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Epigenetika — definice

e Studium dédicnych mitotickych (a meiotickych) zmén v genové

expresi, ktera se vyskytuje beze zmény v primarni strukture DNA

Epigenetic mechanisms of gene ANANNVNYNG ANONANVANNYG
regulation
& Robert A Martienssen, Arthur D Riggs, Vincenzo Ettore Aldo Russo l mutations l alterations
& Published in 1996 in Cold Spring Harbor NY) by Cold Spring Harbor
laboratory
RO PN
e Ostatni definice nezahrnuji nutné e
inherited stable?
1 1 k d"d"’ 1 1 k’ d"l { germ line soma
epigenetickou dédi¢nost mitotickym délenim

species variability



Epigenetika jako ,vedecky jazyk”
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* Termin epigenetika predstavuje vedni obor, studujici zmény v genové
expresi a studujici informaci nad DNA, ktera je nutna pro uskutecneéni
vyvoje a bun. diferenciace

Kazdy bunécény typ je definovan aktivitou specifické sady gend,
které jsou v Case a prostoru exprimovany




Definice zakladnich pojmu

1 genome
stored
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* Genom — veskera geneticka
informace ulozena v DNA (u
nékterych vird v RNA)
konkrétniho jedince

. Eﬁigenom — souhrn (zaznam)
chemickych modifikaci DNA a
histonu, nebo dalSich proteinu
(methylace, acetylace,
sumoylace...), konkrétniho
organismu (modifikace jsou
dédicné)

* Epimutace — zmeéna v chemické
strukture DNA, ktera nezahrnuje

zmenu v primarni strukture (mC,
caC, fC..)



Vyznam epigenetiky na bunécné urovni |

>25,000 genes "““a\
. N cell :

DNA sequence

>200 different
cell types

{222

» ,c-value paradox” — velikost genomu se nezvysuje s komplexitou a sloZitosti organism(

* Regulace genové exprese a jeji realizace je uskutecriovana na nékolika urovnich, kazda burika

dostava specifickou informaci z okoli a z predchoziho bunécného déleni (epigeneticka dédicnost)



Vlyzhnam epigenetiky na bunécné urovni I

Merunka japonska
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- Epigenetickd dédi¢nost zajistuje: * Absence epigeneticke dedicnosti =
* Expresi stejnych gen( v dcefinych tlfan(,)va heteoroge,rv"ta ,(expre,se
burikach ruznych genu, tkanova chiméra-

. . nezamenovat s genetickou
* Tkanovou homogenitu .y
chimérou)



mechanismus?

* Jednobunécna dvojcata vznikaji béhem ranného vyvoje
embrya (jeho rozdélenim), jsou tvoreny tedy stejnym

genetickym materidlem (spermie i vajicko)

« Casto rozdily ve vzhledu a vlastnostech (napt. 30% vysky)
* Jak? Genotyp x Fenotyp?

*  Proc? Prostredi?

* Conrad Waddington, 1942 — epigenetika (asimilace,

krajinny model), vznik fenotypu(t) na zdkladé jednoho

genotypu

* Robin Holliday, 1990 — ¢asova a prostorova kontrola

genové aktivity béhem vyvoje komplexniho organismu



Epigenetika jako ,vedecky jazyk™ nmaxeusavo

AND FETAL DEVELOPMENT

Fertilized egg

Foetus-20 weeks
2-cell stage @ k}

GENOVA EXPRESE

DNA ——) RNA ) ~ Protein
NEURON @ CERVENE KRVINKY SVALOVE BUNKY
Hemoglobin - Hemoglobin + : @ Hemoglobin -
Dopamin + @ Dopamin - @. Dopamin -

Myoglobin - @ Myoglobin - Myoglobin +



Epigeﬂetika ja |<O ,,VédeCk\,/ jazyk” HUMAN EMBRYO

AND FETAL DEVELOPMENT

Fertilized egg

@ -

GENOVA EXPRESE
DNA mm——) RNA ) ~ Protein

» Aktivita specifickych transkripcnich faktor(

» Epigenetické modifikace na Urovni DNA a histon(

Ceédtina vyuZiva 42 pismen (26 latinka), epigenetika v pfeneseném slova smyslu funguje stejnym principem jako znaménka a formatovani textu.



Epigenetika jako ,védecky jazyk” a znameénka
v cestine?
Epigentickemodifikacemohoubytpovazovanyzaznamenkaneboznackyvg

enomuaneznalostvyznamutohotojazykajevyzvyvajiciprovsechynzacinaji
civedce

* Epigeneticky kod slouzi jako:
* Formatovani/styl textu (=aktivita nebo represe genu)
* definuje mezery mezi slovy (=vyznacuje zacatek nebo konec genu)
e Definuje znaménka a tedy i vyznam slov (=jak a kdy maji byt geny cteny)

* Definuje kapitoly a odstavce (=struktura chromatinu a potazmo celého
chromozomu)

NEURON SVALOVE BUNKY

Hemoglobin = epigeneticky umicen @>- Hemoglobin = epigeneticky umlicen
Dopamin = epigeneticky aktivni @> é> Dopamin = epigeneticky inaktivni
Myoglobin =epigeneticky umlcen Myoglobin = epigeneticky aktivni



Epigeneticka informace jako ,epigeneticky” krajinny
model

Differentiation trajectory

— NX‘ Epigenetic
,;’\’?;\ — ‘ —~— landscape

DNA methylace

\ plastucut}/. i

Z Unstable state

5

Attractor state

Genové , séns dif :

specifickd : Bunecna diferenciace
Gene

exprese ¥ regulatory |

network L ' '
(GRN) / \
/ \



Modely ke studiu epigenetickych jevu

- Epigeneticka kontrola chromatinu
S.cerevisiae

Umléeni X chromozomi 6
| {'
/

mammals , ~/ S.pombe
t"("/'

| Genové umlcovani

&
=

=

Pozi¢ni efekt (PEV)

Polycomb = Epigenetické obranné
. ; /\ mechanismy
. epigenetic Sila Meiotické umlovani
Drosophila K i Nesopom
& - i
mOdel J DNA a histonova methylace
organisms

Epigeneticka regulace zarodecné linie /...\

l 5/\@| Chromatin v somatickych a
C l l- T trah n . / v
. elegans \ C\ elranymena generativnich burikach
, <

Imprinting RNA;

I?ararrluta,ce, /\ ) DNA a histonové epigenetické regulace
TE genové umlcovani . _ _
maize Arabidopsis



EPIGENETICKE JEVY PREDSTAVUIJI VYIIMKY Z
MENDELOVYCH ZAKONU

e Samostatnost alel. Genotyp je soubor samostatnych genl urcujicich znaky. Kazdy je
znak je urcen dvojici samostatnych alel.

e Segregace alel. Princip NEZAVISLE SEGREGACE ALEL : dvojice samostatnych alel se pfi

meiodze rozchazeji a kazda gameta dostava jednu z obou alel

e Nezavisla kombinace alel. (s vyjimkou alel ve vazbé)

e IDENTITA RECIPROKYCH KRIZENI. (pFi vzajemném kfizeni homozygotnich rodi¢d (P)

Gre'gorl\/levhdel
(1822-1884) vznika prvni filidlni generace (F1) potomkd, ktefi jsou genotypové i fenotypoveé

jednotni.

e Z3akon o Stépeni v potomstvu hybridu.



