Om opeaHu3ayuu
XpoMamuHa K
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pYHKUUOHUPOBAHUS
2€HOMO8 3yKapuom

Anekcen KoHcTaHTuHoBMY LLlanTaH
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Kadeapa bUonHXeHepum
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Jlanee noroBopuM Npo yCTPOUCTBO a4pa u
NHTEp®da3HOro XxpoMaTmHa Ha 6osiee 601bLLIKUX
MacLuTabax



MpeacTaBNeHUA O CTPYKTYPE XPOMATUHA

YcTapesLuee nepapxuyeckoe npeacrasneHve
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“beads-on-a-string” W 11 nm
form of chromatin / 1

chromatin fiber
of packed
nucleosomes

chromatin fiber
folded into loops

I\I centromere

entire
mitotic
chromosome

1400 nmr

Mol Biol of the CELL, Alberts et al, 2014
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Genome organization and maintenance

Sequester specific
proteins and RNAs

-,

-

Processing of ,"’
specific RNAs

Stress and anti-viral
response

-

=

Promote and control maturation
of multi-factor complexes

Current Opinion in Cell Biology

definitions of nuclear speckles (NS) are
descriptive in nature, typically referring
to their physical appearance in
microscopy experiments such as
‘nuclear domains enriched in pre-
MRNA splicing factors, located in the
interchromatin region of the
nucleoplasm of mammalian cells’
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KoHuenuusa:
anepHaa namuHa U lamina-associated domains

HP1a
H4K20me2* ‘*H3K9me2/3
A A (O

Binding via

DNA motifs Binding via modified nucleosomes Eindngyi Hnknown

unmodifed nucleosomes mechanism

The Nuclear Lamina as an Organizer of Chromosome Architecture
by @ Yuri Y. Shevelyov 1" @ and i) Sergey V. Ulianov 2



Progeria

Other names Hutchinson—Gilford progeria
syndrome (HGPS),!"l2]
progeria syndrome,?! Joseph

syndrome

A young girl with progeria (left). A healthy cell
nucleus (right, top) and a progeric cell
nucleus (right, bottom).

In 2003, the cause of progeria was discovered to be
a point mutation in position 1824 of the LMNA gene,
which replaces a cytosine with thymine

Lamin A Truncation in
Hutchinson-Gilford Progeria

Annachiara De Sandre-Giovannoli,” Rafaélle Bernard,?
Pierre Cau,"'? Claire Navarro,’ Jeanne Amiel,* Iréne Boccaccio,’
Stanislas Lyonnet,* Colin L. Stewart,” Armold Munnich,*
Martine Le Merrer,* Nicolas Lévy™?”


https://en.wikipedia.org/wiki/Point_mutation

KoHuenuwua:
active compartment/inactive compartment/interchromatin compartment

active nuclear compartment

ANC

Transcriptionally competent
. decondensed chromatin
marked by ,active” histone
marks

= nuclear lamina

?g = nuclear envelope with

nuclear pores

R transcriptionally competent
chromatin loops,

transcriptionally active
chromatin loops
Interchromatin
compartment, harboring
‘ Transcription factories,
splicing speckles,

. architectural proteins, e.g.
CTCF, SAF-A, Matrin

inactive nuclear compartment

INC

L=~ Compacted part of chromatin
/v ca. 500 kb = 100 nm domain clusters (CDCs)
‘.__- chromatin domain marked by repressive histone marks




Chromosoma (2014) 123:217-224
DOI 10.1007/s00412-014-0459-8

REVIEW

A requiem to the nuclear matrix: from a controversial concept
to 3D organization of the nucleus

S. ¥ Razin - O. V. larovaia - Y. S. Vassetzky

Transcribing Genic Domain

Nuclear Pore Structure ()

Matrix Attachment Region

The nuclear lamina is associated with the inner face of the inner nuclear
membrane of the nuclear envelope, whereas the outer face of the outer
nuclear membrane is continuous with the endoplasmic reticulum.!! The
[puclear lamina is similar in structure to the nuclear matri, that extends |
throughout the nucleoplasm.

10.2478/511658-006-0016-4 11

Fig. 1. The nuclear matrix. A - Interphase nucleus. The outer nuclear matrix is


https://doi.org/10.2478/s11658-006-0016-4

Chr 12345726
ETENER

Cy3
ITC W W WA
Cy5

Figure 2 | Chromosome territories in the chicken. a | 4,6-diamidino-2-phenylindole
(DAPI)-stained, diploid, chicken metaphase spread with macro- and microchromosomes.
b | The same metaphase spread after multicolour fluorescence in situ hybridization with
pseudocoloured chromosomes. Chicken chromosome paint probes (image courtesy of
Johannes Wienberg) were labelled by a combinatorial scheme with oestradiol (1, 4, 5, 6),

Cremer, T.; Cremer, C. (2001). . Nature Reviews

Genetics, 2(4), 292-301.

doi:10.1038/35066075



Capturing Chromosome
Conformation

Job Dekker,'* Karsten Rippe,? Martijn Dekker,> Nancy Kleckner’

15 FEBRUARY 2002 VOL 295 SCIENCE
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Comprehensive Mapping of Long-Range
Interactions Reveals Folding Principles
of the Human Genome

Erez Lieberman-Aiden,>%3** Nynke L. van Berkum,* Louise Williams,* Maxim Imakaev,?
Tobias Ragoczy,®” Agnes Telling,%” Ido Amit,* Bryan R. Lajoie,” Peter ]. Sabo,®

Michael 0. Dorschner,? Richard Sandstrom,® Bradley Bernstein,> M. A. Bender,*®

Mark Groudine,®” Andreas Gnirke, John Stamatoyannopoulos,® Leonid A. Mirny,>**
Eric S. Lander,*>*3t Job Dekker’t

www.sciencemag.org SCIENCE VOL 326 9 OCTOBER 2009
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KoHuenuma : Jy/retepoxpomaTtmH, A/B — KOmnapTMeHTb!

KomMmnapTmeHTb!

LAD

S B Appbiwko
. NAD

B komnapTmeHT

© Monuaume reHbl

© lMo3aHAn pennukayna
© LADs/NADs

© H3K27me3

© H3K9me3

-
t
*
B

A KOMnapTMeHT
© AKTUBHbIE reHbl

© PaHHAA pennuKauua
© Cneknbl

© H3K4me1/3

0 H3K27ac/K36me3

YacTtoTa KOHTaKTOB
U000 eEeEEEEn &

C.B. YnbgaHoB — goktopckas
ancceptauma 2023 .



Topological domains in mammalian genomes
identified by analysis of chromatin interactions

Jesse R. Dixon"*?, Siddarth Selvaraj"*, Feng Yue', Audrey Kim', Yan Li!, Yin Shen!, Ming Hu®, Jun S. Liu® & Bing Ren

376 | NATURE | VOL 485 | 17 MAY 2012
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KoHuenuusa 3: TAIbl— TONON0rM4YeCcKM accoumnmpyrome Ao0MeHb!

Unnested < Nested
chromatin domains chromatin domains

o

Aouanbalj uonorisju|

5

[ IS [ [ ]
Compartment calls

KapTa koHTakToB BOOSb reHoMa
(meTopg Hi-C)

10.1038/s41588-019-0561-1



bonee coBpeMeHHOE nNpeacTaBieHne

Chromosome
Compartments territories

fem)

Chromatin fiber Chromatin Loop TADs

¢ N
Cohesin CTCF A compartment B compartment
(active genes)  (inactive genes)

https://www.frontiersin.org/articles/10.3389/fcell.2020.62654 1/fulll



KoHuenuwma 5: Loop extrusion — aKCTpy3unsa neTesb

Loop extrusion
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Fig. 1| Interphase genome organization. a| Schematic representation of a Hi-C map depicting the organization, across
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10.1126/science.aar/7831


https://doi.org/10.1126/science.aar7831

Current Issue First rele

Science

HOME > SCIENCE > VOL. 382, NO. 6671 > HOW DO MOLECULAR MOTORS FOLD THE GENOME?

a PERSPECTIVE HYPOTHESIS

How do molecular motors fold the genome?

