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Epigeneticka informace

Mitoticky | meioticky dedené zmeny genove exprese,
kKteré nesouvisi se zmenou primarni struktury DNA

Epigenetickou kontrolu zprostredkovavaji
* modifikace makromolekul; DNA a histonu:

METHYLACE DNA

MODIFIKACE (methylace, acetylace, fosforylace,

ubiquitinace) histonovych proteint
* malé a nekodujici molekuly RNA
 architektura chromatinu
|

Regulace aktivity a exprese genu béhem vyvoje a diferenciance,
reakce na zmeneneé podminky

Spojka mezi genotypem a fenotypem
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prevzato z: Ariv et al., Hypertension Res 2019
doi: 10.1038/s41440-019-0248-0



Historie terminu epigenetika

Epigeneze — Aristoteles, 384-322 pr. n. |.
individualni vyvoj organismu souvisi s postupnym
rustem jejich komplexity (individualni tvorba tvaru béhem
ontogeneze)
X
Proreformismus — ontogeneze je fizena predem danymi strukturami

individualni (ontogeneze; tvorba a vyvin tvaru

béhem zivotniho cyklu individua)
/ R R,
VYVOJ \
BS
\ﬁ\
ﬁ%z

historicky (evoluce,fylogeneze; fixace tvaru — selekce, genetika)




Historie terminu epigenetika

Jean Baptiste Lamarck (1744-1829):.

« prvni pokus o vyklad evolucni teorie

« priroda se pod tlakem podminek vyviji — teorie adaptivni evoluce
« adaptivni zmény jsou dédicné (teorie dédiCnosti ziskanych znaku)

August Weismann (1834-1914).

« sledovani dedicnosti indukovanych zmén v somatické draze

 teorie divergence zarodeCné a somatické drahy — Weismannova
bariéra

Conrad Hal Waddington (1905-1975):

« epigenetika®, vysledna podoba organismu neni predem
absolutne dana, vznika postupnymi kreativnimi procesy

« epigeneticka krajina”



epigeneticka krajina
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Richard B. Goldschmidt (1878-1958)
« fenotypova zmeéna souvisi s vlivy prostredi
« vznika jen omezeny pocet fenotypu


http://chreoda.nosquare.net/?page=chreoda&action=history&time=20080812-1446.bak
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Pfevzato z u€ebnice Molecular Biology of the Cell (© Garland Science 2008), obrazek 4-20



Figure 8-10 How does DNA pack so tightly into the nucleus?
Histone proteins pack DNA into small, tight nucleosomes; strings of |
nucleosomes fold and loop to form chromosomes small enough to fit |
into the nucleus. The positively charged histones attract the nege- |
tively charged DNA and the two molecules form nucleosomes. Each |
nucleosome contains a 146-nucleotide long stretch of DNA and 8 his- |
tone molecules.

Pfrevzato z u€ebnice Molecular Biology of the Cell (© Garland Science 2008), obrazek 8-10




Short region of
DNA double helix

“Beads on a string”
form of chromatin

30-nm chromatin
fibre of packed
nucleosomes

Section of
chromosome in an
extended form

Condensed section
of chromosome

Entire mitotic
chromosome

1,400 nm

dostupné na:
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https://www.quora.com/

two dimers
bind to H3-H4
tetramer

histone
octamer

{N

Pfrevzato z u¢ebnice Molecular Biology of the Cell (© Garland Science 2008), obrazek 4-26



Stavy chromatinu

Heterochromatin — vysoce spiralizovany (kompaktni) chromatin;
transkripCné neaktivni geny, repetitivni sekvence;
oblast centromer, pericentromer a telomer
Konstitutivni a fakultativni heterochromatin
(methylovana DNA, deacetylované histony,
specificka methylace histonu)

DNA Nucleosome

Heterochromatin

Euchromatin — rozvolnéné

usporadani, obsahuje . Y P—
transkribujici se geny ”
(nemethylovana DNA,

acetylované histony, Euchromatin

specificka methylace histonu)

