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Negeneticky koédovana informace
(tj. mimo sekvence nukleotidu) je

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



Negeneticky koédovana informace
(tj. mimo sekvence nukleotidu) je

>\ s neurcitou pravdépodobnosti,

tj. s neuplnou penetranci
a/nebo variabilni expresivitou

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



EPIGENEZE

individualni vyvoj organismu spociva
v postupném vzrustu jejich komplexity

Aristotel
(384-322 pr.Kr.)

EPIGENETIKA

kombinuje ...
preformistickou genetiku
(studium dediéného materialu
nachazejiciho se v zygote)
a vyvojovou biologii
(studium zmeén, ke kterym dochazi
v postzygotickém obdobi - epigeneze)

Conrad Waddington
(1905-75)



EPIGENETICKE JEVY
PREDSTAVUJI VYJIMKY
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 pfi meiose segreguji a v nezménéné
podobé se prenaseji do potomstva .....

..... Alely se mohou podrobovat vzajemnym interakcim, které maji za nasledek
dédi€énou zmeénu jejich exprese : PARAMUTACE

Pravidlo IDENTITY RECIPROKYCH KRIZENI : pohlavi rodiét nema vliv na
déedi€énost (expresi) genu .....

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

ve filialni generaci : PARENTALNI IMPRINTING




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)

Cancer epigenetics takes center stage

Andrew P. Feinberg

Institute of Genetlc Medicine, Departments of Medicine, Molecular Biology and Genetics, and Oncology, Johns Hopkins University School of Medicine, 1064

Ross, 720 Rutland Avenue, Baltimore, MD 21205

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
a report in this issue by Nakagawa et al. (2)
adds significantly to this argument.

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
etal. (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

Hypometylace DNA rozlisuji
néktere nadory cloveka
od normalnich tkani

Epigenetics




OBJEV ROKU 1984
GENOMOVY (PARENTALNi) IMPRINTING
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Evoluce spociva ve zdedéni Modely dualniho
zmen individualniho vyvoje systéemu dédicnosti

... the role of epigenetics in evolution ...



Dédictvi Jean-Baptiste Lamarcka (1744-1829)
a jeho filosofie dédi¢nosti ziskanych znakii



Po selekci se dédi (prenasi) genotyp,
selekce se vsak realizuje na bazi fenotypu ...

(soma, fenotyp)

Ve

(genotyp, transmisni genetika, zarode¢na draha =)

“Weismannova bariéra” (1889): somatické zmeéeny ziskané v
prubéhu zivota neovliviuji reprodukéni bunky ¢i potomstvo

BN W F wvwan



Neslavni siritele Lamarckovych ideji

Paul Kammerer (1880 1926)

'%} Pullu mmerer

Trofim D. Lysenko (1898-1976)



jadro
obracené
repetice

aberantni nebo nadmeérna
transkripce genu

Craig Mello,

Andrew Fire

2006: NOBELOVA CENA
SELEKTIVNiIi UMLCOVANI GENU
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Prolog

Genetika je podstatne slozitejsi nez jsme
si (Mendel, Watson, Crick ...) mysleli.

Soucasny pokrok v epigenetice ozivuje
filosofii zatracovaného Lamarcka.

Bude rehabilitovano kacirstvi ?



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

Barrovo
télisko

zygota casné embryo

(Ne)nahodna heterochromatinisace jednoho chromosomu X
u samic savcu



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

Barrovo
télisko

zygota casné embryo

(Ne)nahodna heterochromatinisace jednoho chromosomu X
u samic savcu



GENOMOVY (PARENTALNI) IMPRINTING

= pohlavné specificka modifikace genu v parentalni
generaci vede k funkénim rozdiliim mezi
paternalnim a maternalnim genomem (alelami) v potomstvu



Parentalni imprinting je reversibilni uml¢ovani genu
ve filialni generaci zpusobené modifikaci chromatinu

