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Transcription of a gene is cued by the binding of a protein to a binding site.
Transcription factors bind to specific binding sites (TFBSs), of which there may be
many for a single transcription factor (1). However, these TFBSs often exhibit a
considerable amount of variability, as the sequences consist of similar nucleotides
rather than complete replicas of a TFBS (1). The ability to model these sites is
important in determining other possible TFBSs given the rapid increase of sequenced
DNA (2).
A common model for TFBSs is the position-specific scoring matrix (PSSM), in
which the preference for each nucleotide at each site is recorded (3). This model
assumes that each position in the binding site contributes equally to the overall
protein-DNA binding affinity, known as the additivity assumption (4). Benos et al (4)
have shown that for the most part, that additivity assumption “provides a very good
approximation of the true nature of the specific protein-DNA interactions”, and are
thus useful. While this model does not represent complex dependencies, it requires
a lesser amount of data and is efficient (3).
To discover possible TFBSs given a genomic sequence, information content
can be used to judge the binding energies for a collection of sites, as shown by Berg
and von Hippel (5). Using relative information content provided a more accurate
means for measuring binding energies by accounting for the genomic base
probabilities (2).
In my research, I aim to use mutual information content to explore positional
dependencies using sets of known transcription factors. Mutual information content
(MIC), a representation of entropy, judges whether or not two random events are

related. In the case of TFBSs, the MIC compares the frequency of a dinucleotide
(one from each position) to the probability of each of the nucleotides at their
respective positions. Thus, the MIC will detect occurrences when the frequency of a
dinucleotide is greater than simply the probability of each base multiplied.
In order to understand the significance of MIC values, p-values will be
determined for each. To see whether or not the null hypothesis (nucleotides are
independent) holds, a distribution will be constructed using the probabilities of each
base at a given position from the known binding sites. Using these probabilities,
many sets of dinucleotides will be made and the MIC will be calculated for those
positions. Using these values as a distribution, the initial MIC value for the known
binding sites will be used to find the p-value for that MIC value; depending on the
results, an appropriate p-value will be chosen. Using this information, a model
composed of both PSSM characteristics and conditional probabilities for those
positions with significant MIC values.
Finally, this model will then be tested using genomic sequences. This
representation’s efficiency will be judged by its ability to identify known binding sites.
Selectivity and specificity of the model will be calculated and compared to other
models (PSSM) to gauge the model’s improvements.
Ideally, this representation will locate all known TFBSs and detect unknown
sites as well, while at the same time limiting the count of false positives. The
representation should strongly detect actual TFBSs while ignoring non-binding sites.
This representation can then be used to scan genomic sequences in search of other
possible binding sites along the sequence. While false positives (for TFBSs) will
occur biologically and due to inaccurate modeling, ideally these false positives can be
solely credited to biological characteristics.
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