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Epigenetic regulations: 
 
1) Histone modifications: 
 acetylation 
 methylation 
 phosphorylation 
 ubiquitination 
 
2) DNA methylation 
 
3) Genomic imprinting 

 
4) miRNA 

 
5) Prion proteins 

 
6) etc. etc. etc… 



Ruminant species have evolved to  
    metabolize VFA (acetate, propionate,  
    and butyrate ) to fulfill up to 70%  
    of their nutrient energy requirements. 
 
VFA have important implication for  

    ruminant physiology 
  
Butyrate links nutrition to histone  

    acetylation and epigenetic regulation 
  

Butyrate-induced histone acetylation 



Global gene expression 
profiles indicated: 

 
1) Only 2~3% of genes 

are regulated by 
butyrate 

2) There are more genes 
down regulated than 
up-regulated by 
butyrate 

3) Other  regulatory 
pathway may be 
involved too 
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Bowtie alignment with 2 mismatch 

Sample Total reads Mapped 

H3 29,780,699  27,078,053 (90.92%) 

H3K9 23,326,139  21,368,435 (91.61%) 

H3K27 30,901,336  28,318,383 (91.64%) 

MACS Peak Detection Results 
Sample # peaks detected 

H3 16,927 

H3K9 9,160 

H3K27 50,754 



H3 H3K9 H3K27 

H3 H3K9 H3K27 
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ChIP-seq peaks located 
up-stream of the genes 

ChIP-seq peaks overlapping 
the gene structure 
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5 kb 

H3K9-ac 

H3K27-ac 

H3 

H4 

H4K5-ac 

H4K12-ac 

H3K4 tri-me 

H4 tetra-ac 

Chr29 



H3 H3K9 H3K27 

Motif discovery: Histone H3, acetyl-H3K9 and 
acetyl-H3K27 have different binding preferences 



H3 T T C A T C T C G A G T 

C T C A T C T C C A G G 

T T C C A C T C G A G A 

C G G C T G A T G T G C 
H3K9 T T C A T C T C G A G T 

C T C A A C T G G A G A 

T G C C T C T C G A G A 

C G G C T G A T G T G C 
H3K27 G C C T C T C G A G A T 

T C C A C T C G A G A T 

T C A T C T C C A G G G 

T G A T G T G G A C A G 

T C X T C T C G A G Z 

A 0 0 6 3 0 2 0 0 10 0 6 

C 0 9 6 0 9 0 8 2 0 1 2 

G 4 3 0 0 3 0 2 10 0 11 2 

T 8 0 0 9 0 10 1 0 2 0 2 

H3 

H3K9 

H3K27 

Degenerate consensus 
sequence 
X = A or C 
Z = A,C,G,T 

A high degree of conservation in histone binding: 
consensus sequencing of motifs 
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H3 T G A G G C A G G A A A 

H3K9 T G A G G C A G G A A A 

H3K27 G A G A C A G G C C T C 

G A G G C A G G A A A 

A 0 3 0 1 0 3 0 0 2 2 2 

C 0 0 0 0 3 0 0 0 1 1 0 

G 3 0 3 2 0 0 3 3 0 0 0 

T 0 0 0 0 0 0 0 0 0 0 1 

H3 

H3K9 

H3K27 
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H3 G A T C A C G T G G C T 

H3K9 A A C C A C G T G G T T 

H3K27 T C A C G T G G C T G A 

T C A C G T G G C T 

A 0 0 3 0 0 0 0 0 0 0 

C 1 3 0 3 0 0 0 0 2 0 

G 0 0 0 0 3 0 3 3 0 0 

T 2 0 0 0 0 3 0 0 1 3 

H3 

H3K9 

H3K27 

A consensus sequence with  
CACGTG elements (G- BOX) 
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H3 

H3K9 

H3K27 

H3 G A T C A C G T G G C T 

A A C C A C G T G G C T 

A G T C A C G T G A T C 

G A T C A C A T G G C T 

H3K9 A A C C A C G T G G T T 

G A T C A C G T G G T T 

A G T C A C G T G A T C 

A A C C C C G A G A T T 

H3K27 T C A C G T G G C T G A 

T C A C G T A A C T C A 

T C A T C T G C A T G A 

C C A C G T G G T T C C 

T C A C G T G G Y T 

A 0 0 11 0 1 1 1 4 1 0 

C 4 12 1 11 1 0 0 1 5 2 

G 0 0 0 0 10 0 11 7 0 0 

T 8 0 0 1 0 11 0 0 6 10 

Degenerate 
consensus 
sequence: 
Y = A,C,T 

Funct & Integr Genomics, 2012, In press 



Summary: 
 
  1 Butyrate-induced acetylation in H3K9 and    

 H3H27 change the sequence-based binding 
 preference of H3 
2 A high degree of conservation in the 

histone binding evidently presented 
3 Epigenetics is intimately related to 

robustness as both lie between genotypes 
and phenotypes  

Epigenetics Robustness 
 

Genotype 

Phenotype 
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Think epigenetics… 
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