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Epigeneticke reprogramovani u savcu

* Ke kompletnimu odstranéni
epigenetickych znacek dochazi

béhem vyvoje u savcl 2x
* Ranna faze embryonalniho vyvoje

* Vyvoj zdrodecnych bunék

= doba sensitivity k vliviim prostredi je
nejsilnéjsi v obdobi specifikace
zarodecnych bunék a nasledné v prvni
fazi meiozy (druhd faze-dozravani
oocytl a spermii, u ¢lovéka se lisi-zeny

8-10 let, muzi 9-12 let)
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Rozdily ranného a PGC reprogramovani
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Epigeneticke reprogramovani u savcu —
repetice a imprintovanée lokusy
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Epigenetické reprogramovani zarodecnych
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Methylace na ICRs oblastech reguluje expresi
imprintovanych lokus(- DMRs (=, differentially

methylated regions”)

Lokusy liSici se urovni methylace mezi vzorky
nebo alelami navzajem

* tDMR - bunécné specifické

* cDMR —rakovinné

* dDMRs - vyvojové

* rDMR - reprogramované

* AMR - alel-specifické

* aDMR — vékové specifické

Uloha maternalnich faktord



Aktivita DNMT and TET enzymu behem

reprogramovani
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differentiation

s DNMT3A
DNMT3B
ssssssssss—— DNMT3C

eessss—— ET1

Fertilization ;' Birth

| Sperm : , , . ‘I‘ % , . '

100 xﬁo ' Mz%ﬁe Ranny vyvoj stem cells A B PGC vyvoj fr— N

| ¥ 'Muroidea
75 DNMT1 excluded ¥, '
Fok from nucleus e ;
g : y :
™ 50 ~1 : Q{ :
: O | '
> ' |\ [
= : '
8 | Epiblast :
O . extra-embryonic :
8- ¢ s tissues :
0 E Blastocyst ~  TEEENO A LPF T mmoetees pesees [feeen-
: J L
| 1] ] ] 1y ]
Mouse: E0.5 E3.5 E6.5 E13.5 Owulation
Human: EO0.5 EB El4 W7-10 Owulation

TET3, DNMT 3a, 3b — de-novo methylace
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Greenberg 2019



Epigeneticke reprogramovani u savcu shrnuti

Zarodecné bunky
*  Paterndlni a maternalni genomy maji
odstranény vsechny znacky (reset)

* Repetice jsou umléeny

* Imprintované geny maji odstranény

imprinting
*  Vyhradné ve vajicku

*  Vyhradné ve spermiich

Pre-implantacni perioda

*  Paterndlni a maternalni genomy maji
odstranény vsechny znacky (reset)

*  Repetice zUstavaji umlceny

* Imprintované geny si ponechavaji
imprinting dle pdvodu (uloha

maternalnich proteint)
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Epigenetické zmeény navozené umelym zasahem

e PUsobeni prostredi
e Zmeény prostredi v pribéhu sensitivni periody
 Overkalix
* Holandsky hladomor = ,thrifty phenotype”

* Dieta, maternalni péce aj.

* Védecky- nebo klinicky-navozené zmeény
* ART, klonovani, somatické reprogramovani



Maternalni programovani epigenetickych stavu

Maternalni péce jako model ,experience-dependent” chromatinové plasticity

- re
materska péce o novorozence

(lizani a mazleni)

SPATNA MATERSKA PECE

DOBRA MATERSKA PECE
vysoka exprese genu kodujiciho nizka exprese genu GR,

glukokortikoidni receptor - DNA-metyltransferaza STRESOVA PSYCHIKA
STABILNI PSYCHIKA DOSPELEHO DOSPELEHO POTOMSTVA

POTOMSTVA (Ac = acetylace histonu) (CH; = metylace DNA)




Historie

epigenetického
reprogramovani

Study of teratocarcinoma

cell lines
SCNT developed Cloned frogs from
in frogs differentiated cells
1950 1960 1970
| | |
—— Al
2006 2007 2008
First iPSCs Improved iPSCs with Human iPSCs
generated germline contribution generated

Sox2

Integration-free
iPSCs reported

Treatment of mouse disease

models with iPSCs

"'*.MyoD reprograms
fibrobiasts to muscle

" Mouse ES celis

isolated
1980 1990
| I
2009 2010
Transdifferentiation

acinar to f cells

Dolly the sheep

Human ES First iPSCs
cells isolated generated

2000 2006 201(¢

|
4

2011 2012

Transdifferentiation
fibroblasts to neurons

Reprogramming barriers
identified (cell cycle, Tgf-B, Nanog
differentiation, and chromatlin state, etc.