EPIGENETICKE JEVY PREDSTAVUIJI VYIIMKY Z
MENDELOVYCH ZAKONU

Alely se mohou podrobovat vzajemnym interakcim, které maiji za nasledek

dédicnou zménu jejich exprese : PARAMUTACE, TRANSVEKCE

— Nékteré genomy, chromosomy ¢i lokusy jsou v pribéhu gametogeneze sex-
Gregor Mendel . / / v’ P 5 5
(1822-1884) specificky reverzibilné modifikovany, coz vede k jejich umlceni ve filidlni generaci

: PARENTALNI IMPRINTING




Paramutace a jeji funkce

paramutable paramutagenic

Paramutabilni alela — alela, DSl lx Paramutagenni alela -
ktera je exprimovana umlicena alela, ktera je

’ schopna ovlivnit (umlicet)

@) druhou alelu

paramutation
A’)
A’

NI

Q)



Paramutace a jeji demonstrace u ruznych
modelovych organismu

A
L
' X H A A
R-st/R-st l R-r/R-r KittmIAlf / i
Akumulace anthocyaninu p«mmuwmn l / Kit lokus (tyrosine kinaza
v obilce kukufice v pfipadé , X receptor) — paramutabilni +
R-st/R ri rr

r1 lokusu (paramutabilni R-r (‘ (‘ a paramutegenni Kittm1Alf
Kit™AY /+ e

d paramutagennl' R-St) _( (+/+)
0“ ’t:
1y b

R-st/r R-r*/r

sulf/sulf’ sector

nebo et

Spoman eously : -7 '. A :
" v , . <0| 10%) I 4 o .
v pripadé celé rostliny sulf/sulf’ .& Sulf lokus zpUsobuijici
lokusu b1 (paramutabilni B-l 5. Iethal A nedostatek chlorofylu

s/sulf (paramutabilni + a
plant paramutagenni sulf)

a paramutagenni B’) ol |
T —
+/sulf
seedling

B/B** B/B'* Pilu 2011




Transvekce — funkce a definice

* Edward Butts Lewis
» ziskal Nobelovu cena 1995 za praci na modelu Drosophila a

objeveni transvekce na bithorax komplexu

"Operationally, transvection is occurring if the phenotype of a

given genotype can be altered solely by disruption of somatic (or
meiotic) pairing. Such disruption can generally be accomplished x
by introduction of a heterozygous rearrangement that disrupts 4
pairing in the relevant region but has no position effect of its own

on the phenotype"

« Popsana u lidi, mysi, rostlin, nematod, hmyzu a hub Viets et al. 2019



Transvekce — molekularni mechanismus

Button regions drive homologous

Step 1: Pairing P 1 Call ¢ 5 chromosome pairing in Drosophila
Physical proximity el type ell type
@ @ @ @ Wil insulator
T - ‘ : lust ‘
Constitutive pairing ' 4 4 } } } \ : "\: el *
. o8 | 9ee | S8
) L= ‘
O O TAD
. TADs and insulators are
- < ‘
v i ! iated with butt
Ce_ll_-type-specuflc ? # § % gl associated with buttons
pairing
@ @ @ % e
@ @ @ @ Strong pairing cell type Weak pairing cell type
Strong vs. weak il l ! ¢ ¢ ¢
> <+ pairing cell types é t % @ ' % T:arl;s?tene: * ’
ution
PAIRING NO PAIRING
Larva
e e A antennal Chromosome: | 2 Vo4 A A
disc Many buttons ¢ 4 - + ¢ i b o A
PAIRING PAIRING

Viets et al. 2019



Regulace genove exprese epigenetickymi
mechanismy
* DNA methylace




Methylace DNA

* CH3 skupiny jsou umistény na velké jamce dsDNA

* Proteiny jako transkripCni faktory, které se mohou vazat na DNA maji
casto kontakt prave ve velké jamce DNA

Cytosine 5-methylcytosine

Prokhortchouk a Defossez 2008



Mechanismus DNA methylace — de novo
methylace a udrzovaci methylace

- DNA 1 DNA T
replication l;'r_. G methylation Con G
DNA Methyltransferase (DNMTs) i " ¢ ¢

ﬁFF H. =

Hemimethylated

l NHZ .;_; .:_“ template
u j/ CH3  B-methylcytosine L1 ™ T

cytosine 4 )

L .
4=> — c ¢, . G Cpy
O S
F’j <L‘ b
= NA T o T
DNA Glycosylase Lyase & s mpini o) replication Cry ethylation Cm
Dy t’;' ; 4 SAM: S Adénosyl methionine o G
(Demethylase) SAH: S Adénosyl Homocystéine [: {\I.Z_"h T . .
el Wy . W I"-"'I'I
s'lo. G Active siRNA
§ AdensyhL-nomacysiene (S-AdaHcy) | . - orchromatin 5~
C signal Crm
I—l- B ——
G (3
Methylcytosine ﬂ S 4L
Chen et al. 2005

De novo methylace, u ZzivoCicht DNMT3a
Udrzovaci methylace, DNMT1



Primy vztah mezi metabolismem a DNA Fust-
methylaci (metabolom x epigenom) e

* SAM je prekurzor

DHF NAD(H) MetSo
mm v . . 7
ml e TRX ml T vSech epigenetickych

Met modifikaci vyZadujici

’ NADP
THF \ |
SHMT SMAS / MAT methylovou skupinu

5,10-CH,-THF - NO SAM (. - * DNA methylace
NADP’ ~
MTHFD —> y y y
NADPH . residui
5,10-CH=THF - SAH

| (. =mmmp - Methylace
w_'s-cu,-mr Hoy T— e

- argininovych residui
Ado

SAM cyklus — cyklus produkuijici, ,konzumujici“ a regenerujici SAM molekuly
Folatovy cyklus — produkce vitaminu B, regenerace DNA a genetického materialu

IQJ Kyselina listova
Acidum folicum
éh téh

\ Kysetina tistovs



Dukaz vztahu mezi DNA methylaci a

metabolismem — Agouti

v Agouti gene }
variable
methylation

region

{

e |
—
= /

\
»

L 24
— I oo }
methylated

agouti mRNA briefly made during development
agouti gone tlenced remainder of mouse iife.

