AMEPUKMN.




nMmepbl UMIMNPUHTUHIA

narna rneas, nana Turp _
MaMa TUurpula MaMa J5ieB




HepaBHO3HAa4YHOCTb NMPOHYKIIEYyCOB

My>XCKOW U )XEHCKNU NPOHYKIeyChl
MOXHO CYMTATb reHEeTUYEeCKH
9KBMBAJIEHTHbIMW, OA4HAKO
pe3ynbsraTbl NPOBEAEHHbIX
nccrnenoBaHnM CBUAETENLCTBYHOT O
TOM, YTO Mexay aTUMU
NPOHYKNneycamn MMerTcH

RYEKIANORIFLLH B PA3FAKSMA of

mouse embryogenesis requires both the
maternal and paternal genomes. Cell 37:
179—183 dunogensdus

Barton S. C., Surami M. A. H., Norris M. L.
1984. Role of paternal and maternal

genomes in mouse development. Nature
311: 374—376 Kambpuax




€PUMEHTbI MO TPaHCNaHTauuu MPOHYKIe
Yy MbILLEW

(I/I.I1VI no4yemy HeBO3MOXEH nNapTeHoreHes y MﬂeKOI'IMTaI-OI.I.WIX)

Tnepecaika NPOHYKIEYCoB
O- xercxu, @mysKcKoH
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[Mpmepbl rEHOMHOIMO MMMPUHTUHTA

* Y yenoseka aHalorm4Ho: @

Ecnu Xe HauHeT pa3BuBaTbCA

Ecnun 2 cnepmarosonga avnnouaHasa anuekneTka
ONIIOAOTBOPAT ALIEKNETKY

©e3 agpa {

VCTUHHBIN Ny3bIpHbIA 3aHOC




UMNpPUHTUHT reHOB B COCTaBe reHoMa nokasaH TONbKo A4
MITEKOMUTAKLLINX KpOME anueKknagyLLuX.

UMNPUHTUHT — peaKkui NpoLecc — TOSIbKO 1% reHoB NoABEPXeHO
UMMPUHTUHTY (OKOMno 140 reHoB)

* 50% UMMPUHTHbIX FTEHOB BOBJIEYEHbI B pErynsaumnto aMOpUOHanNsLHOro
N NOCT HaTasrbHOro pocTa: OTLIOBCKME MMMNPUHTHbLIX FEHOB
BOBJIEYEHbI B pErynsaumnto aMOpUOHansHOro U NOCT HatanbHOro
poCTa: OTLOBCKME reHbl UMMPUHTHbBIX FEHOB BOBI1EYEHbI B PErynsuuto
aMbprMoHanbLHOro 1 NOCT HaTarlbHOro pocTa:

OTLIOBCKME reHbl 0TBeYaloT 3a 0bpa3oBaHue nnaueHTbl, UMNPUHTHbIX
FEHOB BOBJEYEHLI B perynaumio aMOpnoHansHOro 1 NocT HatanbHOro
poCTa: OTLOBCKME reHbl OTBeYaloT 3a 0bpasoBaHme NiaueHThl, a
MaTePUHCKNE UMMNPUHTHbLIX TEHOB BOBMEYEHbI B PErynaLmio
9MBpMOHanNbLHOro 1 NOCT HaTaslbHOro pocTa:

OTLIOBCKME reHbl 0TBEYaloT 3a 0bpa3oBaHMe nraueHThl, a
MaTepUHCKMe — 3a andpdepeHUNPOBKY KIETOK 3MOPUOHa rnpwu
Jarpem bRV TR D BUDCIMGBHHO HEBbLIroOAHbIe reHbI???




[ MNnoTe3a «KOHMNUKTa NHTEepeCcoB poauTenemn»

(Moore and Haig, 1991)
Ob6a poautenst CTpeMATCH YBEeNMUYNUTb LWAHCbI Ha

3BOJIIOLMOHHLIN yCrnex CBOUX reHOB 3a CYET PECYPCOB TOJTbKQ
OOHOIo 13 poauTenen — maTtepu.

OTLIOBCKME reHbl yNy4dLllaloT pa3BuTue nnaueHTbl A5
nyyLlero NnMTaHnsa aMOoproHa 3a cYeT pecypcoB MaTepwu.
[lopaBnATCA Te reHbl, KOTOpble OTBETCTBEHHbI 3a TpeboBaHue
efbl MOTOMKaMMW.

