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ABSTRACT 
It is generally acknowledged that the evolution of 
metazoan morphologies was achieved primarily by the 
modification of the genetic regulatory networks that 
control development [1]. The spatial and temporal 
expression levels of each gene are primarily controlled by 
transcription factors that bind combinatorially to highly 
specific cis-regulatory binding sites [2]. Locating 
transcription factor binding sites within the cis-regulatory 
regions of genes is a crucial step towards determining the 
structure of genetic regulatory networks and 
understanding gene expression profiles. Current sequence 
searching algorithms designed to locate cis-binding 
elements utilize three primary methods:  
a) For those transcription factors with known consensus 

binding sites (see  for example the Transfac database 
http://transfac.gbf.de/TRANSFAC/), one may search 
for consensus binding sites and rank them by 
goodness of match. 

b) Where sequenced genomes of evolutionarily close 
species are available, phylogenetic footprinting can 
identify highly conserved sequences in regulatory 
regions of homologous genes [3].  

c) Correlation of nucleotide word frequencies within 
non-coding regions of either homologous genes or 
genes sharing an expression profile [4][5].  

Here, we propose and demonstrate a methodology 
complementary to the above approaches. Our approach, 
uses known characteristics of regulatory domains of 
eukaryotic genes to look for statistically significant 
nucleotide words in regulatory regions of genes.  
To analyze regulatory regions of single genes, we exploit 
the tendency of transcription factors to bind to multiple 
cis-regulatory sites (e.g. by dimerization) and search for 
statistically significant multiple occurrences (doubles, 
triples, etc) of putative binding sites within user-specified 
distances of one another. 
We also compare the regulatory domains of co-expressed 
genes to test the hypothesis that they are co-regulated (e.g. 
genes in a gene battery [2]). Our analysis is predicated on 
the assumption that co-regulated genes will share 
multiple, spatially clustered, binding sites for one or more 

shared transcription factors; and that the co-occurrence of 
these binding sites will be at a frequency higher than 
random expectation.  
We are also exploring cases where the bounds of the 
regulatory region of the gene or genes of interest cannot 
be estimated accurately. In such cases, we allow for 
searches of long non-coding DNA sequences (10 to 50K 
bps) and search for patterns that occur only in a spatially 
confined region of the total sequence and with particular 
spatial relationships.  
We are currently applying our algorithms to the analysis 
of a number of genes involved in Endomesoderm 
specification in sea urchin Embryos [6] and intend to 
make our software freely available to researchers as open 
source software as soon as we have completed the current 
“field testing”. 
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