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This 15 the era of whole-genome sequencing; molecular data are beconung available at a
rate unanticipated even a few vears ago. Sequencing projects in a number of countries have
produced a growing number of fully sequenced genomes, providing computational biologists
with tremendous opportunities. However, comparative genomics has so far largely been
restricted to pair-wise comparisons of genomes. The importance of taking a phylogenetic
approach to systematically relating larger sets of genomes has only recently been realized.

A recent synthesis of phylogenetic systematics and molecular biology/genomics — two
fields once estranged — 15 beginning to form a new field that could be called "phylogenomics"
(Eisen 1998). Something can be learned about the function of genes by examining them in one
organism. However, a much richer array of tools 1s available using a phvlogenetic approach.
Close sister-group comparisons between lineages differing in a critical phenotype (e.z.,
desiccation or freeze tolerance) can allow a quick narrowing of the search for genetic causes.
Dissecting a complicated, evolutionanly advanced genotype/phenotype complex (e.g.,
development of the angiosperm flower), by tracing the components back through simpler
ancestral reconstructions, can lead to quicker understanding. Hence, phyvlogenomics allows one
to go beyond the use of pairwise sequence similarities, and use phylogenic comparative methods
as discussed 1 this class to confirm and/or to establish gene function and interactions.
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Most importantly for the systematist, the new comparative genomuc data should also
ereatly mcrease the accuracy of reconstructions of the Tree of Life. Even though nucleotide
sequence comparisons have become the workhorse of phylogenetic analysis at all levels, there
are clearly phylogenetic problems for which nucleotide sequence data are poorly smited, because
of their simple nature (having only four character states) and tendency to evolve In a regular,
more-or-less clocklike fashion. In particular, "deep” branching questions (with relatively short
mternodes of mterest mixed with long termminal branches) are notoriously difficult to resolve with
DNA sequence data.

It 1s fortunate therefore, that fundamentally new kinds of structural genomic characters
such as inversions, translocations, losses, duplications, and insertion/deletion of mnfrons will be
mcreasingly available in the future. These characters need to be evaluated using much the same



principles of character analysis that were originally developed for morphological characters.
They must be looked at carefully to establish hikely homology (e.g., examming the ends of
breakpoints across genomes to see whether a single rearrangement event is likely to have
occwrred), iIndependence, and discreteness of character states. Thus close collaboration between
systematists and molecular biologists will be required to code these genomic characters properly,
and to assemble them into matnices with other data types.

Next two figures from: Jonathan A. Fisen and Claire M. Fraser, Phylogenomics: Intersection of
Evolution and Genomues |, Seience, Vol 300, Issue 5626, 1706-1707 | 13 Tune 2003

Tuble 4 Examples of Conditions in Which Similarity Methods Produce Inaccurate Frediclions of Function
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Outline of a phylogenomic methodology (next page). In this method, information about the evolutionary
relationships among genes 15 used to predict the functions of uncharactenized genes (see text for details).
Two hypothetical scenarios are presented and the path of trying to infer the function of two
uncharacterized genes in each case 1s traced. (A) A gene family has undergone a gene duplication that
was accompanied by functional divergence. (8) Gene function has changed 1n one lineage. The true tree
(which 15 assumed to be unknown) 1s shown at the bottom. The genes are referred to by numbers (which



represent the species from which these genes come) and letters (which in A represent different genes
within a species). The thin branches 1n the evolutionary trees correspond to the gene phyvlogeny and the
thick gray branches in A (botftom) correspond to the phylogeny of the species in which the duplicate
genes evolve 1n parallel (as paralogs). Different colors (and symbols) represent different gene functions;
eray (with hatching) represents either unknown or unpredictable functions.

PHYLOGENENETIC PREDICTION OF GENE FUNCTION
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