Epigeneticka informace

Mitoticky 1 meioticky dédéné zmény genove exprese,
které nesouvisi se zménou primarni struktury DNA

Epigenetickou kontrolu zprostfedkovavaji
* modifikace makromolekul; DNA a histonu:
METHYLACE DNA
MODIFIKACE (methylace, acetylace, fosforylace,
ubiquitinace) histonovych proteinu
* mal¢ a nekodujici molekuly RNA
e architektura chromatinu
Regulace aktivity a expresi genll béhem vyvoje a diferenciance,
reakce na zménéné podminky

Spojka mezi genotypem a fenotypem :



Historie terminu epigenetika

Epigeneze — Aristoteles, 384-322 pf. n. 1.
individualni vyvoj organismil souvisi s postupnym
rustem jejich komplexity (individudlni tvorba tvarti béhem
ontogeneze)
X

Proreformismus — ontogeneze je fizena predem danymi strukturami

individualni (ontogeneze; tvorba a vyvin tvaru

/ béhem Zivotniho cyklu individua)
VYVOI \

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




Historie terminu epigenetika

Jean Baptiste Lamarck (1744-1829):

e prvni pokus o vyklad evolu¢ni teorie

e priroda se pod tlakem podminek vyviji — teorie adaptivni evoluce
adaptivni zmény jsou dédi¢ne (teorie dédicnosti ziskanych znaku)

August Weismann (1834-1914):
» sledovani dédi¢nosti indukovanych zmén v somatické draze

 teorie divergence zarodeCné a somatické drahy — Weismannova
bariéra

Conrad Hal Waddington (1905-1975):

« epigenetika®, vyslednd podoba organismu neni pfedem absolutné dana,
vznika postupnymi kreativnimi procesy
e ,epigenetickd krajina“



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



Methylace DNA

Modifikace cytosinu v poloze 5, nejCastéjSi modifikace
DNA u eukaryot

Postreplikativni modifikace
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SAM — S-adenosyl-methionin; v transmethylacni reakci se konvertuje
na S-adenosyl-homocystein 5



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)
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Methylace DNA

Distribuce methylace v genomech:

Methylace C v asymetrickych sekvencich
(rostliny, omezené u Zivocichu)
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Methylace DNA a exprese geni

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

- normalni transkrip¢ni
aktivita promotoru

- nestabilni transkript

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

- methylace DNA v
oblasti promotoru
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ZivoCiSné DNA methyltransferdzy

UdrzZovaci (maintenance):
% methylace hemimetylovanych
vlaken po replikaci DNA;
De novo . Dnmt3a . . ’
methyiatian innmwb cytosiny v symetrickych

motivech (spravny embryonalni
vyvoj], imprinting, inaktivace chr. X)

de novo: methylace dosud
nemethylovanych usekii;

musi existovat podnét (tfeba
pritomnost regulaénich molekul
(Bird A, Science, 1999) RNA-dokazano pouze v rostlinach;
Dnmt2 - u savced, rostlin; interakce DNA-DNA v repeticich;

Drfos:ophilla - slaba non-CG methylace v ¢asnych neobvyklé struktury DNA)
tazich vyvoje;
S. pombe — mutace, koduje nefunkcni
protein, ale je exprimovan DnmtL — DNA methyltransferdzovy motiv, katalyticky inaktivni

2006 - v sav€ich buiikach Funk¢ni kooperace s Dnmt3a/b, nezbytné pro genovy imprinting
methyluje tRNA (Asp) 9

DNA Maintenance
methylation




Rostlinné DNA methyltransferazy

MET1 (Methyltransferase 1) - udrzovaci methylace cytosint v
dubletech CG; homolog Dnmt1
CMT3 (Chromomethylase 3) - methylace cytosinu v tripletech CHG;
unikatni pro rostliny
DRM2 (Domains Rearranged Methyltransferase 2) - de novo
methylace cytosinu ve vSech sekvencnich motivech, musi existovat
permanentni stimul — RNA?;
homolog Dnmt3 - jinak fazen¢ podjednotky — pti¢ina odliSné substratove
specificity?
DRM3 - VL IX, X, I-V
Dnmt3 — 1 - VI, IX, X