L o

imprinting je imprinting neni
zavisly na pohlavi zavisly na pohlavi
rodice , , potomstva

| | | |
imprintovy imprintovy
zaznam je + + Zaznam se
obvykle vymaze
stabilni pred meiosou

po cely zivot t sIni t sIni a znovunastavi
jedince maternaini paternaini 4q pohlavi jedince




Teorie parentalniho konfliktu

souboj mezi matkou a potomstvem in utero

paternalné exprimované geny (Peg) podporuji prenatalni rust
maternalné exprimované geny (Meg) jsou rustovymi supresory

maternal |mpr|nt|ng ' | paternal |mpr|nt|ng
T limits use of maternal resources i maximizes use of maternal resources -
”L_ by baby in utero by baby in utero I
Tl . Wil ) )
{ _ WL I. {
; : 1,_‘ :,.I' \
_ more growth AT

David Haig vitézna MATKA : vitézny OTEC :
(Harvard 1991) pohadka o Paleckovi pohadka o Otesankovi



Chybny imprint P-alely (insulinovy rustovy faktor) Ci
M-alely (rust suprimujici H19-RNA) vede k Beckwith-
Wiedemannové syndromu (aneb pribéeh Otesanka)

normal




Russell-Silveruv syndrom :
maternalni disomie chromosomu 7

- rustova retardace in utero
- postnatalni rustova deficience
- asymetricky dwarfismus

POTLACUJE MATKA
VYVIN SVYCH DETI ?

aneb pribéh PaleCka



,Maternalni“ Kaguya (Nature 428: 860, 2004):
vyrazeni imprintovanych genti muiize vést k vyvinu
plodné mysi partenogenetického pluvodu



Klonovani savcu vede k porucham imprintingu

konvencni fertiizace

chramatinw
paternalni
demetylace

|
?g %u‘

normalni
embryogeneze

q"  Fapgtaming § 2 O
rernodeloyani o histany nychlé remodelo-

klonovani prenosem jadra

enuklecyang
r’ walicko

wani chromatinu
. paternalni
demetylace neni

aberantni metylace
1 embryogeneze

Rudolf Jaenisch
. imprinting

Severino Antinori
... klonovani



Prader-Willi

Parentalni imprinting
genoveho shluku (ch15)

Angelman

paternalni delece maternalni delece

Martin-Bell

X-chromosom vazané
mentalni retardace

Rett

metylace CGG mC-vazebny protein




Parentalni imprinting u rostlin : maternalni efekt genu

MEDEA

... pfibéh
Otesanka

Ueli Grossniklaus
(Zurich 1998)

wt-alela: kontrola (redukce)
embryonalni proliferace



Vznik a dédi¢nost rostlinnych monster (epimutace)

Carl Linnaeus Charles Darwin Enrico Coen
(1744) (1868) (1999)

Linnaeus ... pelorie u Inice, historicky prvni
dolozena mutace?

Darwin ... kfizeni normalnich a pelorickych forem
v F2 127:37 (Variation of Animals and Plants

under Domestication) R metylace’?.‘

Coen ... hypermetylace homologu genu Cycloidea JR(leRiY/el= peloric




retroelement agouti

eumelanin —>

L T — - E—

hair-cycle-specific Agouti coding exons
non coding exons

Agouti Viable Yellow - epigeneticky mozaicismus :
metylace retroglementu vede k umiCeni ektopicke exprese
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Fenotypova (maternalni) dedicnost

Viable Yellow

A"Y/a x a/a

vysledky
reciprokych krizeni
S recesivnim
mutantem

Emma Whitelaw
(Sydney 1999)

Zadny vliv maternalni
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@ skvrnita (intermediatni)

pseudoagouti (témér
c¢erna, nizka exprese)




standardni
vyziva

Nedostatecny CH;-metabolismus

=
gravidni samicky nezajisti metylaci " Zluta srst
paternalniho transposonu @_

retroelement
.. ektopicka exprese Agouti



metylacné

vy
bohata vyziva A / a

Maternalni CH; metabolismus-podporujici : ° ﬁ: \

dieta zvysSuje metylaci paternalniho Agouti
retroelement

genomu v potomstvu

hnéda srst

... pfirozena exprese genu




Methyl donor

supplementation No .
supplementation

Tyto dvé mysi maji stejny genotyp (A%/a) i fenotyp (pseudoagouti) ... ale odliSné potomstvo