MaTepuHCKMe reHbl yxXyawarT nMTaHMe nnoga vyepes
nnaweHTy, CTPEMSACb COKOHOMUTb PECcypPCbl, YTOObI UMETb
BO3MOXHOCTb BbIHOCUTb U APYrMX NOTOMKOB (BO3MOXHO OT

apyroro otua).




[TopTpeT
EBreHnn MapTuHec

BanenXo 1680. Myseii Mpago,
Magpua.

CuunTtaeTcs, YTO AeBoOYKa
cTpagarna CUHOPOMOM
[1lpagepa-Bunnun.

Ha kapTuHe en 6 net
npu Bece 54 Kr.

aeneuma HEMETUIMPOBAHHbBIX (aKTUBHBIX)
eHOB Ha OTLLOBCKOMN Xpomocome15. 31n
e reHbl Ha MaTepPUHCKON XpoMOCoMe
METUTNPOBAHbI N HEAKTUBHbI.




OOLan cxema CTPYKTYpbI Krnacrtepa
MMM PUHTUPOBAHHLIX FEHOB

benok
KOAUPYHOLLUU IeH

)

OTuoBCKkMU annenb

4

MaTtepuHckuin annenb

PanoH,
KOHTPOJUPYOLLUN

Hekoaupyrowias
PHK

MMNpUHTUHE(ICR)




Cxema paboTbl UMNPUHTUPOBAHHOIO JIOKyCa
MHCYNMHonopo6bHoro cpakropa pocTa 2

Igf2/H19
OndpdepeHumnansHO
Wblﬂ panoH
DMR
IGF2/H19 | |
CTCF-binding H19
site #6  promoter
P W Q,| - \
He meTunupoBaH & L |GF2  |# A H19 _@

M
METUINPOBaH Q’( {02 — & H19 —F)




[MlocTTpaHCNALMUOHHbLIE
Moaudnkaumm
rMCTOHOB
«'MCTOHOBbLIN KOO »




CTpyKTypa HYKNeoCOMbI

*A0pO HYKNEOCOMbI COCTOUT U3
[MCTOHOB YeTbIpeX TMNOB (Mo ABa
Kaxgoro) H2A, H2B, H3 n H4.
[ucToH H1 yyactByet BO
B3aMMOLENCTBUMN HYKEOCOM
Mexay coboi U HYXEH NS uX
YKNaaKy B KOMMAKTHYI CTPYKTYPY
bonee Bbicokoro nopsiaka — 30-
HM HUTb.

*[ UCTOHbI NPeACTaBNSIOT COOON
HebOonbLUWE OCHOBHbIE
(LlenoYHble) Benku, BbICOKO
KOHCEpPBATMBHbIE Y BCEX

QYKapHOT.

*B cocTtaB xpomaTtnHa BXoadaT Takxke
HErMCTOHOBbLIE CTPYKTYPHbIE Berku
— HMG, KOMMNOHEHTbI KMHETOXOPA,
6enku saepHon 060NoYKN,
Tononsomepasa ll, u mHorne

apyrue.

o 2 MOJIEKYJ/Ibl KaKI0TI'O U3

H2A, H2B, H3, H4

| ——— | I nMm—|




Hykrneocombl - peHTreHOCTPYKTYPHbIA aHann3 B ABYX
NPOoEeKLMsX

Kopossie THCTOHBL: | H A

H2A H2B

K. Luger, et al., “Crystal Structure of the nucleosome core particle at 2.8 E resolution,”
Nature, 389, 251-260 (1997).




CTPYKTypa HYKNeocoMbl

N-KOHL bl FTMCTOHOB BbICTYNaloT 3a

npeaenbl a4pa HYKIEOCOMbl U MOTyT
gl W e B3aMMOOEeNCTBOBaThL C ApyrnMn dbenkamm
2 x (H2A+H2B) XpomaTuHa

HyKneocoMHbii
Kop

2 x (H3+H4)

N-TepMHHaIBHBIH «XBOCT»

