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Why DNA Isn’t Your Destiny 



GENOME: a genome is an organism’s complete set of DNA, including all of its genes. Each genome contains all  of the  

  information needed to build and maintain that organism 
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Cells listen for signals  

Types of signals 

1. Direct Contact  

2. Transmission 

(factor release) 

3. Hormones 

4. Combo 

From GENOME to EPIGENOME to CELLS to ORGANISMS 

modified by http://learn.genetics.utah.edu/content/epigenetics/epi_learns/ 

50-70 trillion cells!!!! 



Proteins Carry Signals  

to the DNA 
Gene Regulatory Proteins Have Two Functions 

Switch genes 

ON/OFF 

Recruit  epi tag- 

ENZYMES  

From GENOME to EPIGENOME to CELLS to ORGANISMS 

Paradigm ORGANISM 

modified by http://learn.genetics.utah.edu/content/epigenetics/epi_learns/ 



“Force a rethink of the definition of a gene and of 

the minimum unit of heredity.” 



EPIGENOME: the epigenome comprises all of the chemical modifications (tags) added to the genome as a way to 

regulate the activity (expression) of all the genes.  

MODIFICATIONS 

modified by http://learn.genetics.utah.edu/content/epigenetics/epi_learns/ modified by http://ehp.niehs.nih.gov/120-a396/ 

I. DNA methylation 

II. Histone Modifications III. ncRNA associated  

gene silencing 

www.morrislab.unsw.edu.au 



RESEARCH CONSORTIA 

BLOOD CELLS 

CELL LINES 

111 CELLS & TISSUES 



AIMS 

 

1. How is genetic information interpreted by single cells? 

 

 

2. Annotate cis-regulatory elements. 

 

 

3. Create maps of epigenomic modifications. 

 

 

4. Produce clinically usefull epigenetic information. 

 

 

5. Dissect gene regulatory programs in development and disease. 



METHODS 



METHODS 

I. DNA methylation 

http://docs.abcam.com/pdf/chromatin/a-guide-to-epigenetics 

a) Sodium bisulfite modification 

 

b) Sequence-specific enzyme digestion 

 

c) Capture/quantification of methylated DNA 



a) Sodium bisulfite modification 

METHODS 

http://docs.abcam.com/pdf/chromatin/a-guide-to-epigenetics 



a) Sodium bisulfite modification 

METHODS 

Molecular Psychiatry (2007) 12, 799–814; doi:10.1038/sj.mp.4001992 



METHODS 

b) Sequence-specific enzyme digestion 

Molecular Psychiatry (2007) 12, 799–814; doi:10.1038/sj.mp.4001992 



c) Capture/quantification of methylated DNA (MeDIP) 

METHODS 

http://docs.abcam.com/pdf/chromatin/a-guide-to-epigenetics 



METHODS 

II. Chromatin Modifications 

http://docs.abcam.com/pdf/chromatin/a-guide-to-epigenetics 

a) Chromatin Immunoprecipitation 

 



a) Chromatin Immunoprecipitation (ChIP) 

METHODS 

http://docs.abcam.com/pdf/chromatin/a-guide-to-epigenetics 



http://www.sigmaaldrich.com/life-science/epigenetics/imprint-rna.html 

METHODS 

a) RNA-protein interactions (RIP) 





MATERIAL 



DATA SETS for each epigenome 



Chromatin State Annotation across tissues 

Vertical Red Lines = 

PROMOTERS  

Dispersed Yellow Regions  

= ENHANCERS 

Promoters are primarily constitutive, while Enhancers are highly dynamic 



Human ES cells 

Chromatine States 
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Chromatin State and DNA methylation dynamics 



ES cell differentiation 

Chromatin State and DNA methylation dynamics 

During Lineage Specification 



Skin Cells 

Chromatin State and DNA methylation dynamics 

During Lineage Specification 

Keratinocytes 

Melanocytes 

Fibroblasts 

Surface Ectoderm 

Neural Crest 

Mesoderm 

“Low overlap in DNA methylation & histone modification 

signatures.” 



Epigenome Relationships 

“Lines with common developmental origins show similar 

epigenetic modification patterns.” 



“Common developmental origins can be a primary 

determinant of global DNA methylation patterns.” 

CONCLUSION 



Cell Type differences in Chromatin states 

H3K4me1 

Tissue Specific – 

Inactive states 

Constitutive – 

Active states 

Most Constitutive 

Quiescent 

Regions 



1. Hematopoietic stem cells and Immune cells show a 

consistent and previously unrecognized depletion of 

active and bivalent promoters (TssA, TssBiv) and weakly 

transcribed states (TxWk). 

 

 

2. ES cells and iPS cells show enrichment of TssBiv, 

consistent with previous studies. They also show a 

depletion of ReprPCWk, possibly due to restriction of 

H3K27m3-establishing Polycomb proteins to promoter 

regions. 

CELL TYPE SPECIFICITY 

Chromatin states 



Epigenetic Dynamics - Regulators 



Linking Regulators to tissues & cell types 



Linking Epigenomic Enrichments to Disease traits 







Analysis Pipeline  



Analysis Pipeline 

Large number of 

sequences 

Variable size 

regions 

Sequences are 

greatly unbalanced 

for G-C content 

Motif Combinations 



Analysis Pipeline -EPIGRAM 

Effect of sequence-set balancing (SSB) on 

sequence sets 

HOMER & EPIGRAM 

algorithms 

Full set of motifs 



Prediction Performance 

Receiver Operating Characteristic (ROC) curve 

T
ru

e
 p

o
s
it
iv

e
 r

a
te

 

False positive rate 
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Motifs predictive of epigenetic modification Heat Map 



Motif distribution Paradigm 

Motif distribution is correlated with H3K27ac variation 



Define the mechanisms by which DNA motifs orchestrate the epigenome 

SUMMARY 

The first comprehensive catalog of DNA motifs 

In light of the genome editing technologies, 

these approaches  can be used to guide locus-specific epigenome editing  

through alteration of the regulatory cis-elements.   



OVERVIEW 

1. How the epigenome affects gene expression? 

 

2.  How the epigenome changes during stem-cell differentiation (normal development)? 

 

3.  How the epigenome changes during disease? 



CAVEATS 

1. Studies are based on analysis of cell populations  

 

 Cellular Variability within populations 

 

 

 

2. Tissue Sample: Enhancer landscapes represent the composite of cell types that make up the 

tissue 

  

 Use purified cell populations from in vivo sources 

 

 

 

3. The DNA sequences found in cell specific enhancers provide clues for TF that regulate the 

enhancers  

 

 these clues must be validated experimentally 



Follow the Threads 

DISEASE 
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EVOLUTION 



Thank you! 