Proof-of-principle studies

of disease modeling with iPSCs

Hochedlinger 2015



Epigenetické reprogramovani v somatickém
bunecnéem jaderném prenosu (klonovani) — ovecka
Dolly

* Fuze bunky izolované z vemene genetické

Scottish Blackface Finn-Dorset

(Cytoplasmic Donor) (Nuclear Donor)
& ] matky (Fin Dorset) a matky vajicka (Blackface)
j I% "‘ \ L . - v ré N4 erv v V Y 4 /7 V4
e Odstranéni bunky vajicka pred fuazi, nasledna
Enucleation Mammary Cells

stimulace déleni — embryo vlozeno do dalsi

matky Blackface

* Vek stejny jako geneticka matka, Dolly byla

Culture in vitro Q_/ Direct Current Pulse

Blastocyst

jedind ovce z 277 pokusU, kterd prezila do
dospélosti

"',,,J__ /3?5 Surrogate

“ewe - * Jméno po americké zpévacce — Dolly Parton

y N



Nizka Uspésnost klonovani a epigeneticke
nasledky

* Velké efekty v potomstvu — velky plod,

placenta

* Nedostatecné nastaveni

imprintovanych lokust

Imprintované geny reguluji rlst, hlavné v

placenté

Somatické jadro neprochazi PGC
reprogramovanim (ICR lokusy nejsou
»pre-nastaveny”, absence zmény
konformace chromatinu na Urovni gamet

— protaminy?)

Efekt maternalnich proteint pfi ranném

vyvoji — eroze ICR methylace

= imprinted genes

—— paternal genome
- Maternal genome

DMA methylation

A ES cell—poised

repeats (IAPs)

Somatic maintenance
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Odkaz ovecky Dolly

* Dalsivelka zvirata - prase, jelen, koné a skot

* 2007 —tym, ktery klonoval ovecku Dolly zhodnotil, ze klonovani a jeho maly Uspéch je nedostatecny pro cloveéka
e 2014 - Cinsti védci dokazali mit 70 — 80% Uspésnost pri klonovani prasat

* Vyzkum kmenovych bunék!

China cloning on an 'industrial scale'

Science editor

Klonovani
ohrozenych
druhl/druht
na pokraji
vyhynuti?
=kozorozec
pyrenejsky




Pro Uspésné reprogramovani musi byt kontrolovany a
kombinovany specifické transkrip¢ni faktory — snizeni
pluripotentni bariéry

Vyuziti inhibiénich |atek pro zvySeni uspésnosti — riziko

globalniho afektu a mutageneze?

Jspesnost bunecneho reprogramovani a
nlavni faktory vedouci k pluripotenci

c-Myc — homologie onkogenu viru Myelocytomatosis,
transkripcni faktor obsahujici helix-loop-helix a motif zikového

prstu, reguluje celou fadu pro-proliferativnich gent

Oct4 — ,,“octamere-binding transcription factor 4“ — aktivni jako
maternadlni faktor v oocytech a v preimplantacni periodé,

zabranuje diferenciaci=udrzuje pluripotenci

KIf4 — , Krupple like factor 4“ — transkrip¢ni faktor, motif
zinkového prstu, regulace telomerdzy, kontrola bunééného cyklu

a poctu centrozom( (geneticka stabilita)

Sox2 — ,sex determining region Y-box 2“ obsahuje HMG
doménu, transkripéni faktor pro udrzeni pluripotence a déleni,

rizné urovné mohou vést k diferenciaci



Epigeneticke reprogramovani somatickych

buneéek

Pluripotent Cell
— B .

»Slozitost”
epigenetického
reprogramovani
je dana drovni

bunécné
diferenciace

Ectoderm Endoderm

Kazda droven bunécné diferenciace vyzaduje

Zménu stdvajicich modifikaci
Kontrola bunééného planu (vnitfni plan)
Kontrola bunécného planu ve vztahu k okoli

Ziskani novych modifikaci

Umeéle vyvolané reprogramovani vyZzaduje

Odstranéni typoveé specifickych modifikaci
Obnoveni modifikaci udrzujicich pluripotentni stav
Obnoveni stavu chromatinu

Udrzeni imprintovanych oblasti

Odstranéni XCl (u samicek)

Specifita epigenetickych a ,,dosud” neznamych faktord?



