MECHANIZMY
EPIGENETICKYCH PROCESU



METYLACE DNA
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DNA metylace
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- DNA metylace se vyskytuje na 5-C v CpG dinukleotidech. 5mC obvykle tvofi <1%
nukleotidd.

- Frekvence CpG je ~5x niZSi nez oCekavana, coz je zpusobeno zvySenou mutaci v
CpG dinukleotidech.

- Tranzice (C-T) se vyskytuji 10-40x Castéji nez v jinych dinukleotidech.

- Az 50% bodovych mutaci v genu p53 v lidskych nadorech se vyskytuje v CpG
dinukleotidech.

- CpG ostrovy nejsou v genomech distribuovany rovhomérne.

- CpG jsou obvykle metylovany v repeticich a 3’ oblastech genu a nikoli v CpG
ostrovech.

-V genomu savclu je asi 35 tisic CpG ostrovu, které byvaji umistény v promotorovych
oblastech housekeeping genu a tkanové specifickych gena.
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Mutace 5-metylcytozinu nemohou byt
identifikovany a reparovany
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Udrzovaci metylace
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Zmény metylace DNA v prubéhu vyvoje bunék zarodecné drahy
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V prubéhu ontogeneze dochazi u savcu k rozsahlym zménam ve stupni metylace
cytosinu. V primordialnich pohlavnich burnikach dochazi k vyrazné demetylaci,

ve vlastnich gametach je metylace opét vyrazna (véetné imprintt), v prubéhu
embryogeneze (in utero) zase vznikaji nové metylacni zaznamy.



Zmény metylace DNA v prubéhu vyvoje savcu
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MODIFIKACE NUKLEOZOMALNICH
HISTONU
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The amino-terminal tails of histones account for a quarter of the nucleosome mass. They host the vast majority of known
covalent modification sites as illustrated. Modifications do also occur in the globular domain (boxed), some of which are
indicated. In general, active marks include acetylation (turquoise Ac flag), arginine methylation (yellow Me hexagon), and
some lysine methylation such as H3K4 and H3K36 (green Me hexagon). H3K79 in the globular domain has anti-silencing
function. Repressive marks include H3K9, H3K27, and H4K20 (red Me hexagon), Green = active mark, red = repressive mark.

HISTONOVE KODOVANI

NejCastéji modifikované aminokyseliny: R = arginin, K = lyzin, S = serin,



Cilem modifikaci lyzinu je e-aminoskupina
- vede to k neutralizaci jejiho pozitivhiho naboje
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V jednom nukleozomu muze byt acetylovano az 26 lyzinovych rezidui
lokalizovanych v N-distalnich ramenech histonového oktameru
— H4 (4), H3 (4), H2A (1) a H2B (4).




NejCastejSim cilem modifikaci histonu jsou silné bazické
aminokyseliny lysin a arginin
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RNA INTERFERENCE
A HETEROCHROMATIN



(@) bidirectional (b) inverted repeat (c) aberrant
transcription transcription transcription
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Zdroje dsRNA, které funguiji jako substrat ke tvorbé siRNA (small interfering)

ribonukleazou Dicer a jsou spousteci umlCovani RNA:

(a) Obousmérna transkripce popsana v centromerickych repeticich S. pombe

(b) Transkripce obracenych repetici (rostliny, zivoCichové)

(c) Transkripce aberantnich RNA, bez sestfihu, s pomoci RNA dependentni RNA
polymerazy (RARP)



A.thaliana centromere
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Organizace heterochromatinovych oblasti chromozomu — centromera Arabidopsis

Centromery jsou slozeny ze 180 pb repetici s vioZzenymi retroelementy.
Primé transkripty jsou po€aty z LTR (long terminal repeats) retroelementu,
obracene transkripty pocCinaji primo v repeticich.
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Usporadani heterochromatinu zahrnuje koordinovany ucinek histon-modifikujicich
enzymu (HDAC, CIr4), histon-vazebnych proteint (Swi6) a je fizen RNAi mechanismem.
Deacetylace je nasledovana vazbou CIr4 a metylaci H3K9, na ten se vaze Swi6.
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RNA dependentni
RNA polymeraza

RNA pol IV

metylovana DNA proteinovy komplex vedouci
kK metylaci histonu H3

Model ulohy RNA polymerazy IV v RNAi procesu a histon H3 metylaci:
RNA pol IV transkribuje metylovanou DNA, RNA dependentni RNA polymeraza
z ni déla dsRNA, siRNA potom smeéruje cely metyltransferazovy komplex
k chromozomu.



