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Epigenetic:
Unlike conventional belief, human DNA consists of 5 

different bases: A, T, G, C, and the 5th base, methylated
cytosine "mC". Cells actively exchange some mC with C and 
vice versa when they switch their genes on or off. Thus the 
presence of mC or C conveys information about gene 
regulation that goes beyond the genetic level: it is 
"epi"genetic.

Epigenomics:
The science and commercial exploitation of epigenetics.
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In October 2000, the Human Epigenome
Consortium (the Sanger Institute, Epigenomics
AG, and the Centre National de Genotypage in 
Evry, France) started a European Union-funded 
pilot project to map the methylation sites within 
the major histocompatibility complex (MHC) 
region in seven different human tissues.





The Wellcome Trust Sanger Institute (Hinxton, 
United Kingdom) & Epigenomics AG (Berlin, 
Germany) recently announced the launch of the 
Human Epigenome Project (HEP).

The HEP is the brainchild of immunogeneticist
Stephan Beck of the Sanger Institute & Alexander 
Olek, chief executive officer of Epigenomics AG. 





On to the Full HEP: 
A Public/Private Initiative

Sample preparation and amplifcation will be done at 
Epigenomics AG, the Sanger Institute will do the 
sequencing and raw data analysis, and then the data 
will be jointly evaluated and mined.

The mapping of DNA methylation sites in all 30,000 
human genes in around 200 samples is now 
underway.



HEP is a five-year undertaking during which DNA 
methylation sites throughout the human genome 
will be mapped.

The Human Genome Project, explains Olek, 
“genome provided the blueprint for life, but the 
epigenome will tell us how this whole thing gets 
executed”.























5th BASE genomics®:

Cytosine, one of DNA’s four bases, can also be present in a 
methylated version (mC). It then has an important impact on 
gene activity, which is why it is being acknowledged as 
DNA’s fifth base. Each cell contains the entire genome, but 
only uses a subset of it according to its function (e.g., a liver 
cell switches on different genes than a skin cell). In complex 
genetic diseases such as cancer, cardiovascular, or 
autoimmune, different genes are active than in healthy cells, 
with each disease featuring a characteristic pattern of active 
and inactive cells. Reading the pattern of mC in DNA in the 
first place and correlating it to disease is what we named 5th 
BASE genomics® and what opens up fundamentally new 
diagnostics and therapeutic opportunities.



Digital Phenotypes®

When finding out which cytosines in DNA are 
methylated and which are not, we equal them to 1s 
and 0s, thus digitizing the signals. Each tissue and 
each disease has its characteristic long string of 1s 
and 0s by which it can be recognized. Since this 
information is phenotypic, we call these 
identification-strings "Digital Phenotypes®.



DNA-Methylation:

The DNA consists of the bases A, T, G, and C 
that encode an organism’s genetic blueprint, 
but also the 5th base mC (methylated C). DNA 
methylation provides information on gene 
regulation that is specific for cell types and 
diseases, because cells can actively exchange 
C with mC when they switch genes off or on.



MeSTs: Methylated Sequence Tags:

Methylated Sequence Tags, i.e. potential 
methylation sites in the genome that are 
differentially methylated in healthy vs diseased 
tissue and therefore characteristic for a specific 
type of disease.



Imprinting:

Genomic imprinting is an epigenetic marking process that 
causes some genes to be expressed according to whether 
they came from the mother or father. While most genes are 
expressed from both the maternal and the paternal alleles, 
some are only active on one chromosome but not on the 
other, depending on its origin (father/mother). Silent genes 
are methylated while the active version is usually found 
largely unmethylated.





CpG island
Short runs in DNA of cytosine–guanine repeats; 

when methylated at 5’C in promoter regions, 
gene silencing results.

unmethylated DNA (digest by HpaII)
2% of mammalian genome, GC-rich

Methylated CpG
lower CG content, low frequency.



Genome Research 12:543–554, 2002



Genome Research 12:543–554, 2002



Genome Research 12:543–554, 2002



Genome Research 12:543–554, 2002







Principles of the Methylation-specific PCR (MSP)

Cytosines located 5’to the guanines, called CpG
dinucleotides, are present in the regulatory regions of 
many genes. 

In normal cells, the cytosines in the CpG dinucleotides are 
generally unmethylated. However, in the promoter 
sequences of genes associated with certain cancers or 
inherited diseases, these cytosines can be methylated.

MSP is an advanced technique that enables the precise 
mapping of methylation patterns in the CpG islands of 
genomic DNA.











Epegenetic changes and development



In most cases, only a small percentage of the 
cloned embryos develop normally.
• nuclei do change in some ways as cells 

differentiate 

chromatin structure and methylation. 

• Improper methylation in many cloned embryos 
interferes with normal development.



Barr body and methylation

Although female mammals inherit two X 
chromosomes, only one X chromosome is active 
and one X chromosome condenses into a 
compact object, a Barr body

• involves the attachment of methyl (CH3) groups to 
cytosine nucleotides on the X chromosome (inactivates 
most of its genes). 

• After Barr body formation, all descendent cells have 
the same inactive X.



Epegenetic changes and cloned animal



• 1997 when Ian 
Wilmut and his 
colleagues 
dedifferentiate
d the nucleus 
of the udder 
cell by 
culturing them 
in a nutrient-
poor medium
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Figure 1. Reprogramming in 
normal development and 
nuclear cloning.



Epegenetic changes and imprinting



The phenotypic effects of some mammalian genes 
depend on whether they were inherited from the 

mother or the father (imprinting)

In genomic imprinting process, a gene on one 
homologous chromosome is silenced, while the 
other is expressed.

In many cases, genomic imprinting occurs when 
methyl groups are added to cytosine nucleotides 
on one of the alleles.



























Methylation profiles for breast tumors.









Methylation detection
Tissue 94%
Buffy coat 30%
Plasm/serum 72%
Ejaculates 50%
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