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Jsou stejne a pritom tak rozdilne:

tyto dvé mysi maji zcela shodnou genetickou konstituci,
lisi se jen v rozdilné funkci jediného genu (Agouti),
ktery odpovida za barvu srsti



Epigenetika je
negeneticky kodovana informace
(tj. mimo sekvence nukleotidu) je

fj. s neuplnou penetranci
a/nebo variabilni expresivitou

prenasena mitoticky v prubéhu ontogeneze
a/nebo do (fenotypu) pohlavniho potomstva.



Penetrance
vyjadruje pravdépodobnost, s jakou se gen (vioha)
projevi ve fenotypu nasledné generace

Expresivita
je mira projevu prislusneho genu



Mendel si do svych pokustu zasadné vybiral jen ty znaky,
které meély vysokou penetranci a stabilni miru projevu ...
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... V praxi je tomu ovsem casto jinak. Znaky (geny) mivaji
ruzné vysokou penetranci a variabilni miru projevu.



» Epigenetika pojednava o regulacich
funkce genu.

* Hlavnimi komponentami bunecneho jadra
(chromatinu) jsou DNA a proteiny (histony)
a tyto byvaji Casto chemicky modifikovany.

» Tyto modifikace vedou ke zmene struktury
chromatinu, coz se odrazi v aktivaci nebo
inaktivaci prislusnych genu.



Chromatin je tvoren predevsim DNA a histony

Histone tail

The fundamental unit of chromatin is the
nucleosome, which consists of ~147 base pairs of DNA
Wound a core histone octamer (~1.65 turns).
Each octamer contains two copies each of the histones
H2A,H2B, H3 and H4 The nucleosomal struc-
ture of chromatin allows DNA to be tightly packaged
into the nucleus by organized folding®. Intricate chroma-
tin remodelling mechanisms ensure that DNA remains
accessible to the transcriptional machinery. These
epigenetic mechanisms alter gene activity by modulat-
ing DNA-protein interactions without changing the
genetic code.
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Chemické modifikace DNA:

metylace cytozinu vede k umléovani genu
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Epigeneticke umiCovani
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puvodni zna¢ka = writer
rozpoznani signalu = reader

Histone H3 e Histone H4

Charakteristicka mista
acetylace histonu
H3 a H4 na lysinech (K)

‘ genova aktivace

""" - proteiny (CBP, Brd aj.)
s bromodoménou se
tu specificky vazou a
aktivuji prislusny
chromatin

Histony jsou casto chemicky modifikovany,
coz ovlivhuje expresi gentl



EPIGENEZE

dividualni vyvoj organismu spoc€iva
v postupném vzrustu jejich komplexity

Aristotel
(384-322 pi.Kr.)

EPIGENETIKA
kombinuje ...
genetiku
(studium dedicného materialu
nachazejiciho se v zygoté)

a
vyvojovou biologii Conrad Waddington
(studium zmeén, ke kterym dochazi (1905-75)

v postzygotickém obdobi - epigeneze)



EPIGENETICKE JEVY
, PREDSTAVUJI VYJIMKY
P Z MENDELOVYCH ZAKONU

Gregor Mendel John Maynard Smith
(1822-1884) (1920-2004)

Princip NEZAVISLE SEGREGACE ALEL : dvé odli$né alely — paternalniho a

maternalniho pivodu — v heterozygotu pri meiose segreguji a v nezménéné
podobé se prenaseji do potomstva .....

..... Alely se mohou podrobovat vzajemnym interakcim, které maji za nasledek
dédiénou zménu jejich exprese : PARAMUTACE

Pravidlo IDENTITY RECIPROKYCH KRIZENI : pohlavi rodiéti nema vliv na
dedicnost (expresi) genu .....

..... Nékteré genomy, chromosomy ¢i lokusy jsou v priibéhu gametogeneze
sex-specificky reverzibilné modifikovany, coz vede k jejich uml€eni

ve filialni generaci : PARENTALNI IMPRINTING




Praotec epigenetiky:
Jean-Baptiste Lamarck (1744-1829)
a jeho filozofie dédi¢nosti ziskanych znaku



Robin Holliday

Nova teorie karcinogeneze
(Brit J Cancer, 1979)

Dédicnost epigenetickych defektu
... a new definition of epigenetics ...
(Science, 1987)



Andrew P. Feinberg and Bert Vogelstein (Nature, 1983)
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N ext year will mark 20 years since I
developed a Southern blot showing
altered DNA methylation in cancer. This
discovery (1) was met with some skepti-
cism, primarily because it was thought that
aberrant methylation in cancer was an
epiphenomenon, somehow linked to a
generalized disruption of gene regulation
in cancer cells and arising after the cancer,
rather than playing a causal role itself.
This essay will address how cancer epige-
netics has overcome these objections, and
areport in this issue by Nakagawa et al. (2)
adds significantly to this argument.