2 o
¥¢ Histone modifications

prevzato z: Adock et al., Respiratory Res 2006 13
doi:


http://dx.doi.org/10.1186/1465-9921-7-21

Methylace DNA
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Methylace DNA

Modifikace cytosinu v poloze 5, nejCastéjSi modifikace
DNA u eukaryot

Postreplikativni modifikace

MNH, NH,
N,Jsj DNMT NZ | CHs
P 7 oPn
H SAM-CH: SAH H
Cytosin 5-methylcytosin

NH,

N
T
L
0 Me O
©0 T ® L
NH, OH

SAM — S-adenosyl-methionin; v transmethylacni reakci se konvertuje
na S-adenosyl-homocystein 15

Pfevzato z u€ebnice: B. Vyskot, Epigenetika (UP Olomouc, 2010)



Methylace DNA

Distribuce methylace v genomech:

Methylace C v symetrickych sekvencich — kliCove pro
dedicnost methylacniho obrazu
- CpG (dublety)
- CpHpG (triplety; rostliny; H =A,T,C)

a DNA = R DMA T T
replicaton ~ C_ G  methylation Cw &
> >
I G C G Cp
;! i i —— —
Cn: G Hemimethylated
G G, template
| o C G . Cn G
G C, G G,
=1 -

pfevzato z: Chan et al., Nat Rev Genet 2005
doi.org/10.1038/nrg1601
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Methylace DNA

Distribuce methylace v genomech:

Methylace C v asymetrickych sekvencich
(rostliny, omezené u Zivocichu)

DNA T DNA =
| replication > Cnm methylation . G
T G G
- L
Cm prevzato z: Chan et al., Nat Rev Genet 2005
G Active siRNA doi.org/10.1038/nrg1601
L Ty or chromatin =
| i signal C.
= -
G G
- - L

17



Methylace DNA a exprese genu

dostupné na:
[vid. 19.6.2023]

UMLCENI GENU
/ \
TRANSKRIPCNI POSTTRANSKRIPCNI
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Genes inactivated by DNA methylation
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o Unmartyiated
- inaktivni promotor
(Zadny transkript
nebo pouze malé
mnozstvi)

- methylace DNA v
oblasti promotoru

- normalni transkrip€ni
aktivita promotoru

- nestabilni transkript

- methylace DNA v
transkribované oblasti
(hlavné na 3’konci genu)



http://mmg-233-2014-genetics-genomics.wikia/

Zivoéisné DNA methyltransferazy

Udrzovaci (maintenance):

+H.H+HH+H.H. methylace hemimetylovanych

e .. . laken po replikaci DNA;

methylation lnmt;, cytosiny v symetrickych
motivech (spravny embryonalni

vyVvoj, imprinting, inaktivace chr. X)

de novo: methylace dosud
nemethylovanych useki;
musi existovat podnét (treba
pritomnost regulacnich molekul

DNA : Maintenance
methylation

zf?vlz(ftl"l ;:G/B",d A S;'seg‘;z 1592‘;87 RNA-dokazano pouze v rostlinach;
O1:10. sclence. . . . .
Interakce DNA-DNA v repeticich;
Dnmt2 - u savcd, rostlin; '
Drosophila — slaba non-CG methylace v ¢asnych neObekle stru ktury DNA)
fazich vyvoje;
S. pombe — mutace, kdduje nefunkéni
protein, ale je exprimovan DnmtL — DNA methyltransferazovy motiv, katalyticky inaktivni
2006 - v savc€ich burikach Funkéni kooperace s Dnmt3a/b, nezbytna pro genovy imprinting

methyluje tRNA (Asp) 19



Rostlinné DNA methyltransferazy

MET1 (Methyltransferase 1) - udrzovaci methylace cytosinu v dubletech CG;
homolog Dnmtl

