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The opinions expressed in this document reflect my experience over the past 10 years of performing phylogenetic footprinting analysis for the identification of cis-regulatory sequences governing transcription. I will not document claims, but I think this guide can be helpful to researchers who are thinking about the use of sequence comparisons to identify potential cis-regulatory elements.  This document is being included as supplementary material to a Nucleic Acids Research submitted manuscript describing the PAZAR database of cis-regulatory sequences and the integrated ORCAtk sequence analysis package.  Please cite this manuscript, expected to appear in the January 2009 Database issue, if you wish to refer to this guide.

PHYLOGENETIC FOOTPRINTING – A PRACTICAL GUIDE

One of the common challenges for researchers performing phylogenetic footprinting analysis is the selection of species to include.  As in most biological cases, the answer is highly dependent upon the gene being studied, the sequence data available and the knowledge of the biochemistry across the organisms being considered.  

Pairwise or Multiple

Given the rapidly expanding set of genome sequences available to researchers, it is increasingly common to perform multiple species analysis.  However, the success of such analyses can be highly dependent upon the nature of the gene being studied.  For instance, genes involved in the earliest stages of embryonic development in animals tend to be conserved across vast evolutionary distances and therefore multiple species analysis can be useful.   For genes expressed late in brain development in man, however, there tends to be much less retention across species and the inclusion of the more distant vertebrates can dilute the “signal” of the regulatory sequences.  In addition to the biological consideration, there is a practical consideration for most researchers – the availability of alignments or pre-processed phylogenetic footprints.  Most researchers will not have time nor inclination to construct an alignment and perform an analysis (i.e. phastCons or similar) with a selected set of species.  As tools for pairwise sequence comparison are widely available and user-friendly, most researchers will perform pairwise species analyses.

Evolutionary Distance

As stated above, the nature of the gene and the amount of prior experimentally-derived knowledge should be considered when selecting species to incorporate into an analysis.  In addition, one needs to recognize that regions of a genome often exhibit different rates of evolution (i.e. variable ranges of sequence identity in alignments).  For my own work, when using pairwise analysis, I generally want to work with sequences that show a median rate of 45-50% nucleotide identity across “100 bp windows”  in a global sequence alignment.  Much higher and there is insufficient sequence change to highlight regions under functional selection.  Much lower and the amount of binding site turnover and/or genomic rearrangements result in a reduced capacity to observe functional regions.  This last point is largely my perception and is not well documented in the literature.  As a general guideline, for most genes, I expect useful pairwise studies with sequences from genomes that are separated by 50-100 million years of evolutionary time (e.g. mouse-human).  For early embryonic genes, like many homeodomain transcription factors (TFs), it can be beneficial to look at 200 (or more) million years of separation.  

What if my gene is newly emerged in the primates?

There is good evidence in the literature indicating that phylogenetic shadowing can reveal regulatory regions.  In this variant of footprinting, one uses multiple species comparisons of many species separated by short evolutionary time.  However, we are still awaiting a sufficiently large number of primate sequences to perform such studies in most cases. So at present (late 2008), if you are studying a gene that functions specifically in a recently emerged (<20 million years) part of the tree of life, phylogenetic footprinting is not really an option yet.

Can sites move around?  Are global sequence alignments appropriate?

Over evolutionary time, particularly for TFs with weak specificity, one can expect that some new sites will emerge and that such new sites can free the older sites to diverge away.  With this expectation, we can expect (and do often observe) that binding sites appear to move within a cis-regulatory region. Such sites will be invisible to global alignment-based procedures.  

Will the binding sites be retained over the evolutionary distance I am using?

It is important for any user of phylogenetic footprinting to recognize that they are performing a purification procedure.  As in biochemistry, when you perform a purification procedure you are accepting the loss of some of your target material in exchange for getting a mixture that is highly enriched for what you desire (in this case bona fide cis-regulatory elements).  A key consideration is just how dramatic is the loss.  There have been many numbers in the literature, reflecting the different nature of the benchmarking data sets used.  For more selective TFs (e.g. Mef2), the retention of functionally important sites may be as high as 90%, (between human and mouse) while TFs with particularly promiscuous binding properties (e.g. Sp1) may exhibit retention rates of 50% or lower.  Chromatin immunoprecipitation studies indicate that binding sites vary widely across species, but it is unclear if the sites being observed are functionally contributing to gene regulation.  Many phylogenetic footprinting tools provide a means to restrict the analyses to the more specific TFs (by setting the “bits of information” minimally required in the binding profile).  So, looking back over this statement, there is no absolute answer given.  When using phylogenetic footprinting with an appropriate set of species, do expect a portion of true sites to be lost, but also expect the fraction of false predictions to be lower.

While it is biased due to a focus on TF binding sites within close proximity of the promoter, Shaun Mahony and colleagues have a nice table in one of their papers describing the retention of binding sites: 

http://genomebiology.com/2007/8/5/R84/table/T2
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