ES cell—poised 'S

Specifita modifikaci
cytosinu - uloha?

Enhancer‘ Promoter ,

| | if

r‘-'&TDG and cell division/’
N\ J

@ v * Neznamy kontext funkce pfi

bunécné diferenciaci — uloha?

Neuronal gene—active e Oxidace 5mC na jeho derivaty v

ES bunkach — mozna blokace

udrzovacich methylaz

Enhancer Promoter Gene . . . L,
e Oxidac¢ni derivaty 5mC mohou

Neuronal gene—silent ménit funkci/expresi nékterych
genl u termindlné
diferenciovanych bunék
(Purkynovi bunky)

Enhancer

Modifications of the cytosine base

Cytosine 5-methylcytosine 5-hydroxymethyl- 5-formylcytosine 5-carboxycytosine . . .
@ @ @ @ Kriaucionis 2014

cytosine




Epigenetické reprogramovani a Uspesnost
klonovani

Regenerated organ
from iPS cells

iIPS cells

Globalni transkriptomické zmény mezi klony naznacuji velké abnormality
na epigenetické Urovni regulace (stejny genotyp — rozdilnost v Urovnich

exprese)

Vyssi Uspésnost dosazena pridanim latek, které narusuji epigeneticky

stav bunky (inhibitory methylaz aj.)

Vyuziti
* iPS— ,embryonic stem cell-like pluripotent cell” odvozené ze somatické buriky

* Terapie — ziskani kmenovych bunék pacienta s urcitou poruchou, regenerace

organu?

Etika — bez podpory se nem(ze vyvijet, chybi placenta=neni embryo



/droj pluripotentnich bunéek

Kultivace bunék blastocysty
Jaderny prenos do oocytu
Bunécna fuze

iPS (in vitro reprogramovani —

retrovirovy vektor — Oct4, Sox2, Kif4,

c-Myc)

iPS reprogramovani a dediferenciace
neni identicka k in vivo oplozeni a

materialu

Blastocyst
explantation

Blastocyst

%)

ES cells

- Tool to study self-renewal,
development, and disease

- Mo patient-specific cells

- Ethical/legal issues

Muclear transfer

| S

o |

y 5.2 |
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Enucleated
oocyle
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MT-ES cells

- Tool to study developmental

potency of nuclear genome

- Unbiased approach to

reprogram a cell's epigenome

- Technically challenging
- Ethical/legal issues

Cell fusion
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Somatic cell
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Pluripotent cells

S

Pluripotent hybrid cells

- Tool to study dominance of

cellular states

- Genetic complementation studies
- Aneuploidy complicates genomic

and developmental studies

- Mot suitable for patient-specific

cells

In vitro
reprogramming

e
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Somatic cell
+

Gene A
Gene B
Gene C
Gene D

%)

iPS cells

-Tool to study pluripotency,

reprogramming, and disease

- Source of autologous cells
- Simple derivation process
- Mo ethical/legal issues

- Molecular and functicnal

equivalence with ES cells
unresolved

Hochedlinger 2015



Mozneé terapeuticke vyuziti iPS

* Dva priklady iPS pro |écbu SMA
(spinalni svalova atrofie)

* Maturace SMA-iPSCs v
neuronové bunky a hledani
novych latek inhibujici
degeneraci motorickych

neuronU

e Oprava mutaci postihujici geny
vedouci k SMA a transplantace
opravenych motorickych

neuronu zpét do pacienta

"t Motor neurons dying

Treatment of patient(s) AN
with drug 4 Transplantation of
¢ genetically matched
N healthy motor neurons
> ®, -
SN

SMA-specific drugs SMA patient

Healthy motor neurons

.. e £ &
modeling Kif4 therapy

3
Screen for drugs Oct4@
that prevent motor
neuron death

In vitro

]
.So 2 maturation

Skin biopsy E-- E '*-—E

Repaired iPSCs

SMA motor neurons

\ o~
In vitro %%
\&__’_—

maturation Repair of disease-causing
mutation in SMN
gene-by-gene targeting

Hochedlinger 2015

SMA iPSCs



/meny v epigenetickém reprogramovani v
dusledku ART

— imprinted genes
repeats (l1APs)

