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Hlavni epigeneticke
mechanismy
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chromatin-asociované
Vyvojove poruchy

NaruSeni DNA methylace nebo chromatinu
na imprintovanych lokusech

Ztrata chromatin-regulujicich faktora vede
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Kazda alela je exprimovana pouze jednou! 2x vysSi exprese pouze jedné alely




Prader-Willi a Angelman syndrom

* Oba syndromy
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Prader-Willi a Angelman syndrom
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/akladni rozdéleni chorob

* Porucha monoalelické exprese — genomicky imprinting
* Prader-Willi syndrom
* Angelmanuv syndrom

e Zména stavu chromatinu
* Incis
* Syndrom fragilniho X chromozomu
* FSHD

* |Intrans
e Kabukiho syndrom

 DNA methylace
» Ztrata regulace onkogen aktivujicich gent
* Methylace tumorsupresivnich gen(



Prehled chorob souvisejici s genomickym
Imprintingem

Table 1. Selected disorders of genomic imprinting

Type of mutation (% frequency Genomic region
Disorder where known) (cluster name) Cenels) involved
Prader—Willi syndrome Deletion (70%) 15q11-ql3 snoRNAs and other (7)
Maternal UPD (25%) (Pws cluster)
Imprint defect (2% —5%)
Angelman syndrome Deletion (70%) 15gq11-q13 UBE3A
Paternal UPD (2% —5%) (Pws cluster)

Epimutation (2%-5%)
Point mutation

Duplication®
Beckwith—Wiedemann Epimutation 11p15.5 IGF2, CDKNIC
syndrome Loss of maternal ICR2/Kengl methylation (Kenql and Igf2 cluster)

Gain of H19 methylation (5%)
Paternal UPD for Igf2 cluster
11p15.5 duplication including Igf2
Translocation at KCNQ1 maternal
Point mutation (CDKN1C)

Silver—Russell syndrome UPD, maternal { 10%) 7pll.2 Several candidates in the
Duplication (Grb10 cluster) region

Translocation, inversion

Epimutation, loss of paternal ICR1 11p15.5 Biallelic expression of H19
methylation (40%) (Kcngl cluster) and decrease of IGE2
Pseudohypoparathyroidism Point mutation 20q13.2 GNASI
Imprint defect (Gnas cluster)

UPD, paternal



Table 2. Selected genetic disorders affecting chromatin structure in trans

<

Pfehled chorob
souvisejici se zmenou

Disorder Gene Comments
Coffin-Siris syndrome, intellectual disability ARID1A Component of the BRG1 -associated factor
complex
ARIDIB Component of SWI/SNF complexes
a-thalassemia/ mental retardation syndrome ATRX Helicase, SNF2-like family
CHARGE CHD7 Transcriptional regulator
Autism spectrum disorders CHDS8/Duplin
Rubinstein—Taybi syndrome CREBEP Histone acetyltransferase
EP300 Histone acetyltransferase
Neuropathy, hereditary sensory, type 1E DNMTI Maintenance DNA methyltransferase
Immunodeficiency-centromeric instability-facial anomalies syndrome 1 ~ DNMT3B DNA methyltransferase 3B
(ICF1)
Immunodeficiency-centromeric instability-facial anomalies syndrome 2 =~ ZBTB24 DNA methylation
(ICF2) and intellectual disability
Intellectual disability, seizures, dysmorphism; Kleefstra syndrome EHMT1/ Histone methyltransferase
KMT1D
Intellectual disability, seizures, syndromic, Claes— Jensen type KDM5C/ Histone H3 K4me 3 and K4Me2 demethylase
JARIDIC
Kabuki 1 syndrome MILL2 Histone lysine methyltransferase
Kabuki 2 syndrome KDM6A Histone H3 K27 demethylase
Rett syndrome MECF2 Transcriptional modulator
Sotos syndrome; acromegaly, intellectual disability NSD1/ KMT3B Nuclear receptor-binding Su-var;
transcriptional coregulator
Recurrent biparental hydatidiform mole NLRF7
KHDC3L/
Céorf221
Intellectual disability, cleft lip/palate Siderius syndrome PHF8 Histone H4K20mel demethylase
Skeletal malformations, intellectual disability, hearing deficits, Coffin— RPS6KA3/RSK2 EGF-stimulated phosphorylation of H3
Lowry syndrome
Intellectual disability, seizures, short stature, sparse hair, Nicolaides— SMARCAZ Chromatin regulator
Baraitser syndrome
Immune defects, nephritis, skeletal abnormalities, Schimke SMARCALI SNF2-like family, DNA-dependent ATPase