(DDM1 (Decrease in DNA methylation 1) — koduje protein, ktery je
soucasti komplexu remodelujiciho chromatin,
role v udrzovani CG 1 non-CH methylace) 0



FUNKCNI KOOPERACE MEZI
METYLTRANSFERAZAMI:

MET] je schopna (v kooperaci s DRM?2), de novo methylace CG motivu

Dnmtl je také schopna de novo methylace CG, tuto schopnost posiluje
pre-existujici methylace v daném lokusu

Novy model zachovani stabilni methylace DNA:
methylacni vzory jsou dédény jako obecny status, dulezita
je souhra mezi methyltransferazama.
Dnmtl je navdzana na replikacni vidlici — methylace
hemimethylovanych mist (nezavisle na dalSich epigentickych
modifikacich).
Dnmt3a/b — vazba na nukleosomy, methylace dalSich cytosinu,

podle epigenetickych modifikaci histont.
11



Biologicka role CpG a non-CpG methylace u rostlin

CG: zajiStuje stabilni epigeneticky obraz

A.thaliana mutanty deficientni v udrzovani methylace CG — aktivace
alternativnich epigenetickych mechanismii — non-CG methylace,
H3K9Me?2, architektura jadra (Mathieu O. et al, Cell 2007)

Nefunkéni MET1 — porusi se cely epigeneticky obraz,
fenotypickée defekty — pretrvavaji 1 po obnoveni funkce
enzymu.

rostlina

divokého typu
met1 mutant
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Biologicka role CpG a non-Cp6 methylace u rostlin

CG: zajist'uje stabilni epigeneticky obraz
A.thaliana mutanty deficientni v udrzovani methylace CG — aktivace
alternativnich epigenetickych mechanismu — non-CG metylace,

H3K9Me?2, architektura jadra (Mathieu O. et al, Cell 2007)

Nefunkéni MET1 — porusi se cely eplgenetlcky obraz,
fenotypické defekty — pretrvavaji 1 po obnoveni funkce
enzymu.

Nefunkéni CMT3 nebo DRM2 — bez fenotypu
Nefunkéni CMT3 a DRM2 - fenotypoveé zmény

po obnoveni funkci enzymu se methylacni 1 fenotypovy
obraz vraci k normalu

13



DEMETHYLACE

1. PASIVNI - ne-funkce udrZovacich methyltransferaz

Inhibitory DNA methyltransferaz

Analogy cytosinu:

i OH OH

5-aza-deoxycytidine zebularine
DHPA:
MH-
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DEMETHYLACE

PASIVNI — ne-funkce udrZovacich methyltransferaz

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
genl v endospermu — hypomethylace promotorti maternalnich
alel genlt MEA (regulator vyvoje endospermu) a FWA
(transkripcni faktor, podili se na kontrole doby kveteni).

(8) J @
ROS — uvolnuje TGS transgent s hypermetylovanymi et
promotory N : /
é -

‘33“
Kim and Zilbermann, Trends Plant Sci 2014 15




Unmethylated cytosine Methylated cytosine

T -~
NH; ™,
Y . 4
T N o

1
% "
F

N
< /L‘H_ ' Cytosine !
N0 DNA methylation ¢ &
—— |

-

| - -
0" '
. 1
1 o N
* O J 13
| S *
“0—P=0 . w
LR | ‘. .
v S e
L] - -
1 ~ -
\ Tell o
————— -

Unidentified
DMNA polymerase and
DMNA ligase activities

. Single-

o

b “0—P=0 .
Ve | L
Vot ) -

-~ e
' tee - ot
' -
. -

Deamination

¥ e :

a _'\'HJ 1
0 K | 0 K
| N * | S
“0—-P=0 ’ "o 0—-P=0 K
I . I .
0 ann L L () 7
- _,::’ \ el _,;:’
(VN - @B/ i ATNT
' W
- / - l )"" l - /
Cleavage of
NH. M-glycosidic bond
HC ko 0
e L
h NH