A potential mechanism of DNA loop extrusion by molecular motors is discussed

CEES DEKKER, CHRISTIAN H. HAERING , JAN-MICHAEL PETERS , AND BENJAMIN D. ROWLAND Authors Info & Affiliations

SCIENCE - 9 Nov 2023 - Vol 382, Issue 6671 - pp. 646-648 - DOI: 10.1126/science.adi8308
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Structure of SMC complex Putative “reel-and-seal” model for DNA loop extrusion

*—Hinge Reel Seal o=
: . -
SMC ™\
proteins A2 L %"“%
&"ATP S [
Kleisin —e 1 L
HEAT-A- ATP ATP Kleisin
binding hydrolysis sealing
.\ ; i
\‘\ 8
\o, +ATP ADP + Pi P
o0 -
%
Q Repeat -

ADP, adenosine diphosphate; ATP, adenosine triphosphate; NCAPD2, non-SMC condensin subunit D2; NCAPD3, non-SMC condensin subunit D3; NCAPG, non-SMC condensin subunit G; NCAPG2, non-SMC condensin
subunit G2; NIPBL, nipped-B-like protein; Pi, inorganic phosphate; SMC, structural maintenance of chromosomes complex; STAGL, cohesin subunit SA-1; STAG2, cohesin subunit SA-2.
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KoHuenuusa 2: " uakmne kanam”
pasgeneHue das MUAKOCTb-KUAKOCTb

a.
Heterochromatin
b HP1 2) Proteins @ Q
\ CTE Soluble 1) Transcriptional
CSD Heterochromatin Euchromatin machinery /
H /
CD ®
S
NTE
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Spread, .
Proteins pream:ﬁg_;__) ' I
' elements that
® Q @ inhibit HP1 .-
) assembly
elements that o
drive HP1
+ assembly
D \ / 4)
\ ‘Gel’ /
Q Heterochromatin /
Transcriptional & (
machinery
3)
‘Liquid droplet’

Heterochromatin '

Larson AG, Narlikar GJ. 2018. Biochemistry 57: 2540—
2EAQ



B dopMmnpoBaHMmn HeMeMOpaHHbIX OpraHessT BaXXHYH poJib UrParoT CTaTUCTUYECKME

bunsnyeckune B3ammoaenctems (pasgeneHue das)
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MNetna mexay
3HXaHCepoM
1 reHOMm

AKTUBHbIN Xab

CTCF/Kore3m-|

O6blyHana netna

BnoxeHHble netnn [ |

C.B. YnbsaHoB — gokTopckas
nucecenTativia 2023 r
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MHTEeHCUBHOCTbL curHana

HaHOOOMEHbI

HaHopgomeH

HykneocomHbIi Knaty

C.B. YnbgaHoB — goktopckas
nucecenTaliva 2023 r



KoHuenuwua: “lMetnn”, Tononorma v B3aumoaemncTsma anemeHTos saoab AHK
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10.1371/journal.pgen.1005640.g002



https://doi.org/10.1371/journal.pgen.1005640.g002

INUreHeTnkKa n ee MexaHmn3Mbil
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CoaepxaHme nekunm

* VlcTtopuna Bonpoca. K. YaganHrToH.

« NHK meTnnnpoBaHune. SpdekTbl. PepmeHTbl. [TpomoTepbl n CpG OCTPOBKMW.
MyTaumn. HacnegoBaHue. VIMOPUHTUHT.

[TTM rnctoHoB. LiBeTa xpomMaTuHa.

ALEeTUINPOBaHME, METUNMPOBAHWE. VIHTMONTOPDI.

LLlanepoHbl TMCTOHOB.

Pemogennepsbl. pBAF.
« ConpsarkeHne MeTok n MeTunmnpoBaHmd. COREST?
« CnpaganHr retepoxpomaTtmHa. [ paHnLbl.

* PacnonoyxeHune HyKNneocom. +1 HyKNeocoMbil.



Epigenetics (also sometimes called epigenomics) is a field of study focused on
changes in DNA that do not involve alterations to the underlying sequence.
The DNA letters and the proteins that interact with DNA can have chemical
modifications that change the degrees to which genes are turned on and off.
Certain epigenetic modifications may be passed on from parent cell to
daughter cell during cell division or from one generation to the next. The
collection of all epigenetic changes in a genome is called an epigenome.
(NHGRI)

Op.-Tpey. éTti- — nNpucTaBka, obozHavarouwas npebbiBaHNe Ha YEM-NNBO
NN NOMELLEHNE Ha YTOo-nNnbo
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https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA

August Weismann

Born 17 January 1834
Frankfurt am Main, Germany

g Died 5 November 1914 (aged 80)
Freiburg, Germany

Germ Germ Germ
Plasm Flasm Flasm Known for germ plasm theory



Conrad Hal Waddington

MCTOpVIFI BOMNPOCa CBE FRS FRSE

Normal fly Ubx phenotype
(A)

Conrad Hal Waddington in 1934

Born 8 November 1905
Evesham, Worcestershire,
England
- T }' SN Died 26 September 1975 (aged 69)

N

i B Edinburgh, Scotland

“ ﬁl Jlr"f\rr’/,"{.f iis
UMY Ty R

[TOHATME ANMUreHeTNYECKOr O J'IaH,EI,LIJad)Ta Pa3BUTUA, CbeHOTl/II_Il/I‘—IeCKOVI .
NJIAaCTUYHOCTW, SMUTEHETUYECKOrO HAcNeLoBaHUA, TeHETUYECKOW aCCUMUNALINM 101242/|eb120071



https://doi.org/10.1242/jeb.120071
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https://doi.org/10.3389/fmicb.2021.685080

OTKpbITa MEMOPHa/bHAA LOCKA NaMATH COTPYAHMKOB (aKynbTeTa, NoCTpajaBLImX
3a CBOM Hay4Hble yoexpaeHus B 1948 ropy

24 HOABPSA Ha BUONOrNYECcKOM (haKynbTeTE COCTOSIOCHh 60MbLLOE COObITHE.
Top)XecTBeHHO OblNla OTKpbITa MeMopuasnbHas ,0CKa NaMATU COTPYAHUKOB haKynbTeTa,
nocTpazasLUMX 3a CBOU Hay4YHble yoexxaeHusi B 1948 ropay.
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MOJ'IeKyJ'IFIprIe MEXaHN3Mbl ITMMTEHETUKN
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YTO BNUSAET Ha TPAHCKPUNLUIO FreHOB?

