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Project Goals

The ENIGMA SFA aims to understand the architecture of microbial communities from a
molecular level, which requires understanding in detail the molecular biology of key
organisms. Although sequencing the genomes of these organisms is now straightforward,
determining the molecular function of genes remains a challenge. However, many genome
sequences are now available, and rich genome-wide functional data is becoming available
outside of traditional model organisms. Therefore, we are developing improved tools for
using evolutionary comparisons and functional-genomic data to predict the molecular
function of proteins.

Abstract

Phylogenetic analysis has been employed to infer the molecular function of a target gene by
finding a function that is consistent with the evolutionary history of the gene. Over the past
decade, this has been recognized as a highly accurate approach, but its manual application
requires laborious effort by a domain expert. We have developed the SIFTER method, which
automates phylogenetic-based function annotation by finding the most likely assignments
of functions to proteins given a phylogenetic tree, model of evolution, and known functions.
SIFTER uses a Bayesian graphical model framework to propagate molecular functions
across the tree in a way that is statistically rigorous and robust. SIFTER explicitly takes
account of evidence quality, to account for the variable quality of annotations from different
sources.

Benchmarking studies of SIFTER show that it outperforms other widely-used homology-
based approaches. Recently, we improved the core SIFTER algorithm, enabling it to run on
large and diverse protein families, to work on a genome-scale, and to participate in the
Critical Assessment of Function Annotation in 2011. We are extending it to share
information between protein families based on gene-gene “association” relationships such



as protein-protein interactions, co-expression, co-fitness, genome proximity, or genetic
interactions. In doing so, we will be able to incorporate a larger variety of experimental data
developed by and applicable to the ENIGMA project than other prediction approaches. We
hope that with these enhancements, SIFTER will be the first successful method to
statistically incorporate both homology and association data.

Another challenge is to interpret large-scale “fitness” data or knockout mutant phenotypes
that are becoming available for diverse microbes due to approaches such as tagged
transposon mutagenesis or TnSeq. In a pilot study in Shewanella oneidensis MR-1, we were
able to confirm many annotations and to revise the annotations of 40 genes or operons, but
this required extensive manual curation. To streamline the analysis, we are developing
heuristics to find "re-annotatable” proteins to focus the manual curation. We are also
automating the comparison of fitness data to metabolic models; in principle, it should be
possible to automate much of the manual curation that now goes into producing a high-
quality metabolic model.
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