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

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



Klasiiikace epigenetickych jevu podle

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

- obligatorni, stochasticke

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



One Epigenetic Mechanism for Repressing Transcription

L,
Sj\!&?gﬁ

RNA pol Il

=

RN IE /)

s Z Gl
B N

groups and repress transcription

.

EY LD

Methyltranferases attach
v methyl groups to DNA
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Methyl groups (CH,)
attach to cytosine bases




5-azacytidin, butyrat
—
dedicna pohlavni reverse

. samecek hermafrodit "



PARAM UTACE = stabilné dedicné alelické interakce

paramutagenni  paramutovatelna  paramutagenni
alela alela

kriZzeni s "nulovou”
recesivni samickou »

Vol 442(20 July 2006|d0i:10.1038/nature04884 nature

An RNA-dependent RNA polymerase is required for
paramutation in maize

Mary Alleman', Lyudmila Sidorenko', Karen McGinnis', Vishwas Seshadri'+, Jane E. Dorweiler',
Joshua White'+, Kristin Sikkink' & Vicki L. Chandler'




Paramutable
possibilities

Aberrant Kit \ /
mRNA

Vol 44125 May 2006|doi:10.1038/natureD4674 narure

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 ™ (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 1
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—
leads to the accumulation of RNA in spermatozoa. Microinjection into fertilized eggs either of total RNA fram Kit tmAf/+
heterazygates 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.




Klasiiikace epigenetickych jevu podle

(I) mediatoru prenosu informace

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

- variabilni penetrance a expresivita

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



Neuplna penetrance a variabilni expresivita

epi-lokusu vedou i k mozaikovéemu fenotypu




Stochasticka epigeneticka variabilita

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

Dveraxpressed
Ihrnn-l:l

N° of genes

L=




Klasiiikace epigenetickych jevu podle

(I) mediatoru prenosu informace

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

- variabilni penetrance a expresivita

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



Bunécna pameét’ — 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 péce jako model ,,experience-dependent chromatin plasticity*

serotonin

mozkovy transmitter

: cykllcky adenosin monofosfat
matefska péée o novorozence

(lizani a mazleni) ‘
protein kinaza A

DNA
demetylazy 4 [ E

histon-acetyltransferazy

DOBRA MATERSKA PECE SPATNA MATERSKA PECE
exprese genu kédujiciho G e s nizka exprese genu GR,
glukokortikoidni receptor - DNA-metyltransferaza STRESOVA PSYCHIKA
STABILNi PSYCHIKA POTOMSTVA DOSPELEHO POTOMSTVA




Epigenetické ,intergeneracni“ programovani porodni vahy
a rizika ke kardiovaskularnim chorobam
- puvodni environmentalni vliv
, » v dobé téhotenstvi
permanentni programovani , . L
funkci drogy, léky, choroby, vyziva, chovani matky,
L. postnatalni péce ...
dite

nizka porodni vaha

prenos epigenetického stavu

do dalSi generace

vzrust ... maternalniho kortisolu, insulinu,
maternalniho krevniho tlaku ...