OPDEKTUBHOCTb MHMLMALNN TPAHCKPUNLMK, 9D PEKTUBHOCTD 3/10HTaLmMm

Transcriptional

1) [HoctynHocTbto JHK ans cBA3biBaHMS
(pacnonoXeHne HyKNeoCOM, KOMMaKTHOCTb
XpOMaT1Ha)

) J1erkoCTbto TPAHCKPUMNLUUK Yepe3 HYKeOCOMb

3) JlerkocTtbio GOPMMPOBAHNS NETENb

) Moandukaumsamn JHK noMoratowmmm nnm

E 3aTpyAHAOLMMUK CBSA3bIBaHUS (hakTOPOB

=l 5) MoandbuvKaumsmm rucTOHOB NOMOratoLLMMM NN

= Sstorieton 3aTpyAHAOLLMMUK CBA3bIBaHUS (hakTOpPOB

region

activator

http://www.discoveryandinnovation.com/BIl0OL 202/notes/lecturel9.html
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http://www.discoveryandinnovation.com/BIOL202/notes/lecture19.html
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a s PRC2 PRC1 d mSWI/SNF CRC

Transcriptional

s activation
Transcriptional

repression ,_-> r l_>

INGEN AN IR AN \',;A%;. NN INENINPNINS

Nucleus ,’ 7 Hiet T
B sione s
Histone octamer CRC families
SWI/SNF
b SMARCA2/4 (BRG1-BRM)
2 ARID1A (BAF250A)
DNQ;";::G'S PBRM1 (BAF180)
Acetylation Methylation Ubiquitination Phosphorylation iyé\)?cm (BAF47)
Writers  HATs KMTs or PRMTs E3 ligases Kinases
Cytosine 5mC CBP/p300 KMT2A-D BRCA1 AURORA-B ISWI
MYST family (MLL1-4) RING1A/B SMARCA1/5
GNAT family EZH2 BMI1 RSF1
DOTIL
Erasers HDACs KDMs DUBs Phosphatases CHD (NuRD)
DG ET1-3 HDAC1-11  KDM1A (LSD1)  MYSM1 MSK1/2 CHD1-9
SIRT1-7 KDM5A/B OTLD1 MST1 INO8O
5hmC, 5fC, 5caC KDM6A/B

. 1] Chromatin regulatory processes in mammalian cells. a, DNA is wrapped around a histone octamer containing two copies each of histones H2A,

10.1038/s41556-018-0258-1




CUCTEMbI PECTPUKLIMU-MOANDUKALIMM B BAKTEPUSX
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MeTtunuposaHue AHK y MnekonutarowWwmnx -- UICTOPUSA

1970-ble: MeTnnnpoBaHue pacnpeneneHo HepaBHOMEPHO MO reHoMy, pa3Hoe B
pPa3HbIX TKAHAX, MeLlaeT TPaHCKPUMLMM reHOB

1980-ble: MeTUNMpoBaHMe NOET B KOHTeKCTe CpG, oHWM pacnpenesneHbl
HepaBHOMEPHO, CYLLECTBYHOT OCTPOBKM CPG, OTKPbITbl PePMEHTbI —
MeTunTpaHcdepasbl. MeTUNMPOBaHME MPOMOTEPOB NOAABIAET TPAHCKPUMLMIO.

1990-ble: OTKPbITbI 6EJIKM Y3HatOLMEe MeTUIMPOBaHHY HK, OTKPbIThbI A€ HOBO
MeTW TpaHcdepasbl

2000-ble: BoNbLIMHCTBO MPOMOTEPOB HE perynpyeTcd nocpeacTsoM
METUANPOBAHNA — A1 MOHUMAHNA peryasaumnm reHoB HeObX0AMMO
paccmaTpuBaTb METUIMPOBAHME BO B3aMMOAENCTBUN C MOAUDUKALIMAMMN
TMCTOHOB. TPaHCNO30Hbl aKTUBHO PErynpyroTca MeTunmpoBaHem HK.



CpG

* MeTunmpoBaHue y MekonuTarowmx naeT B KoHTekcTe CpG

llllllllllllll
lllllllllllllll
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CH,
@

FTTGACAGCCGTg

AACTGTCGGCA5

3l

Dnmt3a
5,TTGACAGCCGTS,Dnmt3b

3’AACTGTCGGCAS




NHK metunTtpaHcdepasbl

mM6A - those that generate N6-methyladenine EC 2.1.1.72 (&
m4C - those that generate N4-methylcytosine EC 2.1.1.113 £
m5C - those that generate C5-methylcytosine EC 2.1.1.37 (£

mC5 [IHK MeTunTpaHchepasbl YeaoBeka:
DNMT1

DNMT3a1, DNMT3a2

DNMT3b

DNMT3c (B monoBbIx KneTkax?)

DNMT3L (BcnomoraTtensbHasa dyHkuma K DNMT3a)

gk wn =
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NHK meTtuntpaHchepasbl .

The fate of hemimethylated DNA

After DNA replication, hemimethylated CpGs are converted to symmetrical methylation by DNMTL.
De novo symmetric methylation by DNMT3B is possibly mediated by H3K36me binding. DNMT3A maintains
hemimethylated DNA at specific loci, potentially marked by CTCF-cohesin and MBD proteins.

Maintenance De novo

DNMT1 DNMT38 @
H3K36me ]
o
proteins?

O O Unmethylated Cohesm'?
@ Hemimethylation T I O Unmethylated
T I T Q NI T AT
o) { o)
v @ @ Hemimethylation }
@ Symmetric methylation T T T @ Hemimethylation
IO T T @] I T T
° Prolonged DNMT3B ©
rolon ivi
} binding to H3K36me? 1 Low acthity o A
Transcriptional repression

) ) @ Hemimethylation
Symmetric methylation T T I
?  Methylated CpG e
& Unmethylated CpG *

mmm Parent strand Transcriptional activation
wuwy Daughter strand Transcriptional repression (e.g., gene body) 10.1126/science.aat0789



| __RFD___ gl ] BAHI

Autoinhibitory
linker

CXXC |

600 6501 | 897 911
699 733

GK)n

BAH2 [¥ Methyltransferase domain

1107 1140

1336 TRD 1551

16021620

doi/10.1126/science.1195380
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Autoinhibitory
State |

Autoinhibitory
State Il

Unmethylated CG DNA

Hemi-mCG DNA / Ub v emi-mCG
H3 tail

H3K18Ub/K23Ub-NCP ’V
e NCP >
H3K9me3-NCP — 0 O
& \ Ub

UBL

H3K9me3 Active State

10.3390/genes9120620


https://doi.org/10.3390/genes9120620

JlemeTnnmpoBaHue

Ten-eleventranslocation (Tet) proteins
catalyze 5-methylcytosine (5 mC)
conversion to 5-hydroxymethylcytosine (5
hmC)

Thymine-DNA glycosylase
(TDG)

HO

HO

0 NH,

AP i MEILL, SMUGL
Ny oS (4P sie |

I’go

N
H

NH,
=N
NAO
H
lTETs
NH3
=N
| NNgAD/
H WOBEC
HO I
N

H
JDG
TDG, MBDA4,

l BER

NH,
i BER

N™ ~0
H
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Catalyticdomain
I

TeT1 —{ | CH) - L’

IDAX — - TET2 (H} - - -

-
@
L]
%.

CXXC (bindingto | | Cys-rich (Methyl-c DSBH (Methyi-C Spacer * Fe(ll) Interacting
CpG Island) dioxygenase dioxygenase (unkown function)

activity) ectivity)
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CpG n myTauum (C>T)

excison repair

H

R — 0 ——
h“‘n . deamination R%_( replication i P“‘H-‘N'H "
'-\ N—H-- -0 N 2\—{ =
N \N HN % —_— IN—-'Q W N /N*\(N‘HH‘NK L
O-..,, )=N “HN 4 0 =
“H-N
H H-N,
H
Re:G RU:G RU:A
mispaired mutation

intermediate
R=H, CH;



PacnpepneneHue CpG

* Y yenoseka GC-coctaB ~40%. TeopeTnyeckasa BepositTHocTb CpG 0.2*0.2=0.04

» PeanbHaga Bctpevyaemoctb CpG 1%.
« Y mnekonutarowmnx, 70% - 80% CpG cantoB MeTUNMUPOBAHO

* Y yenoseka okono 70% npomoTepoB, pacrosfio)KEHHbIX OKOS0 canTa Hadana
TpaHckpunumn cogepxat CpG octposku (island).
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CpG-oCcTpoOBKK

Pervon annHoun okono 200 n.H.