healthy mouse with brown fur

———{ Aasiiges |

not methylated

/—‘\_/d.—\\\_/ /—vf‘\_,,
e\ e\

mouse with yellow fur;
develops obesity and diabetes during aduithood

female yellow mouse (agouti gene unmethylated and active)

~
%
9O TTu
Ghows o=
o
diet supplement during
pregnancy and nursing with
additional methyl groups

A g
— : -
. . - / - /”
. . - -

Offspring mostly brown and healthy;
agouti gene methylated and silenced



Rozdily DNA methylace koreluje se strukturou
genomu a jejich velikosti

a Mosaic DNA methylation
(fungi, for example, Neurospora crassa) PPPPPY ?I_-i- ? ) A 4 H_

- = . —
S I B ]
L <« | T

CpGisland gene intergenic repetitive
region element

b Mosaic DNA methylation

(plants, for example, Arabidopsis thaliona) o C p G O St r Cl V ky - Vét§ i n O u

— — l': — - = . , . V4 °
== %% [ Mnoistvi repetic nemethylovany (u rostlin v
cMouf(DNAmethylat’_ion v malé miFe)

(animals, for example, Ciona intestinalis) G enomove
R wr————mw— | specificka * Mezigenové oblasti — veétsinou

d Global DNA methylation methylace mEt hylova, ny

(animals, for example, Homo sapiens) ( na p r.

T TS | X inaktivace) * Repetitivni oblasti — vetsinou
methylovany

e Global DNA methylation
(plants, for example, Zea mays)

on [ihs ali)s menam wonfoun un s ofifs & 5] [ s ifon moS)mm e )
P T T ——— S ——-
- | —




Rozdily DNA methylace koreluje se strukturou

genomu a jejich velikosti

430 Mb 125 Mb

250 Mb

1.5Gb

Methylation levels (%)  Methylation levels (%) Methylation levels (%)

Methylation levels (%)

Arabidopsis thaliana

Arabidopsis thaliana

30 80
25 .
201 ]
15 4 40 4
10 -
20-»_4,4ﬂ,,»fjf#ﬁ*iﬂﬁ_““_\\\--_\,ﬁ~
5
T
0 0
Oryza sativa Oryza sativa
60 v 100 e
45 so-hn;p-ﬁ"/j/""—““\\H‘HM——__ﬂ
60 -
30 -
15,mN,ﬁ,,~w—\\\“H'h—_—-5//’a,*‘.q/~ 20 |
0 0
5 Apis mellifera 3 Apis mellifera
2 254
2 4
34
1.5
2 1]
14 0.5 |
0 T gl 0
i i Danio rerio
100 Daniorerio 100
80 - 90 -
60 - so-—«f"-"”Iﬂﬁ__r_~*\\*“-—ﬂ*%
40 4 701
20 - 60 1
0 50 -
upstream gene downstream upstream l repeat l downstream

155 Mb 110 Mb 500 Mb

2.6 Gb

Methylation levels (%) Methylation levels (%)

Methylation levels (%)

Methylation levels (%)

Populustrichocarpa

Populus trichocarpa

50 100
40 so.d/hM’d/_,//_‘*’*“—~*«\_\\hﬁhuﬁb
30 607/ﬁH,"u,ﬂf,/’“"““-""\\\ﬁxhﬁ\ﬁﬁh
20 - 40 -
10 4 20
——r
0 0
6 Chlamydomonas reinhardtii 18 Chlamydomonas reinhardtii
5 15 4
4 ‘M 12
3 - :p — 9
2 6
14 3
0 0
Ciona intestinalis Ciona intestinalis
50 40
40 ol T~
30 -
20
20 -
10
10
0 0
Mus musculus Mus musculus
100 100
80 90 -
60 | 80 |
40 - 70 1
20 | 60 |
0 50-

upstream l gene l downstream

upstream l repeat l downstream
Feng et al. 2010



Rozdi

genomu a jejich velikosti, ale existuji i druhove-

specifické rozdily!

e /J o

v DNA methylace koreluje se strukturou

Vcela medonosna ma 5 — 8% TEs v genomu, s relativné vétsSim poctem LTR bez protein-kédujicich sekvenci (presto

tyto LTR jsou stdle zachovalé), podobné i Chlamydomonas obsahuje pouze 15 —20% TEs v celém genomu

Vcéela rovnéz ma i nizsi procento gend s imunitni odpovédi, které jsou naopak kompenzovany velmi usporadanym
socialnim zivotem a hierarchii

Coelomata

Viridiplantae

Chordata

Euteleostomi

Magnoliophyta

Rosids

Apis mellifera

Ciona intestinalis

Mus musculus

Danio rerio
Chlamydomonas reinhardlii
Oryza sativa

Arabidopsis thaliana

Populus trichocarpa

CG CHG CHH

0.93%  0.26% 0.17%
31.1%  0.17% 0.12%
74.2%  0.30% 0.29%
80.3%  1.22% 0.91%
9.38%  2.59% 2.49%
99.4%  20.7% 2.18%
22.3%  5.92% 1.51%
41.9% 20.9% 3.25%

Feng et al. 2010



DNA methylace se liSi mezi geny a transpozony

(H=T.AorC)

?
S O [

3 GHE 5

@ Transposable elements and repeats

199 Chromosome 2
g 80
g
€ 60
z
§ 40
2
20

0 5 10 15 Mb

centromere Adapted from Cokus et al,, Nature 2008



Rozdily DNA methylace koreluje se strukturou

genomu a jejich velikosti, u rostlin vsak odpovida |
mnozstvi TEs

15000MD

B Genomic landscapes in plants

Umlceni repetic = stabilita genomu a potlaceni

l A4 LJ ' 4 o r
_— 2500Mb e skodlivych inzerci
_— e maize arabidopsis
's;‘::w° Gene number remains
Seloction constant in plants V
- Stotle \
SO0OMD v \ /
ASOMD TEs:85% TEs : 17%
130M .
- 25% 11% an 0.66%
Arabidopsis Rice Sorghum Maize Wheat

" - Q % T T ey e S ey —
\l’ DR T P R S J-IJ
p S
DNA t
i" ’ ’—‘ \!! % ransposons I
— = i 3 ! - £ 2 |r Non transposons ]

* S vétsi procentem repetitivni DNA roste Umérné mnozstvi inaktivhiho chromatinu (drive fakultativni
heterochromatin) a tim se méni i chromozomalni distribuce epigenetickych znacek




Unmethylated gene Gene body methylated gene

(]

g (a) NN SENA
; - mRNA TSS I

fa NIRRT CG methylation

(<% ) 4 ) 4 ?