[lenTpaabHbIH
100V JISIpHBIH
JOMCH

~

: ¥ KX P o ok & % ook |
1-ARTRKOTARKSTGGRAPREO LATEAARKSAPATGGVRRKPHRYRPGTVALREIRRYQKESTELLIRKLPFOQ

RLVREIAQDFKTDLRFOSSAVMALQEASEAYLVGLFEDTNLCGIHAKRVTIMPRDIQLARRIRGERA-135 |:|

Monekyna Ka)Kaoro rmCToHa COCTOUT U3 CTPYKTYPUPOBAHHOTO LIEHTPanbHOro JoOMeHa
(anbda-cnnparnbHble Y4aCcTKN, COEANHEHHbIE NETENbHbIM CETMEHTaMU) U
HECTPYKTYpMpPOBaHHOIO N-TEPMUHANBHOIO «XBOCTa».



Moaudukauum ruCToHOB

AvHokuciora | Moguukanus

Jlun (K) Memumposarue (Me)
Arenusiposarse (Ac)
V6emcsirnanp osarme (Ub)
Cymoumuposanme (Su)
Puboswmp osarue (Rib)

Memumposarue (Me)
Doctoprmposanne (P)




«[ MCTOHOBLIN KOO» —
COBOKYMHOCTb KOBASIEHTHbIX
MoaundomkaLmnm ruCToHOB




Teopus "rMCToHOBOro koapa”

Brian Strahl Charles Allis Thomas Jenuwein
(CLLA) (CLLA) ABCTpuS)

The '.a.n gu_age of covalent histone Translating the Histone Code
mOdIf|cahons Thomas Jenuwein' and C. David Allis?

Brian D. Strahl & C. David Allis subject to
impir n

Depurtmeny of Bioschesnstry and Moleculer Genetics, U L Scier enier, ¢ esiille, Vinginia 2 i

AgONISTiC interactic
Histone proteins and the nucleesomes they form with DNA are the fundamental building blocks of eukaryotic chromatin. A diverse uhich in tumn dictate dynam
arvay of post-transkational modifications that often occur on tail domains of these proteins has been well documented. Although
the function of these highly conserved medifications has remained elusive, converging biochemical and genetic evidence suggests 3 1es, ¥ ¢
in saveral in-based p We propose that distinct histone modifications, on ene or more tails, act t mation p > Y at this wlkig cheomatin. In ¢
sequentially or in combination to form a ‘histone code’ that is, read by other proteins to bring about distinct downstream events. 12 ef al reg mcleo ]" o superhelical wms
r I f DNA w round ar ctamer of core
red by Tour kistone part

How cukaryouc genomes are manipubated within a chromatin cetila catalysed by the Gt
environment is a fundan al issuc in biology. At the heart of  HATS, shows a prefe > c 14 of H3
< 35 likely to be used in vivo
o in H3 brought about?
Solution and crystal structure data of various members of the

into higher-order ¢ ' (Fig. 1). Once thought of s Lincluding co-crystals of the enzyme with H3 tail ver the human genome chalkery
- i : i ad trans

3 strocture are h

static. pon-p g St 1s, il & no ear that | have beg srtant insights into the enzy
histones are integral and dynamic components of the hinery Iis

|} I foe y c 1 ein-coding
respansible for regulating gene transcription. The same is probably at con f 1y the number of protein-coding




BapVIaHTbI MOD,VICbVIKaLI,VIVI TNMCTOHOB U CTAQTYC KJ1€TKU

K79 K36 S28 K27 K18 R17 K14 S$10 K4

thch & & cbd:¢¢¢n!:l

- MoOUdOUKaLIMKN, XapaKTepHble NS
XpomMaTuHa,
— Ong XpomMaTuHa.
Cepbl - MOgNdUKaLmMKn, CBA3aHHbIE C KOHOEHCALNEN
XPOMOCOM Mpu MUTO3€e NMNDO rameToreHese.



AuemunupoeaHue /O0eauemusnupoeaHue

2UCMOHOe U peMo0esiupo8aHU6 ALeTUNMpPoOBaHUE
CBsi3aHO C
akTuBauueu
TpaHCKpunuuun
benku,
OCYLLIECTBNAOLLNE
aueTUnMpoBaHne -
MCTOHOBbLIE
B, aueTmnTpaHcdepasbl
| (HAT); noHop
KOHAHCUPOBAH HbIiA aueTunbHOU rpynnbl —
e aLeTun koA
benku,
OCYLLIECTBNAOLLNE
oeaueTunmpoBaHue —
MCTOHOBbLIE
neauetunnasbl (HDAC)

JeKoHABHCUPOBA HHbIA
XpPOMaTUH




Kak paboTaeT «rMCTOHOBbIN KOO» ?