chromatinu in trans

immuno-osseous dysplasia

activity

SWI/SNE switch/sucrose nonfermentable; KMT, lysine methyltransferase; CREBBE CREB-binding protein gene; MLL2, mixed leukemia lineage 2.



Prehled chorob souvisejici se zménou
chromatinu in cis

Table 3. Selected genetic disorders affecting chromatin structure
in cis

Disorder Gene Comments
o[- and 8- Deletion of LCR
thalassemia causes decreased
globin expression
Fragile-X Expansion of CCG Premutation alleles m—)
syndrome repeat leads to (60-200) cause a
abnormal neurodegenerative
methylation and disorder
silencing of FMR1

FSH dystrophy  Contraction of D474 |
repeats causes less
repressive chromatin
Multiple Germline epimutation
cancers of MLHI

FSH, facioscapulohumeral.




Syndrom fragilniho X (Martin-Bell syndrom)

* Normalni X ma 6-60 tripletii CGG (45-55 Seda oblasti, potencidlné nestabilni) v 5'UTR genu
FMR1 (CGG),,AGG(CGG),AGG(CGG),
* FMRI1 gen je dllezity pti vyvoji mozkové tkané, plna porucha se projevi tedy zejména
mentalni retardaci, autismem a zménou v obli¢ejové ¢asti (velké usi, protahly oblicej)
* Kauzalni mutace je zmnozeni poctu a methylace FMR1
 MuiZi-prenaseci nesou premutaci v po¢tu 60 a 200 kopii, plna mutace se projevi pouze v synech
zen-prenasecek, plna mutace nastava pouze pfi pfenosu zenou

A FMR1
5" UTR
| |
GG GG - . i
L NORMAL Abnormalni alela, mirny nebo zadny projev
@ 5750 Repeats REPEAT EXPANSION
@ F)t&r\? 9 7y v z vewvrs . ’ v ’
— PREMUTATION Mozna pozdéjsi neurodegenerativni onemocneéni,
50-200 Repeats u Zzen mozné i ovarialni dysfunkce
©. 020 000 0000 000

FULLMUTATION  P|n3 mutace, Martin-Bell syndrom

=200 Repeats

‘ & H3IK9me3d/H3K27med" B> Histone acetylation # H3K4me3d  DNA methylation ZOgth et a| 2016




Facioscapulohumeralni svalova distrofie
(FSHD)

Zmeéna poctu repetic D4Z4 vede B  4q35 m1 150@\
k zpFistupnéni lokusu pro

chromatin-remodelujici faktory, a XaC_FR y/p m&:‘; TEL
zmeéna na aktivni chromatin a vy
expresi genll s myopathickym
potencidlem

. . REPEAT CONTRACTION
* Obvykle se projevuje kolem
20.roku zivota, ochabnuti ’
svall v oblasti ramen a 0 0

obliceje se muze projevitiv FSHD1 435
détstvi, nékdy bez tézkého

projevu Jlﬁ &,
Choroba se mUze projevitiu v TEL
pacientl bez zkraceni frsat

chromozomu 4 D4Z4 (1-10 units)

& H3KImMe3I/HIK27me3" [&= Histone acetylation @ H3K4me3 & DNA methylation

Zoghbi et al. 2016




Uloha epigenetické regulace v nadorovem
oujeni

* DNA methylace

 Histonové modifikace
e Writers”

“ SNF5 DNA MLL1/2/3 UTX
* Readers BRG1/BRM methylation SETD2  BMI
. , . ARID 1A/1B/2 > EZH2 LSD1