- paternal genome

— maternal genome

AT

DNA methylation

00 O f§ o O

fertilised blastocyst Q:.\

eqqg ICSI/IVE epiblast primordial

, . ) arm cells ametes
Kultivovani in vitro g 9
Mechanické zachdzeni s embryem Odbér zarodecnych bunék?

gametes




/meny v epigenetickém reprogramovani v
dusledku ART

» Efekt ICSI (,Intracytoplasmic Sperm e
Injection”) nebo IVF (,,In Vitro )
Fertilisation”) — et @U
* narust v poctu BWS a AS syndromu (ICSI) e
— maternalné prenosné (1/300 000), u
ART déti nizké riziko v Qsperm I Yol

* Mozné problémy s fertilitou, zavislé na
veku matky
* Naruseni sensitivni periody

* Zména efektu maternalnich protein( z
dlvodu odbéru oocytll — mozna eroze DNA
methylace a imprintovanych lokust béhem

ICSI

ra nného Vy,VOje P | E)Insemination | ] Fertlh atlon

nvelves the injection of a single ishe: 1 aif i|||.uIJu!'_r
sperm directly into a mature egg. | ril _,-dl 16 IEI afer inse ation

* Transgeneracni efekt?

Embryeo transfer
$\
| 4 1] V|tr|ﬁca ion :’ )

" H]Embryc tran"fen _;: y
S

MLSL 0718 0521
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* Chromatin-remodelujici proteiny — funkce histonové informace

* Pamétové proteiny a jejich funkce
e Polycomb
e Thritorax



Writers, erasers and readers”

Acetyltransferazy
Methyltransferazy
Kinazy
Ubiquitinazy

Epigenetic
eraser
Writers

e.g., HATs, HMTs
or PRMTs

* Transcriptional activation
or repression

repair

Epigenetic

Readers
e.g., bromodomains,
chromodomains

~and Tudor domains Falkenberg & Johnstone, 2014 Nat. Rev. Drug Disc.

» Changes in DNA replication
* Changes in DNA damage A’_\

Erasers
e.g.. HDACs

and KDMs

Epigenetic
reader

Deacetylazy
Demethylazy
Fosfatazy
Deubiquitinazy

—>Rozpoznani specifickych histonovych

znacek

- Vazba dalSich remodelujicich protein( a
chromatin-modifikujicich enzymu (zména

funkce a architektury chromatinu-Swi, ISWI...)




Klasifikace chromatin modifikujicich enzymu

* Kovalentné modifikujici komplexy
» Acetylazy/deacetylazy
* Methyldzy/demethylazy
e Ubiquitinazy/deubiuitinazy
» Kindzy/fosfatazy
* aj.

e ATP-dependentni chromatin modifikujici komplexy



Zakladni rozdéleni enzymu v draze
posttranslacnich histonovych modifikaci (PTMs)

Acetyltransferases, Deacetylases, Bromodomain,

Methyltransferases, Phosphatases, ADD, ankyrin, BAH,
Kinases, Ubiquitinases. Demethylases, chromo-barrel,
Deubiquitinases chromodomain,

DCD, MBT, PHD
PWWP, SAWADEE,

TTD, Tudor, WDA40,
zf-CW Ueada and Seki 2020
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<ce ATP-nekleozom remodelujicich

OIM

A

plexC

Nucleosome sliding

ODDI~DD * Remodelujici komplexy umoznuji vyssi

R dostupnost transkripcnim faktordm
VW) :: NIININIDNINDD * Pohyb nukleozomu

* Odstranéni nukleozomu

Nucleosome eviction

N —~——N * Vlymeéna za specifikou histonovou variantu
(CENP-A, H3.3, A-H2AX...)
Gy 0" * Sestaveni nukleozomu

w\'/\/ —> (NN * Nukleozomova frekvence

(D I & Hormone: Uninduced Induced Washout
; Chaperone
Histones DNase DNase DNase
. I Hormone-
c ATP e 4 inducible wp |- 25kb
enhancer
ADP DNase I-
Remodeling hypersensitive .- - | m - -1.0kb
factor ) sites
— Nucleosome spacing