OH

AP lyase activit i §
= . L R0 F0y o
{_ o '.‘ o :
- U ‘o 0 "
S T | .
T “0—P=0
OH Ve L .
\‘ ‘m"-_ _',r
' seeoa-niF
o e -
VI N/,
- S -

(www.nature.com/reviews)



DEMETHYLACE

1. PASIVNI — ne-funkce udrZovacich methyltransferaz

2. AKTIVNI (v Zivo¢isnych buiikiach)

TET — methylcytosine

dioxygenase
NH, NH,

— 5 It TDG /BER
_ /K = w] thymin DNA glycosylase /

base excision repair

DNA
C 5-mC
A TETs
TDG/BER
‘0 NH, O  NH, NH, S—hmC
2006 — objeven v mysich
0 /g TETs H /J§ TETs HO | \l a lidskych mozcich
N0 .
DNA DNA DNA Funkce (?) v regulaci exprese
5-caC 5-C 5-hmC gend, korelace s acetylaci histont
(pozitivni epigenetické znacka)

17
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METODY STUDIA METHYLACE DNA

1. Digesce methylacné citlivymi restrik¢nimi endonukleazami
- v rozpoznavaci sekvenci maji cytosin, neStépi, pokud je methylovan

CG: Hpall ™CCGG

Cfol GMCGC i
Smal CC"CGGG =
Tail A™CGT ! *‘;

CNG: Mspl mCCGG

CHH: Sau96l GG(A/T)»CmC
(zalezi na tom, co v sekvenci nasleduje)

hypomethylated |

18
(Fojtova et al, Pharmacol. Res., 2006)



Metody studia methylace DNA

2. Modifikace DNA bisulfitem - cytosiny kovertovany na uracily, ™C nereaguji.

19



Metody studia methylace DNA

2. Modifikace DNA bisulfitem
cytosiny kovertovany na uracily,
mC nereaguji.

Modifikovand DNA je namnoZena
pomoci PCR, uracily se paruji

s adeninem jako thyminy. Primery musi
amplifikovat modifikovany 1
nemodifikovany templat;

amplifikuje se kazdé vlakno zvIlast —
nejsou komplementarni.

PCR produkt se klonuje a sekvenuje —
cytosiny jsou pouze tam, kde byly
ptvodné ™C.

Vyhoda analyzy:
informace o lokalizaci
methylovanych cytosinil v celé
sekvenci, ne pouze v konkrétnim
restrikénim misté

Figura &: Bisulfite Ireatmant for analysis of mathdabed Dk

F-ACCGTCGACGT-¥

S-AUUGTUGAUGT-=-Y

Methylated DNA
§F-ACCEGTCGACGT-¥

l Bisulfite treatment l -
5 - A=C=CGTC nnmnig

l -rcross l

F=AUUGTUGAUGT=-%
¥Y-TAACAACTACA-%

§-ACCGTCGACGT=%
Y-TGGCAGCTGCA-5
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METODY STUDIA METHYLACE DNA

% of cytosines methylated

P35S region

P35S

s
| |77]  CG CNG CNN

nptll region (§°end)
TSS (position 5§70)

5'nptil

HelLo1

e 2 1
HeLol  _ . | o
(Fojtova et al, Nucleic Acids Res., 2006)



METODY STUDIA METHYLACE DNA

3. Sekvenovani DNA po modifikaci bisulfitem,
imunoprecipitace pomoci protilatek proti ™"C nebo
afinitni purifikace pomoci ™C vazebného proteinu

Vysledky analyzy genomu Arabidopsis:

e cca 20% cytosinll v genomu je methylovanych

 nejvice ™C je v transpozonech a repetitivnich sekvencich

* neymeéné¢ methylované jsou promotory endogennich gent

e as1 1/3 gentll obsahuje ,,body methylation* (CG mista na 3 konci
kodujici oblasti)

22



Modifikace histoni

Methylace — napr. lysin v poloze 9 na histonu H3 (H3K9)

Distribuce euchromatinovych a heterochromatinovych znacek v Arabidopsis thaliana
a mySi (podle (Fransz et al., 2006))

A. thaliana mys
) Stupe - -
Modifika A euchromati | hererochromat | euchromati | heterochromat
lyZin ce n in n in
"l' mono - + +
H 3 K 9 H3K9 di - + +
histon H3 devaty lyzin od MN-konce tri + - - +
mono - + +
H4K20 di + - +
tri + - - +
S5m-C - + - +

v

Jde o druhové- a dokonce lokus-specificke,

dynamické modifikace .