S s | a4S1ILIELIE L J.

gbM kontroverze a vliv * o

® @ @ | ||& & & |
Na gENOVOU expres | TR e
c S e ———— —————\ e e —————\
(] j : \* \ \( ) [ i \ \" i \
O 5 T el & ) I Wl ) | & "\ (k4 I
| 7_/ 7;H.>;_-_’777 “\\j D § '[r _!I | :__/ 7‘7\ \:»_7;7 ,l‘._i\ :::ll;
(c) A i
< % Species 1 L Species 1 D:J
zZ < S
N L. o %D Species 2 = Species 2 .[;_T_'_
Negative Positive E s D >
*
(d)
Aberrant
TSS TSS g TSS,
- Tf TIS = RERIIXIXIXEXIINININX TTiS .
c O
© £ Aberrant
. . V4 . . V4 GL) $ an:isggnse
* gbM je hypoteticky pozitivni 8¢ ‘ e, L

regulator genové exprese = pokud |,

neni methylace rozmisténa mezi — -
promotory a cis-regulaénimi e LN i . T E LY
oblastmi

Normal Exonl Exon2 — Normal Exonl Exon2

Splicing
Yes/no

* Mize regulovat pre-mRNA splicing e,
e Ovliviuje pool aberantni mRNA 8
T 0
o v 7 . v o ’ 2 c Deleterious
* Muze chranit geny pred TE inzerci £T TE inseron TE inseion
0 > l_. TS TTS
Muyle et aI_ 2022 = { Exon 1 M I Exonz +— Gene ] Eonl ”” ?” E’x:) 2 +— Gene




Specifita DNA methyltransferaz — divergence

rostlin a zivocCichu

UBAZ v
Plant DRM2
UBA1 UBAZ V DOCTIE IV
Mouse DNMT3B - - m
PWWP C-RICH 10l IV V
Plant MET1 | | | | | | I
BAH BAH
Mouse DNMT1 [ | L] | | L |
DMAP ZF BAH BAH
Binding
Plant DNMT2 I |
Mouse DNMT2 || | I
CHR IV VI I
CMT3 (plant-specific) T :=:====m
BAH

IENS—S—S—S—S————————.——————~————_——————

Methyltransferase domain

Chen et al. 2005

M-terminal domains

« DOMAINS
REARRANGED METHYL
TRANSFERASE (DRM) —
methylace CHH

* METHYLTRANSFERASE
1 (MET) — methylace CG

e CHROMOMETHYLASE
(CMT) — methylace CG

 DNA methyl transferase
(DNMT) — methylace
CG(?)

=Specificka pouze pro rostliny



Evoluce DNA methyltransferaz u rostlin a

Zivocichu

Vertebrates

I

Q._

Animals Plants
Mostly CG CG, CHG, CHH
Mouse

Poplar
Arabidopsis

Sea Squirt

Green

Honeybee
Algae

Eukaryotes

O TE Methylation (CG) [ TE Methylation (CG, CHG, CHH)
O Gene Body Methylation (CG)

Ueda 2020



Evoluce a divergence DNA methylaz u rostlin

* Komplexita 5mC regulace a exprese se liSi mezi vysSimi a nizSimi rostlinami

e Ztrata DNMT3 a duplikace CMT a DRM gent pro CG methylaci az u vyssich
rostlin

Zelené rasy Mechorosty Plavuné Kapradorosty Nahosemenné Krytosemenné

b Green Algae  Bryophytes  Lycophytes Monilophytes Gymnosperms  Angiosperms

A\

DRMZ2
CMT2
DNMT3

Enhanced RdDM de
novo and euchromatic
methylation activities

Heterochromatic-CHH
methylation by CMT2

Complete loss of DNMT3

Yaari et al. 2019



ProC je DNA methylace dédicha?

Cowm o

" CpG =-. mm " Cph =-.
-CpG wm T -G . - CpG ==
- GpCremm ~ - GpC™mm —> —> —» —» - GpC =
= CpG =m = Cph =
mm GpC™ s mm GpC™ mm

' Aktivni methylace x aktivni demethylace

DNA methylace je dédi¢na, protoze DNMT1 rozpoznava hemi-methylovanou DNA na obou retézcich

TET enzymy jsou specificky demethylovany pouze béhem specifického obdobi béhem vyvoje



X inaktivace jako priklad mitotické dedicnosti
DNA methylace

* X inaktivace je epigeneticky mechanismus davkové kompenzace u savcu

(samci a i samice maji stejnou davku genové exprese X chromozomu)

 Béhem vyvoje dochazi k nahodné X inaktivaci v obdobi gastrulace v

embryu, tento jev je posléze predavan do dcerinych bunék

RIS

Female XX Male XY

The Walter and Elizabeth Hall Institute of Medical Research



DNA demethylace aktivni vs. pasivni cesta
(TET — methylcytosin dioxygenaza)

Pasivni DNA demethylace

Rozvolnéni ,hustoty” methylace s kazdym bunéénym

délenim (nizka aktivita DNMT1)

Aktivni DNA demethylace

-C-C vazba je velmi silna, odstranéni pres intermediaty,
pouzivajici rizné systémy (TET enzymy — rodina 10
enzymu)
Predevsim ve vyvijejicich se embryich a zarodecnych
bunkach, rakovinné bunky, mozkové buriky

S5hmC

5fC (->BER)

5caC (- BER)

U rostlin MEDEA, ROS1 (TET orthology prozatim neposany,
ALE! Modifikace se v genomu vyskytuji-jiné enzymatické

drahy?)

Reduced TET enzyme processivity

[

Oxi-mC-facilitated passive DNA demethylation

.

{ i : !
v | I I
NH MNH OH NH NH MNH
¢ DNMT . TET . TET £ TET .
| §y - | A = L‘[L by ) H i — HO™ 7] L
T 0 T O Fequ), 206G, 0, 'i«' O Ffeqn). 206. 0, N° "0 rem), 206, 0, T o
sugar sugar sugar sugar sugar
| Cytosine smC shmC SiC 5caC
Hydroxylace oxidace oxidace
TDG TDG
BER-mediated active DNA demethylation OH
sugar

. Abasic site |
BER — ,,base excision repeair”
TDG — ,,thymine DNA glycosylase”
AID — ,activation induced deaminase” nebo APOBEC (5mC -

T+thymine glycosylase MB4 - BER) An et al. 2017



Udrzeni genomoveé integrity

* Dnmtl linie vykazuji vysokou genomovou

normal karyotype abnormal karyotype
instabilitu due to genomic
instability
* Umlceni nejenom repetitivnich elementdq, ale i
kryptickych promotor( a alternativnich mist
sestfihu Deletions .
Insertions
Reciprocal
translocations

* Mutace v misté repetic (meC =T) jako prevence

transpozice

gag protain - pol protain - reverse
structural proteins transcriptase, Integrase, protease ? ?

