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Epigenome

Epigenetics: Nucleosomes/Histones
• Eight core histones (2 x H2A, 

2 x H2B, 2 x H3, and 2 x H4) 
and ~147bps of DNA 
wrapped around form the 
‘nucleosome’

• Nucleosomes are thought to 
carry epigenetically inherited 
information in the form of 
covalent modifications of 
their core histones (histone 
code)

• Nucleosome “slide” (?) and 
their position regulate gene 
expression 
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Nucleosomes organization

DNA methylation
• Cytosines (5mC) can be methylated, which “turns” them 

in a “fifth” type of nucleotide
• In mammals 60%-90% of all CpGs are 5mC
• The rate of cytosine DNA methylation differs strongly 

between species, e.g. 14% of cytosines are methylated in 
Arabidopsis thaliana, 8% in Mus musculus, 2.3% in 
Escherichia coli, 0.03% in Drosophila, and virtually none 
(< 0.0002%) in yeast

• In plants and stem cells, the cytosine can be methylated 
also CHG, and CHH sites, where H={A,C,T} 
(asymmetric methylation) in addition to CG (symmetric 
methylation)
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DNA methylation
• 5mC is associated with gene silencing (decreased gene 

expression)
• 5mC also plays a crucial role in the development of 

nearly all types of cancer and imprinting
• 5mC can be inherited through cell division (in somatic 

cells, patterns of DNA methylation are transmitted to 
daughter cells with a high fidelity)

• 5mC is dynamic, but DNA demethylation is poorly 
understood

• New types of methylation in mammalian genomes: 
hydroxymethylation (5hmC), 5-formylcytosine (5fC), 5-
carboxycytosine (5caC)

RNA methylation
• Adenosine (6mA) is the most prevalent mammalian 

mRNA post-transcriptional modification
• It is also found in tRNA, rRNA, and small nuclear 

RNA (snRNA) as well as several long non-coding 
RNA

• Recent studies have discovered protein ‘writers’, 
‘erasers’ and ‘readers’ of this RNA chemical mark

• It has been show to affect gene expression, but its 
function it is poorly understood
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Fu et al., Nat Rev Genetics, 2014

Prediction problems

• DNA methylation state
• Impact of sequence variation in methylation
• TF motifs from ChIP-seq data
• Non-coding function prediction from sequence
• Gene expression from histone tail 

modifications
• Regulatory code of the accessible genome
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Structural variations
SNPs

Variations in the Human Genome
• Single nucleotide polymorphisms (SNP) occur on average 

between every 1 in 100 and 1 in 300 bases in the human 
genome

• Large-scale structural variations range from a few thousand to 
a few million bps: these variations include differences in the 
number of copies individuals have of a particular gene, 
deletions, translocations and inversions (copy number 
variations or CNV)

• A high proportion of the genome (currently estimated at up to 
12%) is subject to CNV

• SNPs and CNVs may either be inherited or caused by de novo
mutation

• Many SNPs and CNVs are associated with genetic diseases 
and cancer
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Prediction problems

• Pathogenicity of genetic variants
• Modeling of SNPs using Boltzmann machines
• Calling SNP variants
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