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The Genetic and Evolutionary Computation Conference (GECCO’12) ABOUT THE INSTRUCTOR

� William S. Bush is an Assistant Professor of Biomedical 
Informatics in the Center for Human Genetics Research at 
Vanderbilt University.  Using a combination of bioinformatics, 
basic statistical approaches, and more advanced data mining 
and machine learning techniques, he studies how patterns of 
genomic variation influence the function of both individual 
genes and entire biological systems.
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BIOINFORMATICS (1990)
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GENOTYPE TO PHENOTYPE

DNA
Alberts et al. 2002

Chromatin
NIH Common Fund http://commonfund.nih.gov/epigenomics/figure.aspx
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Prediction of Chromatin States
Ernst et al. 2011

Prediction of Chromatin States
Ernst et al. 2011

Transcription
Alberts et al. 2002

Regulation of Transcription
Alberts et al. 2002
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Transcriptional Complexity Transcriptional Complexity

Translation
Alberts et al. 2002
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Translation
Alberts et al. 2002

Alberts et al. 2002

Control of Gene Expression
Alberts et al. 2002

Protein Folding
Alberts et al. 2012
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Alberts et al. 2002

Amino Acids
Alberts et al. 2012

Brown 2002

Amino Acids     Peptides     Proteins
Brown 2002

Protein Structural Prediction
Meiler and Baker 2005

24
www.disprot.org
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Impact of Protein Changes
Adzhubei et al, Ng and Henikoff.
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BIOMOLECULAR INTERACTIONS

DRIVE BIOLOGY

Interactome Interactome
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Interactome Interactome
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SOME BIG QUESTIONS

Genetics and Life
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Genetic Architecture
Sing et al., Arter. Thromb. Vasc. Biol. (2003)

http://tolweb.org/tree/

The Tree of Life

Brown 2002

Molecular Phylogenetics
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MEASURING DNA
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July 3, 2000

The Human Genome Project
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Single Nucleotide Polymorphisms

Subject #1

-- AGGTCA --
-- AGGTCA --

Subject #2

-- AGGTCA --
-- AGCTCA --

Subject #3

-- AGCTCA --
-- AGCTCA --

Two alleles (G and C)

Three genotypes (GG, GC, CC)

Single Nucleotide Polymorphisms

• ~ 1 SNP every 100 bp

• ~ 30 million SNPs

• ~500,000 SNPs in coding DNA

– Synonymous (silent)

– Nonsynonymous

• Deleterious effect

• Beneficial effect

• No effect
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Capturing SNPs Science, December 21, 2007
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MEASURING RNA

Mol Interv. 2002 

cDNA Microarrays
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Heatmaps
Mol Interv. 2002 
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MEASURING PROTEINS

2D Gels and Mass Spectrometry
Metabolic Engineering 4, 98–106 (2002)

Protein Profiling in Tissues
Am J Pathol. 2004 
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Protein Profiling in Tissues

Am J Pathol. 2004 

Tissue Microarrays
Nat Rev Drug Discov. 2003
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EMERGING TECHNOLOGIES

Nanotechnology
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Nanotechnology
Nature Reviews Cancer 2005

Lab-on-a-Chip
Current Opinion in Structural Biology 2003

The $1000 Genome 100 Genomes in 10 Days
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Nanopore Technology
http://www.nanoporetech.com

1000 Genomes Project

www.1000genomes.org

Our other genomes
http://nihroadmap.nih.gov/hmp/
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DATABASES
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Bioinformatics: Databases

1011000
10010

http://www.ncbi.nlm.nih.gov

http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMe

d
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http://www.ncbi.nlm.nih.gov/geo/ www.pharmgkb.org

http://genome-www5.stanford.edu/ http://bioinformatics.icmb.utexas.edu/OPD/
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http://www.geneontology.org http://www.geneontology.org

http://www.genome.jp/kegg/ http://www.genome.jp/kegg/
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http://string-db.org/
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ANALYSIS

Mining Biomolecular Patterns

• Can we classify and/or predict biological and 
clinical endpoints using genetic, genomic, and/or 
proteomic data?

• Which biomolecules are important?

• What is their pattern or statistical relationship?

Objectives

Data Variable 
Selection

Statistical 
Modeling

Prediction
Classification

Tumor A

Tumor B
l = a1x1 + a2x2

Iterate
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Objectives

Data Variable 
Selection

Statistical 
Modeling

Prediction
Classification

Tumor A

Tumor B
l = a1x1 + a2x2

Iterate

Hypothesis Testing
“The truth is out there”

Truth

D
ec

is
io

n

Ho False Ho True

Ac
ce

pt
 H

o

Yes!

