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Basics in Epigenetics

• „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
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• Three main levels
• DNA methylation
• Histone modifications
• Non-coding RNAs 

(ncRNAs)

[4]
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• Epigenetic landscape is established during
development
• Tissue- and cell-type specific
• Maintained throughout life

• Transgenerational inheritable



DNA Methylation

• DNA methyltransferases (DNMTs)
• Methylation at CpG dinucleotides
• Regions with high CpG content are called

„CpG islands“ (CGIs)
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The Role of 5-methylcytosine (5mC) 

• CpGs usually methylated, but not CGIs
• CGIs close to transcription start site (TSS) 

are usually unmethylated
• Methylation of CGI close to TSS can

silence a gene
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Methylation of promoter
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Methylated Cytosine: Complications

• 5mC can undergo spontaneous
deamination to thymine
• Role in cancer
• Hypomethylation (oncogene promoter)
• Hypermethylation (tumor suppressor

promoter)
• Hypomethylation of transposable

elements
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Toxicology of Cytosine Methylation

• Antihypertensive hydralazine inhibits DNA 
methylation
• Acute Cadmium (Cd) exposure can inhibit

DNMT → hypomethylation
• Chronic Cd exposure → hypermethylation
• Airborne benzene leads to global 

hypomethylation (measured in LINE-1 and Alu)
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- Methyl donor or SAM
- DNMT activity
- DNMT specificity
- DNMT associated

proteins
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Bisulfite Treatment for 5mC Detection

• Bisulfite conversion leads to a 
C → U conversion, 5mC is not 
affected
• Suitable for many

downstream applications
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Step 1:
Denaturation

Step 2:
Conversion

Step 3:
Desulphonation
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PCR Based Techniques

• Direct sequencing of area, 5mC is
read as C
• MSP: methylation specific primer is

used to detect methylation status on 
site
• HRM: CG bounds have a higher Tm

than TA bounds
• CG: three hydrogen bonds
• AT: two hydrogen bonds
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PCRPyrosequencing

5‘ ATCGAACGTUTUGUAG 3‘
ME ME

NNTAG

Methylation specific PCR (MSP)

High resolution melting (HRM)

TG--TG--TG CG--CG--CG

[10]

PCR

Bisulfite
conversion



PCR Based Techniques II

• Methylation-sensitive single nucleotide
primer extension (MS-SNuPE)
• Addition of only two labled nucleotides

• Combined bisulfite restriction analysis
(COBRA)
• e.g. BstUI 5‘ CGCG 3‘ → 5‘ CG 3‘ + 5‘ CG 3‘ 
• Resolving on Gel
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Whole Genome Methylation Analysis

• AIMS uses isoschizomeric
restriction enzymes with
different methylation sensitivity
• Bands can be isolated and further

characterized
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Whole Genome Methylation Analysis II

• MeDIP: Methylated DNA 
immunoprecipitation
• Specific anti-5mC antibody
• Subsequent downstream analysis
• MeDIP-chip
• MeDip-seq
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Histone Structure and Modifications

• 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)
• Nomenclature: e.g. H3K4me3

• Histone 3, Lysin 4, trimethylation
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Toxicology of Histone Modifications

• Methylation at K or R residues
• Activating and silencing function

• Acetylation usually at K residues
• Mostly activates transcription

• Phosphorylation
• Activates transcription

• Ubiquitination at K residues
• H2A and H2B Ub activates transcription
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Ac ↓
(Arrigo 1983)

H3S10ph↑
(Li 2002)

H3K9me2↑
(Zhou 2008)

H3K4me↓
(Zhou 2009)

As
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Detection of Histone Modifications

• Chromatin Immuno-precipitation (ChIP)
• Subsequent analysis by PCR

• ChIP-chip (ChIP-on-chip)
• Subsequent analysis by DNA microarray

• ChIP-Seq
• Subsequent sequencing of DNA
• Comparison with whole-genome 

sequence database
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Non-coding RNAs

• miRNAs ca. 21-23 nt
• Interfering with mRNA (complement to 3‘ UTR)
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miRNA microarrays, In situ hybridization

• miRNA array
• Isolation using TRIzol or extraction kit
• Labeling and hybridisation to probe

• RT-qPCR
• Using Poly(A) polymerase and subsequent RT
• Use of a Poly(A) reverse primer and a specific

forward primer
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Outlook, what‘s new?

• Other bases found in the genome
• 5-hydroxymethylcytosine (5hmC)
• 5-formylcytosine (5fC)
• 5-carboxylcytosine (5caC)
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Take Home Messages / Questions?
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