* Histonove varianty A . JARIDIC__ CBP/P300

* Histon-remodeluijici =t Histone-

komplexy remodeling - &v‘ _ “;:gy";’:g
* SWI/SNF [ C

* ISWI %:

* CHD N

Hist Histone PTM
* INO8O and variants readers

* RNA-interference Y,
ok mutan i iy

Baylin et al. 2016



Chromatinové zmeéeny pri nadorovém bujeni

A Normal epigenome

e Zména chromatinu

pN B

zahrnuje hypomethylaci a

hypermethylace
specifickych gena, vazba B Cancer epigenome
histone-modifikujicich < Hypomethylated domain (28 kb—10 Mb)

enzymU navozujicich

in/aktivovany stav

2 RCIOM ZUA N )

. Zména ch romatinu je Hypomethylated region Hypermethylated region Hypomethylated region

vidét po barveni
hematoxylinu-rakovinné

bunky maji vétsi jadra a

, | . Genomic instability Tumor-suppressor Genomic instability
VICE granulovana Oncogene activation? gene silencing Oncogene activation?
v H3K9me3 [& Histone acetylation @' H3K4me3 O Unmethylated CpG { DNA methylation

Baylin et al. 2016



Uloha DNA methylace
v hadorovéem bujeni nHasRSFm

 Hypomethylace onkogen-

aktivujicich genti
Hypo Mutation Hyper

 Hypermethylace tumor- >

>
supresivnich gen iim “ Xa (ii’gm

Genome Promoter

instability silencing of
* Mutageneze tumor-
Oncogene suppressor
e C-T tranzice activation genes
° Vy§§|'vazba meCpG pro Deamination Carcinogen uv
karcinogeny meCpG arcinogen gf
¢ Y . A 8&\
* meCpG UV mutageneze TpG
Mutation Carcinogen- Increased
induced UV-induced
mutations mutations

Baylin et al. 2016



Uloha DNA met
progrese kolore

* atumour suppressor gene that
controls beta-catenin turnover
in the Wnt pathway = deletions
are associated with colorectal
malignancies \

APC mutation
chrom 5 loss

Accumulation
of “hits”

Stages in the
evolution of
colon cancer

Mormal
epithelium

nylace v nadorovem bujeni a

<talniho karcinomu

- * regulate cell growth, function, differentiation, and cell death

Epigenetic silencing of:

SFHP/Wnt signaling genes

CHFR
06-MGMT mm) ° regulate cell growth and cell division
KBAS & BBRAF chrom 18  Chrom 17 loss Other
gene mutations loss (p53) chromosome
MSH2 & MLH1 changes

mutation * DNA damage repair

Hyperpro-
liferative
epithelium

Metastasis

Altered DNA methylation

Marker potential of
methylation profiles

Tumor progression,
treatment, and
markers of prognosis

Baylin et al. 2016



Schéma pusobeni chemoterapeutik na
epigenetickou krajinu

e Aktivné proliferujici bunky akumuluji vice latek nebo lokalné dodavané

I

M 0 =

= ncANAs

EPIGENOME o .
e Zoghbi et al. 2016
ENVIRONMENT e
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Inhibice DNA methyltransferaz (vazba na DNA) Inhibice HDAT
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Obecné rozdéleni

* DNA methylac¢ni analyza
* Bisulfitové sekvenovani, MSAP....

* DNA-protein interakce
* Imunolokalizace, Chip-seq

* Chromatinova analyza
* ATAC-seq, MNase-seq

* Chemicka genetika

* 3D modelovani



Bisulfitove sekvenovani

NH, NH, 0 o)
N)) HSO3 NZ H,0 HNJ]\ OH" HN)E
O)\N OH O%\N s0; \ O%\N so, HSO; o)\m
H H NHY H H
o ’ eveve N ; cytosine uracil .
* Pusobeni hydrogensiriCitanu na cytosin=konverze na U evtosine suiphonate sulphonate uraci

7 o 7 & x4 . 7 NH2
(methylované C zUstdvdji stejné) N;j/cm ;3%
Oﬁi\Nl OH
H
5-methylcytosine