Cancer epigenetics takes center stage

Andrew P. Feinberg

methylation of CpG islands (5), CpG-rich
sequences in the promoters of housekeep-
ing genes that are generally protected
from methylation. This hypermethylation
may lead to aberrant silencing of tumor
suppressor genes (6). In addition, we and
others have discovered loss of imprinting
(LOI) in cancer (7, 8). Genomic imprint-
ing, the subject of the report by Nakagawa
et al. (2), is an epigenetic modification of
a specific parental allele of a gene, or the
chromosome on which it resides, in the
gamete or zygote, leading to differential
expression of the two alleles of the gene in

CTCF

Snizena metylace DNA rozlisuje
néktere nadory clovéka
od normalnich tkani

Epigenetics




OBJEV ROKU 1984
GENOMOVY (PARENTALNI) IMPRINTING
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Otcovské a materské genomy nejsou shodné:
jen kombinace téchto dvou (odliSnych) genomu vede
K radnemu vyvoji savCinho embrya



Prolog

Genetika je podstatné slozitejsi nez jsme si mysleli.

Soucasny pokrok v epigenetice ozivuje
filozofii zatracovaného Lamarcka.

Bude rehabilitovano kacirstvi ?

klasicka genetika na
bazi ,,naivnich“ genu

/ (Mendel, Weismann,
GENETIKA Watson, Crick)

nauka o dédi¢nosti \ ebR'qe(‘_et[Ea_ f
znakii &i vioh, na bazi ,,jiné“ informace

" inf, (dédi¢nost stavl regulace exprese
prenos informace genu: Waddington, Holliday)




Murray Barr Mary Lyon  X-vazany gen pro pigment
(1949) (1961)

Barrovo
télisko

zygota casné embryo

Nahodné umicovani jednoho chromozomu X
u samic savcu



Klonovani jedincu
cestou prenosu
bunécneho =
jadra do vajecné |
buriky nahradni &
matky



* Nahodna inaktivace jednoho chromozomu X
(materskeho resp. otcovskeho)
v somatickych bunkach samicek savcu

(lyonizace, Barrovo télisko)

babi¢ka

dcera




GENOMOVY (RODICOVSKY) IMPRINTING

= pohlavné specificka modifikace genti v generaci rodicu
vede k funkénim rozdilim meazi
paternalnim a maternalnim genomem (alelami) v potomstvu



Parentalni imprinting
je uml€ovani genu v nasledné generaci zpusobené
modifikaci chromatinu

L o

imprinting je
zavisly na pohlavi
rodice

| | | |
imprintovy imprintovy
zaznam je 4 4 zaznam se
obvykle vymaze
stabilni pred meiozou

po cely zivot t sIni t sIni a znovunastavi
jedince maternaint paternaini y;o pohlavi jedince

imprinting neni
zavisly na pohlavi
potomstva
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somatic cell

mendelisticky
i
epigeneticky
. nekteré geny se
dedi mendelisticky

(A/a, dominance
versus recesivita)

.. Jiné jsou imprintovany
dedicnost zavisi na
pohlavi rodiCe,

z kterého je alela
prenasena

(b) paternalné
(c) maternalné




Teorie rodicovského konfliktu

souboj mezi matkou a potomstvem in utero

paternalné exprimované geny podporuji prenatalni rust
maternalné exprimované geny jsou rustovymi supresory

maternal imprinting
{I;, limits use of matemnal resources
by baby in utero

paternal imprinting
maximizes use of maternal resources

by baby in utero B ‘[E
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David Haig vitézna MATKA : vitézny OTEC :