* Umlceni repetic a jejich transkripcni

interference

LTR LTR

Iur'-g terminal rEpaal

* Potlaceni ilegitimni rekombinace

,Genome defence model” — DNA methylace je mutagenni, proto musi mit pozitivni vliv na stabilitu (prof. Timothy Bestro)



gbM slouzi jako evolucni klicovy element a ma
relativne silny adaptivni potencia

Original sequence

Rate of change Adaptive potential ' M N | . ¢ ' M & s '
per generation

slower
i g % Point mutation
SNPs Genetic adaptation via changes O,
~10° in DNA sequence — ' M M l;l; . ' M N B '
saintation Gene duplication ; Gene.tic adaptation via changes
~10* in gene copy number
! O Genic CG methylation Epigenetic adaptation via shift in
e e ~10°-10* gbM allelic state
Gene switched "ON Gene switched "OFF" =
s ]
Epigenetic acclimation or short-
Genic CHG or CHH term adaptation via
methylation environmental or TE-induced
?? shift in CHG or CHH methylation
)
faster

Muyle et al. 2022



Uloha DNA methylace ve vyznamnych procesech
a rozdilna Uloha v podobnych organech u rostlin

(a)

A\

Balanced before ripening

(b) Tomato ‘ (c) Strawberry

(d) Sweet orange @

=@ | e e

Whole-genome hypomethylation Whole-genome hypomethylation Whole-genome hypermethylation

Tang et al. 2020



Regulace genove exprese epigenetickymi
mechanismy

e RNA interference




protein- —» non-coding RNA

coding RNA 98%
2% [ ncRNAs J
[ Housekeeping ncRNAs ] [ Regulatory ncRNAs ]
| I [
tRNAs l rRNAs ' miRNAs piRNAs
50-200nt 20-24nt 24-32nt
(absent in plants
21-22
snRNAs snoRNAs siRNAs IncRNAs
50-200nt 50-200nt 20-24nt >200nt

Figure 1. Classification of non-coding RNAs (ncRNAs). Housekeeping ncRNAs include; tRNAs-
transfer RNAs, snRNAs-small nuclear RNAs, rRNAs-ribosomal RNAs, snoRNAs-small nucleolar
RNAs. The regulatory ncRNAs consist of miRNAs-microRNAs, siRNAs-short interfering RNAs,
piRNAs-piwi-interacting RNAs, and IncRNAs-long non-coding RNAs.

Waititu et al. 2020



K

Prekurzor - dsRNA

Stépeni proteinovym
komplexem DICER
nebo DICER-like

Sestaveni RISC
komplexu, vazba
SRNA ARGONAUTE
proteiny

Vazba RISC na
zakladé homologie

Umlceni

Repeat-associated transcripts

Convergent transcripts and

(centromeres, transposons) \ / other sense-antisense pairs

Viral RNAs

Hairpin RNAs 7'

Environmentally,

e Gene/pseudogene

experimentally,

or clinically
introduced dsRNAs

|
dsRNA \ duplexes
Dicer \ Transgene transcripts
Tasi RNAs
I I TN
siRNAs e
[T I "=-
RISC
assembly
Guide \> = FITTTT e “‘
strand Passenger
strand

Target  + -7
recogmtlon : --------

5|RNA amplification

' by RdRP
Gene sﬂencmg

—_—

Carthew, Sontheimer 2009

RISC komplex
« PAZ
 PIWI

e AGO

* sSRNA

icCove momenty RNAI a genovéeho umlcovani




PUvod a rozdil siRNA vs. miRNA

* SIRNA * miRNA

Derivaty genomické RNA (obsazeny v

* Derivaty nezavislé na genomu (obsazeny vzacné)-

mRNA, transponovatelné elementy, viry genomu)

* Vznik z lokalnich transkribovanych sekund.
* Vznik z dlouhych molekul RNA a jejich prodlouzenych Znix z ! IDOvany u

RNA struktur (vlasenka)
sekund. RNA struktur
* Syntéza miRNA:miRNA duplex(
* Nespecificka produkce siRNA molekul (nespecificky
* Konzervativni genové oblasti pribuznych

prekurzor) .
organismd

* Konzervativni oblasti pomérné vzacné, siRNA ,auto- « mMIRNA ,hetero-silencing” efekt

silecing” efekt



Biogeneze miIRNA

e Autonomni miRNA zahrnuiji ve svych produktech elementy potrebné pro

regulaci a iniciaci transkripce

e Ostatni miRNA jsou zavislé na svych pri-mRNA, u kterych probiha

,paraziticky” proces
* Syntézy novych kratkych useku katalyzovany RNA polymerazou Il a Il

* VétSina miRNA katalyzovanych pol RNA Il a rovnéz vétsina zivocisnych

MiRNA nema typicky signal pro polyadenylaci



Zakladni rozdil syntézy miRNA u rostlin a zivocCichu

p

miRNA gene

ol M ol

Pri-miRNA

o] &

Pri-miRNA

o] >

=] L P_M e
Pre-miRNA Pre-miRNA Pre-miRNA
Ran-GTP/
134 @ Nucleus 3]

T

Pl
TITTT TITIInIi 1

. : ;
miRNA:miRNA* duplex

o RAN-GTP/
Nucleus HASTY?
—

—
Cytoplasm T TITTTITITIT T
@ R miRNA:miRNA* duplex
” ]

