
Epigenetic 



DNA and Chromatin Structure



Nucleosomes are the basic building block of 

Chromatin



3 nucleosomes shown here



30 nm fiber packing (Solenoids)



Loop Domains



DNA packing 

overview
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There are two types of chromatin found in a 

nucleus at any given time



Post-translational modifications 



Post-translational modifications 





Epigenetic

• History of Epigenetic modifications

– Discovered by Paul Kammerer, a lamarckian 
evolutionist, in the 1920s.

– Epigenetic was coined by C. H. Waddington in 
1942

• Definitions

– In 2008 → Cold Spring Harbor meeting

• Stably heritable changes in a DNA without alterations in 
the DNA sequence", 

http://en.wikipedia.org/wiki/Conrad_Hal_Waddington
http://en.wikipedia.org/wiki/Cold_Spring_Harbor_Laboratory


Characteristics of epigenetic modifications 

• Epigenetic changes can modify the activation of certain 

genes, but not the sequence of DNA.

• Epigenetic changes are preserved when cells divide.

• Some epigenetic changes can be transferred to the next 

generation.



Gene expression





Epigenetic modifications

• DNA modification

• Histone modifications



DNA methylation



Exon 1 Exon 2

CpG Islands

• Regions of the genome in which the CpG dinucleotide occurs 

at the EXPECTED frequency

• Usually located in 5` flanking sequence, around the proximal 

promoter, and/or within the first exon  and intron





   

X
CH3 CH3

Transcription

 factor

Transcription

 factor

X
AcAc Ac

CH3 CH3

Sin3A

MECP2

SUV39

HDAC

Ac

CH3 CH3

HP1

X

DNA methylation silences gene expression by two mechanisms



Histone modifications







Histone code hypothesis

• The histone code is a  hypothesis that the 

transcription of genetic information 

encoded in DNA is in part regulated by 

chemical modifications to histone proteins.



Mechanisms 

• Cis mechanism→ altering the structure of 

chromtin 

• Trans mechanism→ generating a banding 

platform for effector proteins 



Cis mechanism 



Modification
Modification Structure (R = 

chemical functional group)
Charge Effect

Methylation R-CH3 Neutral Increases packing

Acetylation R-COCH3 Negative Decreases packing

Phosphorylation R-PO4 Negative Decreases packing



Li e. al. (2007) 

Cell 128, 707



Trans mechanism









Environmental Factors

• Nutrition, Behavior, Pollution, Sun light, Toxins, Circadian rhythms, 

Viruses, Bacteria



Epigenomics

• Epigenome → complete set of epigenetic modifications 

on the genetic material of a cell

• Epigenomics is the study of the epigenome 



How does one study DNA methylation ?

• Bisulphite sequencing

• Methylation-specific restriction endonucleases

– e.g., HpaII / MspI → C5mCGG







How does one detect histone modifications ?

• Chromatin Immunoprecipitation (ChIP)

– ChIP-on-chip

– ChIP-Seq





Importance of epigenetic modifications studies

• Embryonic development

– Stem cells 

– Differentiation 

– Reprogramming 

• Medicine

– Cancer and developmental abnormalities

– Personalized therapeutic

• Evolution
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