Modifikace histoni

Acelylace — 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
(trafnscr lp'llurlal activation) E:Genn l.mnu:rlplmn
O:<
MNH3* [ e |
Acetylation by
KATs
< > Closed chromatin Open chromatin
Deacetylation by Histone dnacnlylatmn
\ HDACs \ {gene silencing)
M N
7 F £ 2006 Prous Science

H lo} H o]

Lysine Acetyl-lysine 24



Writers, readers, erasers

Epigenetic
Tools

s

i Y <
Wiritars @ Readers "‘,T..EI Erasers
IF DNMTs Y Meoe U HKkOMs
V HEMTs @ Tudor © HDACGs
v PRMTs M pHD
W HATs 1 Chromodomain
) Bromodomain

Erasers remove the modifications
introduced by the writers

Writers introduces modifications

on DNA and histone tails

Readers binds to the modifications
using specialized domains

6 » H2A U » H2B & —> H3 o ) > HA

A —» Methylation A —» Acetylation » 5-methylcytosine

mark

mark

Fig. 1. Epigenetic tools. A representation of epigenetic writers, readers
and erasers. These enzymes and protein domains carry out most of the

on DNA and tails. Apart from the

enzymes and protein domains highlighted here, other enzymes and
protein domains are also available. DNMTs — ,

HKMTs —

Histone lysine

, PRMTs —
, HATs — , MBDs —
, PHD — Plant homeodomain, HKDMs —
, HDACs —

Biswas and Rao, Eur. J. Pharmacol., 2018
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https://www.sciencedirect.com/topics/neuroscience/dna-methyltransferase
https://www.sciencedirect.com/topics/neuroscience/histone-lysine-methyltransferase
https://www.sciencedirect.com/topics/neuroscience/protein-arginine-methyltransferase
https://www.sciencedirect.com/topics/neuroscience/protein-arginine-methyltransferase
https://www.sciencedirect.com/topics/neuroscience/histone-acetyltransferase
https://www.sciencedirect.com/topics/neuroscience/methyl-cpg-binding-domain
https://www.sciencedirect.com/topics/neuroscience/methyl-cpg-binding-domain
https://www.sciencedirect.com/topics/neuroscience/methyl-cpg-binding-domain
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https://www.sciencedirect.com/topics/neuroscience/methyl-cpg-binding-domain
https://www.sciencedirect.com/topics/neuroscience/demethylase
https://www.sciencedirect.com/topics/neuroscience/histone-deacetylase

Dédic¢nost histonovych modifikaci

DNA methylation-mediated
histone modification

A A Semi-conservative
‘Y ?
&
i@

x*
CpG
- ~ 0 S < ' = O
Old H3/H4 new H3/H4 Covalent Modification Histone 24112021 ¥
dimer dimer modification binding modifying d histone MNew histone  Covalent  Methylated  Methyl-CpG Histone
rotein activit tetramer tetramer  madification DNA binding modifying
P y protein activity
(Martin and Zhang, 2007)
. . V4 . 11}
semikonzervativni model .piggy back" model (?)
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Vztah mezi methylaci DNA a modifikacemi histoni

1. Heterochromatinova modifikace H3K9me2 rekrutuje
dalsi enzymoveé aktivity (histodeacetylazu, HP1, DNA methyltransferazy)

——— tvorba kompaktniho usporadani a fixace heterochromatinového
stavu

2.V Arabidopsis thaliana byly vyrazeny geny pro histon methyltransferazy
(SUVH4, SUVH5, SUVHO) aktivace transpozonu
spojena s jejich hypomethylaci

3. Proteiny obsahujici Jumonji doménu jsou schopny odstranovat
methylové skupiny z histonu. V Arabidopsis byl identifikovan protein
IBM1 s Jumoniji doménou, ktery reguluje (snizuje) hladinu
methylace CNG v transkribovanych oblastech