GC cocTaB 6onee 50%

Habntogaemoe konmnyectso CpG No OTHOLLEHMIO K OXKUOaeMOoMy Npu Cry4anHOoMm
nepemelunBaHum nocrnegoBaTenbHocTn bonee 60%

YacTo pacnonaratotcsa BONM3M Hayana reHa B paioHe NpOMOTEpPOB.



CpG sites

GpC sites

CCCAGGTCCAGGCAGGGAAGAGCCACCTCAACAGCAGGGCCCATCCACAA
GAGGCCAGCACCCCCAGCCIGTCCAGCCCAGGCCOUCCACCTCOACCCTG
GGCTGCTCCCTCCAGGCCCTGCACCACCCTCCTGCTACTTGGACCACTTC
CTCACGCCCTTCTCCACCCCACACACCAGCCTCCORCACHCAGCATGGGG
ATCTCAGCCAATAAAGGAGAAAGGGCACAGCCOATACGCACACCAGGTGC
QTGGGCAAGACCAGCTCACGCCCCTCCTCCAGCCACCAAGGCCCCAGCCC
ACAGCTGCCTGGCTGCAGTCAGAAGCATAGCCCAAGACAAGGAAGGGLCAC
C'r'rGAC'rclcaCTHTGTOOOGTTOQ\AMTCTGCTCAOTGGWOO

GCOCATCTTAAAATCOATGGCACCTAGGAGTCCATGAAATACS
cncacccwcmmrcccmcccrcacccamceoccm
CCOGGGATGCCCCACCCCTCATGGCAGT CCCACCCATCCCCACACA GGCE
CACTCAGGCTGCCACT GGCTCTTCACACACAGCCATAGCCAACTCCAAGC
TGCAGCTGGTTGAGCAGCAGATCCACAGCTTCCCCGACTTCCCCACCCCA
GGCATGGTATTCAGGTGCACGCACAGGCCGCCCTCATGGCACCCCAACCT
GOAGGCCTACHGATGGGAGCACATGGCCCACAA CCTCCAGGCAGGCAGEE
COGGAACCCTCATCTTTCACCCCCAGGGCCCTGCCCTCCTTCAGCCCCAG
COTCACCAGGCCTGTCCTTGGGTCCAGGGACATCTCACCCATCCTGAAGG
ACCCCACCTCCTTCCACACCACCATCAGCCTCCTGGCACAACACCTGAAG
GCGACCCACAGGGGCCACATOAA CTACATCACA GGCAAGTGCCCAGTGGC
CACATCTAGGGCACTTCCACCTCTGCACACACCAAGGGCAGCA
TCTGCACATCTGCTTGGGGGAGGGCCTTTGGGGTGCTTCA
GGACGGGCACCAT

AGCCCAGGACAGGCATGACCHAGTTGCCAGGTCAGTTGGTCTCCCTGGAG
TGCCCAAGCTGAATCCACAGGGCCCAGCTGCCTTGCTTCTTGTTCCTTCT
GOGAGCTGGTATTGAGCACCTGCCACHAGCCAGGCCTTCCCTGGTGAAGA
TCACAGAATGCCCACCCAGGGAAGGGAGGCCTGGAGGCCTCCAGGAGAGT
CCAAGAGGTGGCCCAGGGAGAACAGAGTGTTCCTGGCCATCTTGCCTCTC
CTAGGGTGTGACAGCCCACTCCCTGGACACTGCCCTGAGGAAAGCACCAG
CTCTTGCTGGAGCCACAACACTGCCAGAGCTCCCTTCTCACCTCCTGCAG
GAAGCCCTCCCTGACCTCCTGCCAGGCCAGGGCAGGGTTTCCCTGAGCAT
CCCCCAACCATCACAGCTCAGGCCACCTCAAGAGACTCCCTTTTTAGACA
GAAGCCCTGGTGCAGAGCTGCCTTTGAGAGTAAGCTGAGGCCTGTCAGGT
TTCTACCAGCCCAGTTACAGATGGGCTGCTCAGCTCAGAGAGAGGGGTGG
TGACTCCCCTAGGAACACACAGCTAAGAAGTGGTCCCTTAAAAGACAGAC
CCAGGTCTGCACTCTGACCTGGAAGCAGCTCCAGGTAGGTGATGGGTAAC
ATTCCTTAAATGGTGCATGTCACTGGCCTTTCAGCTGGGAGCCAACCAGG
TACCCCTTGCCACCAGCCAACCCTGGCCCCTGGGGATTCCCATGCTGCCA
AGTCACTCCTGTCACTTACCCTGACAGGCCTAGACTCCCBAGGCTTCCTC
TTTGGCCCCTCCCTGGCCCAGGAGCTTGGACTGGGCTGCATGCTCATCCS
AAAGCAGGGGAAGCTGCCAGGCCCCACTCTGTGGGCCTCCTATTCCCTGG
AGTACAGGAAGGTAAGAGGGCTGGGGTGGCCAGAGGAAGGGCAGGGCCAG
GCCACCATGGCCACTCTCCCCCAGTTCTAAAAGGCCTTCCCAGGCATGTC
AAGTGGAGCTGCTGTGGTTACAGTGGCCTTGGGAGCTCAGAGAGGTTGAG
ACATAGGCTGGGCTCACACAGCCAGGTAACAGCAAGGTGGGGTTGGAGTC
AGGGTCTAGGGTGGCAGCTGCCAAGCTGTGCAACAAAGCTGTTTTCTGCA
GGAGGCTGAGGACCACACACCACTTCCCACTCCAGGCTGAGCTGGAGATT
CAGAAAGACACCCTGGAGCCAGGACAGAGGGTGGTCATCATGGATGATCT
GCTGGCCACTGGTGGTAAGGGTCTCCCCACAGCCAACTGCTGTGGCTCCA
AGGGCCTGGTGGGAGTGGGACAGGACCTCACTGTGTGACATGGGATGCAG
CTTACTGTTGTCCAGAGGGTGCCTGGTGGCCAGGCOAACACCTTCCTCTC
CCCATGCCTTCCCCTCCCCAACCCAGGGGCTGGCCTGGAGCACCTGCTCT
CTGCAGCCCAGGCCAACTGGGGACCTCACCCTCCCATCCCCAGGAACCAT
GAACACTGCCTGTGAGCTGCTGGGCCACCTGCAGGCTGAGGTCCTGGAGT
GCATGAGCCTGGTGGAGCTGACCTCACTTAAGGGCAGGGAGAAGCTGGCA
CCTGTACCCTTCTTCTCTCTCCTGCAGTATGAGPAACCACAGGGCCTCCC
AGCCCAACATCTCCAGCTGGATCCCAGGGAAATATCAGCCTTGGGCAACT
GCAGTGACCAGGGGCACCAGCTGCCCACAGGGAACACATTCCTTTGCTGG
GGTTCAGCACCTCTCCTGGGGCTGGAAGTGCCAAAGCCTGGGGCARAGCT
GTGTTTCAGCCACACTGAACCCAATTACACACAGCAGGAGAACACAGTAA
ACAGCTTTCCCAC