1. AMMHOKUCRNOTHbLIN OCTaTOK B TMCTOHE
2. Moaudpuumpyrowmm hepmMmeHT
3. benok, «BocnpuHMMarowmun» mogudukauumio

JomeHbl 6enkoB, pacno3Hawwme moaudukauuio - MEeTUNMPOBaAHHbIE NIN3UHDI,
aueTunuMpoBaHHbIe NU3nNHLI, hocchopnnmpoBaHHbIe CEPUHDbI - MTPUHaANeXar
oenkam PcG un TrxG

AueTUnnMpoBaHHbIN NN3NH - bpomMo-aomeH
MeTunnnpoBaHHbIN NN3NH — Xpomo- U Trogop-40OMeEHb!

S



Kak doopmupyrotca u yHKLUOHUPYIOT
komnnekcbl PcG n TxG?



PcG-6enku BbIABAAIOTCA B COCTaB€ MHOMOKOMMOHEHTHbIX

0 1 komnnekc, Polycomb Repressive Complex 1 (PRC1), cogepxut
6enku Polycomb (PC), Polyhomeotic (PH), Posterior Sex Combs (PSC)
n dRING.

2 komnnekc, (PRC2) coaepxut 4 kopoBbIX 6erika: rmcToH-
meTunTpaHcdepasy Enhancer of Zeste (E(Z)), koTopas

TpumeTunupyet nu3suH 27 rmctoHa H3 (H3K27me3) n nu3uH 9

rmctoHa H3 (H3K9me3), Extra sex combs (ESC), Suppressor of

zeste-12 (SU(Z2)12), u pemogenupyrowmm Hykrneocomy cakrtop 55
(NURF-55).

3 komnnekc, PhoRC copepxunt HK-casbiBatoLwwmin 6enok PHO u

benok dSfmbt, y3Hatowmn MOHO- n auMeTunmpoBaHHble No H3K9 u

H4K20 koHubl ructoHoB H3 n H4




NMpepgnonaraembiv cTyneH4YaTbIn rnpouecc
doopmupoBaHusa penpeccMoHHOro KomMnriekca

1. CBa3biBaHMe komnnekca PhoRC

2. [pnBnevenmne komnnekca PRC2 yepes B3anmogencrteme ¢
PhoRC

3. PRC2-3aBucumaa mogudcdpukauma ructoHoBs (H3K27me3) B
MecTe dopMMPOBaHUA KOMMIEKCa
TpmmeTmnmmEtmE:'

nu3mHa rmctoHa H3

4. MNpueriedeHmne komnnekca PRC1
Yyepes y3HaBaHue U ceAa3biBaHue Pc ¢ H3K27me3

-OgHaKko, 9TO NMLWb OYEHb YNPOLLEHHOE NpeacTaBneHme.
-Tonbko nuwb PHO/PHOL-canTbl cBA3biBaHUS HE 4OCTATOYHbI
nnsi obpasoBaHunst PC-penpeccrnoHHOro KoMmnnekca.



Komnnekcbl PcG y apo3odcdunbl  Bantignies and Cavalli (2011) Trends in Genetics

® H3K2Tme3

& Hz2AK11%ub

YBupaeT aKTuBHble

|m'm H3K36me?2

Figure 1. PcG complexes on chromatin, (a) Schematic representation of the five PeG complexes in Drasophila adapted from [4]). PoG complexes are recruited to Polycomb
response elements (PRE) by a combination of DNA-binding proteins, including the PhoRC. Once recruited to PRE, the E(z) subunit of PRC2 trimethylates H3K27. Association
of Pclwith PRCZ allows high levels of H3K2Tme3. This repressive mark is recognized by the chromadomain of the Polycomb subunit (Pe) of PRC. Another subunit of PRC1,
dRing, is responsible for the deposition of another repressive mark, the mono-ubiquitylation of H2AK119. dRING is also part of the dRAF complex, which can also be
recruited to PREs and contains dkdm2, a demethylase for the active mark H3K36me2 Surprisingly, the recruitment of PR-DUB, a recently identified PeG complex,
deubiquitylates H2ZAK115ub and leads to gene repression. Polycomb gene silencing could thus entail a dynamic balance between H2A ubiquitination by PRC1 and dRAF,
and HZA deubiquitination by PR-DUB. In mammals, PRE-like elements as well as CpG islands depleted of activating motifs can recruit PRCT and PRCZ, and PG complexes