* Nutné porovnani proti referen¢ni sekvenci, kterou analyzujeme

Allele 1 (methylated) Allele 2 (unmethylated)
* Nutnost referencniho genomu -~ ACTCCACGG---TCCATCGCT-~ - --ACTCCACGG---TCCATCGCT- -
—--TGAGGTGCC---AGGTAGCGA- -~ - - -TGAGGTGCC---AGGTAGCGA---

Bisulfite treament
Alkylation
Spontaneous denaturation

-—--AUTUUAUGG---TUUATCGUT--- —---AUTUUAUGG---TUUATUGUT---

* Pro detekci ostatnich modifikaci (hmC, caC, fC) jsou nutné

——-TGAGGTGUU---AGGTAGCGA-—- ---TGAGGTGUU---AGGTAGUGA—--

‘“x_\‘\m /

Non-methylation-specific PCR
Methylation-specific PCR

'

Differentiation of bisulfite-generated polymorphisms

specifické reakce-konvencni bisulfitové sekvenovani

nerozliSuje mC a hmC a caC/fC od nemethylovaného C



Vystup bisulfitoveho sekvenovani

Clearly Clearly

methylated unmethylated Methylated?
=] —L ] - Frekvence
= -_—_ -_- ,
= —— - —— methylanovanych
= " = b IkovV
- - - == P Na celkovy
= — == v v
. - - pocet vSech
TCCATQCITGGTCLC CETTATGAAGACATTOGTAAGT CPCGTAACCAT TATGTGTT
100000 _J1000005  100p0lp 1000015 1000020 1000025 !.'J-:-co.afl 1000035 1000040 1000045 1000050 contigﬁ

—

Methylation level of a cytosine = VVpocV:et urovné
methylace na

jenotky bp

Number of reads methylated ==

Total number of reads (coverage)

Number of cytosines




Vytvareni methylomovych map

Repeats smmn CG methylation wesn CHG methylation smmmm CHH methylation
a *8 Chromosome 1 Chromosome 2 Chromosome 3 Chromosome 4 Chromosome 5
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e 1 - DIGESTION
(psx 2 Hpall
> ( CCG G
Ew@“ s’ HpaMsgt \ sl / ’ \ I\/I SA P
” ) C
EcoRi EcoRl -
3 — g R
2 \\ ¥ i)
2 |
2- LIGATION 7/ * Restrikce pomoci methylacné sensitivnich enzymu
N Cethcocansorenn errimorinson S * Mspl a Hpall nestépi sekvenci, pokud prvni C methylovan
N
3 - PRE-AMPLIFICATION : :
: * Pre-selektivni PCR amplifikace
Rosoamcanacrear LRI LT TR ] S, p ,
VPR CCee * Ligace se specifickymi primery
P —
5 - FRAGMENT VISUALIZATION . ’ oo
R — — » Selektivni PCR amplifikace
4 - SELECTIVE AMPLIFICATION * Amplifikace specifickych produkti
o+ -morocomocarscit ) * PCR produkt screening
A e i * PAA nebo kapilarova elektroforéza
6 - SCORING oY) ol e s * Pripadné dalsi sonikace a priprava NGS knihovny
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MSAP+NGS technologie

* Identifikace regionu s odliSnhou
methylaci (DMRs)

* Nutnost specifickych softwart

* Po specifické PCR-preamplifikaci “
° TVO rba N GS kn i h Ovny TABLE A4-1 Isoschizomer Pairs That Differ in Their Sensitivity to
, , Sequence-specific Methylation
¢ Se kve n Ova n I ISOSCHIZOMER PAIRS®

METHYLATED SEQUENCEP Cur BY Nort Cur BY
7 o
([ J A I d kt T™SCCGGA Acclll BspMII
n a yza p ro u u TC™CGGA Acclll BspMII
GGWC™C Afll Avall (Ecod71)
TCCGG™M™A BspMII Acelll
C™CWGG BstNI (Mval) EcoRII
GGTAC™C Kpnl Asp718l
C™CGG Mspl Hpall (Hapll)
C™CGG Mspl Hpall
G™ATC Sau3Al (FnuEl) Mbol (Ndell)
TCGCG™A Sbo131 Nrul

RG™ATCY Xholl Mf
CC™CGGG Xmal (Cfrol) Smal



Obecné rozdéleni

* DNA methylacni analyza

* Bisulfitové sekvenovani,
MSAP....