CCCGGGTCCGGACGGGGAAGAGCCACCTCAACGACAGGACCCATCCACGA
Ga oeocc CCCGACCGGTCCAGCCCAGACCCACCACCTCCACCCTG

GGCTACTCCCTCCGGACCCTACACCACCCTCCTACTACTTGGACCACTTC
CTCAC“CCTTCTCCACCCCM”:TCCCM TGGGG
ATCTCGACCAATAAAGGAGAAA

GGACACGACCCGTACACACACCAGGTAC
GTGGACGAGACCAGCTCACACCCCTCCTCCAGCCACCAAGACCCCGACCC
ACAGCTACCTGACTACAGTCAGAAGCGTAGCCCGAGACAAGGAAGGACAC
CTTGACTCACACTTTTGTCCGGTTCGAACGTTCTACTCAGTGGTACGTGG
AATGCGAGCACGTCTTAAAATCGATGACACCTAGGAGTCCATGAAATACG
GTACAGACTTCCGACGACGGATACCCCACCCCTCACCCACACTCCACCCT
CCGGGGATACCCCACCCCTCGTGACGGTCCCACCCGTCCCCACACAGACa
COCTCGGACTACCACTGACT CTTCACA CACGACCATAACCGACTCCGAGS
TACAGCTGGTTGAGCAGCGGATCCACAACTTCCCCGACTTCCCCACCCCA
GACGTGGTATTCAGGTACACGCACAGACCACCCTCGTGACACCCCGACCT
GCGGACCTACGGATGGGAGCACGT GACCCACGACCTCCGGACGGACGGGA
CGGGAACCCTCGTCTTTCACCCCCGGGACCCTACCCTCCTTCGACCCCGO
CGTCACCAGACCTGTCCTTGGGTCCAGGGACATCTCACCCGTCCTGAAGG
ACCCCACCTCCTTCCACACCACCATCGACCTCCTGACACEACACCTGAAG
GCGACCCACGGGGACCACA TCGACTACA TCACAGACGAGTACCCAGTGAC
CGCATCTAGGGCACT TCCACCTCTACACACAHCCGAGGACAGCACGTGGEC
TCTACACGTCTACT TGGGGGAGGACCTTTGGGGTACT TCAGGGGACACCG
GGACGGACACCGTACTT

TACCCAAGCTGAATCCACAGGACCCAGCTACCTTACTTCTTGTTCCTTCT
GCGAGCTGGTATTGAGCACCTACCA CGAGCCAGACCTTCCCTGGTGAAGA
TCACGGAATACCCACCCAGGGAAGGGAGACCTGGAGACCTCCGGGAGAGS
CCAAGAGGTGACCCAGGGAGAACAGAGTGTTCCTGACCGTCTTACCTCTC
CTAGGGTGTGACAGCCCACTCCCTGGACACTACCCTGAGGAAAGCACCAG
CTCTTGCTGGAGCCACAACACTACCAGAGCTCCCTTCTCACCTCCTACAG
GAAGCCCTCCCTGACCTCCTACCAGACCGGGACAGGGTTTCCCTGAGCGT
CCCCCAACCATCACAGCTCAGACCACCTCGAGAGACTCCCTTTTTAGACA
GAAGCCCTGGTACAGAGCTACCTTTGAGAGTAAGCTGAGACCTGTCAGGT
TTCTACCAGCCCAGTTACAGATGGACTACTCAGCTCAGAGAGAGGGGTGG
TGACTCCCCTAGGAACACACAGCTAAGAAGTGGTCCCTTAAAAGACAGAC
CCAGGTCTACACTCTGACCTGGAAGCAGCTCCGGGTAGGTGATGGGTAAC
ATTCCTTAAATGGTACATGTCACTGACCTTTCAGCTGGGAGCCAACCAGG
TACCCCTTACCACCGACCAACCCTGACCCCTGGGGATTCCCATACTACCG
AGTCACTCCTGTCACTTACCCTGACAGACCTAGACTCCCGAGACTTCCTC
TTTGACCCCTCCCTGACCCAGGAGCTTGGACTGGACTICSTACTCATCCS
AAAGCGGGGGAAGCTACCAGACCCCACTCTGTGGACCTCCTATTCCCTGG
AGTACGGGAAGGTAAGAGGACTGGGGTGACCAGAGGAAGGACAGGACCAG
GCCACCGTGACCACTCTCCCCCAGTTCTAARAGACCTTCCCAGACGTGTC
AAGTGGAGCTACTGTGGTTACAGTGACCTTGGGAGCTCAGAGAGGTTGAG
ACATAGACTGGACTCACACAGCCAGGTAACAGCAAGGTGGGGTTGGAGTC
AGGGTCTAGGGTGACAGCTACCAAGCTGTACAACAAAGCTGTTTTCTACS
GGAGACTGAGGACCACACACCACTTCCCACTCCAGGCTGAGCTGGAGATT
CAGAAAGACACCCTGGABCCAGGACAGAGGGTGGTCGTCGTGGATGATCT
GCTGACCACTGGTGGTAAGGGTCTCCCCACAGCCAACTACTGTGACTCCA
AGGGCCTGGTGGGAGTGGGACAGGACCTCACTGTGTGACATGGGATACAG
CTTACTGTTGTCCAGAGGGTACCTGGTGACCAGACCGACACCTTCCTCTC
CCCATACCTTCCCCTCCCCAACCCAGGGACTGACCTGGAGCACCTACTCT
CTGCAGCCCAGACCAACTGGGGACCTCACCCTCCCATCCCCAGGAACCAT
GAACACTACCTGTGAGCTACTGGACCACCTACAGACTGAGGTCCTGGAGT
GCGTGAGCCTGGTGGABCTGACCTCACT TAAGGOCAGGGAGAAGCTGACA
CCTGTACCCTTCTTCTCTCTCCTOCAGTATGAGTGACCACAGGACCTCCC
AGCCCAACATCTCCAGCTGGATCCCAGGGAAATATCAGCCTTGGUCAACT
OCAGTGACCAGGGACACCGACTACCCACAGGGAACACATTCCTTTACTGG
GGTTCAGCACCTCTCCTGGGACTGGAAGTACCAAAGCCTGGGACAAAGCT
GTGTTTCAGCCACACTGAACCCAATTACACACAGCGGGAGAACOCAGTAA
ACAGCTTTCCCAC
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Typical mammalian DNA methylation landscape
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DyHKLUMOHaIbHAsA PoJib METUIIMPOBAHUS

* MeTunmnpoBaHmne CpG-0CTPOBKOB BOHMN3K MPOMOTEPOB KOPPENPYET C
penpeccuen TpaHCKpPUNLnm.

« OHaKO, OHO He 06A3aTeNbHO AN1A PENPECCUN.

* B Tene akTMBHO TPaAHCKPUOBMPYEMbIX TEHOB HAbMOAAETCH BbICOKNIM YPOBEHD
MeTunnpoBaHua JHK.
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Kaknm obpasom metunmpoBanme JJHK ynpaBnsiet
aKcnpeccueun reHoB?