CMT2/3 (Chromomethylase 2/3) - methylace cytosinu v tripletech
CHG; unikatni pro rostliny

DRM2 (Domains Rearranged Methyltransferase 2)

A. thaliana

//\\

De novo
e 88 cc./-\cm

Maintenance \ / \ / mc, \CuC
® @ © ©®

pfevzato z: Yaari et al., Nat Commun 2019
doi: 10.1038/s41467-019-09496-0

(DDM1 (Decrease in DNA methylation 1) — kdduje protein, ktery je
soucasti komplexu remodelujiciho chromatin,
role v udrzovani CG i non-CH methylace)

20



Demethylace DNA

1. PASIVNI — ne-funkce udrzovacich methyltransferaz

Inhibitory DNA methyltransferaz

Analogy cytosinu:
NH,

NH,

=N

»

<5 S A

N O
OH HO
0. 5
OH OH OH
5-aza-deoxycytidine zebularine
DHPA:
MH-
I AR
NL | x} methionin homocystein
SN l -f ' o
N NH, DHPA SAH hydLO,ljza Prof. Antonin Holy
HO SAM SAH . ¢
3) D ﬁ
DNMT - /K
HO N/&O H o
H

(S)-9-(2,3-dihydroxypropyl)adenin
(inhibitor SAH-hydrolazy) cytosin 5-methylcytosin 21



Demethylace DNA

2. AKTIVNI (v rostlinach)

DEMETER (DME)
REPRESOR OF SILENCING (ROS)

DNA glykosylazova doména — odstrani 5-mC, lyaza otevie vlakno.
Polymerazy a ligazy doplni mezeru.

DME — vyvoj rostliny; kontroluje parentalni imprinting
genu v endospermu — hypomethylace promotort maternalnich
alel gend MEA (regulator vyvoje endospermu) a FWA
(transkripCni faktor, podili se na kontrole doby kveteni).

ROS — uvolnhuje TGS transgenu s

hypermetylovanymi promotory W
Q y

pfevzato z: Kim and Zilbermann, Trends Plant Sci 2014
doi: 10.1016/j.tplants.2014.01.014




Demethylace DNA

2. AKTIVNI (v zivoéisnych burkach) TET — methylcytosine
dioxygenase

- TDG /BER
thymin DNA glycosylase /

ﬁ\ m. \ﬁ\ /J% —— (Gene regulat|on| base excision repair

NH, NH,

DNA
C 5-mC
: k
TDG/BER E
' ] 5-hmC
‘O NH, O NH; NH; 2006 — objeven v mysich
0 WO 1ere  HO a lidskych mozcich

/&‘_ /&‘_ /‘\\‘—

Funkce (?) v regulaci exprese

DNA DNA DNA genu, korelace s acetylaci histonu
5-caC 5-fC S-hmC (pozitivni epigenetické znacka)
dostupné na: 23
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http://he-group.uchicago.edu/

ROSI  DME  DML2  DML3

Plant Mammals
.*1;'3 \“
SPLPIONEPUN. SO OEION
DNA Methylation DNA Methylation
de novo Maintenance de novo. Maintenance
| - 'DNMT3A | —
;—'b——DRM2} —t MET1 (for CG sites) ] ‘ 7DNMT1
ninat— —{ CMT3 (for CHG sites)] - DNMT3B N
DNA Demethylation
DNA Demethylatlon iy AT
APOBEC TET

AID \ / TDG

[ Base excision repair (BER) pathway J

prevzato z: Elhamamsy, Cell Biochem Funct 2016
doi: 10.1002/cbg.3183




Zmeny methylace DNA béhem vyvoje - savci

- Male genome
- Female genome

Relative DNA methylation level

E7.5 E135 Birth Fertilization Implantation

- > - >
Gametogenesis Embryogenesis

prevzato z: Zeng and Chen, Genes 2019
doi: 10.3390/genes10040257



Zmeny methylace DNA béhem vyvoje - rostliny

Whole plant: 24.0% CG, 6.7% CHG, 1.7% CHH

Inflorescence: 27.8% CG, 12.1% CHG, 5.8% CHH

Opened flower

Shoot 1: ~21.9% CG, ~6.9% CHG, ~1.8% CHH
Shoot 2: 22.3% CG, 5.9% CHG, 1.5% CHH

Rosette leaf 1: 22.1% CG, 6.4% CHG, 2.0% CHH
Rosette leaf 2: 32.8% CG, 15.7% CHG, 4.6% CHH