* DNA-protein interakce
* Imunolokalizace, Chip-seq

* Chromatinova analyza
* ATAC-seq, MNase-seq

* Chemicka genetika

* 3D modelovani




Pfiprava vzorku

l Pletivo/tkan, bunécéné utvary aj.

Fixace

l PFAM, Glutaraldehyd, EtOH...

Permeabilizace membrany

l Detergent

Blokace aj.

n = =

l BSA, pripadny enzymaticky treatment

Inkubace protilatky

l Monoklonalni vs. polyklonalni

Vizualizace

Mikroskopie

Princip imunolokalizace

" proteintech’

Ié

Antigen

Primary Antibody

Secondary Antibody

Flurorphore

Direct



Drazsi
Nizsi citlivost

Nizsi pozadi

Prim

Direct
immunofluorescence

é

a neprimé barveni

Indirect
immunofluorescence
or secondary detection

Primary oo,
o * Levngjsi
)‘k e VysSi citlivost
/ \ eVV/ o Vv/s
Sacindery * Nizsiivyssi
antibody

pozadi
&
Epitope

Becheva et al. 2018



Monoklonalni protilatky Polyklonalni protilatky
* Ve srovnanis pAbs drazsi * Levné pro produkci
* Rozpoznaji jeden epitop (vdZze se na *  Mix rliznych protilatek

specifické misto) * VaiZise nar(zné oblasti jedné

* Tvoreno jednou protilatkou molekuly

* Tolerantni na malé zmény v epitopu

o \\(’. Y2
o . Y.
N

Monoclonal Antibodies Polyclonal Antibodies
(mAbs) (pAbs)



A B RFP-cdt1 Alexa 647 RFP-cdt1 Alexa 647
53BP1/H4K20me /BRCA1 GFP-geminin 53BP1 GFP-geminin BRCA1

G1 phase

micro-irradiated chromatin in ROI

Bartova et al. 2019



Koncentraéni fada pro Mnasové stépeni

Chi /
-S€e( analyzZd
19 gq analyz __
I
500 | ‘[
(A) Sample preparation and sequencing P VY ey
DNA Reads R d g Vl.igl I I ISIl | SR llwllr
Histone modification  ch1p £ Sequencing (single-end) ea
. - ragments g 3
) mappin
=90 S A SN >  GGTATGCC PP38 bl
Nucleosome OPen . e - e ACATTGGC > 500 |
chromatin TTCAGTGC JJ| K
3 NP |
L I Fritrr el
. . 35 150 300 500 10380 [bp]
(B) Computational analysis i
. d S2
o P Read distribution Chromatm.state Chro'matlr? state »
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- a= g 500 |
e T 2 — _-5; 2 L
—_— — = — 8 ‘ o ke T e A |
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T e N
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- i
Peak calling Motif analysis GO analysis e M
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Nakato et al. 2014



Obecné rozdéleni

DNA methylacni analyza

* Bisulfitové sekvenovani,
MSAP....

DNA-protein interakce
* Imunolokalizace, Chip-seq —

digestion

Heterochromatin

Euchromatin

Chromatinova analyza o~
* ATAC-seq, MNase-seq

Chemicka genetika

3D modelovani



ATAC-seq (,,assay for transposase-accessible
chromatin®

* Nukleozomové mapovani

Vazba transkripcnich faktoru

Detekce faktorl souvisejici s nemocemi

Komparativni epigenomika

Regulace bunécné specifikace

M N N T P - W D

llumina official website

gDNA je exponovana vysoce aktivni transposaze - fragmentace DNA v otevrenych oblastech - tagovani se sekvencnimi primery



MNase-seq (,,micrococcal nuclease
digestion®)

Single cell sequencing Chromatin binding regions

> N
3 'S
; 72
\ N
&
S
”
\)
A (]
1 10

Nucleotide

CUT and RUN

\ sequencing

TN

Wikipedia commons

ChIP sequencing / ‘




Obecné rozdéleni

DNA methylacni analyza

* Bisulfitové sekvenovani,
MSAP....