1. MelaeT cBA3bIBaHNIO
6enkos ¢ [AHK

2. lNpuBnexkaeT perynatopHble
6eKOBble KOMIMJIEKCh

3. Crabunusunpyet
HyKneocombl (?)

7 RNAPII




[MpuMepbl MONEKYNAPHbIX MEXAHM3MOB (penpeccus)

DNMT3A B b
H3K4me3 @ 4
/'~ Q /%
7); 000009 YK eeesee
Active or poised Inactive
unmethylated promoter methylated promoter

c

| OCpG ®5mCpG | 10.1038/s41580-019-0159-6
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methyl-CpG-binding domain (MBD) protein family

MeCP2 486 aa MBD TRD
MBD1 605 aa MBD CxxC , CxxC CxxC TRD
MBD2 411 aa MBD  TRD, CC
MBD3 291aa (NI T —
MBD4 580 aa m m
MBD5 1494 aa {J=l8) P rich
PWWP
MBD6 1003aa (I} P rich
SETDB1 1291 aa s e e -7 e T S
Tudor 1 Tudor 2
SETDB2 719aa MBD,
TIP5/BAZ2A 1905 aa | B
MBD DDT Bromo
BAZ2B 2168 aa
MBD DDT CcC Bromo
[ MBD: Methyl-CpG-binding domain [ P-rich: Proline rich domain
I TRD: Transcription repression domain [ ] PWWP: Pro-Trp-Trp-Pro motif domain
B CxxC: Unmethylated-CpG-binding zinc finger I Tudor: Tudor domain
[ G/R: Glycine/arginine rich domain Il SET: Suvar3-9, Enhancer-of-zeste, Trithorax domain
[ cc: Coiled-coil domain I DDT: DNA binding domain i
I glycosylase: DNA glycosylase function I Bromo: Bromodomain 10.2217/epi.15.39
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Histone methylation Histone deacetylation coupled with DNA methylation

E @ %

—ec— 2= =ac= ol —ac=
m

DNA repair and methylation maintenance

Histone ¢ ylation and me ing Replication coupled epigenetic maintenance

N A Acetylati ® Methylated CpG
é Mutation
Histonetal © Methylati Q@ Unmethylated CpG
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MeCP2Z — BoBneyeH B pa3BuUTme HEMPOHOB

65

Rett syndrome
Other names Cerebroatrophic
hyperammonemia (obsolete), ']
2] dementia, ataxia, and loss of

purposeful hand use
syndrome!®!

A girl with Rett Syndrome smiling at the camera

Specialty Psychiatry, Clinical Psychology,
pediatrics, neurology

Symptoms Impairments in language and
coordination, and repetitive
movements, slower growth,
smaller head!*]
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[IpMepbl MOJ1IEKYNAPHbIX MEXaHU3MOB,
AaKTUBUPYHOLLUX TPAHCKpUNUuo Yepes metunmposaHue [HK

cell pluripotency factors KLF4 and OCt4, the homeobox proteins HOXB13, NKX neural patterning factors

b H3K27me3

rOCpG @ 5mCpGC .5thpG]

DNA methylation-mediated transcription activation 10.1038/s41580-019-0159-6




[locT-TpaHCNALUMOHHbIE MOANDUKAL MU TMCTOHOB
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Histone post-translational modifications

Nucleosome structure (1KX5)

ub

meJ
mel

ac

H2A

H2AS 1 pt
H2AR3ci
H2AKSac
H2AK9ac

H2AK119ub
H2AT120ph
H2AK121ub

H2B

H2BKSac

H2BKSme1
H2BK12ac
H28S14ph
H2BK150c¢
H2BK16ac
H2BK20ac

H2BK46ac
H2BK120ac
H2B8K120ub

H3
H3RZmel

H3R2c
H3T3ph
H3K40c¢
H3Kd4mel

HIK4mel
H3S6ph
H3T6pt
H3R8c¢
H3KSoc
H3KSme1

H3K9me3

H3S10ph
H3T11pt
H3K140c
H3R17mel

H3R17¢
H3K18oc

H3K23a0c
H3g26me1
H3R26¢
H3K27ac
H3K27mel

H3K27me3

H3S28ph
H3S31ph
H3K360c
H3K36me3l
H3K36mel

H3KS60c
H3K79mel

H4
H4S5 1 pt
H4R3Imel
H4R 3¢
H4KSac
H4K8ac
H4K120c¢
H4K16ac
H4K20mel
H4K20me3

H4K910c¢
H4K91ub
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Brno nomenclature

H3K4dme?2

histone T T modification
amino acid site

[Tncatenu, CTnpartenun, YnTaTtenm
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H3K4mel + H3K27me3

repressed enhancers in stem cells

H3K4mel enhancer
H3K4me3 active promoter regions
H3K4me2 Marks promoters and enhancers. Most CpG islands are marked by H3K4me2 in primary

cells. May be associated also with poised promoters.

H3K4mel + H3K27ac

active enhancer

H3K27Ac Enhancers, promoters

H3K36me3 Gene body - [H3K36me2 (which is distributed broadly in intergenic regions and weakly
transcribed regions, for moderate levels of DNA methylation); H3K36me3, which essentially
marks the actively transcribed regions, for high levels of methylation.]

H3K9me3 KOHCTUTYTUBHbIN reTepoXpoMaTuH

H3K27me3 dhakynbTaTUBHLIN reTepoxpomMaTuH

H3K79me2 H3K79me2 is a mark of the transcriptional transition region - the region between the
initiation marks (K4me3, etc) and the elongation marks (K36me3).

H4K20mel Is associated with active and accessible regions. In mammals, PR-Set7 specifically

catalyzes H4K20 monomethylation. NOTE CONTRAST to H3K20me3 which is assomated
with heterochromatin and DNA repair.




MeTunnpoBaHue NTM3NHOB

H3C\ H3C\ H3C\ _CH,
*NH +*NH +NH-CH +NZ
’ ’ ’ CH
3
PKMTs PKMTs PKMTs
SAM SAM SAM
~ PKDMs ~ PKDMs ~ PKDMs
HN HN HN HN
0]
lvsine monomethylated dimethylated trimethylated
y lysine lysine lysine

Protein lysine methyltransferases (PKMTS)
3apag +1 He MeHsaeTcs
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Histone Methylation Domains

EI H|st0ne Methyltransferase (HMT) - Histone Methylation Reader
. g;:ﬁ_ET {Me Reader)
- SET1 ADE
- SET2 ~ Ankyrin
- RIZ "~ BAH
L E2Z - Chromodomain
- SUV39 - PWWP
sSuv4-20 -~ TTD
~SMYD ~ Tudor
- HMT_other -~ WD40
& Histone Demethylase (HDM) EE;:W
L=kt LRl - Chromo-Barrel
- JHDM1 - MBT
- JHDM2 - Me_Reader_other
-~ JHDM3_JMID2
~ PHF2_PHF8
-~ UTX_UTY

~ImiC only http://weram.biocuckoo.org

HDM

PHD

‘N

e_Reader ")

TT0 Tudor WD40 ZFCW

A o a
2R R ¥

76
Chromo-Barrel DCD MBT


http://weram.biocuckoo.org/

AunnupoBaHue (aLeTUIMpoBaHue)

?
O -
+ |
” Tna T -C—CH;
&
(l:l-lz (|2H2 ,'\_;Bromodomaﬁil}

R 1/ ~ R 2 ?Hz Curcumin ?H2

CH2 CH;
W i
| HAT | Therapy

—CH—"= = —CH-—
Lys HDAC Ac-Lys

Butyrate Resveratrol
TSA Calorie restriction
Vorinostat

Physical exercise

Nerve stimuli

Immune activity

High-salt diet?

Smoking?