— DN, TRELE L't
@ Becker 2013




Srovnani chromatin

e ATP-dependentni domény jsou
typické pro vSechny cleny,
ostatni domény rozlisuji enzymy

do jednotlivych pod-rodin

* Kazdy enzym se vaze s nékolika
dalsimi podjednotkami
vytvarejici multi-proteinové
komplexy, které méni pozici
nukleozomu nebo jejich

strukturu

—)

remodelujicich proteinu

ATP doména
A

|
QLQ DEXDc HELICc  SnAC AT

HISA

swi/sNF
Bromodomain
AutoN NelgC SANT
swi (I 4
HAND  SLIDE
Chromodomain
coo LI W WD
PHD
IN080/SWR I B e

Becker 2013



Koncept bunecné pameti

\ 'U‘ .!. )
\ v

W """ Kingstone 2014




Uloha segmentacnich proteinC Thritorax a
Polycomb pfri vyvoji larvy drozofily

* Hranice abd-A a ostatnich Hox genU jsou nastaveny pameétovymi
proteiny trxG a PcG a ,,off“ ,on” expresnim stavem, délicich embryo
do 14 segmentu BRM je asociovan s RNA Poll

~{AbdA

trxG

Embryonic, larval, Adult
pupal development

Establishment .
(segmentation genes)

Early embryo

Kingstone 2014




trxG mutace blokuje derepresi Hox genu v
PcG mutantech

Scr expression in leg imaginal discs Adult phenotype
B I‘ a
‘!
’ H
[ ‘

First leg Second leg Third leg First leg Second leg Third leg

A

* Normalni vyvoj wild type

» Aktivace Hox genl

PcG mutant
v PcG mutantech

PcG/trxG

* Absence Hox genu double mutant

v disledku mutace
trxG




PRC2 Complexes

D. melanogaster M. musculus A. thaliana C. elegans

Polycomb proteiny

FIS2

EZH1-PRC2 FIS-PRC2

e ,Polycomb group” — multiproteinové komplexy,
udrzuji expresi béhem vyvoje u Zivocich a rostlin é"{ﬁ?

umléeni EZH2-PRC2 EMF-PRC2

udrzenim bunécné paméti na Urovni transkripéniho

@2

 Tri zastupci, evolucné konzervované ‘
* PRC1 - Polycomb Repressive Complex 1 (H3K27me2 a VAREEIRE
H3K27me3) PRC1 Complexes

* PRC2 - Polycomb Repressive Complex 2 (H2AK119Ub1) D. melanogaster M. musculus A. thaliana C. elegans

& & ) €
Og® Og® ¢ ¢©

Grosshiklaus 2013

* PhoRC - Pho Repressive Complex (vazba a specifikace
PcG1 a PcG2)




Srovnani PRC2 komplexu a udrzeni H3K27me3
u rostlin a drozofily

Active genes

Polycomb
Repressive
Complex 2

H3K27me3

Silenced genes

Drosophila PRCZ

& . @

E(Z) SU(Z2)12 NURF55
(methylase)
Arabidopsis PRC2
FERTILIZATION-
CURLY LEAF (CLF) FERTILIZATION INDEPENDENT SEED 2 S“J#L'EEER
INDEPENDENT (FIS2) OF IRA1
MEDEA (MEA) ENDOSPERM (MSI1,2,3,4,5)
(FIE) EMBRYONIC FLOWER 2 T
SWINGER (SWN) (EMF2)

VERNALIZATION 2 (VRN2)




Vyznam H3K27me3 pri regulaci genové
aktivity

PRC2 PRC1-like LIKE HETEROCHROMATIN

0 ” PROTEIN 1

) H3K27me3
Active genes Silenced genes Stably silenced genes
A .
. 1030 Y0400k Vo Y060 Yoroon 5 LHP1 binds
TIDE FG o DHEAKING D B 00D MO DM 10IT0 <OOIMOANS 140 D CONMIGONEON 00 KOOI D40 CHIEADOR DM 1 DI 1 1 specifically to

RO i e BRI R A TR T [ H3K27me3

T P |.i..‘ .IJ P | “q
NN 1T Y NV Y |
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Uloha PRC2 komplext pfi rostlinném vyvoji