DNA-protein interakce
* Imunolokalizace, Chip-seq

Chromatinova analyza
* ATAC-seq, MNase-seq

Chemicka genetika

3D modelovani

smaall
malecule

Chemistry —— Chemical Genetics —= Biology



Chemicka genetika

* Aplikace chemickych latek pro studium fenotypu nebo genové
regulacni drahy

* Chemicka epigenetika neinterferuje s DNA (ne primarné)

Random Targeted
mutagenesis mutagenesis
Classical
genetics
Forward
(Hypothesis-generating)
Phenotype ~ Gene or
of interest - protein
Reverse

(Hypothesis-based)

Diverse Targeted
small molecules small molecules Kawasumi 2007



Chemické

atky ovlivhujici DNA

Table 1. Major drugs used in plant DNA damage repair studies

Drugs Mechanism of action Induced damage Key references
Replication blocking agents
Hydroxyurea (HU) RIBONUCLEOTIDE REDUCTASEand  dNTP pool depletion De Schutter et al., 2007; Cools et al., 2010;
CATALASE 2 inhibition Spadafora et al., 2011
Aphidicolin DNA POLYMERASE a inhibition replication blocking Cook et al,, 2013

Inhibitor of DNA synthesis in organelles

Novobiocin

inhibition of DNA GYRASE in
organelles

replication blocking

Cappadocia et al., 2010

Alkylating agents
1-Ethyl-1-nitrosourea

Ethyl methanesulfonate
Methyl methanesulfonate
Mitomycin C

Cisplatin

ethylation of bases (mostly T)
ethylation of G—=0°-ethylG
methylation of N7- and 0°-dG, N3-dA
and N4-dT

G-specific 5'-CpG-3’ double-alkylation

1,2-intrastrand d(GpG) and d(ApG)
adducts

AT—TA transversions,
AT—-GC transitions
GC—AT transitions

TA —GC transversions,
AT-GC transitions
G-G or G-A interstrand
crosslinks

G-G or G-A intrastrand
crosslinks

Gichner et al., 2003; Cooper et al., 2013

Kim et al., 2006; Abe et al., 2012; Nordstrom
etal, 2013

Bagherieh-Najjar et al., 2005; Mannuss et al.,
2010

Bleuyard et al., 2005; Mannuss et al., 2010;
Da Ines et al., 2013

Jamieson and Lippard, 1999; Mannuss et al.,
2010

Radiomimetic drugs
Bleomycin (bleocin)

Zeocin

metal-dependent free radical production

most likely similar to bleomycin

DSB, SSB at 5'-GC-3' or
5'-GT-3' sequences
DSB

Ma et al,, 2009; Pecinka et al., 2009; Lang
etal, 2012
Adachietal, 2011

DSB = Double strand break; SSB = single strand break.

Liu 2014



Chemickée
methylaci

Table 2. Drugs for chromatin research

atky ovlivhujici chromatin a DNA

Inhibitors DNA Histone H3 modifications® Chromatin  Transposon Geneex- Polll  Key references

methylation Kime3 K9me2 K27me3 condensation expression pression  activity

Methyl-group biosynthesis inhibitors and methionine antagonists

Sulfamethazine 1 n.a. 1 n.a. n.a. T na. n.a. Zhang et al,, 2012
S5-Dihydroxypropyladenine 1 1 1 n.a. n.a 1 n.a n.a. Baubec et al., 2010
3-Deazaneplanocin n.a. n.a. n.a. n.a. n.a T n.a. n.a. Foerster et al., 2011
L-Ethionine 1 n.a. n.a. n.a. 1 n.a. n.a. n.a. Fajkus et al_, 1992