¥ N

dalSi predavani
epigenetického programu
(DNA metylacni zaznam)

dospélec (matka)
zvyseneé riziko kardiovaskularnich
chorob, hormonalni aktivita, stres

dospélec
progresivni udrzovani /
stabilizace

“syndromu choroby”




Safety helmets

Unlike the helmer of Perseus, the
helmert of the water flea (Daphuia
spp.) does not make i invisible, bur
it does confer some |\|rstL'L'Ei|r11
against predators by making the fleas
harder to carch. Warter fleas do not
necessarily begin life wich a helmer
bur can form one as a morphological
defence in response to chemicals
released by cher |‘!'i.‘L|.ile'\. The
mmages above show three ]\.|i|'~. of
water fleas from different species;
the non-helmerted rnl-rph 15 on the
left in cach pair of fleas. Clockwise
from the top left chese are: Daphuia
cactellara; the Australian species
Daplinia longicephala, whose huge
crests keep their predator, the
backswimmer, from gereing a firm
arasp on them: and the Asian/African

species D iphaia
Tumholrzi, whose
distinctve helmers
protect them .|-,;.Iin~.t
even fish,

But being able to
dey \-|-.|» a helmer
is no good o the
water flea if it is arcacked before i
has done so. In Daphuia, temales who
I].l\'(.' Srown l1L'|]]IL‘r\ can Tr.lll\lllir [th
benefit to therr offspring, thereby
improving their reproductve success.
Their offspring not only start hife wich
a form that provides better protecrion
but, in the face of predatorial threar,
can go on to develop larger helmers
than the offspring of nonhelmered
females in the same environment,
This bequeathing of a helmer is an

example of a
maternally
induced
(transgenerational)
.|\|\||\l.1li1r1|: Zenes
acovared in the mother
are expressed as a
phenotvpe in their offspring.
FFor further derails, see
Agrawal AL, Laforsch C. and
Tollman R., Nature 1999, 401:
00-63. Images provided by Ralph
Tollrian and Christian Laforsch,
Ludwig=Maximilian Universiey,
Zoolog

80333 Miinchen, Germany.

Anurag Agrawal

Ecology and Evolutionary Biology, Corson Hall,
Cornell University lthaca, New York 14853 LUSA

al Insticure, Karlstrasse 23,

... sami€ky hrotnatky Daphnia
si po ataku predatora vytvareji
ochrannou prilbu, tento znak
pak prenaseji do potomstva




... rostliny ohnice Raphanus raphanistrum
v reakci na pozer housenkou Pieris rapae
syntetizuji odpudivé hor¢i¢né latky, znak
pretrvava minimalné do dalsSi generace
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Control Herbivory

Maternal environment

Raphanus raphanistrum resistance to herbivory as measured by growth of a
specialist caterpillar, Preris rapae, on the Fy generation of seedlings from different matemal
environments. Maternal plants were either subject to herbivory by P. rapae or left undamaged.
This transgenerational induction of defences was not associated with differences in seed
mass or seed concentrations of carbon or nitrogen.



Meioticky prenos epigenetickeho stavu (fenotypu)
aneb environmentalni indukce dedicnych zmen

= genotrofy u Inu (vliv podnebi a vyzivy na vétveni)
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Vliv environmentalnich faktoru

- vyvojoveé abnormality (teratogeneze) drosofily
zpusobené deficienci heat-shock proteinu



Tepelny sok navozuje fenokopie

vzorce zbarveni kfidel motylu (Aglais urticae)

Richard B. Goldschmidt
(1879-1958)

stfredoevropska heat-shock fenokopie Sardinska
varianta pripominajici formu ze Sardinie varianta




Waddington: Diferenciace je epigeneticky proces
ovlivhovany prostredim

mozné vysledné fenotypy (kanalizace)

.. adaptivni zmeny genové exprese mohou byt za urcitych
podminek v ontogenezi stabilizovany (asimilovany)

... evoluce je fixace ontogenetickych zmeén



Epigenetics: A Landscape Takes Shape

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

1Laboratory of Chromatin Biclogy, The Rockefeller University, New York, NY 10021, USA
"Correspondence: alliscd@rockefeller.edu (C.D.A.), bernste@rockefeller.edu (E.B.)

DOl 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 metyltransferasy
HAT = histon acetyltransferasy
HDAC = histon deacetylasy
HMT = histon metyltransferasy
HDM = histon demetylasy

DDM = DNA demetylasy

TF = transkripCni faktory




EPIGENETICS

Cold Spring Harbor
Laboratory Press,
New York,

2007
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