(Harvard 1991) pohadka o PaleCkovi

pohadka o Otesankovi




Chybny imprint P-alely (insulinovy rustovy faktor) ¢i
M-alely (rust suprimujici H19-RNA) vede k Beckwith-
Wiedemannove syndromu (aneb pribéh Otesanka)

normal




Nejcastejsi pricina ,,epi&eneticky’lcm‘ chorob: uniparentalni dizomie

(a) standardni kombinace (b) chyba v meioze

+ +
oocyt spermie oocyt spermie
diploidni zygota trizomicka

} }
maternalni
embryogeneze dizomie
| }
standardni vzrust trpaslici
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Priklad vyskytu mutace v paternélné umicovaném genu:
O

oba rodice zdraV| mutantni otec mutantnl matka

paternalni imprinting Iokusu ve filialni generaci
.m P . .m P

f‘&
zdravé dite dité — prenasec postizené dité

><= umliceny gen

I = mutovany gen




Zalozeni a vymazani
genomového imprintingu
u savcu
imprinting v diploidnich

matka somatickych burikach otec

vymazani imprintingu
v diploidnich
zarodecCnych bunkach

zaloZeni nového imprintu
pfi gametogenezi

(samiCi imprinting) (samcCi imprinting)

=

zygota (a somaticke linie

dite nasledujici generace)

(syn nebo dcera)
D = exprimovany gen I = umiceny gen



Beckwith-Wiedeman

Parentalni imprinting
rustovych faktoru:

Russel-Silver

prevaha otce (chr11) | prevaha matky (chr7)

Prader-Willi

Parentalni imprinting
genového shluku (chr15): i

Angelman

paternalni delece maternalni delece

Martin-Bell Rett

X-chromosom vazané |
mentalni retardace:

metylace CGG mC-vazebny protein



retroelement agouti
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Fenotypova (maternalni) dedicnost genu Agouti

Viable Yellow

AvYY/a x a/a

vysledky
reciprokych krizeni
S recesivnim
mutantem

Emma Whitelaw
(Sydney 1999)

Zadny vliv maternalni

paternalniho fenotyp ovliviiuje
fenotypu sloZeni potomstva
39% 43% 18% 57% 43%

1 I
£665680884 555058864

42% 42% 16% 44% 47%

T T
§550466644 5685646584

40% 46% 14% 40% 40% 20%
@ skvrnita (intermediatni)

pseudoagouti (témér
c¢erna, nizka exprese)




Klasifikace epigenetickych jevu podle

(I) mediatoru prenosu informace
- (m)DNA, RNA, histony, jiné proteiny ?
(1) pravdepodobnosti jevu

- obligatorni, stochasticke

(1li)) vzdalenosti prenosu informace
- mitoticky bookmarking, meioticka transmise



One Epigenetic Mechanism for Repressing Transcription
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Protein complexes, recruited to
methylated DNA, remove acetyl

groups and repress transcription

Methyl groups (CH,)
attach to cytosine bases
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Paramutable
possibilities

d K,‘ttm1AIf/+ X Q o/

Sperm Egg

Aberrant Kit \ /
mRNA

Vol 441|125 May 2006|doi:10.1038/nature04674 namre

RNA-mediated non-mendelian inheritance
of an epigenetic change in the mouse

Minoo Rassoulzadegan'?, Valérie Grandjean'?, Pierre Gounon®, Stéphane Vincent!?+, Isabelle Gillot'?
& Francois Cuzin'?

Paramutation is a heritable epigenetic modification induced in plants by cross-talk between allelic loci. Here we report a
similar modification of the mouse Kit gene in the progeny of heterozygotes with the null mutant Kit ™27 (a facz
insertion). In spite of a homozygous wild-type genotype, their offspring maintain, to a variable extent, the white spots
characteristic of Kit mutant animals. Efficiently inherited from either male or female parents, the modified phenotype
results from a decrease in Kit messenger RNA |evels with the accumulation of non-polyadenylated RNA molecules of
abnormal sizes. Sustained transcriptional activity at the postmeiotic stages—at which time the gene is normally silent—
|eads to the accumulation of RNA in spermatozoa. Microinjection into fertilized eggs either of total RNA fram Kit t™Af/+
heterozygotes or of Kit-specific micraRNAs induced a heritable white tail phenotype. Our results identify an unexpected
mode of epigenetic inheritance associated with the zygotic transfer of RNA molecules.




