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Abstract

The sequence of a genome contains the plans of the possible life of an organism, but imple-
mentation of genetic information depends on the functions of the proteins and nucleic acids
that it encodes. Many individual proteins of known sequenceand structure present challenges
to understanding their function. In particular, a number ofgenes responsible for diseases have
been identified but their specific functions are unknown.

Whole-genome sequencing projects are a major source of proteins of unknown function.
Annotation of a genome involves assignment of functions to gene products, in most cases on
the basis of amino acid sequence alone. Three-dimensional structure can aid the assignment of
function, motivating the challenge of structural genomicsprojects to make structural informa-
tion available for novel uncharacterised proteins. Structure-based identification of homologues
often succeeds where sequence-alone based methods fail, because in many cases evolution re-
tains the folding pattern long after sequence similarity becomes undetectable.

Nevertheless, prediction of protein function from sequence and structure is a difficult prob-
lem, because homologous proteins often have different functions. Many methods of function
prediction rely on identifying similarity in sequence and /or structure between a protein of
unknown function and one or more well-understood proteins.Alternative methods include in-
ferring conservation patterns in members of a functionallyuncharacterised family for which
many sequences and structures are known. However, these inferences are tenuous. Such meth-
ods provide reasonable guesses at function, but are far fromfoolproof.

The development of whole-organism investigations permitsother approaches to function
prediction when the data are available. These include the use of of protein-protein interaction
patterns, and correlations between occurrences of relatedproteins in different organisms, as
indicators of functional properties.

Even if it is possible to ascribe a particular function to a gene product, the protein may
have multiple functions. An underlying problem is that function is in many cases an ill-defined
concept.

Many of the methods that have been applied to function prediction work part of the time
but none is perfect. Morever, the more expert analysis of theresults is applied, the better the
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predictions are. This makes it difficult to envisage a purely‘black-box’ automatic annotation
machine for new whole-genome sequences. In most cases, predictions suggest, but do not
determine, the general class of function. Their most usefuleffect is to guide investigations in
the laboratory to confirm, or refute, the prediction, and, even if correct, to define the function in
greater detail.

We conclude that predictions are useful but no substitute for work in the laboratory. Indica-
tions from theory may indict, but only experimental evidence can convict.
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