Root: ~21.6% CG, ~6.5% CHG, ~1.8% CHH

\

/1 <<Cae=-

( O Ll
»

| Dry seed
Segdling
Adult plant

Seedling: 22.6% CG, 7.7% CHG, 2.4% CHH

Female gah\etophyte

<=~

Vegetative nucleus 1: 29.3% CG, 15.0% CHG, 5.4% CHH

0 (N " Vegetative nucleus 2: 26.9% CG, 13.0% CHG, 4.0% CHH
\sc/ oy A Sperm cell nuclei 1: 31.4% CG, 12.3% CHG, 1.6% CHH
\sC/ . Sperm cell nuclei 2: 31.2% CG, 12.7% CHG, 2.1% CHH
\\\
Male gametophyte
\
=Y \
\
0 \
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|
1
1
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= 1
Ceen N H
o N

N ll-- Central cell nucleus: 26.6% CG, 12.6% CHG, 3.7% CHH
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Endosperm: 20.9% CG, 8.9% CHG, 2.8% CHH

Embryo 1: 26.9% CG, 10.6% CHG, 4.4% CHH
Embryo 2: 27.5% CG, 10.7% CHG, 4.5% CHH

Ws-0 seed: 23.8% CG, 8.0% CHG, 0.9% CHH

Greenseed

Postmature green seed: 25.0% CG, 8.5% CHG, 2.7% CHH

Dry seed: 25.9% CG, 8.5% CHG, 2.9% CHH

prevzato z: Han et al., Plants 2019
doi: 10.3390/plants8120564



Modifikace histonu

Methylace - napf¥. lysin v poloze 9 na histonu H3 (H3K9)

Distribuce euchromatinovych a heterochromatinovych zna¢ek v Arabidopsis thaliana
a mysi (podle Fransz et al., Chromosome Res 2006; doi: 10.1007/s10577-005-1022-5)

A. thaliana mys$
- Stupe - -
Modifika | = .| euchromati | hererochromat | euchromati | heterochromat

kyZin ce n in n in
Y mono - + +
H3K9 H3K9 di - + +

fiston H3 devaty lyzin od MN-konce tri + - - +
mono - + +
H4K20 di + - +

tri + - - +

5m-C - + - +

> Jde o druhoveé- a dokonce lokus-specificke,

dynamické modifikace -



Modifikace histonu

Acetylace — pridavek acetylové skupiny kompenzuje kladny
naboj lysinovych zbytku — oslabeni interakci mezi DNA a histony

4

Acetylovany chromatin — euchromatin
Deacetylovany chromatin — heterochromatin

Enzymy: histon acetyltransferazy

histondeacetylazy
Histone acetylation
(transcriptional activation) (Gene transcription )
» HAT
o N—H
KATs <G “‘ J“ ‘?:'"". ' '
< > Closed chromatin @ Open chromatin
Deacetylation by Histone deacetylation
\ HDACs \ (gene silencing)
/ 3 / ? @ 2006 Prous Science

H 0 H o]

Lysine Acetyl-lysine 28

dostupné na:
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https://api.semanticscholar.org/CorpusID:59440563

Writers, readers, erasers

Epigenetic
Tools

s

. v
Wiiters @ Readers

I oNwTs W wsos
‘VV i £ Tudor
WV PRMTs 0 PHD
W HATs [} Chromodomain
_ B Bromodomain

