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OPPORTUNITY

*The knowledge of protein function is a crucial link in the development
of new drugs, better crops, and synthetic biochemicals such as biofuels

*With the rapid advances in s technology, ove
number of proteins being characterized for several hundred organisms

*Hard to perform high-throughput annotation by experimental methods
*Consequently
*Most of these proteins are unannotated or ‘hypothetical’

*The annotation gap seems to be widening at an exponential rate

Growth of sequences and annotations since 1982

# of entriesin Database
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“Recently, several high throughput experimental techniques have been
developed in molecular biology

“Immense amounts of genomic and protcomic data has been
accumulated in standardized databascs available for free access

Phydbac [PhylPioM Pfam

*Hence, there is both an unprecedented opportunity and urgent need to
develop computational approaches to study the functions of proteins

+Unprecedented amount of readily accessible biological data
“Protein sequences and structures
Genome sequences
«Phylogenetic profiles
*Protein-protein interactions
“Gene expression data
*Bio-medical text and literature

*Us
protein function by providing potential hypotheses generated by

gent need to complement the experimental determination of

computational methods

CHALLENGES AND APPROACHES

*We address protein function prediction as a data mining

problem using techniques such as classification and

Data Set 1
clustering
*Currently working on various forms of genomic data for Data Set 2 Pre-process

budding yeast (5. cerevisiac):

Complex class structure

Data set combination and
function prediction algorithms

Function
Predictions

“Protcin-protein interaction networks .
*Gene expression data .
+Phylogenetic profiles

*Soon to start: mass spectrometry data O

« Open to rescarch on other organisms and other types of Data SetN

biomedical data

Issues being addressed by the group = = =

*We are currently addressing the following issues that are 400)
important for accurate prediction of protein function: 00| =

*Effective pre-processing of biological data

*Factoring of the complex structure and inter-relationships of
functional classes into the prediction algorithms

*Integrating multiple sources and types of biological data 1600 =

+Several other interesting issues, such as effective benchmarking
amd evaluation of results, will be addressed in the near future S

0
*Open to research on other issues also Conditions
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Pre-processing of biological data
*Several commonly used types of biological data have well-known
quality issues. Examples: — I

“Microarray data: noise, different scales of experiments

*Protcin interaction maps: false positive interactions,
incompleteness of maps

Innovative techniques from other domains of data mining used
to address these issues:

+Normalization of microarray data

*Graph transformation applied to interaction networks

o

Handling the complex structure of functional classes

*Use of reliable functional hierarchies such as Gene Ontology raises
several important challenges:

*Multiple functional annotations of a protein

*Hierarchical arrangement of functional classes

*Rare functional classes

«Current approach: Modeling the inter-relationships between different
functional classes by measuring their semantic similarity in the hierarchy

and the data i e

RESULTS

Graph transformation
"

using as
based approaches
produces better function
prediction results from
interaction networks than
other transformation
techniques, due to better
handling of both false
positive and falsc
negative interactions

———

e Normalization of gene
Fes ] expression data using
e . - known and novel

e techniques enhances the

functional content of

microarray data sets

Different types of
semantic similarity
measures for pairs of
functional classes
arranged in a hierarchy
are expected to improve
multi-label function
prediction (work in
procgress).. Shown here:
Lin ct al’s similarity
measure applicd o a set
of 127 GO biological
processes identified by
Myers et al

REFERENCES

Integrating multiple sources and types of biomedical data
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