A PcG protein core complexes
Fly Mammalian

Sfmbt

Pho PhoRC

2 PRC1

H2A ubiquityltransferase

B Interaction with additional PcG proteins

Fly Mammalian

PRC2-Pcl PRC2-PHF1

H3K27 methyltransferase
(increased activity for trimethyl K27)

D PcG protein-like complexes
Fly

Psc

it KDMZ)| dRAF

H2A ubiquityltransferase
H3K36 demethylase

Mammalian
HPH2

MEL18
CBX8

melPRC1

H2A ubiquityltransferase

BCORIPch ING1BRYB
NSPC1RING]

BCOR

H2A ubiquityltransferase
H3K36 demethylase ?

MBLR
E2F6/Pch

E2F6

H3K9 methyltransferase
H2A ubiquityltransferase ?

MBLR

H3K4 demethylase

JARID/MBLR

C Interaction with homologous proteins or different protein isoforms

Fly Mammalian
PRC2-Escl PRC2-EZH1 PRC3-EED3-4 PRC2 PRC4-EED2
oo " N / \
Esc v4 EED, EED,
e
&B :
H3K27 Low-specificity H3K27 H3K27 H3K27 and H1K26

methyltransferase methyltransferase

methyltransferase methyltransferase

Pa3HooOpa3ue

komnrekcoB PcG.

(n3 Schuettengruber and Cavalli, 2009).
(A) Tpu npyHUMNManbHbLIX TUNa
KOMMMeKcoB GernkoB rpynnbi
Monnkomba (PcG) y Drosophila n
mnekonuTtarwwmx (PRC1, PRC2,.
PhoRC)

(B-D) PasHoobGpasue
gononHutenbHbix PcG-komnnekcos
AocTuraeTcs

(B) nytem B3anmoaencTBus c
pgononHutenbHbiMu PcG-
6enkamum,

(C) nyTem BKNHOYEHUSI B KOMIIEKC
roMonormM4yHbIX 6enKoB Nnu
pasHbIX 6enkoBbIX N30copm,

(D) nytem obpasoBaHus
KOMIMEKCOB, KOTOPbIE BKMOYaKOT
TONbKO HEKOTOPbIe N3 KOPOBbLIX
KOoMnoHeHTOB Komnnekca PRC1 B
KOMOMHauun ¢ apyrumun
perynsatopamum XxpomaTuHa.
OCHOBHblE 9H3MMaTUYECKME
KOMMOHEHTbI KaXX4oro KomMmnrekca
BblAeneHbl KpacHbIM LBETOM, a UX
N3BECTHbIE BMOXMMUYECKNE
aKTMBHOCTW yKa3aHbl HWXE KaXKaoro
KomMmnnekca.



Komnnekcbl n 6enku rpynnbl TrxG y pasHbIX
BMOOB

Histone- & */Chromatin-
modifying
factors |
Histone methylation, 4 - Nucleosome sliding,

histone acetylation | nucleosome eviction
or chromatin looping




Hykneocom pemogenupyrowme komnnekcbl 6enkoB TrxG
copgepxaTt cyoveamHuubl ¢ ATPa3HOU aKTUBHOCTLIO

SWIISNF ———— —
cemencrso ' Blil3bIBaeTC$l Cc

o KOPOTKIS aHe POBAaHHbLIM
24 nogcemencTBa MHCRPUMA

ISWI T—
cCeEmMmencrTeo .
CBsa3biBaeTcs C

MeTUIMNpPoOBaHHbLIM

T = Ay
lr[n‘-"{'
! = rMCTOHOM

chromo

PR e e ——————— et e
CeMEMNCTBO

INO8O
CeMEencTso

AT®asHbIM JOMEH B 3TUX CyObeanHuuax pasgeniéd Ha aBse
yacTtu n HELICc. JOMEHDbI: bBpomooomeH, XenukasHbln OOMEH -
. SANT-SLIDE gomeHbl, TaHOEM XPOMOOOMEHOB.



