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ChIP-chip: Data, Model, and Analysis
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Summary. ChIP-chip (or ChIP-on-chip) is a technology for isolation and identi“cation of genomic sites
occupied by speci“c DNA-binding proteins in living cells. The ChIP-chip signals can be obtained over the
whole genome by tiling arrays, where a peak shape is generally observed around a protein-binding site. In
this article, we describe the ChIP-chip process and present a probability model for ChIP-chip data. We then
propose a model-based method for recognizing the peak shapes for the purpose of detecting protein-binding
sites. We also investigate the issue of bandwidth in nonparametric kernel smoothing method.
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1. Introduction
ChIP-chip, also known as ChIP-on-chip or genome-wide loca-
tion analysis (e.g., Ren et al., 2000), is a technology for isolat-
ing genomic sites occupied by speci“c DNA-binding proteins
in living cells. This technology can be used to annotate func-
tional elements in genomes, such as promoters, enhancers,
repressor elements, and insulators, by mapping the locations
of protein markers associated with these sites.

In the term •ChIP-chip,Ž •ChIPŽ stands for •chromatin
immunoprecipitation,Ž which is a technology for isolating
DNA fragments that are bound by speci“c DNA-binding
proteins. •ChipŽ refers to the DNA microarray technology
(Lockhart et al. 1996) for measuring the concentrations of
these DNA fragments. The DNA microarray probes can tile
the whole genome, so that the ChIP-chip data can be ob-
tained over the whole genome in the form of a one-dimensional
series of signals, where a peak shape is generally present
around a protein-binding site. Therefore, the protein-binding
sites can be located by recognizing the peak shapes in the
signals.

For the purpose of peak recognition, it is desirable to
develop mathematical models for the ChIP-chip data. The
model is probabilistic in nature, because the chromatin im-
munoprecipitation process involves cutting the long genomic
sequences into small DNA fragments by sonication, and this
process is a stochastic one. In this article, we derive the func-
tional forms of the ChIP-chip data under simple probabilistic
assumptions about this process.

After studying the probability model of ChIP-chip data,
we describe a model-based method for recognizing the peak
shapes for the purpose of pinpointing protein-binding sites.

We then illustrate our method using data obtained by Kim
et al. (2005).

2. ChIP-chip Data
This section gives a description of the ChIP-chip process,
which is illustrated in Figure 1.

Step 1: Let proteins bind to DNA: bound transcription fac-
tors and other DNA-associated proteins are cross-linked to
DNA with formaldehyde.

Step 2: Chop the DNA sequences into small fragments: son-
ication is used to break genomic DNA sequences into small
DNA fragments while the transcription factors are still bound
to DNA. Therefore, among all the chopped DNA fragments,
some are bound by proteins, and the rest are not.

Step 3: Isolate the DNA fragments bound by proteins by
chromatin immunoprecipitation (ChIP). For instance, in Kim
et al. (2005), an antibody speci“cally recognizing a compo-
nent of the preinitiation complex, the TAF1 subunit of the
general transcription factor IID (TFIID), is added and used
to immunoprecipitate DNA fragments corresponding to the
promoter regions bound by TAF1.

Step 4: Cross-linking between DNA and protein is reversed
and DNA is released, ampli“ed by ligation-mediated poly-
merase (LM-PCR) chain reaction and labeled with a ”uores-
cent dye (Cy5). At the same time, a sample of DNA, which
is not enriched by the above immunoprecipitation process, is
also ampli“ed by LM-PCR and labeled with another ”uores-
cent dye (Cy3).

Step 5: Both IP-enriched and -unenriched DNA pools of la-
beled DNA are hybridized to the same high-density oligonu-
cleotide arrays (chip). The microarray is then scanned and
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