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ENCODE: Encyclopedia of DNA Elements 
An integrated encyclopedia of DNA elements in the human genome 

“To build a comprehensive parts list of functional elements in the human genome, 
including elements that act at the protein and RNA levels, and regulatory elements 
that control cells and circumstances in which a gene is active”. 

Image credits: Darryl Leja 
& Michael Pazin 
(NHGRI), Ian Dunham 
(EBI) 

Ø  5C ChIA-PET: Chromatin 
Interaction Analysis by 
Paired-End Tag Sequencing 

Ø  FAIRE: Formaldehyde-
Assisted Isolation of 
Regulatory Elements 

Ø  CLIP: Cross-linking 
immunoprecipitation  

The ENCODE Project 
Consortium, Nature, 2012 



Genomics, Epigenetics & Epigenomics 

Ø  Genomics/Genetics vs. Epigenetics vs. Epigenomics 

Ø  Epigenetics is the study of changes in gene function that 
are mitotically and/or meiotically heritable and that do not 
entail a change in DNA sequence, i.e., no change on 
DNA sequence. 

Ø  Epigenomics is the genome-wide study of epigenetic 
elements and it deals with genomic maps of stable yet 
reprogrammable nuclear changes that control gene 
expression, but not involved in DNA sequence 
alteration.  

Ø  Transcriptomics: genome-wide/global study of mRNAs 



DNA methylation, a small step of the DNA modification,  
but a giant step in the epigenommic reprogramming 



DNA methylome and human aging  
Model Predictions: Multi-tissue Support 

Hannum, G et al. Molecular Cell 49(2): 359-67, 
2012 

((A) Predictions of age made by the full 
aging model on the TCGA control 
samples. There is a high correlation 
between chronological and predicted 
age, but each tissue has a different linear 
intercept and slope. 
(B) After adjusting the intercept and slope 
of each tissue, the error of the model is 
similar to that of the original whole-blood 
data.  
(C) Age predictions made on matched 
normal and tumor samples from TCGA. 
Predictions are adjusted for the linear 
offset of the parent tissue (breast, kidney, 
lung, or skin). 
(D) Tumor samples show a significant 
increase in AMAR. 



DNA methylome and epigenetic clock 
Horvath Clock 

Horvath, S. Genome Biology 14(10):R115, 2013 



DNAm age increases in all tissues as time 
passes; is accelerated in cancer 

Horvath, S. Genome Biology 14(10):R115, 2013 



DNAm Age and Chronological Age 

Horvath, S. Genome Biology 14(10):R115, 2013 



Longer Lifespan of the CA Loma Linda SDAs 

10 extra years?! Fraser et al. JAMA Internal Medicine, 2001 

* * 





Diet signaling through TOR and IGF1/insulin nutrient 
sensing pathways to affect DNA methylation 

Ford, D. Experimental Gerontology 48: 
614–19, 2013 

A summary of experimental evidence 
for induction of the queen phenotype 
in the honeybee as a result of diet 
signaling through TOR and IGF1/
insulin nutrient sensing pathways 
to affect DNA methylation. 

JH — juvenile hormone; 
TOR — target of 
rapamycin; HDAC — 
histone deacetylase; 
10-HDA — 10-
hydroxydecanoic acid. 



Characteristics of Selected Lifestyle  
of AHS2 Participants  



LLU AHS2: Diet-modulated Epigenomic Reprogramming 
in SDAs  

Heatmap showing distinct 
separation of DNA 
methylation pattern 
between vegans (V) and 
non-vegetarians (NV) 
 
Collaborators: Gary Fraser, 
P e n e l o p e D u e r k s e n -
Hughes, Sean Chen, Karen 
Jaceldo, Valeri Filippov 
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Methylation status at individual sites is shown in X-axis, and subjects are listed 
top-to-bottom (Y-axis). 



LLU AHS2: Diet-modulated epigenomic 
reprogramming  

Heat map showing distinct separation of DNA methylation pattern between pescetarians  and non-vegetarians 

Collaborators: Gary Fraser, 
Penelope Duerksen-Hughes, 
Sean Chen, Karen Jaceldo, 
Valeri Filippov 
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LLU AHS2: Diet-modulated Epigenetic Clocks 
and Longevity in SDAs  

* * 



Study Design: A larger sample size is 
needed to validate the findings! 