Nucleosomes
: _ Multicellularity, DNA methylation, linking histones
- DNA-binding domain — 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

Snfl

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

(n3 [Ho and Crabtree, 2010)).
FoMonornyHble cydbeanHuLbl KOMMNEKCOB apoxeken Saccharomyces cerevisiae (Yeast Swi/Snf), Drosophila
melanogaster (BAP, Brahma(BRM)-accounnpoBaHHble 6ernku n polybromo-coagepxawumn BAP (PBAP); Ha
puc. oba BapmaHTa nokasaHbl BMecTe kak BAP-koMnneKkcol) U Ml (KOMOMHaLUMN pa3nnyHbiX cybbeanHumL,
BeayT K 0bpasoBaHMio OrpoOMHOro pasHoobpasunst BAF-komnnekcos, cogepxawmx brahma-
accouunmpoBaHHble dakTtopbl, BAF) 0603Ha4YeHbl oanHaKkoBbIMU oUrypamun 1 BblaeneHbl OAHUM LBETOM.
[loMeHbl cybbeanHul, KoTopble MoryT B3anmogencteoBaTb ¢ AHK nnu ructoHoBbiMM Moamngukaunamm
NoKasaHbl Ha NOBEPXHOCTN COOTBETCTBYHOLLNX 6enkoB (0OBbACHEHUE - HA PUCYHKE CBEpPXY cresa). B cnyyae
KOMMnekcoB Apo3odunbl 06o3HayveHbl 6enku rpynnel Tputopakca: MOR (Moira), OSA, BRM (Brahma),
SAYP (“supporter of activation of yellow protein”, E(y)3).




Komnnekcbl n 6enku rpynnbl TrxG y pasHbiX BUOOB

Complex

Comment

Mammals

'McToH-Moaudmumpyrome KOMmnrieKkcbl

COMPASS

COMPASS-like

Global gene activation;
mediates bulk trimethylation of K4
on histone H3 (H3K4me3)

HOX-family gene regulation,
tumour suppressor activity and
HAT activity for H4K16

Activates nuclear receptors in mammals
and ectysone-induced promoters in

D. melanogaster; demethylase activity
for H3K27me3 plays a part in dosage
compensation and the attenuation of
RAS signalling in C. elegans

Counteracts PcG silencing, but also has
a more global role in gene activation;
has HAT activity for H3K27 in

D. melanogaster

Counteracts PcG silencing and has HMT
activity for H3K36 and HAT activity for
H3K27 in D. melanogaster

ASH2L, DPY30, HCF1,
RBBPS5, WDR5

ASH2L, DPY30, HCF1,
RBBP5, WDR5

@wsd @
DI QD

ASHZL, DPY30,
RBBPS5, WDR5

D. melanogaster C_elegans

ASHZ, DPY30,
HCF1, RBBP5, WD5

AueTtuntpaHcdepasa

ASH2R, RBL,
rmctoHa—(HAT) WDR5A

H2, DPY30,

A
H

?:FI,RBBPS,WDS @

@ ASH-2, DPY-30,
e

ASH2, DPY30,
RBBP5, WD5

SBF1




Komnnekcbl n 6enku rpynnbl TrxG y pa3HbiX BUAOB

Complex Comment Mammals D. melanogaster C.elegans

AT®d-3aBUCUMbIE peMoaenupyloLme KOMMeKebl

SWI/SNF Binds acetylated histones via its srv R Brahma  @gp

bromodomain, regulates cell cyle, Actin. BAF45A Actin. BAF60. BAF180
cell signalling, proliferation and BAF4SB BAF4%C BAF’S,S- BAP 1’11 '
chromosome segregation BAF45D, BAF47, Dalao, BAP170, OSA,

BAF53A, BAF53B, MOR, SAYP, SNR1

BAF60A, BAF60B,

ATq)a3a BAF6OC, BAF155,

BAF170, BAF180,

BAF200, BAF250A,

BAF250B, BAP57,

BRD7, BRD9

Binds unmodified histones via its SANT

domain and reads H3K4me3 via its PHD
finger; regulates transcription, cell fate RBAP46, RBAP438, SNF2L ISWI, NURF38,

determination and differentiation RBAP46, RBAP48

CHD1,CHD2 Bind H3K4me3 via their chromoedomains;

have roles in development and ES cell
maintenance; H3.3 deposition
in D. melanogaster

