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tionally related yeast proteins. Links between characterized and
uncharacterized proteins allow a general function to be assigned
to more than half of the 2,557 previously uncharacterized yeast
proteins. Examples of functional links are given for a protein
family of previously unknown function, a protein whose human
homologues are implicated in colon cancer and the yeast prion
Sup35.

The historical method of finding the function of a protein
involves extensive genetic and biochemical analyses, unless the
amino-acid sequence of the protein resembles another whose
function is known. With complete genome sequences and total
mRNA expression patterns, new strategies become available. We
show that the general biochemical functions of proteins can be
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Calculation of correlated mRNA expression

Results of 97 individual publicly available DNA chip yeast mRNA expression data sets’
were encoded as a string of 97 numbers associated with each yeast open reading frame
(ORF) describing how the mRNA of that ORF changed levels during normal growth,
glucose starvation, sporulation and expression of mutant genes. This string is the analogue
within one organism of 2 phylogenetic profile'. The mRNA levels for each of the 97
experiments were normalized, and only genes that showed a two-standard-deviation
change from the mean in at least one experiment were accepted, thereby ignoring genes
that showed no change in expression levels for any experiment. Open reading frames with
correlated expression patterns were grouped together by calculating the 97-dimensional
euclidezn distance that describes the similarity in mRNA expression patterns. Open
reading frames were considered to be linked if they were among the 10 closest neighbours
within a given distance cut-off, conditions that maximized the overlap of ORF annotation
between neighbours.
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Calculation of domain fusions

Proteins were linked by Rosetta Stone patterns as in ref. 3. Alignments were found with the
program PSI-BLAST®. O
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Protein interaction maps for complete
genomes based on gene fusion events

Anton J. Enright, loannis Hiopoulos, Nikos C. Kyrpides*
& Christos A. Ouzounis

Computational Genomics Group, Research Programme, The European
Bioinformatics Institute, EMBL Cambridge Outstation, Cambridge CB10 15D,
UK

* Integrated Genomics Inc., 2201 West Campbell Park Drive, Chicago,

Nlinois 60612, USA

A large-scale effort to measure, detect and analyse protein—
protein interactions using experimental methods is under
way'”?. These include biochemistry such as co-immunoprecipita-
tion or crosslinking, molecular biology such as the two-hybrid
system or phage display, and genetics such as unlinked noncom-
plementing mutant detection’. Using the two-hybrid system®, an
international effort to analyse the complete yeast genome is in
progress®. Evidently, all these approaches are tedious, labour
intensive and inaccurate’. From a computational perspective,
the question is how can we predict that two proteins interact
from structure or sequence alone. Here we present a method that
identifies gene-fusion events in complete genomes, solely based
on sequence comparison. Because there must be selective pressure
for certain genes to be fused over the course of evolution, we are
able to predict functional associations of proteins. We show that
215 genes or proteins in the complete genomes of Escherichia coli,
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