Yes!

Type I
Error

Type II
Error

Type I error
Type II error
Type III error

Permutation Testing

• Many data-driven methods are nonparametric and 
model-free.

• Permutation testing can be used to assess statistical 
significance to allow formal hypothesis testing.

• Basic Idea: Randomize data so it is consistent with null 
hypothesis.

P. Good, Permutation Tests: A Practical Guide to Resampling Methods for Testing Hypotheses (2000)

Example
Y X1 X2
1 AA Bb
1 Aa BB
1 aa Bb
0 AA Bb
0 Aa bb
0 aa bb

Y X1 X2
0 AA Bb
1 Aa BB
0 aa Bb
0 AA Bb
1 Aa bb
1 aa bb

Permute Y
Calculate 
Statistic

Z

Repeat

Permutation Testing
P. Good, Permutation Tests: A Practical Guide to Resampling Methods for Testing Hypotheses (2000)
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Distribution of Statistic under the Null Hypothesis
from Many Permutations

Z

Critical region, α

Permutation Testing
P. Good, Permutation Tests: A Practical Guide to Resampling Methods for Testing Hypotheses (2000)

Population
Random 
Sample

Inference

Distribution Known

Population
Random 
Sample

Inference

Distribution Unknown

Random 
Samples

Bootstrapping
B. Efron, Annals of Statistics 7:1-26 (1979)

AC Davidson and DV Hinkley, Bootstrap Methods and their Application (1997)

CE Lunneborg, Data Analysis by Resampling: Concepts and Applications (2000)

Health is a Complex System
Sing et al., Arter. Thromb. Vasc. Biol. (2003)

• 50 Research Groups

• 14,000 cases and 3,000 shared controls

•500,000 SNPs

• Seven complex human diseases:

• bipolar disorder (BD)
• coronary artery disease (CAD)
• Crohn’s disease (CD)
• hypertension (HT)
• rheumatoid arthritis (RA)
• type 1 diabetes (T1D)
• type 2 diabetes (T2D)
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Type 2 
Diabetes

www.personalgenomes.org www.personalgenomes.org
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2010
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10%

90%

“One SNP at a time approach”

“Complex systems approach”

GP?
94

Challenges

• Complexity – nonlinearity, heterogeneity

• Dimensionality – multiple genetic risk factors

• Scale – millions of attributes

Expert Knowledge is Critical Using Expert Knowledge in GP
• Multi-Objective Fitness (GPTP’06)

– Fitness = F(Accuracy + Knowledge)

• Recombination (EvoBIO’07)
– Recombine trees with good building blocks

• Mutation (PRIB’07)
– Mutate trees with poor building blocks

• Sensible Initialization (CEC’09)
– Initialize trees with good building blocks
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GPTP’07GPTP’07GPTP’07GPTP’07

Does Complexity Matter?Does Complexity Matter?Does Complexity Matter?Does Complexity Matter?

A Computational Evolution System – GPTP’08

A Computational Evolution System – GPTP’09 A Computational Evolution System – GPTP’10
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STRING

- 2.5 million proteins
- 630 organisms

102

Pseudo-simulation

Bladder cancer data

-1423 attributes
- 394 cancer genes
- 491 cases
- 791 controls

Experimental Design and Analysis

� Datasets = 100 per model
� Strong, medium and weak PxP interaction

� Runs = 100 per dataset

� Generations = 1000
� Grid Size = 18x18

� Control 1: no expert knowledge
� Control 2: attributes with weak PxP interaction

� Measured success in finding correct attributes
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Results

Summary

• Our CES is able to learn 
to exploit protein-protein 
interactions as a source 
of domain-specific 
knowledge.

• Can this scale to 106

or more attributes?
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PROBLEM REPRESENTATION
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Graph Partitioning
Racette et al. Neurology 2002, Lie et al,.2008

Motif Discovery
Gonzalez-Alvarez et al. EvoBIO 2012

Sequence Alignment
Compeau et al. Nature Biotech 2011

Latent Variable Discovery

• PCA for ethnic ancestry

• Microarray analysis

Leek and Storey, PLoS Genetics 2007, Novembre et al, Nature 2008
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THE FUTURE

Collaborative Approach Needed

Scientific Visualization Information Visualization
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Visual Analytics
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EDUCATION

• chgr.mc.vanderbilt.edu/bushlab
• www.gettinggeneticsdone.com
• william.s.bush@vanderbilt.edu
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