CHD3,CHD4 HDAC activity; requlate transcription, @

replication and DNA repair; requlate RBAP46, RBAP48, MBD2, MBD2. MBD3, MTA.

cell fate determination in C. elegans
and counteract PcG silencing in plants MBD3, MTAL MTAZ, P55, p66, p68
MTA3, p66

CHD®6, CHD7, Bind dimethylated H3K4 (H3K4me2) and

CHDS8 H3K4me3 via their chromodomains: ASH2L. RBBP5. WDR5
counteract PcG silencing and regulate ' ’
transcriptional elongation in

D. melanogaster




Kak PEKPTUPYIOTCA KOMMMNEKChbI TrX'G? U3 0630pa Schuettengruber et al. (2011)
Nature, 12: 799-814

Transcription t
factors o

Figure 2 | Multiple mechanisms recruit TrxG complexes to their target sites.

a | MLL can directly interact with CpG-rich sequencesvia its CXXC domain.

b | Alternatively, MLL can be targeted to DNA by interacting with sequence-specific
transcription factors or the polymerase-associated factor 1 (PAF1) elongation complex.
Similarly, in flies, Trithorax group (TrxG) complexes can be recruited to TrxG response
elements (TREs) via their interaction with sequence-specific DNA-binding proteins.
Note that TREs have not been identified in mammals so far. ¢ | RNAs, such as HOXA
transcript at the distal tip (HOTTIP), can recruit MLL via their interaction with the adaptor
protein WD repeat-containing 5 (WDRS5).d | The plant homeodomain (PHD) finger
domain of MLL can bind to trimethylated Lys4 on histone H3 (H3K4me3), helping to
target MLL to chromatin. RNAPIIl, RNA polymerase |l.




CyMmapHbIn mMexaHu3m (pyHKLMOHUPOBaAHUA MOAYIA
Kneto4yHou namsatn (CMM)

[Mpumep — anemeHT Fab-7 reHa AbdA komnnekca Bx-C

PRC1/other PcG related complexes

.

GAF  GAF GA\




Ecnn PRE peTtepmunHupyeTtcs Bo BpemMsi paHHero pa3BuTtus...




... n Korga dbyHkuna TRE akTtusupyetcs




Kak moaynu «Kneto4yHou namaTm»
nepeparoT MHpoOpMaLUIo AOYEPHUM
KneTtkam ?

Nnn

Kak ctabunbHoO Hacneayetcs
noTteHUuanbHO obpaTumbie mogudpmnkauum
FIOKanbHOro xpomaTtuHa?

MexaHu3MbI nogaepXXaHUA ANMreHeTU4YecCKon nHdopmaumm Ha ABYyX
NPUHUUNNANbHbIX CTaAUAX KNETOYHOro LuKna:

pernJimukaumm m MMUTO3a.



[MNoTETUYECKNN MeXaHN3M BOCNPOU3BeOeHUS (COXpaHeEHUA) moanudukaLmnm
TMCTOHOB U CBA3aHHbIX C HUMK BenkoB Ha go4vepHux uenax OHK nocne
pennukaumm - ? Yactb MeTUNMpPOBaHHbLIX TMCTOHOB COXpPaHsAeTCcA?

Replication

/} — Newly synthesized H3-H4 dimer
\

3 — Parental H3-H4 dimer

) — H3KoMe3

Fig. 1 Restoration of H3K9 methylation after DNA replication.
During the S-phase, nucleosomes are dismupted by the replication
machmery and subsequently reassembled at the daughter strands. This
requires both parental histones as well as newly synthesized histones.
Parental H3-H4 teframers can be randomly deposited at the daughter
strands. Alternatively, 1n certain instances H3-H4 teframers can be

Semi-conservative

split into dimers. This would facilitate the semi-conservative model,
in which parental H3-H4 dimers pair with newly synthesized H3-H4
dimers in order to form hemi-parental nucleosomes. The propagation
of the HIK9Me3 mark is facilitated by HP1 and KMTs, where HPI
binds parental H3K9Me3 marks and induces HIK9 methylation of
newly synthesized histones




CseTnaHa [leTpyk.
NHcTtutyT 6mnonornu reHa PAH. Mockea. 1990 r.