Klasifikace epigenetickych jevu podle

(I) mediatoru prenosu informace

- (m)DNA, RNA, histony, jiné proteiny ?
(1) pravdepodobnosti jevu

- variabilni penetrance a expresivita

(1li)) vzdalenosti prenosu informace
- mitoticky bookmarking, meioticka transmise



Nahodna epigeneticka variabilita

Priklad: divergence epigenotypu v prubehu starnuti
v somatickych liniich bunék Clovéka

Overexpressed
Repressed




Klasifikace epigenetickych jevu podle

(I) mediatoru prenosu informace
- (m)DNA, RNA, histony, jiné proteiny ?

(1) pravdepodobnosti jevu

- variabilni penetrance a expresivita

(1li) casové vzdalenosti prenosu
- mitoticky bookmarking, meioticka transmise



Bunecna pamet’ - Gene bookmarking
je epigeneticky proces, kterym mitoticky se délici
bunky prenaseji specifické stavy svych genovych aktivit

Localization of Polycomb protein on Drosophila polytene
chromosomes



Maternalni programovani epigenetickych stavu

Maternalni pece jako model ,,experience-dependent chromatin plasticity*

materska péce o novorozence
(lizani a mazleni)

DNA S
A demetylazy & f proteln kinaza A

histon-acetyltransferazy

DOBRA MATERSKA PECE
exprese genu kédujiciho

glukokortikoidni receptor -
STABILNI PSYCHIKA POTOMSTVA

SPATNA MATERSKA PECE
nizka exprese genu GR,
STRESOVA PSYCHIKA
DOSPELEHO POTOMSTVA

DNA-metyltransferaza




VLIV VNEJSICH FAKTORU ???



UmlCovani genu prostrednictvim potravy obsahuijici

dvouvlaknovou RNA!
Timmons and Fire - Nature 295: 854, 1998
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O barve mysiho kozisku rozhoduje i dieta matky v téhotenstvi

Av/a

standardni
vyziva

o

Nedostatecny CH;-metabolismus

- . =
gravidni samiCky nezajisti metylaci o Zluta srst
paternalniho transposonu @_

retroelement
... ektopicka exprese Agouti



O barvé mysiho koziSku rozhoduje i dieta matky v tehotenstvi

metylaéné
bohata vyziva

Maternalni CH; metabolismus-podporujici
dieta zvysuje metylaci paternalniho
genomu v potomstvu

retroelement

hnéda srst

... pFirozena exprese gentu



Methyl donor

supplementation No _
supplementation

. jedincu s fehotypem pseu i vice tych mysSi

Tyto dvé mysi maji stejny genotyp (AY/a) i fenotyp (pseudoagouti) ... ale odliShé potomstvo

; Germ cells carry the epigenetic benefits of
;" grandmother’s diet

a Craig A. Cooney*
a Department of Biochemistry and Molecular Biology, University of Arkansas for Medical Sciences, Little Rock, AR 72205



Epigenetické ,,mezigeneracni“ programovani porodni vahy
a rizika ke kardiovaskularnim chorobam
_ puvodni environmentalni vliv
v dobé téhotenstvi

permanentni programovani ) . o
funkci drogy, léky, choroby, vyziva, chovani matky,

- postnatalni péce ...
dite
nizka porodni vaha

fenos epigenetického stavu v
g P9 dospélec (matka)

do dalSi generace TP _ o
vzrist ... maternalniho kortisolu, insulinu, zvysene riziko kardiovaskularnich
chorob, hormonalni aktivita, stres

maternalniho krevnihoy

dalSi predavani
epigenetického programu
(DNA metylaCni zaznam)

dospélec
progresivni udrzovani /
stabilizace

“syndromu choroby”




Epigenetics: A Landscape Takes Shape

Aaron D. Goldberg,! C. David Allis,!* and Emily Bernstein'*

Laboratory of Chromatin Biology, The Rockefeller University, New York, NY 10021, USA
*Correspondence: alliscd@rockefeller.edu (C.D.A.), bernste@rockefeller.edu (E.B.)

DOI 10.1016/j.cell.2007.02.006

Epigenetics has recently evolved from a collection of diverse phenomena to a defined
and far-reaching field of study. In this Essay, we examine the epistemology of epigenetics,
provide a brief overview of underlying molecular mechanisms, and suggest future
challenges for the field.

ChR = remodelatory chromatinu
DNMT = DNA metyltransferazy
HAT = histon acetyltransferazy
HDAC = histon deacetylazy
HMT = histon metyltransferazy
HDM = histon demetylazy

DDM = DNA demetylazy

TF = transkripCni faktory
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