DNA methylation inhibitors

Zebularine 1 1 1 n.a. 1 T n.a. n.a. Baubec et al., 2009

5-Azacytidine 1 n.a. 1 n.a. 1 173152 na Chang and Pikaard, 2005
Histone deacetylase inhibitors

Trichostatin A and sodium - - 1 n.a. n.a. - 12;134* na Chang and Pikaard, 2005,

butyrate Baubec et al., 2010

Sirtinol (putative) n.a. n.a. n.a. n.a. n.a. n.a. T 138* n.a. Grozinger et al., 2001;

Zhao et al., 2003

Inhibitors of BNA polymerase 11

a-Amanitin n.a. n.a. n.a. n.a. LA, m.a. n.a. l Haag et al., 2012

Actinomycin D n.a. n.a. n.a. n.a. n.a n.a. n.a. 1 Marsai et al., 2007

Unknown mode of action
Gemstein 1 n.a. n.a. n.a. n.a. T n.a. n.a. Arase et al,, 2012

T = Increase; | = decrease; — = no change; n.a. = not analyzed.

* At normally silenced loci.

b Ot of 7,800 A rabidopsis genes analyzed [Chang and Pikaard, 2005].

© Out of 23,000 Arabidopsis genes analyzed, number of down-regulated genes not specified [Zhao et al., 2003].

Liu 2014




Analyza novych genu regulujicich epigeneticke
procesy u mysi

* Analyza X-chromozomové inaktivace )’]\
* Existence 4 XCE alel (a, b, ¢, d) s rznou
expresi=pravdepodobnosti X chromozom inaktivace H2N N/\
(d=nejsilnéjsi alela, slaba IC) I
* Analyza ENU ovlivnénych mysi ukazala zménu v prvni X N ~
inaktivaci (E6.5 — 7.5) a zménu v maternalni selekci X ~ O

* Nalezené mutace umoznili nalézt 3 autozomalni oblasti, které
neprimo ovliviuji X-vazané geny s neuplnou inaktivaci nebo
geny odpovedné za volbu parentalniho X

ENU
* Momme * vysoce toxicky mutagen pusobici 1
mutaci/700 rGznych oblasti
 Uginky hlavné ve spermatocytech




Momme — hledani genu

odpovednych za

epigenetické reprogramovani

* Vystaveni specificky GFP

linii ENU chemické
mutagenezi v pozadi
variabilni exprese (Uroven
exprese je nizsi v dusledku
metastabilni epigenetické

Male recovers fertili
(10-20 wk)

GFP transgene

in red blood cells

G, offspring screening

variegated expression @@E ®
®% e

G ¥

@®

%

variability=podobné
pozicnimu efektu u
octomilky)

* Objev 30 moznych kandidat(
regulujicich rdzné drovné
epigenetickych zmeén,
dominantni mutace

Flow cytometry

Identification of a Momme

e -~
= .}
pl) o c g o
a0 | 3| S S
o il 4
3 Y
GFP

Enhancer of variegation—increase in silencing, decrease in proportion of GFP* red blood cells
Suppressor of variegation—decrease in silencing, increase in proportion of GFP* red blood cells



Momme — genetické mapovani kauzalnich

mutaci

* Mutantni potomstvo s rliznou MAPAING 1o (RUEHGY Positional cloning Fine mapping
urovnll tra nsgennll EXprese je Microsatellite markers MARKER CHR |MUTANT ML.D TYPE
(historically) sl 1
pouZito pro genetické OR aizeres o ST
7 7 SNP a"ay rslf‘.l‘:('v'i 4 -
mapovani (current) o i .
F2 offspring
Mutant or wild type by GFP expression
* Bodova mutace je analyzovana Mutation identification pEASAE B r sl o
\"r‘ﬂ . all A
' tha Sani (myEi )1 Y1) PO L R
pomoci exomového ¢teni (mysi Soriiiide e s ‘n'”‘,HH,l' AU A
, . historicall A A T | U S AR AT
DNA exonové sekvence jako (hsloncaly) Wikaps  Homozygus  Hateeorygos

OR

proby pro odhaleni lokusu v
kombinaci s NGS)

exome capture and deep sequencing
(current)

oot
Blewitt et al. 2013



Vysledek Momme mutantni linie

BASAL TRANSCRIPTIONAL MACHINERY
MommeD9 & 31: Trim28

o/

Active locus

Table 1.

