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Introduction

Life in space and time

Phenotype = genotype + environment + life history + eplgenetics
Evolution is the change over time in the world of living things

Dogmas: central and peripheral

Statics and dynamics
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Observables and data archives : ;
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Information flow in bioinformatics

Curation, annotation, and quality control
The world-wide web
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Computers and computer science
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Biological classification and nomenclature
Use of sequences to determine phylogenetic relationships
Use of SINES and LINES to derive phylogenetic relationships
Searching for similar sequences in databases: PSI-BLAST
Introduction to protein structure -
The hierarchical nature of protein architecture
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Mass spectrometry
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Systems biology

Clinical implications
The future
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The human microbiome
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The genome of Arabidopsis thaliana

The genome of Homo sapiens (the human genome)
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RNA
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Evolution of genomes
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Exercises and problems

Scientific publications and archives: media, content, and access

The scientific literature

Economic factors governing access to scholarly publications
Open access
The Public Library of Science
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How to populate a digital library

The information explosion
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Searching the literature
Bibliography management

Databases
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Natural language processing
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Recommended reading

Exercises and problems

Archives and information retrieval
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Databases of structures

Classifications of protein structures

Accuracy and precision of protein structure determinations
Specialized, or 'boutique’, databases

Expression and proteomics databases

Bibliographic databases

Surveys of molecular biology databases and servers

Gateways to archives
Access to databases in molecular biology
ENTREZ
The Protein Identification Resource
ExPASy: Expert Protein Analysis System

Where do we go from here?
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Alignments and phylogenetic trees
Introduction to sequence alignment
The dotplot

Dotplots and sequence alignments

Measures of sequence similarity
Scoring schemes
Derivation of substitution matrices: PAM and BLOSUM matrices

Camputing the alignment of two sequences
Variations and generalizations
Approximate methods for quick screening of databases

The dynamic-programming algorithm for optimal pairwise
sequence alignment

Significance of alignments

Multiple sequence alignment

Applications of multiple sequence alignments and database sedrching

Profiles
PSI-BLAST
Hidden Markov models

Phylageny

Determination of taxonomic relationships from molecular properties

Phylogenetic trees
Clustering methods
Cladistic methods
Reconstruction of ancestral sequences

The problem of varying rates of evolution
Are trees the correct way to present phylogenetic relationships?
Computational considerations

Putting it all together
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Recommended reading

Exercises and problems

Structural bioinformatics and drug discovery
Introduction

Protein stability and folding
The Sasisekharan-Ramakrishnan-Ramachandran plot describes
allowed mainchain conformations
The sidechains
Protein stability and denaturation

Protein folding

Applications of hydrophobicity
Coiled-coiled proteins

Superposition of structures, and structural alignments
DALI and MUSTANG

Evolution of protein structures
Classifications of protein structures

Protein structure prediction and modelling

A priori and empirical methods

Critical Assessment of Structure Prediction

Secondary structure prediction

Homology modelling

Fold recognition

Confarmational energy calculations and molecular dynamics
Assignment of protein structures to genomes

Prediction of protein function
Divergence of function: orthologues and paralogues

Drug discovery and development
The lead compound
Improving on the lead compound: quantitative structure-activity relationships
Bioinformatics in drug discovery and development
Molecular modelling in drug discovery
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Introduction to systems biology

Introduction
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Static and dynamic complexity
Chaos and predictability
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Metabolic pathways

Classification and assignment of protein function
The Enzyme Commission
The Gene Ontology Consortium protein function classification

Catalysis by enzymes
Active sites
Cofactors
Protein-ligand binding equilibria
Enzyme kinetics
Measures of effectiveness of enzymes
How do proteins evolve new functions?
Control over enzyme activity
Structural mechanisms of evolution of altered or novel protein functions
Protein evolution at the level of domain assembly

Databases of metabolic pathways
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The Kyoto Encyclopedia of Genes and Genomes

Evolution and phylogeny of metabolic pathways
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Dynamics 'of metabolic networks

Robustness of metabolic networks
Dynamic modelling of metabolism
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Gene expression and regulation

DNA microarrays
Microarray data are quantitative but imprecise
Analysis of microarray data

Mass spectrometry
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Protein complexes and aggregates
Properties of protein-protein complexes
Protein interaction networks
Regulatary networks
Signal transduction and transcriptional control
Structures of regulatory networks
Structural biology of regulatory networks

The genetic switch of bacteriophage A
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