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Basics in Epigenetics &

- TOXICOLOGY

e ,above” genetics

“the study of changes in gene function that are mitotically and/or
meiotically heritable and that do not entail a change in DNA
sequence” (Wu and Morris 2001)
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Epigenetics 101 &b

TOXICOLOGY
\ e Three main levels

NH, NH,
H\H\Aj; e * DNA methylation
NP NP 5 * Histone modifications
Cytosine methylated Cytosine ° NOn'COding RNAS
(ncRNAs)

* Epigenetic landscape is established during
development

* Tissue- and cell-type specific
* Maintained throughout life

* Transgenerational inheritable
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DNA Methylation &

I TOXICOLOGY
* DNA methyltransferases (DNMTs) § qors 8 6 NpGpGEN 3
_ _ _ 2 DS, B oermomeivian 30 \PEBCEN 2
* Methylation at CpG dinucleotides N A8
* Regions with high CpG content are called ’ k | epicarn
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The Role of 5-methylcytosine (5mC)

- TOXICOLOGY

Table 1. Overview of CpG distribution in the human genome

* CpGs usually methylated, but not CGls

Observed Normalized

. . . Length, GC CpG CpG
* CGls close to transcription start site (TSS)  subset Mb  content fraction  fraction

are usually unmethylated Whole genome 3.1 038 0.009 0.25

[1 kb upstream regions 15 0.53 0.042 0.60 |
PY 1 1 kb downstream regions 15 0.45 0.013 0.26
M ethylatlon Of CG I Close to TSS can Transcription units 930 0.42 0.011 0.26
Silence a gene Exons 45 0.50 0.028 0.45
Introns 880 0.41 0.010 0.24

Length refers to the total length of DNA examined.
Methylation of promoter *Length given in gigabases. [8]
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Methylated Cytosine: Complications

- TOXICOLOGY

Table 1. Overview of CpG distribution in the human genome

* 5mC can undergo spontaneous

Observed Normalized

deamination to thymine Subset Le:Agt:h' cor?tcent fr;fcptiGon frscp')ciGon
. [Whole genome 3.1* _ 0.38 0.009 0.25 |
¢ R0|e |n Ca ncer 1 kb upstream regions 15 0.53 0.042 0.60
. 1 kb downstream regions 15 0.45 0.013 0.26
* Hypomethylation (oncogene promoter)  Transription unit 0 042 00r 026
* Hypermethylation (tumor suppressor introns o o4 o o
Length refers to the total length of DNA examined.
promote r) *Lengt% given in gigabases. ’ [8]
 Hypomethylation of transposable .
N d NH
| — eamination >
elements N
Cytosine Uracil
NH, 0
H,C . H,C
\f\N deamination > \fl\NH
N/go N/l\o
H H

5-Methylcytosine Thymine [9] 5



Toxicology of Cytosine Methylation &a

. TOXICOLOGY

* Antihypertensive hydralazine inhibits DNA

methylation

* Acute Cadmium (Cd) exposure can inhibit oharmaceutical  AIF Pollutants
DNMT - hypomethylation Drugs ~_ s

* Chronic Cd exposure - hypermethylation " owwTsey

_ Chemicals
aaaaaaaaa

* Airborne benzene leads to global
hypomethylation (measured in LINE-1 and Alu) N

Environment



Bisulfite Treatment for 5SmC Detection &a

- TOXICOLOGY

* Bisulfite conversion leads to a i
C - Uconversion, 5mCisnot )j
affected =" 2L

e Suitable for many
downstream applications



PCR Based Techniques

* Direct sequencing of area, 5mCis
read as C

* MSP: methylation specific primer is
used to detect methylation status on
site

* HRM: CG bounds have a higher T,
than TA bounds

* CG: three hydrogen bonds
e AT: two hydrogen bonds

High resolution melting (HRM) —

Aligned Fluorescence (%)

TG--TG--TG

100 4
90 1
80 1

60 A

TOXICOLOGY

ME ME

5° ATCGAACGTCTCGCAG 3

Bisulfite
conversion

ME ME

| I
Pyrosequencing <——— PCR +——— 5’ ATCGAACGTUTUGUAG 3'

CG--CG--CG

100%
75%
50%

10%

Temperature (°C)

................

74.5 75.0 75.5 76.0 76.5 77.0 775 78.0 78.5 79.0 79.5 80.0 80.5 81.0 81.5 82.0 82.5

[10]

PCR —
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Methylation specific PCR (MSP)

ME ME
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5 ATCGAACGTUTUGUAG 3*
NNTAG—



PCR Based Techniques |

- TOXICOLOGY

5 mCpG mCpG CpG

* Methylation-sensitive single nucleotide ;
primer extension (MS-SNuPE) 3

PCR amplification

5 CpG CpG TpG
3 GpC GpC ApC

* Addition of only two labled nucleotides g S

l’ + M;glﬁltflgoEd:r‘;rrners
* Combined bisulfite restriction analysis R
(COBRA) 3 :GpC :Gpc ::ApC

+ e.g. BstUl 5' CGCG 3 = 5 CG 3 + 5 CG 3/ B
* Resolving on Gel e

100% L .