Writers introduces modifications
on DNA and histone tails

Readers binds to the modifications
using specialized domains

@ «

A —» Methylation
mark

» H2B & — H3 -’

] I Erasers
@ HKDMs
O HDACs

U A
¥,
N
\IA

Erasers remove the modifications
introduced by the writers

>

H4

——» Acetylation » S-methylcytosine

mark

T20°80°'8T0Z ‘eydle /9T0T 0T :10p

8107 |02ewlieyd [ Jng ‘oY pue semsig :Z ojezas,d
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Epigenetika a nemoci

Epigenetics Heart
. di
Metabolism e

Diabetes

Environment

Rare

diseases Cancer

Metabolic
syndrome

pfevzato z: Tzika et al., Front Genet 2018
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https://doi.org/10.3389/fgene.2018.00361

Genomovy imprinting

Imprinting Non-Imprinting
X
) | |
Material imprinting Transcriptionally active
v X
' | l |
Paternal imprinting Transcriptionally active

— Gene location ¢/ Transcriptionally active ~ ¥ Transcriptionally inactive

dostupné na:
[vid. 19.6.2023]


https://geneticeducation.co.in/the-molecular-mechanism-of-genomic-imprinting/?utm_content=cmp-true

Genomovy imprinting

Imprintovany klastr gent na v oblasti 11p15.5

- -

R Ty KCNQ1 CDKN1C
MAT /)
Tl IC2
v
- H3K9me3 and/or H4K20me3
uu BOuU v guvuu
H3K4me?2 and/or H3K4me3
WU CTCF [ POUSF1 O SOX ' ZFP57
© Enhancer O Uncharacterized TF
H3K9me3 and/or H4K20me3
H3K4me2 and/or H3K4me3
IGF2 DMR2 O
IC2
PAT ( /
IGFZ DMRO KCNQ10T1

pfevzato z: Monk et al., Nat Rev Genet 2019
doi: 10.1038/s41576-018-0092-0
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Beckwith-Wiedemanntiv syndrom

Beckwith-Wiedemann Syndrome

Potential Symptoms

organ and body
overgrowth

enlarged tongue

1/10500 - 13 700 novorozencu

abdominal
abnormalities

low blood sugar
(hypoglycemia)

too much insulin
(hyperinsulinism)

increased

: dostupné na:
cancer risk

[vid. 19.6.2023]
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https://www.verywellhealth.com/

Algelmanuv syndrom

oblast q11-13 maternalniho chromozému 15

@ @ @ @
Ewm X
Normal Normal Normal Normal
P M P M
Normal Deletion

1/ 15000 - 20 000 novorozencU

Prader-Williho syndrom:
Defekt ve stejné oblasti, gen SNRPN

(normalné je aktivni P kopie),
porucha funkce hypothalamu
extrémni problémy s krmenim nebo
extréemni chut K jidlu
snizeni svalového tonusu — problémy
S motorikou

Imprinting

Mutation

Center

UBE3A

® @
Normal Normal dostupné na:
Paternal
P P [vid. 19.6.2023]
UPD

novorozenci maji problém s pfijmem potravy
problémy s rovhovahou

motorické poruchy (nektefi nechodi)
zachvaty

poruchy spankového rytmu

usmevava tvar, trhané pohyby

~happy puppets” 34
(Stastné loutky)


https://cureangelman.org/

Epigenetika a nadory

Normal

* Epigenetics

Alteration
of epigenetic enzymes

*

. | » Histone modification

(@

J » DNA methylation

> Noncoding RNA Cancer

(@

J » Point mutation

» Deletion
» Amplification

prevzato z: Chen et al., Oncology Reports 2013
https://doi.org/10.3892/0r.2013.2913