4. ,piggy — back” model vs. de novo methylace DNA fizena modifikacemi
histonu

27



Biologicka dloha RNA

mRNA — kopiruje genetickou informaci z molekuly DNA,

IIII

proteinu

tRNA — preklada kod sekvence bazi do sekvence aminokyselin.
cca 80 nukleotidi, koncova sekvence —CCA,
na ni se vaze prislusna AK

rRNA — tvofi (s proteiny) ribozom.
Prokaryota: 58S, 16S, 23S
Eukaryota: 58S, 5.8S, 18S, 28S

ribozym — (Ribonucleic acid enzyme), RNA s katalytickou funkci
23S rRNA ve velke podjednotce ribozomu katalyzujici syntézu
peptidove vazby (peptidyl transferaza)
RNazaP — St€pi RNA, maturace tRNA
Nobelova cena za chemii (1989)
——— predstava RNA svéta v jistém stadiu evoluce, kdy byly molekuly

RNA hlavnimi biologickymi katalyzatory .



RNA INTERFERENCE - SHRNUTI

Dlouha dvouvlaknova RNA (dsRNA; >200 nt) miize umlcet expresi cilovych genii v
riznych organismech (Caenorhabditis elegans, Drosophila, rostliny). Dlouhé¢ dsRNA
vstupuji do metabolické drahy nazyvané RNA interference (RNAi). Dvouvlaknova
RNA je v reakci katalyzované enzymem Dicer Stépena na useky dlouhé 20-25
nukleotidl, tzv. kratké interferujici RNA (siRNA). siRNAs jsou zaclenény do
komplexu obsahujici enzymy s ribonukledzovou aktivitou zvaného ,,RNA-induced
silencing complexes* (RISC). Dvouvlaknové siRNA jsou rozvolnény, ¢imz dochazi k
aktivaci komplexu. siRNA navadéji RISC k molekulam RNA s komplementarni
sekvenci a dochazi ke Stépeni téchto molekul, a to blizko stfedu useku, ktery je
navazan k vlaknu siRNA.

Evolution of RNAi

20m * Improved synthetic * Specificity
Successful dasign GOMGErnS
1998-2001 RNAI in yeast, siRNA * Modified reagents * Super-active
Drosophila, plants, exparimants = RMAI machanism reagents
trypancsomes in mammialian * Towicity responses *More on in vivo
calls * Controls *Unique apps

. 1990 Post transcr ptional 1998 “RMNA® 2002 Sclence namead RMAI Mobel Prize
http://courses.biology.utah.edu/ gane silencing (PTGS) in C. elegans *Technology of the Year” Fire & Mello
bastiani/3230/DB%20Lecture/

Lectures/WormRNA1.html e ~
1992 Quelling | ©- elegans s » Dasign improvements
in Neurcspora +-RNA i *Validated reagents
_*/ *In wivo applic ations
o i 2002 Recombinant Dicer *Micro
S [ generated siRNA ] *|arge scrasens y 29




Zacalo to Cervem........,
ale na pocatku byly kytky

Guo, Kemphues, 1995
Fire, Mello, 1998 >  RNAI

Jorgensen et al., 1990
Que, Jorgensen, 1998 > PTGS

Vlastnosti procesu RNA interference:

* vlastni interferujici molekulou je dSRNA (ne antisenseRNA)
* efekt je vysoce specificky
* velice potentni (nékolik molekul dsRNA v buiice staci pro vyvolani
efektivni odpovéedi)
* mobilni (je moZno indukovat interferenci v bunikach a tkanich vzdalenych odS(I)nista
injektaze)



FAREN Tw EFDY-HO LM ESCORER

Slechténi petunii —
zintenzivnéni barvy kvétii.

A lighter shade of failura? Attempts to
deepen the purple hue of petunias by
genetic modification produced
unexpected results Rathar than
heightening pigmentation. an inserted
gene switched colouwr production off,
creating variegated blooms Cinsset).