Mature miRNA within RISC ‘@ 2eoceies
Mature miRNA within RISC
(7] 17

Target mRNAs from loci
unrelated to miRNA gene

C

Exogenous dsRNA,

transposon, VifUS, h
AL

o] &=
o] &=
o| &=

LU P
e Prerrrrrrrre
L

P

siRNA duplexes

Mature siRNAs within RISC

Bartel 2004



Diverzita funkce sRNA

* Funkce v rliznych vyvojovych procesech, ,,micromanagement” exprese

ZivocCichové Rostliny
Table 2. MicroRNAs and Their Functions: Examples for which Strong Evidence for the Validity of the Regulatory Target Has Been Reported
A ucA v s & UUAg — but the Phenotypic Consequences of Disrupted or Ectopic miRNA Regulation Are Not Yet Known
<|?°A . £ 8 miRNA Target Gene(s) Biological Role of Target Gene(s) Refs
& E‘,—éG G‘Aégg Insects
(ﬁ:ﬁc hoh £5, miR-7 Dm HLHm3 basic HLH transcriptional repressor Interprets Notch-mediated decisions in neuronal development 1,2
g §_§ Z §2% o= Dm hairy basic HLH transcriptional repressor Interprets Notch-mediated decisions in neuronal development 2
19 3 cgﬁ fay® Dm m4 Brd family protein Interprets Notch-mediated decisions in neuronal development 2
8¢, “;:;” Cy-a” miR-14 family Dm grim antagonist of caspase inhibitor Promotes apoptosis 2
&g g8 VRN Dm reaper antagonist of caspase inhibitor Promotes apoptosis 2
%ch’* scy &8 Dm sickle antagonist of caspase inhibitor Promotes apoptosis 2
&5 8¢ R 8 Mammals
2% SR U§:§U miR-1 Hs Brain-derived neurotrophic factor (BDNF) Growth factor; neuronal development 3
(& Al &G, Hs Glucose-6-phosphate dehydrogenase (G6PD)  Oxidative stress resistance 3
B cAu 66 o€ Up LY ahg &8 §5§’* miR-19a Hs PtdIns(3,4,5)P3 phosphatase (PTEN) Tumor suppressor gene 3
R, A AT t-g' 8§ ¢ S e miR-23a Hs Stromal cell-derived factor 1 (SDF-1) Growth & localization of hematopoietic progenitor cells 3
=g &8, EI:S% s e Al K5 Hs BRN-3b POU-domain transcription factor Nueronal development 3
(jggA ngfr §:§AC o ;Ué“ % UX:GUG miR-26a Hs SMAD-1 transcriptional co-modulator Regulates TGF-dependent gene expression 3
:EA @;j g;g A‘Lj{’é :k:ﬁ: Gue:gL‘J‘A miR-34 Hs Deltal transmembrane protein Activates Notch during cell-fate decisions 3
S 3 Lé? = AGEZE & A0 8.8 s Hs Notch1 transmembrane receptor for Delta Cell-fate decisions during development 3
£ 028 Z T =ct @G:cg% 22}% ) Ay miR-101 Hs ENX-1 polycomb gene Proliferation of hemotpoeitic cells and other gene regulation 3
-¢” 8% g8 Azf;\ fog* ul = Hs N-MYC basic HLH transcription factor Proto-oncogene; cell differentiation & proliferation 3
- c=¢ G§Z§A X3 al= §E§ < miR-130 Hs Macrophage colony stimulating factor-1 (MCSF) Mononuclear phagocytic lineage regulation 3
24 AS=Ca §=G Ee Ay g AOL = Plants
§§§ A%:é c‘ffic Fe-c” <0 g§§ miR170/171 At SCL6-1ll, -1V & related transcription factors Related to genes for root radial patterning 4-7
EG_ cﬁ CZ:::A czd A’;:(“:c Cé:gf g% miR156/157 At SPL2 & related transcription factors Related to genes for floral meristem identity 6,8
o= 25 y g A0 85 miR160 At ARF10, ARF17 & related transcription factors ~ Related to genes for auxin response & development 6,8
s y° Ag;gg’ e Aa-c® M Ao gC miR167 At ARF8 & ARF6 transcription factors Related to genes for auxin response & development 6,8,9
Py &€ g8 S5 AT K4, miR164 At CUC1, CUC2 & related transcription factors Shoot apical meristem formation & organ separation 6,8
miR169 At CBF-HAP2 DNA-binding proteins unknown 6
miR162 At DCL1 Dicer-like RNase il miRNA biogenesis 10,11

Bartel 2004

The metazoan regulatory targets listed were predicted computationally then supported experimentally. The plant regulatory targets listed were
predicted computationally then supported with independent phylogenetic and/or experimental evidence. Species abbreviations: Drosophila
melanogaster, Dm; human, Hs; Arabidopsis thaliana, At.



Specifikace exprese miRNA

RGzné hladiny regulace genové exprese miRNA zajistujici dokonaly systém kontroly de-

novo vzniklych transkripcnich jednotek

Zavisla na druhu bunky, momentalni ulohy a vyvojového stadia

Pocet jednotlivych miRNA v daném stavu bunky ovlivnén mirou exprese daného lokusu a
tvorby pri-/pre-mRNA (50 000 molekul miR-2, miR-52 x 800 molekul miR-124)

Vysoka x nizka Uroven exprese na pocet bunék (vysoka exprese dusledkem specializace

pouze nékolika malo bunék, nizka produkce na Urovni napf. celého organismu)



cesty regulace genové exprese

* Na urovni mRNA — RISC komplex a stépeni RNA nebo regulace na
urovni translace (neuplna komplementarita)

* Na urovni DNA — methylace DNA, inaktivace chromatinu

Extensive complementarity in B Short complementary segments in 3-UTR C Interaction with DNA

coding region or UTR .
Cap- A = ¥ Active chromatin
C ,:” \ ,—W\\ ,l WWW

1 1 Histone methylation
Al W ¥ % % k *
i B e “v I Silent chromatin
P ™
mRNA specifické §tépeni regulace na Urovni translace vazba na DNA (methylace)

Bartel 2004



Regulace genove exprese epigenetickymi
mechanismy

 Histonové modifikace



Histonové modifikace

: DNA Accessible, Gene Active : DNA Inaccessible, Gene Inactive

Histone Tail




Chromatin a DNA - struktura

* DNA+histony (H2A, H2B,
DNA

octamer of core histones: Histonovy oktamer H3, H4)= chromatin

H2A, H2B, H3, H4 (each one x2)

core DNA e Chromatin umoznuje

svinuti DNA do jadra

Nucleosome ° Vy§§|'organizace
chromatinu ovliviuje

regulaci genové exprese a

pristupnost transkripcnich

histone H1 linker DNA

nebo DNA reparacnich

N-aminokyselinovy konec

proteind



VySSi organizace chromatinu

. "Koralky na . o, L,
Dvougroubovice Nukleozom provazku" 30 nm vlakno Aktivni chromozom Metafazicky chromozom

I | | | |' | [

lzolovana DNA Velmi aktivni geny Méné aktivni geny Negenové oblasti (v interfazi) B&hem buné&éného déleni

| | I ' | | ! |

TN

VysSi organizace chromozomu zalezi kromé dalSich faktor( na kontaktech H1



Struktura chromatinu ovlivnuje transckripci

* Vice sbaleny chromatin — DNA je méné pristupna transkripcnim faktorim

* Volny chromatin — DNA je dostupna pro transkripcni faktory = genova
exprese




Heterochromatin vs. euchromatin

* Euchromatin — otevreny, méné kondenzovany _’?3}

* Heterochromatin — kondenzovany, nizka nebo zadna 1T/

genova exprese

* Fakultativni — lisi se na typu bunky nebo ¢asové organizace (X
inaktivace, specifické geny aj.)

e Konstitutivni — kondenzovany chromatin ve vSech bunkach
* Centromery, telomery, ¢ast Y chromozomu

EEE—)

e Genové umlcovani, udrzeni integrity genomu (5mC,
represivni histonové modifikace)

e Centromery, telomery, cast Y chromozomu

—>NedostateCna nomenklatura z hlediska epigenetiky a vyznamu jednotlivych modifikaci!