10.1038/sj.0onc.1210599 Stress? 77



*
Gene transcription

DNA repair
DNA replication

KAT

v

&

KDAC

Gene transcription

DNA repair
DNA replication
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Histone Acetylation Domains

El Histone Acetyltransferase (HAT)
.~ p300_CBP

- MYST

- HAT other

- GCN5

-~ HAT1

-~ HPA2

-~ ELP3

- GNAT_other

p300_CBP

EI H|stcme Deacetylase (HDAC)

- Class-I :

- Class-II - Histone Acetylation Reader
. SIR2 (Ac_Reader)

Class-TV - Bromodomain

- HD2 - Tandem-PHD
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HDAC/HAC inhibitors

Number of investigational and approved agents that : N .
target HDAC proteins Multiple HDACi-activated antitumor pathways

HD:“ i| Class IV

Growth Arrest Anti-angiogenesis
-1 p21 - 4 HIF-1a function
- 4 Cydlins -{ VEGF
Class lib -
Extrinsic Apoptosis Autophagic Cell Death
Pathway - Autophagic vacuoles
- T Death receptors Mitotic Cell Death
- T Death receptors - Histone acetylation
_ ligands - Mitotic failure
Intrinsic Apoptosis Senescence
Fathw_ayr ) - Polyploidy
- + Anti-apoptotic factors - Cell eycle withdrawal
Class | - T Pro-apoptotic factors
Class lla - 4 Mitochondrial ROS Facilited || HDAC6-related effects
transmembrane Cell Death -1 HSPAO function
potential -trROS - PP1 activation
10 4T - 4 Akt function
| a 4 -TTBP2 - Tubulin acetylation
Number of investigational agents that target each HDAC protein . .- . .
Number of approved agents that target each HDAC protein .

https://doi.org/10.1038/sj.onc. 1210620, https://doi.org/10.1111/bcp.14889 80
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Zolinza®

(vorinostat) capsules
Each capsule contains

100 mg vorinostat. CB
| 3

rz:%apsules 100mg

0:0 MERCK SHARP & DOHME

BopuHocTaT - MHMOUTOP rMcToHAealeTUnas,
MCNOSb3YIOLWMNCS B KAYEeCTBE NIeKapCTBEHHOIO
cpefcTtsa npu tepanun T-KNeTo4YHOMN NIMMJQOMBI
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HDACI

Drug name

Abexinostat

Fimepinostat (CUDC-

907)

Quisinostat
(JNJ26481585)

Ricolinostat (ACY-
1215)

Trichostatin A

Nanatinostat (VRx-
3996)

CG200745
Pracinostat
Resminostat

CuDC-101

MPTOE028

Enzyme
specificity

HDAC1, 2, 3,6,
10

HDAC1,2,3,10

HDAC1,6,9

HDAC 6

HDAC7,8

HDAC 9

HDACY, 11
Pan-HDAC
Pan-HDAC

Pan-HDAC

Pan-HDAC

Indications investigated

DLBCL, MCL, AML, ALL, FL, RCC, MDS,
sarcoma, skin cancers, NSCLC

Lymphomas, brain tumours

Ovarian cancer, CTCL, NSCLC

MM, DNP, lymphomas, BC, gynaecological
cancers, CLL

Haematological cancers

EBv-associated malignancies

MDS, pancreatic cancer
MDS, AML, MF, PC, sarcoma
CTCL, HCC, HL, CRC, pancreatic cancer, NSCLC

Advanced solid tumours

Advanced solid tumours

https://doi.org/10.1111/bcp.14889

Highest CT
phase

Phase 3

Phase 1/2

Phase 2

Phase 2

Phase 1

Phase 1/2

Phase 1/2
Phase 3
Phase 2

Phase 1

(discontinued)

Phase 1

Drug name

Tacedinaline
(CI-%94)

Entinostat

Domatinostat

RG2B33
Givinostat

KA2507

Mocetinostat

QBP-801

AR-42

Chemical
class

Benzamide

Benzamide

Bemzamide

Benzamide
Benzamide

Cyelic
peptide

Benzamide

Cyelic
peptide

Benzamide

Enzyme
specificity

HDAC 1

Class 1
HDACs

Class 1
HDACs

HDAC 3
Pan-HDAC

HOAC 6

Pan-HDAC

Pan-HDAC

Pan-HDAC

Indications investigated

Solid and haematological cancers

PC, BC, BIC, AML, CRC, LL, RCC,
melanoma, NSCLC, gynaecological
cancers, NS tumours, MDS, pancreatic
cancer, NE tumours

CTCL

Friedreich's ataxia
MDs, PV, JIA

Melanoma
LI, NSLC, HL, DLBCL, FL,
leiomyesarcoma, melanoma

LC, lymphoma, RC, glaucoma

RCC, sarcoma, meningloma, V5, AML

Highest CT
phase

Phase 3
(discontinued)

Phaze 2

Phase 1

Phase 1
Phase 2

Phase 1

Phase 2

Phase 1a

Phase 1
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MeTunupoBaHue aprMHMHOB
B

- \%974’ | !
SGRGKGGKGLGKGGAKRHRKVL S0 — mettylarginine
Ol

H;N%%y,N\\ HN%%J,NH

asymmetric symmetric
dimethylarginine dimethylarginine

(A) Arginine residues in the tails of histones can be
monomethylarginines (MMA), asymmetric
dimethylarginines (ADMA), and symmetric
dimethylarginines (SDMA). The MMA form of arginine

LA~ ‘ : l/
SGRGKQGGKARAKAKSRSSRAGI“%Z%A Is generally regarded as an intermediate on its way to

- the dimethylated state and is not depicted here. (B) The

1 Activating Mark $ ADMA
. Repressive Mark e SDMA

activator activity.

https://doi.org/10.1016%2Fj.febslet.2010.11.010

known sites of histone H3, H4, and H2A arginine
dimethylation are shown. Red denotes transcriptional
repressor activity and green denotes transcriptional
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HZB

H4
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residue
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516
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(5¢c)/5139(Hs H2AX)

Y142 (H2AX)

S10 (Sc)/S14 [Hs)

532

536

51

547

ST

Kinases

Mecl, Tell (Sc) / ATM, ATR, DNA-PK (Hs)

RSK2
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Mstl
WSTF
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CDE2
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DNA repair
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DNA repair
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Meiosis

EGF signaling
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DNA repair, Transcription
Meiosis, Transcription

(H3.3-H4) Deposition

Mitosis
Transcription

Hi

-\\\ e \ HGY

O 0

phosphoserine threonine phosphothreonine

HO D;\‘\ o
P
0
1 1
L] 1
tyrosine phosphotyrosine
T3 Haspin Mitosis
Th PRCB Transcription
510 Ipll (Se) f AuroraB [Hs), RSKZ, MSKL, Transeription. Chromatin condensation.
ERKL p38, Fyn, Chkl, PRK1 UVH response
Tl Mek1 (Sc),/ Dk (Hs. 7) Meiosis (Sc). Mitosis (Hs)
PREL, PEMZ Transcription
Chkl DNA damage response
528 AureraB, ERK1/2, p38 Meiosis
MLTH-c [NK1/2, MSK1 Mitosis, Transcription
T4l 1AKZ Transcription
T45 PH-CE Apoplosis

84



Model of site-specific ubiquitination in the DNA
damage response
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wp Distance from the break site [kb]
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NCP positioning

DNA flexibility

N

Genome regulation

NCP instability
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Transcription
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PemogenupoBaHne xpomatmHa - 3TO OUHaMmyeckas mMoauvduKaumst apxXUTekTypbl XpomaTuHa,
obecneunBatowas goctyn 6enkoB K KoHAeHcupoBaHHOWM reHomHon [OHK u Tem cambim
KOHTpoSniMpylolLas 9KCNpPeccuo reHoB. Takoe pemogenvpoBaHMe B OCHOBHOM OCYLLECTBASETCH
nyTem

1) KoBaneHTHbIX MoauUMKauunm TUCTOHOB  creunuyeckmmm  epmeHTaMmn,  Hanpumep
rMcToHaueTunTpaHcgepasamu (HATS), geaueTunaszamu, MeTunTpaHcgepasamn n KMHasamu, u