TrxG and PcG Proteins but Not Methylated Histones Remain

Associated with DNA through Replication

-
-

new histones

Nascent DNA

c.«\
yor

RF

b DNA polymerase
and PCNA

replication fork

displaced

Parental DNA

Petruk et al. (2012) Cell, 150, 922-933

Parental H3K4me3 and H3K27me3

are not transferred to original sites on

nascent DNA

» De novo methylation of H3 occurs
only in the next G phase

» Trx, Pc, and E(z) are transiently
associated with PCNA

» Trx, Pc, and E(z) are transferred to
their response elements during DNA

replication

Histone modification enzymes may
re-establish the histone code on newly

assembled unmethylated histones and
thus may act as epigenetic marks.




The proliferating cell nuclear antigen (PCNA) protein acts as a platform to
recruit DNA polymerase and many other proteins to the single-stranded DNA
(ssDNA) located downstream of the RF and acts as a processivity factor for
the DNA polymerase. PCNA is stably associated with DNA on both leading
and lagging strands.

Leading Q Pc Trx
- | SSO/V . 9
4 » Direction
4
ssDNA Okazaki Lo
| | @ Nucleosome
A A Lagaing A 51 nuclease

PCNA is indicated as a torus, and the polymerase as a
tear drop



B3auMocBA3bL MexaHU3MOB
3NMUreHeTN4YeCcKou perynauum

Moz | Mermuposasue
THCTOHOB JHK




MetunuposaHue [JHK aktusupyet mogudpmkaumm ruCToHOB

'McToHoOBas meTuUn
TpaHcdepasza HMT




Mup Hekoaupyrouwmnx PHK

, .| I‘n LI I, \
d HepaBHWe nccnegoBaHUA Nokasanu, YTo 6bonbluas YacTb
reHoma 4yesnioBeKka TpaHckpnoupyetcs kak HKPHK

Benok-koanpymwuwasa cppakuma reHomHon AJHK obpaTHo
nponopuuoHanbHa crioXXHocTtu opraHusma (Taft et al., 2007):

y npokapunoT — 90% reHoma, B gpoxkax — 68%, y HemaToA

-25%, y HacekombIX — 17%, y yenoBeka — 1% (!)

B nocnenHue HeckomnbKo neT HabsnogaeTcs Bce BO3pacTaroLlee
HaKomnfeHne gaHHbIX O ueHTpanbHou ponun HKPHK B
pa3HOOOpa3HbIX ANUreHeTUYEeCKMX MexaHM3Max perynsumnm
TKaHecneundgmnyeckom akTUBHOCTU reHOB (B pa3BuTuUmn) U
pemMoaenmpoBaHns XxpomMaTtuHa




anureHeTnyeckaa perynauua: AHTUCMbLICNOBbLbIE
TPAHCKPUNTLI  POPMUPYET CTPYKTYPY, KOTOpad
y3HaeTca pasfnyHbIMUA TMCTOH-MOoANOULMPYOLLIMMN
KoMnnekcamn. PekpyTupyemble KOMMMNEKCbl MOryT
OENCTBOBATb, KakK B UUC-TMONOXEHWN, Tak U B mpaHc-
nonoXxeHnn, nepemelladcs ¢ nomouwbo HKPHK B




[lpumep anureHeTn4ecKkowu
perynaunm B yUC-TONOXEeHUN




RNA Marks Enhancer Elements:
OpraHunsauma npomMoTopa Kogupyrouwiero reHa, ero aHxaHcepa v linkPHK-reHa

enhancer-templated RNAs

AKTUBHbIE
METKM MMCTOHAa

HOTTIP & 7
L]
f’/-’__f“AAAAAAA
lincRNA
Me
*KHsu.,
@ Distal HOXA £

i 'y,
2
\ 3 ==

upstream-antise
nse RNAs

-—| 2 Current Opinion in Genetics &
uaRNA Development 2012, 22:172-178



«[eHemuka npedrnonazaem, a ariueceHemuka pacronazaemny.

[MnTtep Menasap (P. Medawar), Hobenesckuin naypear

bnaroaapro 3a BHUMaHue



