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Introduction to epigenetics and the
big picture



Somatic cells have identical DNA
… but its own pattern of gene 

expression

Homo sapiens

Each cell has identical DNA…

Transcription factors

EPIGENETIC INFORMATION

ZYGOTE ADULT ORGANISM



Roles of the epigenome



Epigenetic mechanisms

Non-coding RNAs



There is no junk DNA



Epigenome encodes information

• Entropy
– a measure of uncertainty

• Information and entropy
– connected but distinct

• Shannon entropy
– quantifies the expected value of

the information contained in a message

• The methylome:
• Shannon:
• Gibbs:
• Boltzmann:



A definition of life

• Life is a property of an ensemble of units that share 
information coded in physical substrate and which, in 
the presence of noise, manages to keep its entropy 
significantly lower than the maximal entropy of the 
ensemble, on timescales exceeding the "natural" 
timescale of decay of the (information-bearing) 
substrate by many orders of magnitude

• Christoph Adami,
Introduction to Artificial Life



Information is shared entropy

Information is correlated entropy (mutual

entropy) between two random variables

H(X,Y) ≤ H(X) + H(Y)

I(X:Y) = H(X) + H(Y) - H(X,Y)

Information is always about a system: it needs

context



Information is physical

Erasing a bit of information
requires energy



Aging of the epigenome

• Age could be predicted by measuring entropy
of the methylome

• Tumor ‘ages’ quickly



Physiological role of regulation

Active stress response genes
Inactive stress response genes

Normal Stressed Malignant

Apoptosis

Adapted

Stress accumulation

Genetic adaptation
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Introduction to gene regulation by CpG
methylation



DNA methylation



Cytosine methylation



DNMT3A gene family



TET1-mediated demethylation



(1.1)

Phenotype: protein glycosylation



Protein N-glycosylation



Epigenetics and Protein Glycosylation



Glycosylation in adaptation



Genes for IgG glycosylation



GWAS hits in IBD
(IgG glycosylation)
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Analysis of DNA by pyrosequencing



Bisulfite conversion



Conversion reaction

5-methylcytosine
Not susceptible to bisulphite conversion



Pyrosequencing



Interpreting pyrosequencing data
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Finding regulatory sites



Case study: HNF1A gene regulation



From correlation to direct
manipulation



Regulated or stochastic?



Finding regulatory sites



Example in colon cancer
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Tools for targeted methylation and

demethylation



Genome editing: TALEN



Genome editing: CRISPR/Cas9
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CRISPR/Cas9 tools for epigenome editing



Cas9-DNMT3A construct



Epigenome editing



The Construct

Based on Addgene Plasmid #48141 
(pX462)
Genome engineering using the CRISPR-
Cas9 system. Ran FA, Hsu PD, Wright J, 
Agarwala V, Scott DA, Zhang F. Nat Protoc. 
2013 Nov;8(11):2281-308.



Targeting to BACH2



Targeting to IL6ST



Construct activity



Activity profile



Profile Robustness



Multiple targeting



Effect on expression



Time course experiment



Plasmid persistence



Plasmid during cell division

FISH

Chromosome 7
Plasmid DNA
Nucleus (DAPI)



Cas9 DNA and Expression

FISH:
Chr7
Cas9
DAPI

IF:
Cas9



Cas9-TET1 construct



Cas9-TET1 cloning



MGAT3 assay for TET1



Time course (TET1)



(5.1)
The modular approach



CRISPR/Cas9-based tools

Vojta, Zoldoš et al. 2016   Nucleic Acids Research:

dCas9-DNMT3       DNA methyltransferase)

Liu, Jaenisch et al. 2016 Cell

dCas9-DNMT3A & dCas9-TET1

Stepper, Jurkowski et al. 2017 NAR 

Cas9-DNMT3A-DNMT3L



Modular Toolbox



Cell 2015 162, 1113-1126DOI: (10.1016/j.cell.2015.08.007) 



Cell 2015 162, 1113-1126DOI: (10.1016/j.cell.2015.08.007) 



The modular toolbox



Active fusions have similar profiles



(5.1.1)
Cloning considerations and golden-gate 

assembly



Golden Gate assembly



Basic “Backbone”



Basic “Module”



Assembly Results



(5.1.2)
Other considerations



Compartments of a aukaryotic cell



Import into the nucleus



What makes a good expression
cassette

• Main considerations for efficient expression

– Codon usage

– 5’ UTR secondary structure

– uORFs

– Introns

– Nonsense-mediated degradation (RNA)

– 3’ UTR and miRNAs; WPRE



Inducible promoters



(5. 2)
Antagonistic methylation and direct regulation



Antagonistic methylation



Effects of methylation on expression



Direct regulation (KRAB/VPR)

dSpCas9-KRAB dSaCas9-VPR

• KRAB - recruits HP1, HKMT 

(H3K9me3) –

local condensation hindering 

positioning

of RNA PolII

• VPR – recruits chromatin 

modifiers

which cause chromatin 

decondensation,

Accumulation of H3K27ac, 

H3K4me3, 

binding of PolII



Dual transfection: challenges



(5. 3)
IgG glycosylation: case study



HEK Freestyle model

Scientific Reports 6,
Article number: 36964 (2016)
doi:10.1038/srep36964
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