2) AT ®-3aBUCUMBIMMN KOMMNJIEKCAMU peEMOOENMPOBAHNSA XpoOMaTnHa, KoTopble NMbo nepemeLlator,
BblbpachkiBatloT, MO0 PeCTPYKTYPUPYIOT HYKIEOCOMbI.
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Hox-reHbl
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Polycomb repressor group proteins

Wild type Polycomb
mutations

Anterior Posterior

b
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Developmental genes (e.g., Hox genes)
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Polycomb repressor group proteins
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PcG-mediated transcriptional repression
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Heterochromatin protein 1 (HP1)

Heterochromatin protein 1 (HP1) is an
evolutionarily conserved chromosomal protein
that binds lysine 9-methylated histone H3
(H3K9me), a hallmark of het- erochromatin, and
plays a crucial role in forming higher-order
chromatin structures. HP1 has an N-ter- minal
chromodomain and a C-terminal chromo
shadow domain, linked by an unstructured
hinge region

A series of in vitro biochemical analyses
demon- strated that HP1 CD preferentially
binds H3K9me3 over H3K9me2 or H3K9mel,
and that each HP1 iso- form’s CD displays a
different binding affinity for H3K9me3

HPla
HP1p
HPly

HPla
HP1p
HPly

HPla
HP1p
HPly

HPla
HP1p
HPly

1 MGKK-TKRTADSSSSEDEEEYVVEKVLDRRVVKGQVEYLLKWKGFSEEHNTWEPEKNLDC
1 MGKKONKKKVEEVLEEEEEEYVVEKVLDRRVVKGKVEYLLKWKGFSDEDNTWEPEENLDC
1 MGKKONGK-SKKVEEAEPEEFVVEKVLDRRVVNGKVEYFLKWKGFTDADNTWEPEENLDC

60 PELISEFMKKYKKMKEGENNKPREKSESNKRK--SNFSNSADDIKSKKKREQSNDIARGF
61 PDLIAEFLOSQKTAHETDK------, SEGGKRKADSDSEDKGEESKPKKKKEES-EKPRGF
60 PELIEAFLNSQKAGKEKD----====~ GTKRKSLSDSES--DDSKSKKKRDAA-DKPRGF

118 ERGLEPEKIIGATDSCGDLMFLMKWKDTDEADLVLAKEANVKCPQIVIAFYEERLTWHAY
114 ARGLEPERIIGATDSSGELMFLMKWKNSDEADLVPAKEANVKCPQVVISFYEERLTWHSY
108 ARGLDPERIIGATDSSGELMFLMKWKDSDEADLVLAKEANMKCPQIVIAFYEERLTWHSC

178 PEDAENKEKETAKS .
174 PSEDDDKKDDKN-- I Chromodomain
168 P-EDEAQ------- I Chromoshadow domain

10.1093/jb/mvu032
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Systematic Protein Location
Mapping Reveals Five Principal
LIBeTa xpomMaTuHa Chromatin Types in Drosophila Cells

Guillawme J. Filion, "% Joke G. van Bernmed,'-* Ulrich Braunschweig,'-* Wendy Ta]nnul ! Jop Kind," Lucas D. Ward 4.8
Wim Bruegman,® Inés J. de Castro,"” Ron M. Kerkhoven,® Harmen .. Bussemaker,™* and Bas van Steensel'-*

53 npoduns 6enKoB Ha XxpoMaTuHe nocne Dam-MeTUANPoOBaHNS
(npeHTMdnkauma JHK-ageHUH-MeTUNNPoBaHMA) 06 beanHEHbI B
LBETa XpomMaTtuHa:
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BLUE and GREEN Chromatin Correspond to Known Heterochromatin Types

GREEN chromatin corresponds to classic heterochromatin that is marked by SU(VAR)3-9, HP1, and
the HP1-interacting proteins LHR and HP6.

BLUE chromatin corresponds to PcG chromatin, as shown by the extensive binding by the PcG
proteins PC, E(Z), PCL, and SCE.

BLACK Chromatin Is the Prevalent Type of Repressive Chromatin

BLACK chromatin is overall relatively gene poor

BLACK chromatin is almost universally marked by four of the 53 mapped proteins: histone H1, D1,
IAL, and SUUR, whereas SU(HW), LAM, and EFF are also frequently present

YELLOW and RED Chromatin Are Two Distinct Types of Euchromatin

Genes with universal cellular functions such as “ribosome,” “DNA repair,” and “nucleic acid
metabolic process” are almost exclusively found in YELLOW chromatin (Figure 6B), whereas genes
in RED chromatin are linked to more specific processes such as “receptor binding,” “defense

1

response,” “transcription factor activity,” and “signal transduction”
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Ponb ANnnHHbIX Hekoaupyrowmx PHK

OnuHHble Hekogmpytowme PHK (gHKPHK, IncRNAs) — Hekoampytowme PHK, koTopble Kak npasusio
nmetoT annHy 6onee 200 HykNeoTNOOB, M pacnofnoOXeHbl B SApe Unn B UUToNnasme.

L n CBOO k 2 . O Integrating human long non-coding RNAs with multi-omics annotations

Y TR T e B

|

LncBook accommaodates a high-quality collection of 95,243 human IncRNA genes and 323,950 IncRNA transcripts, and incorporates their abundant
annotations at different omics levels, thereby enabling users to decipher functional signatures of IncRNAs in human diseases and different biological
contexts.
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Epigenetic genome wide reprogramming
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Epigenetic genome wide reprogramming
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Non-imprinted genes
Transcription
Gene 3 mR
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Imprinted genes

5 3 Expresses only in male
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OR
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Bl Maternally expressed gene
Maternal
——_—m- Il Paternally expressed gene
N m ] Repressed gene
Peg3 Bl Bi-allelically expressed gene
b T Unmethylated ICR
Motemal et b sl Loy | 20098 eyt
Igf2r Slc22a2 Sic22a3
@Y Unmethylated ‘secondary' DMR
[ R M M —
Aim Sic22af ?9? Methylated 'secondary' DMR

Figure 1 Examples of directly and indirectly regulated imprinted regions. Schematic representation of the (a) Peg3 imprinted gene on chromosome 7 and
(b) the Igf2r imprinted cluster on chromosome 17. The expression status of the genes on the maternal and paternal alleles is illustrated; active promoters
are represented by horizontal arrows. (a) The differentially methylated ICR established during germ cell development is located at the promoter of the Peg3
gene and directly regulates the monoallelic transcription of this gene. (b) The maternally methylated ICR indirectly regulates the monoallelic expression of
the adjacent genes at this locus, partially mediated by the monoallelic methylation acquired at the nearby secondary DMR at the /gf2r promoter.

10.1038/hdy.2014.54
e, e
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AN EXAMPLE OF IMPRINTING

Genes from mom:

Igf2 Igf2 receptor - ON

Igf2 - OFF

Q

Genes from dad:
Igf2 receptor - OFF

Igf2
gf2 receptor Igf2 - ON

In mammals, the growth factor Igf2

) In mice, the genes for Igf2 and the Igf2
interacts with the Igf2 receptor.

= receptor are both imprinted.

A
Deleting the mother’s Igf2 j?g“-'.o \
receptor gene produces overly > i Deleting the mother's Igf2
large offspring. & receptor gene AND the
—-— father’s Igf2 gene produces
normally sized offspring.
Deleting the father’s Igf2 gene )
produces dwarf offspring. : ' ,l

The imprints on the Igf2 and 1gf2 receptor genes normally cancel each other out. Changing the
imprint on one copy of the gene has a dramatic effect on the size of the offspring. This result
supports the genetic conflict hypothesis
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