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Obecné rozdeéeleni

* DNA methylacni analyza

* Bisulfitové sekvenovani, MSAP....

* DNA-protein interakce
* Imunolokalizace, Chip-seq

e Chromatinova analyza
* ATAC-seq, MNase-seq

* Chemicka genetika



Bisulfitove sekvenovani
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* Nutné porovnani proti referenc¢ni sekvenci, kterou analyzujeme

Allele 1 (methylated) Allele 2 (unmethylated)
m
-—--ACTCCACGG---TCCATCGCT--- --—-ACTCCACGG---TCCATCGCT---
---TGAGGTGCC-~-AGGTAGCGA- -~ —---TGAGGTGCC---AGGTAGCGA-——

Bisulfite treament
Alkylation

* Pro detekci ostatnich modifikaci (hmC, caC, fC) jsou nutné Spontaneous denaturation
o , v . . , ., -==-AUTUUAUGG---TUUATCGUT--~- -=-=-AUTUUAUGG---TUUATUGUT--~-
specifické reakce-konvencni bisulfitové sekvenovani
---TGAGGTGUU---AGGTAGCGA--- ---TGAGGTGUU---AGGTAGUGA---

nerozliSuje mC a hmC a caC/fC od nemethylovaného C
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Non-methylation-specific PCR
Methylation-specific PCR

'

Differentiation of bisulfite-generated polymorphisms



Vystup bisulfitoveho sekvenovani
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Vytvareni methylomovych map

Repeats wmn CG methylation wesn CHG methylation s CHH methylation
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MSAP

* Pre-selektivni PCR amplifikace
* Ligace se specifickymi primery

 Selektivni PCR amplifikace
» Amplifikace specifickych produktt

* PCR produkt screening
* PAA nebo kapilarova elektroforéza

* Vysledek

e Ziskani DNA methylace analyzovanych vzork(



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®
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Methyl-sensitivni PCR

(@) PCR-MEDIATED MEASUREMENT OF C-METHYLATION (b)

CCGG

—

HindIIl/Hpall ‘?3

HindIIl/Mspl

2
T

primer A primer B
414bp
33bp
. Cw ]
PCR-REFERENCE T
iz &
primer A primer B ? ;E ‘_:E
T I -
NO CLEAVAGE OF CCGG-SITE CLEAVAGE OF CCGG-SITE
CCGG C CGG “% = =
L — e 3
Besaaa, '~




Obecné rozdeéeleni

* DNA methylacni analyza

* Bisulfitové sekvenovani, MSAP....

 DNA-protein interakce
* Imunolokalizace, Chip-seq

e Chromatinova analyza
* ATAC-seq, MNase-seq

* Chemicka genetika



Priprava vzorku
l Pletivo/tkan, bunécéné utvary aj.

Fixace

l PFAM, Glutaraldehyd, EtOH...

Permeabilizace membrany

l Detergent

Blokace aj.

l BSA, pripadny enzymaticky treatment

Inkubace protilatky

l Monoklonalni vs. polyklonalni

Vizualizace

Mikroskopie

Princip imunolokalizace

Secondary Antibody

Primary Antibody

KAAAAA



Primé a neprimé barveni

Direct Indirect
immunofluorescence immunofluorescence
or secondary detection

probes  MOLECULAR PROBES™ SCHOOL « FLUORESCENCE
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Monoklonalni protilatky Polyklonalni protilatky
* Ve srovnanis pAbs drasi * 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 H3S28ph + Ce

C H2AT120ph +

E CenH3-1+C:

3-2 (L. sativus) B H3S28ph + CenHi-1 (Psativum)

H2AT120ph + CenH:

F CenH3-1 + CenH3-

Detail
polycentromery
u hrachu

a vyskyt
histonovych
modifikaci
(H2AT120ph)/hi
stonovych
variant (CENH3)

-2 (L. sativus) 2 (P. sativum)

' (L. sativus) (P. sativum)

Neumann et al. 2016



Chromatin immunoprecipitation
(ChIP)

- lzolace ¢asti genomu podle @® @@@
toho s jakymi proteiny ©
interaguji (napf. promotory, e
modifikované histony)

Postup:

1) Cross-linking — vytvoreni kovalentni )\/\ )\)\ | s sy ot s

2)

3)

4)
5)

vazby proteinu s DNA (UV,
formaldehyd, u histonl netreba)

Fragmentace DNA (sonikace,

Perform immunoprecipitation

enzymaticky) | e R
Inkubace s protilatkou k proteinu, Y. V.
ktery mé zajima rosorass.
” A
Izolace proteinu s navdzanou DNA a

(Uvolnéni kovalentni vazby), Co dal?
predisténi DNA microarray (ChlIP on chip), ChiP-seq, ...



Obecné rozdeéeleni

* DNA methylacni analyza

* Bisulfitové sekvenovani, MSAP....

* DNA-protein interakce
* Imunolokalizace, Chip-seq

* Chromatinova analyza
* ATAC-seq, MNase-seq

* Chemicka genetika



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

* Nukleozomové mapovani

Vazba transkripcnich faktord

Detekce faktoru souvisejici s nemocemi

Komparativni epigenomika

Regulace bunécné specifikace

M Qe M Qe = Pde M N

o~

llumina official website

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



MNase-seq (,,micrococcal nuclease
digestion®)

Single cell sequencing Chromatin binding regions
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\ sequencing
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Wikipedia commons

ChIP sequencing / ‘




Obecné rozdeéeleni

* DNA methylacni analyza

* Bisulfitové sekvenovani, MSAP....

* DNA-protein interakce
* Imunolokalizace, Chip-seq

e Chromatinova analyza
* ATAC-seq, MNase-seq

* Chemicka genetika



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

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

atky ovlivhujici DNA

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



Chemické
methylaci

Table 2. Drugs for chromatin research

atky ovliviujici 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




Dékuji za pozornost!