Logicky pristup — vice kopii
prislusného genu (chsA)
— vySSi exprese

ALE

PFTGS is now thought to be an
ancient self-defence mechanism evalved to
combat infection by viruses and trans posons

SEE R PSR e BN, BELROSWA S - 7 e DN ] e

KOSUPRESE

-pritomnost transgenu
vede k omezeni <«
exprese homolognich
(trans)genu

zihané rostliny az zastaveni
syntézy barviva
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Zacalo to Cervem........,
ale na pocatku byly kytky

Guo, Kemphues, 1995
Fire, Mello, 1998 >  RNAI

Jorgensen et al., 1990
Que, Jorgensen, 1998 > PTGS

Vlastnosti procesu RNA interference:

* vlastni interferujici molekulou je dSRNA (ne antisenseRNA)
* efekt je vysoce specificky
* velice potentni (nékolik molekul dsRNA v buiice staci pro vyvolani
efektivni odpovédi)
* mobilni (je moZno indukovat interferenci v bunikach a tkanich vzdalenych od mista
injektaze) 32



INJEKTAZE Caenorhabditis elegans (haditko obecné)

1.
+ asRNA . zablokovani
exprese
XX . analogie s pokusy
+ sense RNA - zablokovani na petuniich
CXprese 4 * saturace transla¢nich
faktord ®
2.

+ mix sense a antisense RNA  nékolikanasobné vysSi
umlcovaci efekt

» zakladem interference je dSRNA
» existence amplifikacniho kroku
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Figure 1. Effects of mex-3 RNA interference on levels of the endogenous mRNA. Nomarski DIC
micrographs show in situ hybridization of 4-cell stage embryos. (A) Negative control showing
lack of staining in the absence of the hybridization probe. (B) Embryo from uninjected parent
showing normal pattern of endogenous mex-3 RNA (purple staining). (C) Embryo from parent

injected with purified mex-3 antisense RNA. These embryos (and the parent animals) retain mex-
3 mRNA, although levels may be somewhat less than wild type. (D) Late 4-cell stage embryo

from a parent injected with dsRNA corresponding to mex-3 ; no mex-3 RNA is detected.
Each embryo 1s approximately 50 um in length.
(For details see: Fire et al. '98 "Potent and specific genetic interference by double-stranded RNA

in Caenorhabditis elegans " Nature 391: 806-11)
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Zacalo to Cervem........,
ale na pocatku byly kytky

Guo, Kemphues, 1995
Fire, Mello, 1998 >  RNAI

Jorgensen et al., 1990
Que, Jorgensen, 1998 > PTGS

Vlastnosti procesu RNA interference:

* vlastni interferujici molekulou je dsRNA (ne antisense RNA)
* efekt je vysoce specificky
* velice potentni (nékolik molekul dsRNA v bunce staci pro vyvolani
efektivni odpovédi)
* mobilni (e moZno indukovat interferenci v bunkach a tkanich vzdalenych od mista
injektaze) »




Molekularni zaklad

RNA1

http://www.ambion.com/techlib/
append/RNA1 mechanism.html
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VZNIK dsRNA:

- pokud je transgen usporadan jako invertovana
repetice — transkripce pres stied IR

> <

nptll |P3SS

3'chs " I_g'chs

LB nptll

P35

LB
\

- aberantni molekuly mRNA - predCasné

terminovang¢, nespravné procesovane -
substrat pro RARP (RNA-dependent RNA polymerase)
> katalyzuje syntézu dsRNA

(nebyla identifikovana u Drosophila,
u obratlovcii neddvno)
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Molekularni zaklad
RNAI1
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DICER

» vlastni iniciator uml¢eni, identifikovan v Drosophila

» RNase III-like enzym (N-konec: helikazova doména,
C-konec: RNaselll doména a dsRNA vazebny motiv)

siRNA (21 - 25 nt)

* Stépeni molekul dsSRNA
* evolucné konzervativni (houby, ZivoCichové, rostliny)

» ATP - dependentni nukleaza, funguje procesivng,
ATP vyuziva k translokaci podél substratu

* C. elegans s mutaci v genu kddujicim DICER — fenotypové defekty,
diukaz zapojeni RNA1 do regulace vyvojovych procesii