Synapse epigenetickych modifikaci a
organizace chromatinu

* Thomas a Christoph Cremer — 2020 ,, functional nuclear organization depends on still
unexplored movements of genes and regulatory sequences between ANC and INC“

7o |INC — inaktivni jaderné komponenty

Cremer et al. 2020



Vztah mezi organizaci chromatinu a
epigenetickymi modifikacemi

EEESE

interchromatin  low density
compartment perichromatin

(IC) region (PR)

o s e |7

compacted core of
chromatin domain
clusters (CDCs)

4

ANC INC
active nuclear compartment inactive nuclear compartment
enriched in enriched in
nuclear bodies, splicing speckles H3K27m3, H3K9m3
nascent RNA, RNAP Il, H3K4m3, inactive regulatory sequences
active regulatory sequences
Cremer et al. 2020

* 3D rekonstrukce DAPI barvenych jader a intenzita ve vztahu k
aktivnim a represivhim modifikacim



Uloha histonovych modifikaci

Histones

The Walter and Elizabeth Hall Institute of Medical Research

VétsSina modifikaci na N-

terminalnich koncich

Vice nez 50 AA muze byt
modifikovano, vice nez jednim
typem modifikace

(mel/me2/me3)

Nejvice prostudovany H3, H4,
méné H2A a H2B

Kombinace umocnény
kombinatorialni komplexitou =

histonovy kod



Histonové modifikace tvori vyznamnou cast
genove regulacni drahy

Active marks Repressive marks
Histone acetylations, H2Bub H3K9me2/3, H3K27me3, H3T3ph,
H3K4me3, H3K36me2/3 H2Aub, symmetric H4R3

Ueada and Seki 2020
- Druhoveé specificka funkce a distribuce



Histone (lysine) methylation

HiA
HIE
H4
H3

H3K4me
» aktivni modifikace
 Promotorova oblast a exony

Decreasing hydrogen bonding capacity

Increasing hydrophobicity

H2A

Hib
H4

H3

H3K9me

* Inaktivujici modifikace

* v genovych oblastech nebo
konstitutivni
heterochromatin

H2A

H4

H3

H3K27me

* Inaktivujici modifikace,

* V genovych oblastech nebo
konstitutivni heterochromatin

* H3K27me3 dlilezita pro regulace
vyvojovych genl u rostlin i Zivocichli



Methylace H3 zavisi na velikosti genomu a
druhové diverzite

H3K4me H3K9mel, H3K9me2, H3K27me2/me3
=vSechny kombinace maji u H3K27mel =druhové specifické,
rostlin i Zivo¢ich( vétdinové =znacky inaktivniho chromatinu  spise inaktivujici
aktivujici charakter charakter
| | APl |Metkoa | merge hetrochromatin euchromatin
Cardamine @ ( ,_'?"o 1C=290 |\/|bp | |
amara | = @@
Small genome plant
Triticum _, - -— -
aestivum 1C=16 6640 Mbp @ H3K4me
communts Large genome plant

Orzya sativa

Houban et. al. 2003
v

*Velikost genomu>500 Mb vede ke zméné distribuce aktivnich a represivnich modifikaci!




Acetylace lysinovych rezidui

Bromodomain
protein

N

lysine

actyllysine

IR R R

Histone deacetylase (HDAC) Histone acetyl transferase (HAT)

o g g

OFF

Koreluje spiSe s genovou aktivitou
(napf. H3K9ac)

Redukuje pozitivni naboj histonovych
aminokyselin = DNA je vice dostupna
pro dalSi enzymy

Spekulativni jako epigeneticka
modifikace, spiSe chromatinova
modifikace

Nékteré ac-skupiny postradaji
mitotickou dédicnost, zavislé na

napr. na cirkadianni rytmu

Velice proménlivé



Fosforylace serinu, threoninu a tyrosinu

. N \\ D

HO\! \\P/O\! HO\!/ \\/ \]I/ KJ\ ||

phosphoserine threonine phosphothreonine tyrosine phosphotyrosine

f \l CenH3-1
Nejvice prostudovana modifikace, z ( ) Hasatph e H3S10ph(+H3S528ph)
hlediska centromer tubulin * V oblasti pericentromer (opak u
zivocicht - H3T3ph and
V zavislosti na umisténi=rozlicna H3T11ph)

funkce
 H3At108(120)ph
Zavisla na bunécné cyklu, dllezita * Vnitfni éast centromery

pro kondenzaci chromatinu

Neumann et. al. 2016

H3510ph
Fuchs et. al. 2012

H3T11ph




Diverzita histonovych modifikaci a jejich
funkce

Methylation (me, mono, dior Lysines (K) and Transcription, Repair (K)

tri me) Arginines (R)

Acetylation (ac) K Transcription, Repair, Replication,

Condensation

Ubiquitination (ub) K Transcription

Sumoylation (su) K Transcription

ADP-ribosylation Glutamate (E) Transcription

Phosphorylation (Ph) Serine (S) and Transcription, Repair, Condensation
Threonine (T)

Citrullination (Cit) R converts to Cit Transcription



/

Nni

Molekularni evidence kombinatoria
komplexity

A -H3K4me3  B-H3K16Ac A-H3K9me3  B-H3510ph
A A A
G g B) C
Nizky afinita Vysoka afinita Vysoka afinita Nizky afinita
Nizka exprese Vysoka exprese | Nizkd exprese Vysoka exprese
BPTF HP1
(,,Nucleosome- (heterochromatin protein, Rando 2012
remodeling factor dllezity pro vazbu
subunit®) DNMT1)

U Arabidopsis, CMT3 (CHH methylace) se preferencné vaze k dimeru H3K9me3H3K27m3.



Histon-rozpoznavajici domeny histon-
methylace, -acetylace a -fosforylace

glf_]ir[c)n’r_lro,dMBT Bidiia Histon-rozpoznavajici domény pro
S 14-3-3 napt. H3-K4Me, K9-Ac, $10ph
me ac
s &
|
—_—

 Priklady proteinu obsahujici chromodoménu
 CHD1 — ATP-chromatinovy remodeler

 HP1 — protein typicky pro inaktivni heterochromatin, vazba DNMT1
* CBX2 — c¢ast PrC proteinu, ubiquitinace H2AK119



Neznama hierarchie jednotlivych faktoru

\

e HP1 vazba na H3K9me3
I'K e HP1 vazba s DNMT

e HP1 vazba HMT a sireni
H3K9me3

e DNMT muze vazat HDAC

=neni jasne, které elementy

RIS *® KMT jsou na vyssi regulacni urovni
@ DNA methylation . DNMT1

¥ H3K9ac @ HDAC



Jdrzeni gbM probiha skrz
inte rakC| mezi CMT3

met
modifikaci

e CMT3 methyluje CHG mista v
oblastech sousedicich s inaktivnim
chromatinem — CHG methylace je
signalem pro H3K9me2

CMT3

CHG_ kyp

H3K9me?2

* DNA replikace vede ke snizeni
CHG/CHH methylace, CGm jsou
udrzovany MET1

Muyle et al. 2022

Samoudrzovaci

DNA replikace a

De-novo methylace

smycka

ztrata signalu

) )

CMT3 de novo
CHG methylation
\/

(b)

CHG - H3K9me
Self-reinforcing
y feedback loop

CMT3 CHH and CG
de novo methylation

and MET1 mCG

DNA replication
maintenance

U]

DNA methylation

T CG
? CHG
? CHH

@ H3K9me2
|




Histonové modifikace jsou odlisné
distribuovany mezi geny a TES

U0 W
TN T e
)0 OO R <

H3K4me is associated with actively
transcribed genes and mRNA.

