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Model of gene activation

I Transcription-factor binds DNA

I TF recruits factors that modify DNA to make it
’transcription-ready’.

I Polymerase is recruited and transcription is intiated.

Note: Where the TF is bound, there is no nucleosome!



Finding Binding Sites

Assume you want to know where Transcription Factor bind.

I Idea: Exploiting Nucleosome Displacement to find binding
sites.

I Trick: DNase1 Diggests DNA more efficiently if it isn’t bound
by protein.

I Use the different rate in digestion to find out binding sites.



Procedures:DNAse1-seq
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NEWS AND VIEWS

In eukaryotes, DNA is packaged into chro-
matin, which leaves most of the genome 
relatively inaccessible to proteins involved 
in the regulation of DNA-templated pro-

cesses, such as transcription. But scattered 
throughout the genome are hotspots of 
accessibility, which correspond to DNA ele-
ments that perform important regulatory 

How to find an opening
(or lots of them)
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DNase-chip and DNase-array: similar names for two different new 
approaches that give a genomic perspective to the conventional 
DNase I hypersensitivity assay used to measure chromatin accessibility.

functions, such as promoters and enhancers, 
in their active state1,2. These hotspots have 
traditionally been detected by virtue of their 
increased sensitivity to digestion by nucle-
ases, like DNase I (refs. 3,4; Fig. 1), but the 
procedures involved are labor-intensive, lim-
iting the extent of the genome one can inter-
rogate. In this issue, two groups, Crawford 
et al.5 and Sabo et al.6, have combined the 
measurement of DNase I hypersensitivity 
with the use of microarrays, with the aim 
of creating genome-wide maps of DNase I 
hypersensitive sites in a single reaction.

DNase I hypersensitive sites are created 
by the loss or remodeling of one or more 
nucleosomes (the basic repeating unit of 
eukaryotic chromatin) at a given genomic 
location, and such rearrangement is gener-
ally indicative of an active regulatory func-
tion7,8. Conventionally, researchers have 
detected DNase I hypersensitive sites by 
subjecting isolated nuclei to mild DNase I 
treatment and analyzing the digested 
genomic DNA by Southern blotting, which 
can reveal the extent to which DNase I cleav-
age occurs in a specific genomic region near 
a selected probe (Fig. 1). Identification of all 
accessible genomic regions in a given tissue 
or cell type would be a major step forward 
in understanding the regulatory networks, 
and how they differ between cell types or in 
disease states.

Although Southern blotting remains the 
gold standard for identifying active regula-
tory elements4,9, it is not a feasible approach 
for genome-wide detection of DNase I 
hypersensitive sites because the number of 
individual gels, probes and resulting analy-
sis required to scan the entire genome would 
be cumbersome, labor-intensive and expen-
sive. The two methods presented in this 
issue circumvent these problems by substi-
tuting a microarray readout for the conven-
tional Southern blot analysis. The feasibility 
of the approaches was demonstrated using 
the 30 Mb of the human genome (1% of 
the total) selected by the ENCODE consor-
tium10. The use of microarrays abrogates 
difficulties with background and depth 
of coverage encountered by the same two 
groups in previous high-throughput strat-
egies based on DNA sequencing11–14. The 
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Figure 1 | Methods for detecting DNase I hypersensitive sites. Active regulatory elements are 
distinguished by a heightened sensitivity to DNase I cleavage. The gold standard for measuring sensitivity 
to DNase I is Southern blotting (lower left), in which fragments of genomic DNA from DNase I–digested 
chromatin are separated according to size using gel electrophoresis. Radiolabeled DNA complimentary to 
a single genomic region (light blue) is used as a probe to detect DNase I cleavage in that genomic region. 
DNase-chip (lower middle), developed by Crawford et al., isolates DNA flanking DNase I–cleavage sites by 
ligating a biotinylated linker (green square) to the DNase I cleavage site, shearing the genomic DNA, and 
capturing the tagged fragments on a streptavidin column. DNase-array (lower right), developed by Sabo 
et al., relies on two nearby cuts within accessible regions and purification of small digestion products by 
sucrose density gradient.
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Steps:

I Digest (Cut) DNA with DNAse1

I Tag ends of the DNA (with
streptavidine)

I further digest DNA with other
nuclease to get short fragments

I isolate only the tagged fragments.

I amplify and sequence



Example data for Chromatin Accessibility Assay

I ’Raw’ data for chromatin
accessibility assay.

I Peaks imply that some
proteins are bound to the
DNA at this positions.

I Example: Beginning of
PARVA-gene has protein
bound to it in some cell lines.
This could imply active
transcription.

I Peaks are are referred to as
DNAse Hypersensitivity Sites
(DHS).



TF-Motifs: The other side of the Story

Many Transcription Factors bind only at certain positions. Partly
because they bind only certain binding motifs.
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Example data for Chromatin Accessibility Assay

I Top: We see a DHS with a
gap. This gap is called a
footprint.

I Footprint is indication of
precise binding postion of
Transcription Factor.

I Reason: TF binding also
impairs DNAse1 cutting.
DNA is not freely accessible

I Bottom: Motif for
Transcription Factor Nrf1. It
sits precisely in the footprint.

I Indicates that TF Nrf1 might
be bound to DNA.



Data

I around 50 genome-wide Footprint datasets.

I a large motif library.

I a mapping from Footprint to likely genes regulated.

I Many Gene sets of genes that are involved together in a
Pathway.(say genes involved in cholesterol metabolism etc)



Research Question
Main question: Can we find motifs that function preferentially in
certain Pathways?
Example: FOXO3

FOXO3 is a well studied Transcription factor. It is involved in
apoptotic cell death in the brain.

I Can we uncover this relationship from our footprinting data
and the motif alone?

I do we need to restrict cell type to neural tissues?

I We will try to see how well our approach works for a handful
of well studied examples



What you will learn

I Get to know the computational environment we’re working in.
Probably R.

I Some understanding of the biology of transcription regulation.

I Some understanding of the statistics involved. Nothing too
scary.

I Some feel what a bioinformatics project can look like.


