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    Project 2 Proposal

“Genes to Trees”

We propose to create an automated workflow for phylogenetic tree reconstruction that would enable a researcher to quickly produce a phylogenetic tree for a small to medium number of taxa.  Phylogenetic tree reconstruction normally involves data collection and curation, multiple sequence alignments, the phylogenetic analysis itself, and many often tedious steps in-between.  We will implement a fully functional workflow that automates the entire process and, as a proof-of-concept, makes “default” decisions for the user. 

As input, the investigator will provide one or more DNA or amino acid sequences, as well as keywords that function as taxonomic constraints.  Suppose the user provides a single keyword, “Mycobacterium”.  We then search GenBank for sequences homologous to those provided as input that also satisfy the taxonomic constraint, which in this case limits the search to bacteria in the genus Mycobacterium.

If we call each input sequence a “gene”, we now have a number of FASTA files that each contain sequences from closely related organisms (each sequence might be from a different species or strain of Mycobacterium, for example).  After potentially eliminating some of the smaller groups, we multiply align each file separately using a program like ClustalW, Muscle, or MAFFT, and post-process the files to remove columns from the alignment that don't contribute enough information to reconstructing the phylogeny.

We then construct a "super-matrix" NEXUS file in which each row is a taxon and each column is a DNA or protein character. This final multiple alignment is created by concatenating the individual multiple alignments and inserting gaps when a particular taxon is not present in a given gene group.  The last step is phylogenetic analysis using a program like PAUP, MrBayes, or GARLI.

The description above omits many details and abstracts much of what is required to go from start to finish.  Most of our work will be in writing the “glue” that will be necessary to automate the process and deal with problems that may arise, especially in the data collection and curation steps.  The scripting will be done with Perl, and we will make liberal use of BioPerl libraries.

Such a workflow would be of great value to researchers.  In its basic form, it could be used for “quick and dirty” phylogenetic reconstruction, a starting point for further analysis. Due to automation, many such analyses could be completed quickly, and in parallel.  The workflow is modular, and features are easily changed, added or removed.  With some additional effort, the “default” decisions could instead be presented as up-front options to the user.  And finally, a more sophisticated version of our workflow would usher in robust, high-throughput phylogenetics – a paradigm shift away from expensive, one-off phylogenetic analyses, and thus a tremendous boon to biologists. 