Zivocichové, C. elegans, S. pombe — jeden DICER protein
Drosophila — dva DICER
Rostliny — ¢tyfi!, mutace maji dramaticky vliv na vyvoj rostliny
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Molekularni zaklad
RNAI1
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RISC

* RNA-1induced silencing complex, efektorovy komplex,
destrukce cilovée mRNA

e aktivace RISC

* jednovlaknové siRNA - na zdkladé komplementarity
bazi navadi komplex k cilovému mistu

* helikaza, nukledzy s endo- a exo- aktivitou,
protein recA (homology searching activity)

ARGONAUTE - proteinova rodina, interakce s Dicer,
soucast komplexu RISC.
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Proteiny rodiny ARGONAUT (Ago)

Bazicke proteiny (schopnost vazby na RNA)
PAZ domeéna — protein-proteinove interakce
as1 prispiva 1 k vazb¢é siRNA

PIWI domeéna — vazba siRNA v RISC
Ucastni se produkce siRNA, jejich ,,nasmérovani“do ptislusného
efektoroveho komplexu 1 vlastni degradace mRNA, u rostlin
procesu RDDM.
Multigenové rodiny (Arabidopsis — 10 ¢lenu, Drosophila — 4,

C. elegans — 3, Clovék — 7, mys - 8).
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Molekularni zaklad
RNAI1

—~ A~/ dsRNA

Dicer
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e

RDDM
(RNA-directed DNA
methylation);

v rostlinach

v rostlinach infikovanych

rekombinantnimi viroidy

nesoucimi min. 300 nt

homologii s kodujici sekvenci
= methylace a PTGS

pokud je homologie
s promotorem — TGS
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Vznik dsRNA

transkripce pres IR (RNA pol II
nebo RNA pol IV)

vznik ze sSRNA (RdRP-RDR?2)

dsRNA je procesovana DICER,
vznikajici molekuly fidi methylaci
DNA v komplementarnich
sekvencich
(MET]1 podili se na CG de novo
DRM2 de novo vSechny kontexty
DRDI chromatin remodelujici
protein)

RNA nezavisly proces uchovani
methyla¢niho obrazu (kromé CNN)
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KO-EXISTENCE RNAIi a methylace DNA

Rostliny, obratlovci, Neurospora - methylovana DNA a RNA1
Drosophila, S. pombe — RNA1 a Dnmt2 (?)
C. elegans — RNA1, ale nema gen pro DNA methyltransferazu

S. cerevisiae — nema methylaci an1 RNA1

Methylace DNA neni univerzdinim epigenetickym regulacnim mechanismem
existence alternativnich mechanismu
produkty gent skupiny Polycomb / Tritorax - udrZeni gen
ve vypnutém / zapnutém stavu
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SYSTEMOVE UMLCENI

- umlCeni se prenasi z podnoze na roub pokud
existuje sekvencni homologie mezi umlc¢enou a umlCovanou
genovou oblasti (t. podnoz 1 roub obsahuyji
homologni transgeny) - signal je sekvencné specificky

roub s aktivnim
transgenem

(napf. jednokopiova
inzerce)

podnoZ nesouci

umlceny transgen -

(napf. usporadany
jako obracena repetice)

- -umlceni se prenese 1 kdyz jsou

transgenni roub a podnoz oddéleny
az 30 cm dlouhym stonkem

z wild-type rostliny

- signal je mobilni
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16-18

il

21

16-18

microRNA

endogenni malé molekuly RNA, kodovany
geny ODLISNYMI od t&ch, jez reguluji.

21 nt, vazba na parcialné komplementarni

mista na 3 'netranslatovaném konci
cilové mRNA - represe translace.

Vznik z vlasenkového prekursoru (70 bp),
prepisovan z intergenovych oblasti.

Zivodichové — jeden prekursor spoleény pro
nékolik miRNA.

