
  
Short Abstract — An important step in understanding gene 

regulation is to identify, for each transcription factor, all of its 
DNA binding sites. Commonly used word-matching methods 
are based on consensus sequence definitions and position-
specific scoring matrices. Here, we take a machine learning 
approach to transcription factor binding site prediction in 
which we train classifiers to discriminate between true and 
false binding sites based on sequence-specific chemical and 
structural features of DNA. Using Escherichia coli data 
available in RegulonDB and the literature, analysis reveals that 
our method produces fewer false positives than word-matching 
approaches without sacrificing accuracy. 
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I. PURPOSE 
ne important step in understanding the role of at 
transcription factor (TF) in gene regulation is to identify 

its DNA binding sites. Current approaches rely on word 
matching, such as consensus sequences for preferred 
nucleotides and position-specific scoring matrices. One 
drawback of these methods is that they produce a large 
number of false positive results. The method considered here 
involves a machine learning approach to TF binding site 
prediction [1]. A comparison of the new method against 
popular methods for predicting TF binding sites indicates 
that the method performs as well as these conventional 
methods in terms of correctly predicting TF binding sites, 
but that the method surpasses conventional methods in that it 
produces a significantly smaller number of false positives. 

II. METHOD 
We train classifiers to discriminate between known true and 
false binding sites based on sequence-specific chemical and 
structural features of DNA. We propose a novel 
representation for TF binding sites using geometric 
parameters for DNA sequences and features of a sequence’s 
molecular interaction field. We model each DNA base in the 
context of all possible local neighborhoods to determine 
features that reflect the three-dimensional structure and the 
molecular interaction field of each sequence. These features 
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are derived from molecular dynamics calculations and are 
tabulated. Known binding sites are taken from RegulonDB 
[2] and used as positive examples. Negative examples are 
randomly selected from non-coding regions of the E. coli 
genome sequence. Each example is represented as a vector 
of features and is used to build support vector machine 
(SVM)-based classification models for the transcription 
factor. These models are then used to scan the entire non-
coding portion of the genome to predict new binding sites. 
 
We apply the method to predict Fis binding sites in E. coli 
and compare our method against the following other 
transcription factor binding site prediction methods: Berg 
and von Hippel (BvH), Match, MATRIXSEARCH and 
QPMEME [3-6]. Experimental assays of Fis binding to 
DNA in E. coli is used to evaluate the accuracy of each 
method [7]. We find that BvH and MATRIXSEARCH 
correctly predict .46% binding sites, SVM captures .44%, 
MATCH .42%, whereas QPMEME only produces a .38% 
match rate. However, in terms of the number of false 
positives, our method produces almost 100,000 fewer than 
the next best method, MATRIXSEARCH.  

III. CONCLUSION 
A novel method for predicting TF binding sites on the 

basis of the chemical and structural features of DNA 
produces fewer false positives than word-matching 
approaches without sacrificing accuracy. These findings 
provide motivation to further explore and develop the 
method.  
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