O g Vyvoj semen
MEA + FIS2 complex
G . Tranzice kveteni
CLF/SWN + VRNZ2 complex
O > Kvetni organogeneze

CLF/SWN + EMF2 complex



EMF PRC2 reguluje expresi
STM a AG genl, které fidi

kvétni determinaci a identitu
Flower

develoV
OFF

VAR T

PRC2

Gametophyte kvétnich organi/vyvin
development

kvétnich organt
VRN PRC2 spousti kveteni

umlicenim kvétniho
represoru FLC, EMF PRC2 je

uvolnén z FT genu=kveteni je

FIS-PRC2 kontroluje expresi

zahdjeno

neznamého faktoru, ktery

Floral

kontroluje déleni centralni
induction

bunky (fiss

mutace=proliferace), MEA je

potiebni k nizké expresi
EMF-PRC2 je represor FT matMEA
alely regulujici kveteni a

kvétnich genli AG+STM

E
PRC2 ; F
Fertilization
Vegetative
growth FIS! Yoay FIS-PRC2 kontroluje déleni
PRC2, -
embrya a endospermu po
D o oplozeni, udrZuje nizkou
PRC2 el expresi mat genu PHE1,
= o udrZuje/podili se na utiSeni
PRC2 . ey patMEA alely+a obou alel

= FUS3 Grossniklaus 2013




Kontrola kveteni epigenetickym
reprogramovanim

Resetting FLC expression:

Silenced during gamete formation

Reactivated during fertilization or early embryogenesis
SWR1 incorporates H2A.Z variant

(b) Embryogenesis

FLC resetting

o Germination

High FLC

FLC expression:
Warm “\§ pri H4 acetylation, H3K4me,
( | H3K36me, H2A.Z incorporation

\CW
Low FLC

Vernalization

FLC maintained silenced:
Association with LHP1

FT is expressed

Flowering is induced

FLC silencing
Activating marks removed
Silencing marks (H3K9me, H3K27me3) added



Proteiny skupiny POLYCOMB

- jsou antagonisty (represory) homeotickych
genu s homeoboxem ¢i MADS doménou

- specifikuji misto ucinku homeotickych
transkrip¢nich faktoru

Arabidopsis CURLY LEAF versus AGAMOUS

Justin Goodrich
(Edinburgh)

listy
wild-typu

listy mutace clf :
ektopicka
exprese kvétniho
genu AG




Parentalni imprinting u rostlin : maternalni efekt genu

maternalni wt-alela: kontrola
(redukce) embryonalni proliferace

Ueli Grossniklaus
(Zurich 1998)




Fenotyp mutace medea

Vs g ] E _2ivpwwwmrz © embryo odvozené z vajicka

o RN T medea nadmérné roste a
umird v prabéhu desikace
semene

* letalita embrya je
nezavisla na paternalnim
prispévku a davce genu

* embryo vykazuje zvySenou
bunécnou proliferaci na
ukor endospermu
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R ridi maternalni expresi genu MEDEA

1
!

DMIE JDMIE  dme /DME  dme [/ dme

:

Steve Jacobsen
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(DNA glykosylaza?)




udrzovaci metylace DNA
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Irreversibilni demetylace genu MEDEA
v samicim gametofytu Arabidopsis
(konvergentni evoluce se savCim imprintingem)
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Imprintované geny u rostlin

Gen druh exprese mechanismus funkce
MEDEA  Arabidopsis materndini Polycomb remodelovdni chromatinu
PHERES1 Arabidopsis paterndini Polycomb transkripcni faktor
FWA Arabidopsis materndlni DNA-metyltransferdza transkripcni faktor
FIS2 Arabidopsis materndlni DNA-metyltransferdza remodelovani chromatinu
FIE Arabidopsis materndlini ? remodelovdni chromatinu
AGL80 Arabidopsis materndlini ? transkripcni faktor
AtFH5 Arabidopsis materndlini ? requlace aktinu
FIE1 kukurice materndlni  DNA-metyltransferdza remodelovdni chromatinu
FIE2 kukufice materndlni  DNA-metyltransferdza remodelovdni chromatinu

R kukurice materndlini ? syntéza pigmentu




Imprinting v endospermu r1 a dzr-1 lokusU, zein a tubulin genu Imprinting genu MEDEA
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