DDA TR T eceme
SR 0 N 0 A VR TIRIA e
0 | 1 ||l L

Red = high correlation
Green = low correlation

H3K9me is associated with methylated

DNA (Me-C) and transposons.



Distribuce histonovych modifikaci v genovych
oblastech

 H3K27me3 — modifikace
typicka pro genovou
inaktivitu (vyvojové
dulezité geny)

* H3K4me2/me3 a H3K9ac
— znacky typické pro
genovou expresi a
aktivitu (promotor) L

e H3K36me3 — znacka ©
typicka pro genovou
expresi (exony)

Active gene

(b)

Bart et al.
2010




Diverzita histonovych variant a zmeéna
struktury chromatinu

e RUzné varianty H2A, H3, H4

» Kazda varianta obsahuje specifické AA, ménici jejich funkci
» Zvysena stabilita
* Vyskyt AA, které mohou byt modifikovany

« Uloha v repara¢nich mechanismech, funkce centromer aj.

A
Pericentromeric

Telomere heterochromatin
— — —

H3.3 canonical H2A, H2A.X
H2A.W, H3.1

P — mmm) Euchromatin vs. Heterochromatin vs.

canonical H2A, HZA X
CenH3 H2A.Z, H31, H3.3 centromere

el
Centromere Euchromatin

TSS TE body TTS T8S gene body TTS TSS gene body TTS

1K 1 r L L 1 r L r 1 v o .
H2A.W, H3.1 H2AZ Canonical H2A  H33 H2A.Z, H3.1, H3.3 ‘ Rozdil genl a repetic
H2A X, H3.1, H3.3

TEs Genes with high expression Genes with low expression



Histonové varianty jsou zivotné nezbytné

Late zygotene svces

e Bunécna regulace cyklu (DNA reparacem formace ,,sex body“ a
MSCI)

* Regulace genové exprese (ANC vs INC)

 Chromatinové skladani a ¢lenéni (X chromozom inaktivace)

* Bunécna dédic¢nost (pluripotence a dozravani bunécénych linii)
* Uloha v lidskych chorobach a imunité

e Uloha pfi starnuti

Fernandéz et al. 2020



|dentita centromery je definovana cent-
specifickym histonem

@ Hixomes
* Pro vétSinu eukaryotickych genomd je centromera @ H3KMe3/ HaAZ
@ H3koMez

@ cenpa

H3K4Me2

definovana chromatinovymi a epigenetickymi

znackami

.. . , . , .pe H3KAMe2 / H2AZ
» Aktivita centromery definovana zejména H3-specifickou
@ Inner Kinetochore

variantou (CENH3, Cse4, CENP-A)

== (Outer Kinetochore

O Microtubule

* Historicky definovana jako konstitutivni = cohesin

heterochromatin, dnes zejména aktivni a represivni B 5. Pombe

modifikace s jasnou hierarchii

=centromerické satelity ¢astecné nutné pro vazbu

histonové varianty, druhoveé specifickda DNA sekvence

(speciace?) S—
Budding yeast Drosophila Human
Hexameric Nucleosome Tetrameric Nucleosome Octameric Nucleosome



Specifita centromerické histonove varianty
spociva v divergenci N-terminalni domeény

* Nejvetsi variability centromerického histonu v AA N-terminalnim konci

ProtScale output for user_sequence

ProtScale output for user_sequence

H. lupulus

S. latifolia

15

Hphob. / Kyte & Doolittle

1
0.5
0
-0.5

Score
Score

1
15

2
2.5

3 4

Hphob. / Kyte & Doolittle

20 40 60 80 100 120 140 20 40 60 80
Position
Consensus
Identity

1. A thaliana sp| Q8RVQ9 |HTR12_ARATH

2. Beta vulgaris subsp. vulgaris tr| AOAQJ8BDX6 | AOAQJ8BDX6_BETVU
3. Brassica napus tr | E2IPK9 | E2IPK9_BRANA

4. Brassica oleracea tr| DTMH57 | D1MH57_BRAOL

5. Cicer arietinum tr| X5GE29 | X5GE29_CICAR

6. Clipboard Contents

7. Daucus carota tr| AOA068CMC2 | AOAO6BCMC2_DAUCA

8. Hordeum vulgare subsp. vulgare tr| G1TAPU3 | GTAPU3_HORWV
9. Lathyrus sativus tr| AOAOD3QLT7 | AOAOD3QLT7_LATSA

10. Melilotus albus tr| AGAOD3QLV6 | AOAOD3QLV6_MELAB

11. Oryza satvia subsp. japonica tr| Q6T367 | Q6T367_ORYS)

12. S latifolia FMHP0O1017919 - ORF 1 (frame 1) translation

13. Secale cereale tr | AOA2I6RN92 | AOA2I6RN92_SECCE

14.V u subsp. sesquipedalis LC490907-1 | BBM60645.1| 148 |Vigna
15. V u subsp. sesquipedalis LC490908-1 | BBM60646.1 | 143 |Vigna
16. Vicia peregrina tr | AOAOE3KS29 | ADAOE3KS29_9FABA

17.Vigna u subsp. unguiculata LC490905-1 | BBM60643.1| 148 | Vigna
18. Vigna u subsp. unguiculata LC490906-1|BBM60644.1 | 143 |Vigna
19. Vigna unguiculata LC490903-1 | BBM60641.1|158 | Vigna

20. Vigna unguiculata LC490904-1 |BBM60642.1 | 153 | Vigna
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Uloha histonové varianty H2be pfi dozravani
feromon-detekujicich chemoreceptoru

* Olfaktorické neurony jsou smyslové
buriky v nose vnimajici pachy a ¢ich (v
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>
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vwr@

membrané neuron( jsou Cichové
receptory citlivé na pachy)-umisténé v

olfaktorickém epitheliu v ¢ichové sliznici

* H2be se lisi 5 AA od H2b (neni

methylovan/acetylovan na K5)

e Aktivace neuoront vede ke snizeni

exprese H2be a prodluzuje Zivotnost Hobe 4

Life span ¥

Hzbe §
(aktivované bunky maiji nizkou hladinu Life span 4

exprese této histonové varianty)

* H2be mimo jiné aktivuje apoptézu a

tedy determinuje Zivotnost neuronu

Lomvardas et al. 2016



Dékuji za pozornost!
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