Rostliny — kazdda miRNA ma sviyj prekursor,
maturovan¢ miRNA jsou methylované (HENI).
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microRNA

ROSTLINY ZIVOCICHOVE

- degradace mRNA (AGO1) - represe translace cilové sekvence
spojena s jeji destabilizaci

- Vysoké komplementarita S - limitovana komplementarita
cilovou sekvenci s cilovou sekvenci
- 2/3 reguluji expresi - Sirokospektry ucinek (vyvoj)

transkripCnich faktoru

Production of pre-miRNA Processing of pre-miRNA to miRNA Capture of mRNA and suppression of translation

gene
DAY w—
M W
i Dicer ! a > mRNA

o | O miRNA
i:“&* | = EE;T RISC ~re %Mm%

Nudeus
pmmimi
http://courses.biology.utah.edu/bastiani/3230/DB%?20Lecture/Lectures/ WormRNA1.html

Cytoplasm
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SIRNA A HETROCHROMATIN

Heterochromatin obsahuje repetitivni sekvence a
transpozony, transkripéné umlcena oblast.

(Trans)geny inzertovane do heterochromatinovych oblasti —
umlceni (Drosophila — PEV).

RNA1 — vyznamna role ve formovani a umlCeni

heterochromatinu
X
,2umlCeny* heterochromatin neni transkribovan
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RNAI a heterochromatin

Mutantni forma kvasinky Schizosaccharomyces pombe,
blokovana RNA1 (mutace v genech Dicer, Rdp1, ago)
— neschopnost tvorby heterochromatinovych struktur
v centromerach béhem bunécného déleni
(Volpe et al., 2002, Science)

Mutantni formy Zetrahymena thermophila

|

molekuly siRNA jsou nezbytné pro procesy rearangementu
DNA v prubéhu konjugace jader

(Mochizuki et al., 2002, Cell) "



Telomerove transkripty

Telomery jsou typicky heterochromatin (?) (epigenetické modifikace,
neobsahuji geny, telomere position effect (TPE))
—_— transkripéné neaktivni

V sav€ich bunkach — TERRA (TElomeric Repeat containing RNA)

100 bp — 9 kb
v jaderné frakci A cnnecnn
UUAGGG repetice ANase: - _ ¢ - - ¢
(jenom slaby signal pro CCCUAA) =
pocatek transkripce v subtelomerické oblasti =3
aspon €ast jich zustava asociovana 3-
s telomerami 2+
in vitro experimenty: TERRA ovliviiuji 1-
aktivitu telomerazy 0.5+
0.1+
UUAGGG CCCUAA
(TERRA) 51

(Azzalin et al. Science, 2007)



RNA polymerazy

RNA pol. I — syntéza pre-rRNA 458 (28S, 18S, 5.8S rRNA)

RNA pol. II — prekursory mRNA, ncRNA, miRNA

RNA pol. IIT - tRNA, 5S rRNA a ostatni kratké RNA v jadie a
cytoplasmé

RNA polymerazy v mitochondriich a chloroplastech

V rostlindch — RNA polymeraza IV
transkripce heterochromatinovych oblasti (intergenove
sekvence, repetice)
vznikaji kratké transkripty
substraty pro RDRP

RNA polymeraza V
transkripty zapojené do procesu RDDM 52



siRNA

cupex
oy = @
RNA — AGO-RISC
T ssRNA
X

DDR Complex
Pol V transcript

Figure 1. A model for RNA-directed DNA methyla-
tion in Arabidopsis thaliana. RNA Pol IV transcripts
are used as templates by the Pol IV-interacting protein
RNA-DEPENDENT RNA POLYMERASE 2 (RDR2).
DICER-LIKE 3 (DCL3) cleaves resulting dsRNAs into
24-nt siRINA products, one strand of which is loaded
into an ARGONAUTE 4 (AGO4) RISC complex.
Independent of siRNA biogenesis, the DDR complex
enables transcription by RNA Pol V, whose nascent
transcripts serve as scaffolds for the binding of
AGO-RISC complexes. AGO4 also interacts with the
C-terminal domain of the Pol V largest subunit and
RDMI. In turn, RDM1 interacts with the de novo
DNA methyltransferase DRM2.

(Wierzbicki et al., Genes Develop., 2012)



https://www.youtube.com/watch?v=cK-OGB1_ELE
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