S2

50% =—>p [ )

o
5/ NNTGTGNN 3 5 NNCG*CGNN 3 s, o

Quantitation of
DNA methylation status

(11]



Whole Genome Methylation Analysis &

e TOXICOLOGY
) AIMS uses iSOSChizomeriC Amplification of InterMethylated Sites (AIMS)
restriction enzymes with — e
different methylation sensitivity | | |
 Bands can be isolated and further |, BwalcocGa0)
characterized £
1711222333444 — Linker ligation
= == - ‘w s - Purification
Hypermethylation in 2 = — { cecon ﬁ __ | FCR ampiification
e i o [12]
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[12]

10



Whole Genome Methylation Analysis |l &a

. TOXICOLOGY

* MeDIP: Methylated DNA
Immunoprecipitation
 Specific anti-5mC antibody
* Subsequent downstream analysis
* MeDIP-chip
* MeDip-seq

CH3 CH3

SDODIRDON
CH3 CH3
Sonication
5-methylcytidine
;EB 7 D @ (5mC) P
CH3 M enature N\ /\/C}{ antibodies P ol
QA CHmS NS\ _> Ccms VA VAN
CH3 /V\ /V\ Immuno-
recipitation
Input DNA Enriched Me-DNA
(Input) Ip fra'ction)

Sample preparation

Sequenced
on machine
GATAAAT CT GG TCTTATT TCC
Alignment
software

Reads aligned to a

High density microarray reference genome

v

Methylation analysis Methylation analysis

A. Array Hybridization
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Histone Structure and Modifications

?‘ ", Octameric histone core
oS 10
"‘. vigﬁ ,57\\
\J
}%DNA Histone '.\ N
Q e ;

30 nm

H1 histone

e H2A, H2B, H3 and H4 core histones
* H1 linker histone for 30 nm structure %’
* Core histones with helix-turn-helix motif

* Binding of DNA

* N-terminus of histone can be modified
* Methylation (Me), Acetylation (Ac), .
Ubiquination (Ub), Phosphorylation (P) '%D‘me'

* Nomenclature: e.g. H3K4me3 “

* Histone 3, Lysin 4, trimethylation )




Toxicology of Histone Modifications &b

* Methylation at K or R residues
 Activating and silencing function

* Acetylation usually at K residues
* Mostly activates transcription

* Phosphorylation
* Activates transcription

e Ubiquitination at K residues
* H2A and H2B Ub activates transcription

TOXICOLOGY

33

As

Arsenic
74.92160

H3S10ph

(Li 2002)

H3K9me2

(Zhou 2008)

Ac {

(Arrigo 1983)

H3K4medl,

(Zhou 2009)
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Detection of Histone Modifications
O

* Chromatin Immuno-precipitation (ChIP)
e Subsequent analysis by PCR

* ChIP-chip (ChIP-on-chip)

* Subsequent analysis by DNA microarray

* ChIP-Seq

* Subsequent sequencing of DNA

e Comparison with whole-genome
sequence database

48

TOXICOLOGY
DNA-protein
+ cross-linking
+ Cell lysis
+ Sonication or

enzyme digestion

NPl T
chromatin

+ Immunoprecipitation
A with specific antibody

Immune precipitate

-{  (ChIP material)
‘M.TM

+ DNA purification
e Analysis of bound DNA

[16]
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Non-coding RNAs &

- TOXICOLOGY

* miRNAs ca. 21-23 nt lPoIII
* Interfering with mRNA (complement to 3 UTR)

Pri-miRNA
polyA
Drosha
/ \ '
Tumor suppressive Oncogenic Nucleus Pre-miRNA
miR-215 miR-125b| miR-193b miR-126| miR-1 | miR-16 miR-122| miR-100 MiR-143 Let-7g K mIR-96  miR-181b miR-372 \ //
* & "y 5 v G iy & L P & q P ¥
J- J- Cytoplasm v
= Bcl-2 Pre-miRNA
L Vo [sm ¢ | / C
. cMye & .
234 p—— TR l Dicer
phosphatidyl KRAS & k-RAS &
inositol 3- Cyclins & Bexy | L
— St R | v
K-RAS -
Cyclin D14, Caspase —
orclinAz ¢, Orclin Gl 4 miRNA/miRNA* duplex

CDK1 4

Inhibition of cell
L —

proliferation

Cell cycle arrest

[17] v

wononnunnn. - MiRNA

Apoptosis
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mMiRNA microarrays, In situ hybridization &b

- TOXICOLOGY

miRNA

* miRNA array
* |solation using TRIzol or extraction kit 5 Az 3
* Labeling and hybridisation to probe

incorporating aaUTP  * /UTP mix.

* * * *

Couple Cy dye to aminoallyl UTP

. ®
° RT-q PCR %%/;/‘:@’:/&'5 Hybridize overnight
e Using Poly(A) polymerase and subsequent RT s |
, g S —
* Use of a Poly(A) reverse primer and a specific e

forward primer

Analyze Cy3/Cy5 signal [18]



Outlook, what's new?
I

* Other bases found in the genome
* 5-hydroxymethylcytosine (5hmC)
e 5-formylcytosine (5fC)
* 5-carboxylcytosine (5caC)

48

TOXICOLOGY

NH,
N/
A
O0” N
/ i 2
NH LS 5mC
2 o$® NH, OH
"
N z
A b
0] Il\l Y
R R
Cytosine 5hmC
A ™D £
5 R, N /
[e2)
™
? \ NH, O NHZP
//IN\JE/MO_ TETs [N |
_
@) ll\l 0 I|\|
R R

5caC 5(C  [19]
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Take Home Messages / Questions?

If they ask you anything you don’t know, just
just say it’s due to epigenetics.

MY FELLow

GCENETCISTS, HERFE'S To
THE- FUTURE- OF GENE
EXPRESSION RESEARCH...
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