Epigenetika a nadory

Developmental genes
heldinalow = | OERoUna RS oL % ] agemeemecccccececamcccamas
transcription state 1O Unmethylated CpG dinucleotide |
| @ Methylated CpG dinucleotide |
 © Hakame3 (active mark) :
1 © HaKz7me3 (repressive mark) |
Epigenetic modulation ‘ 4
of gene expression

during differentiation ‘

J

= DNA methylation mediated-silencing

of tumor suppressor genes
= Activation of stem cell pathways

pfevzato z: Tsai and Baylin, Cell Res 2011
doi: 10.1038/cr.2011.24



Epigenetika a nadory

Epigenetic-mediated
gene silencing in cancer

[ DNMT inhibitors
« Azacitidine
« Decitabine
\_* Zebularine

/"HDAC inhibitors

« Sodium phenylbutyrate
« Valproic acid

« Vorinostat (SAHA)

« Romidepsin (FK228)

« Entinostat (SNDX-275)
« Panobinostat (LBH589)
\__* Belinostat (PXD101)

Lineage commitment

Immunomodulation )

Modulate signaling pathways >

Reprogram cellular epigenetic ' _
alterations to inhibit cancer Programmed cell death /

prevzato z: Tsai and Baylin, Cell Res 2011
doi: 10.1038/cr.2011.24



Epigenetika a nadory

Small-molecule screen

In vitro functional, In vivo preclinical Clinical studies
genomic, and proteomic studies efficacy in cancer model phase |, II, and Il

b o

Prelifwaticn %
o %% 3 #
ey

Profiforation %

Drug ooncontration XS M

In development

DNMT; HDAC; JAK2; Aurora, PARP; BET

DNMT (Azacitidine and Decitabine); HDAC (Vorinostat an

Current States of Epigenetic Targets for Inhibitors

Preclinical Clinical trials FDA approved

prevzato z: Dawson and Kouzarides, Cell 2012
doi: 10.1016/j.cell.2012.06.013



Epigenetika a nadory

EPICUP — diagnosticky systém zalozeny na epigenetickém profilovani
Analyza methylace DNA — €asna identifikace primarnich nadort neznamého
puvodu (cancers of unknown origin — CUP)
Pocet vzorkl pro ,trénovani“: 2 790

Jvalidaci“: 7 691

38 typu nadoru, plati i pro velkou vétsinu metastaz.

Overall survival (%)

100

A

80

60

40

204

Specific therapy

Empiric therapy

T T T ]
4 6 8 10

Time since diagnosis (months)
prevzato z: Moran et al., Lancet Oncol 2016
doi: 10.1016/S1470-2045(16)30297-2



Epigenetika a nadory

Cancer Detection Methylation Marker Publications

Publication type

B ciricai Triais

g

Number of PubMed hits

- 2
o o = =)
TR TR [
& FELSE

N
§~\
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B/
7

-
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@fﬁﬁffff#fﬁ S

prevzato z: Ibrahim et al., Eur J Cancer 2023
https://doi.org/10.1016/j.ejca.2022.10.015



https://doi.org/10.1016/j.ejca.2022.10.015

Epigenetika a nadory

- Cases
Controls
False negatives
False postives

Mean methylation controls
Cut-off
Mean methylation cases

pfevzato z: Ibrahim et al., Eur J Cancer 2023


https://doi.org/10.1016/j.ejca.2022.10.015

Epigenetika a zavislosti

Development,
ageing

Individual
difference
@)

erll.
L)

DNA epigenetic
signature

DNA epigenetic
dynamics

Prevzato z: Kaplan et al., Front Genet 2022
doi: 10.3389/fgene.2022.806685



Dékuji za pozornost

i Oh, hey! How hav e
you been,me}hyﬁ
] have this great
_ idea for a pntein
I want h make.
Is 3ovma be So

Cool - just you wait
and see. [+'1\ have
all thee amine

acdsand a hohly
compley Structure
that will ymake (-

If they ask you anything you don’t know, just

say it's due to epigenetics.

blog post by Caroline Relton

Shhh.. no.

Ancther gene silenced.
-Battria the Biologist

@ Pinterest



