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Hierarchical DNA packaging in eukaryotic chromosomes
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Nucleosomes

• The basic block of chromatin organization 

• Contains a 147 bp stretch of DNA

Histone octamer (two molecules of H2A, H2B, H3 and H4 
histone proteins)

• Sharp bending 

• Tightly  wrapped around a histone octamer( 75-90% of 
genomic DNA) 
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Luger et al., 1997

Most eukaryotic DNA is sharply looped
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•Detailed locations of nucleosomes along the DNA may have important  
inhibitory or facilitatory roles in regulating gene expression.

polymerase, regulatory, repair and
recombination complexes

•Differing DNA sequences exhibit a > 1,000-fold range of   
affinities for nucleosome formation

•Bends of each direction are facilitated by specific dinucleotides

Nucleosomes have substantial DNA sequence preferences

Widom, 2001
Thåström et al., 2004
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To investigate whether these sequence preferences 
have a significant influence on nucleosome position in 
vivo ?
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Collect nucleosome-
bound sequences

Associate intrinsic encoding 
with biological function

Predict intrinsically encoded
nucleosome organization

Construct nucleosome-
DNA interaction model

Compare with
in vivo positions

Validate 
model

Flow chart
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Isolate 199  nucleosome-bound sequences from yeast

142-152

Clone, sequence, analyze
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•Center alignment 
(forward form + reverse complement  
form)

• Dinucleotide probabilitic distribution

Pi(Si|Si-1)
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• ~10bp periodicity of AA/TT/TA
• Same period for GC, out of phase

with AA/TT/TA

• P <10-50 for yeast–chicken in vivo   
similarity

• Signals important for DNA bending

Fraction of AA/TT/TA dinucleotides at each position of  nucleosome
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• Adding key motifs increases nucleosome affinity
• Deleting motifs or disrupting their priodicity decreases affinity

In vitro experimental validation of histone-
DNA interaction model
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Predicting nucleosome organization in genomic DNA sequence

Thermodynamic model defines an apparent free energy for every
organization of nucleosomes on the DNA :

Steric hindrance 
no two nucleosomes overlap
the minimum distance between adjacent  nucleosomes is 10bp

Competition between nucleosomes
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Probability of placing a nucleosome to start at each basepair i ,P(i)

Probability of any nucleosome covering position i of Sequence S

The set of stable nucleosomes are defined as those nucleosomes that 
start at position i for which

P(i)>0.5
P(i)>0.2 (used for most comparisons throughout the paper)

Average nucleosome occupancy
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Compare genome-wide prediction of intrinsic nucleosome organization and 
comparison to literature-reported, experimentally identified nucleosome
positions. 

•99 experimentally mapped nucleosome positions at 11 loci

•54% of predicted stable nucleosomes were within 35 bp of the literature positions
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Reliable classification of nucleosome occupancies 
on depleted vs occupied regions
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To experimentally test whether our highest occupancy
predictions are highly occupied by nucleosomes in vivo

PCR
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Summary

50% of the in vivo nucleosome organization can be explained by the 
sequence preferences of nucleosomes. 

These results indicate that the nucleosome depletions observed at 
coding and intergenic regions are attributable in part to unstable 
nucleosomes encoded in this rigion.
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Global features of intrinsic nucleosome organization in yeast

15,777 were highly stable (stability probability >0.5)may indicate 
highly stable nucleosomes covering 20% of the genome.

Higher-ordered nucleosome arrays
Distances between positions of the highly stable  nucleosomes
with an average nucleosome repeat length of 177 bp



21

Collect nucleosome-
bound sequences

Associate intrinsic encoding 
with biological function

Predict intrinsically encoded
nucleosome organization

Construct nucleosome-
DNA interaction model

Compare with
in vivo positions

Validate 
model
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Nucleosome occupancy varies with 
chromosome region type
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Does the genome’s intrinsic nucleosome organization 
facilitate occupancy of functional binding sites?
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The yeast genome encodes low nucleosome occupancy over 
functional binding sites
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Distinctive nucleosome occupancy adjacent to TATA 
elements at yeast promoters
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Nucleosome organization near 
5’ ends of genes is conserved 
through evolution in fungal 
species
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Summary

Genomes encode an intrinsic nucleosome organization that can 
explain ,50% of the in vivo nucleosome positions. 

This nucleosome positioning code may facilitate specific 
chromosome functions including transcription factor binding, 
transcription initiation, and even remodelling of the nucleosomes
themselves.
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Thanks for your attention!