Summary of Momme mutants produced in dominant screen for modifiers of

Wild-type varianty jsou aktivujici .

\/ \/ Name
HISTONE DEACETYLATION CHROMATIN-REMODELING COMPLEXES—opening Mommelil
MommeD5: HDAC1 MommeD10 & 16: Baz1b part of chromatin-remodeling complexes

MommeD4, 35 & 37: Smarca5 SWI/SNF chromatin remodeler

Mommelr2

Seznam kandidatnich mutaci =

Mommels
Naive locus
DNA METHYLATION HISTONE METHYLATION
MommeD2 & 32: Dnmt1 maintenance DNA methyltransferase MommeD13 & 17: Setdb1 -
MommeD14: Dnmt3b de novo DNA methyltransferase MommeD33: Suv3ghi H3K9 methyltransferases Mommelha

MommeD1, 23, & 36: Smchd1 may direct DNA methylation?

CHROMATIN REMODELLING COMPLEXES—closing
MommeD19: Smarcc! SWI/SNF chromatin remodeler H H H H 4
ommeos s nannang umia swiene - Wild-type varianty jsou represivni
i Mommel#

TRANSCRIPTION FACTOR
MommeD171: KIf1 Mommelrg

' Inactive histone methylation

2 Histone acetylation erH%
Inactive locus B> R
@ Methylated CpG residue

Effect on
variegation

Suppressar

Suppressar

Enhancer

Enhancer

Suppressar

Enhancer

Enhancer

Homozygous
lethality

Females
Elg, some
mzle adults
viable

EB-EQ

E17-E18

EB-EQ

Eb-EB

E18.5

Some viable
adults

Gena

Emchdl

Opmtl

Amgrcas

Hdaecl

014Abble

Hbb

Mutation

C =1
makes Stop

C =+ Ain
Exon 25,
Thr =+ Lys
T = & in
Exon 12

Trp + Arg

7 bp Del
in Exon
13,
Frameshift

T +C in
Exom, Leu
-+ His

T -+ C in
poly (&)
signal

@ + T Exon
g4, Cys-Phe
in Zn
finger

Chromosome Reference(s)

chr

chr

chr

Chr

chr

17

w

14

chr 7

chr

Blewitt et
al. 2ees,
2BBB

Chong et al.
2pgy

Blewitt et
al. 2ees;
Chong et al.
B8
Blewitt et
al. 2ees;
ashe et al.
2BBB

Blewitt =t
al. ZeEs;
ashe et al.
IBEE; L
Daxinger and
E Whitelaw,
pers. comm.
Brown et al.
2813

ashe et al.
2888; L
Daxinger and
E Whitelaw,
pers. comm.

Huma
homol

SMCHDL ,
mutated
FSHD2

DNMT1

SMARCAS

HMCL

FAMIBEA

HBE B-
thalassz



Obecné rozdéleni

* DNA methylacni analyza

* Bisulfitové sekvenovani,
MSAP....

* DNA-protein interakce
* Imunolokalizace, Chip-seq

* Chromatinova analyza
* ATAC-seq, MNase-seq

* Chemicka genetika

* 3D modelovani




Epigenetickeé in silico modelovani a 3D
rekonstrukce jadra

* Analyza genomu

* ChlP-seq
* Hi-C A B

e Simulacni analyza
* Model biopolymeru
 Jednotlivé chromozomy

3D modelovani
* Cely genom

e Validace dat
 Hi-C data =y
* Mikroskopie
* TADs Stefano et al. 2021

* Jedna se o propojeni vsech uvedenych metod a jejich in silico vizualizace, mozné u modelovych organismu!



iteratura/online kurzy

100% Free

Doporucena

Start Learning with Free Courses
PLANT DEVELOPMENT

AND EVOLUTION Free online courses from the world's top universities and companies.

coursera et

epigenetics

Transgenerational
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» Beginner
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