Regulatory elements search

The regulation of gene expression has many levels, beginning with the chromatin structure, and finishing with the mRNA’s stability. Nowadays, after decades of research, there is a mass amount of information about: Gene expression in various conditions, multiple metazoan1 genome sequences and experimental results of regulation mechanisms.

All this information and the fact that identifying regulatory elements in vitro is very complicated, gave rise to the need of new and improved bioinformatic tools for identifying and predicting such motifs.

As2 the initial step of gene expression, transcription is widely studied and is a highly regulated process in a cell’s life.

Transcription is shaped by the interactions between transcription factors (TFs) that bind to the regulatory elements in the DNA (also called motifs), and co-factors that are recruited in the process.

The importance of identifying such motifs, which bind these factors to regulate transcription and therefore gene expression, will enable us to interpret the mass amount of data we have today, and perhaps allow us in the future to control transcription ourselves.

We will discuss mainly the binding of TFs to cis-regulatory sequences, which are sequences found near the transcription-starting site (TSS). We will discuss different approaches to identify or even predict such elements (motifs) and how can we filter our results so that they may have any biological significance.

The first3 approach will be a systematic one, in which the whole organism is taken into account, without any previous knowledge. The genome is expressed during time points in the cell cycle and is then divided into sets (clusters) of genes according to expression patterns. After the clustering process, each cluster is examined upstream in order to find similar pattern sequences or motifs that regulate its expression. Using this approach the researchers found eighteen motifs in twelve clusters, of them seven were already known.  They also discovered motifs that regulate the S-G2 phase in the cycle.

The second4 approach is a total pair-wise combinatorial analysis of all the known and putative regulatory motifs of a certain genome.  The researchers focused on analyzing expression data in order to find statistically significant motif combinations and analyzing the importance of each motif in each combination it appears. In addition, they created visual tools for presenting the conclusions such as: synergy maps and combinograms.

The third approach is a large-scale combinatorial one5; its main focus is in understanding the complex combinatorial code beneath gene transcription. The method is a systematic total genome one, which uses a probabilistic model for identifying DNA motifs and their positional and combinatorial constraints that control gene regulation. Using the 800bp upstream to inspected genes and micro-array expression data, they successfully predicted 73% of gene expression in S. cervisiae. Their successful predicting was due to diverse and complex using of combinatorial rules (AND|OR|NOT) and taking in account the strength of each motif; it’s orientation and distances between motifs.

Now2 that we have found these cis-regulatory elements, we can scan the entire genome to predict were else would those TFs bind to the DNA.  The problem is that scanning produces too many positive results, and so we need to filter these results so that they may have functional biological significance. The three ways we filter are:

1. Phylogenetic footprinting – a method that uses the conservation of sequences between orthologous genes as a measure of their functionality.

2. Analysis of cis-regulatory modules (CRMs) – combining TFs that function together into modules to increase specificity.

3. Regulatory potential track – a method to estimate the possibility of a sequence to be regulatory appose being a coding sequence.



1metazoan – An animal whose body is composed of cells differentiated into tissues and organs
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