PAMETOVE PROTEINY:
POLYCOMB
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Schema bunéc¢né paméti:
Zahrnuti komplext Trithorax group (trxG) a Polycomb group (PcG) v determinaci akti :
a reprimovaného stavu genové exprese (a tim i bunécné diferenciace) po mnoho bunécnych déleni.
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POLYCONIB a TRITAORAX
— skupiny kliéovych regulatoru
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Imunolokalizace pamétovych proteint Polycomb na polytennich chromozomech
ze slinnych zlaz drozofily
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Proteiny skupiny POLYCOMB
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Parsntalnl imorinting u rostlin @ metsrnilnl gfeki genu
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maternalni wt-alela: kontrola
Ueli Grossniklaus (redukce) embryonalni proliferace
(Zurich 1998)



anteriorni transformace osmeého
hrudniho obratle v Zzebro
mutantu Ring1A-/- u mysi

mutant clf-2 u Arabidopsis
ma absenci korunnich platku

Homeotické transformace v Polycomb mutantech

Polycomb proteiny jsou antagonisty homeoboxovych genu (mys)
| MADS-boxovych genu (Arabidopsis)



PAMETOVE PROTEINY:
TRITHORAX
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Schema bunéc¢né paméti:
Zahrnuti komplext Polycomb group a Trithorax group v determinaci aktivnhiho a
reprimovaného stavu genové exprese (a tim i bunécné diferenciace) po mnoho bunéénych déleni
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ATX-1, homolog genu Trithorax drosofily,
aktivuje kvéetni homeotické geny (typu MADS)
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SET doména arabis€iho genu Trithorax ma metylazovou
aktivitu k lysinu 4 histonu H3 ===y genova aktivace
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Regulace transkripce homeoboxovych genu

Hranice transkripce homeotického genu AbdominalA a ostatnich Hox genu jsou
zalozeny ucinkem segmentacnich genu (velkych mezer, parového pravidla a orientace
clanku), které rozdéli embryo na 14 identickych ¢lanku. Stavy exprese a vypnuti Hox
genu jsou udrzovany trxG aktivatory a PcG represory.



HEAT-SHOCK PROTEINY



Normal level of Hsp90
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(a) When heat-shock protein Hsp90 is expressed at the normal level, wild-type Drosophila with a normal phenotype develop (indicated by only the wild-type fly being in
the white area). Numerous cryptic variations are suppressed by the buffering action of Hsp90 (grey area). (b) When the level of Hsp90 is reduced by gene targetting, or
by drug treatment, or by heat treatment, cryptic variations are no longer suppressed, and mutant flies develop (white area). These mutants can be subject to selection.
(c) After several generations of selection (in this case, for flies with deformed legs), mutant flies develop even when Hsp90 is restored to its normal level (white area).
Many cryptic variations are again suppressed. Development has been shifted into a new pathway, that is, a change of canalization, in Waddington's terminology.
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Hsp90 as a capacitor of phenotypic
variation

Christine Queitsch”, Todd A. Sangster| & Susan Lindquist® |

* Department of Molecular Genetics and Cell Biology, and T Committee on Genetics, Howard Hughes Medical Institute, University of Chicago, Chicago, [llinois 60637,
L/sA

Heat-shock protein 90 (Hsp90) chaperones the maturation of many regulatory proteins and, in the fruitfly Drosophila melanogaster,
buffers genetic variation in morphogenetic pathways. Levels and patterns of genetic variation differ greatly between obligatorily
outbreeding species such as fruitflies and self-fertilizing species such as the plant Arabidopsis thaliana. Also, plant development
is more plastic, being coupled to environmental cues. Here we report that, in Arabidopsis accessions and recombinant inbred lines,
reducing Hsp90 function produces an array of morphological phenotypes, which are dependent on underlying genetic variation.
The strength and breadth of Hsp90’s effects on the buffering and release of genetic variation suggests it may have an impact on
evolutionary processes. We also show that Hsp90 influences morphogenetic responses to environmental cues and buffers normal
development from destabilizing effects of stochastic processes. Manipulating Hsp90’s buffering capacity offers a tool for
harnessing cryptic genetic variation and for elucidating the interplay between genotypes, environments and stochastic events in

the determination of phenotype.

Hsp90 as a capacitor for
morphological evolution

Suzanne L. Rutherford*t & Susan Lindquist*
*Howard Hughes Medical Institute, University of Chicago, 5841 South Maryland Avenue MC1028, Chicago, Illinois 60637, USA

The heat-shock protein Hsp90 supports diverse but specific signal transducers and lies at the interface of several

developmental pathways. We report here that when Drosophila Hsp90 is mutant or pharmacologically impaired,
nhanotvnic variation affactinng naavlhv anyv adult etvructore iec nrodnnecad with enacifice variante dananding on the aonatic



Ler plant on GDA

Ler plant no GDA

Queitsch

et al (2002) Nature 417:618
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Fenotypova variabilita specificka
pro rekombinantni inbredni linie

No GDA, 22 °C GDA, 22 °C

- extremni krouceni hypokotylu,
koreny rostou do vzduchu

- zkroucene rozety, vertikalné
orientovaneé listové Cepele

- akumulace fialového pigmentu
- cetné korenove viasky

- zkrouceneé hypokotyly, rozety na
ploSe media

- malformovaneé prave listy

Queitsch et al (2002) Nature 417:618



Vyvojove abnormality drosofily
zpusobené deficienci Hsp90



Reparacni ulohy Heat Shock proteinu
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