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Background:
Molecular Classification of Cancer
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Dataset

Analysis
Step

Cancer Classification Workflow

all_aml_train all_aml_test
Preprocess Preprocess
Dataset Dataset
1
SOM Comparative Weighted Weighted
Clusterin Marker Voting Voting
8 Selection Cross-Validation Train/Test
ﬂ
SOM Comparative Prediction Prediction
Cluster Marker Results Results
Viewer Selection Viewer Viewer Viewer

8 analysis tools/scripts
10 analysis steps

A reproducible research environment is
required to support multi-tool, multi-dataset
research



Challenges of Reproducible Research

Claerbout (2000) — “An article about computational science in a
scientific publication is not the scholarshir) itself, it is merely
advertising of the scholarship. The actual scholarship is the
complete software development environment and the complete

set of instructions which generated the figures.”

Environment

ata)without specialize




Reproducible Research Environment: GenePattern

Module Repository

KNN PCA
GISTIC GSEA
SVM NMF
FLAME CBS

~150 modules
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Module Integrator
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Pipeline Environment

all_aml_train

Preprocess
SOM Class
Clustering Neighbors
SOM Marker
Cluster Selection
Viewer Viewer

all_aml_test

Preprocess
Weighted Weighted
Voting Voting
Cross-Val Train/Test
Prediction Prediction
Results Results
Viewer Viewer

Golub and Slonim et. al 1999
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Golub.Slonim. 1999, Nature,

all.aml.pipeline. zip

Client User Interfaces

Web

Programrh“ming
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Gene Pattern Interface

GenePattern - HierarchicalClustering (@)
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GenePattern

Modules & Pipelines

Suites

Job Results

Downloads

Administration

Help

My Settings | Sign out admin 4

Modules & Pipelines

@ category O suite O all

open all | close all

+ Recently Used
= ComparativeMarkerSelectionViewer
= ExpressionFileCreator
= FLAMEViewer
= GenelListSignificanceViewer
= HeatMapViewer
= TopHat

v Annotation
= GeneCruiser

+ Clustering

ConsensusClustering

HierarchicalClustering

KMeansClustering

NMFConsensus

SOMClustering

SparseHierarchicalClustering

SubMap

SubMapBrowser

~ Data Format Conversion
= CSV2FCS
= GctToPcl
= PclToGet

v Flow Cytometry
= FLAMEChooseOptimalClusterNumber

FLAMEContourDataGenerator

FLAMEMetacluster

FLAMEMIxtureModel

FLAMEPreprocess

FLAMEPreviewTransformation

v Gene List Selection

ClassNeighbors

ComparativeMarkerSelection

COPA

copyOfComparativeMarkerSelection

ExtractComparativeMarkerResults

GeneNeighbors

GSEA

SelectFeaturesColumns

SelectFeaturesRows
+ Image Creators

= HeatMapImage
= HierarchicalClusteringimage
~ Missing Value Imputation
= ImputeMissingValuesKNN
v Pathway Analysis

HierarchicalClustering

* required field

input filename*

column distance measure®

row distance measure™

clustering method™

log transform

row center

row normalize

column center

column normalize

output base name*

Browse...

(O specify URL  (®) Upload File

input data file name - .gct, .res, .odf type = Dataset

[ Pearson correlation ¢]

distance measure for column (sample) clustering

-

[ No row clustering v

)

@ Show parameter descriptions

version 5 &

properties | export | help

Recent Jobs

vTopHat «a

(321141 )Feb 18 01:59:52 PM
stderr.txt &

vTopHat &

distance measure for row (gene) clustering NOTE: Filtering beforehand is recommended since row clustering is

computationally intensive.

[ Pairwise complete-linkage ?]

hierarchical clustering methed to use

log-transform the data before clustering

a

[ no 3

whether to center each row {gene) in the data

whether to normalize each row (gene) in the data

[ no H

whether to center each column (sample) in the data

whether to normalize each column (sample) in the data

<input.filename_basename>

(321140 )Feb 18 02:05:52 PM
mm9.pl &

stdout.txt &

stderr.txt &
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GenePattern Community

B GenePattern Users
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First released in 2004

Current release: version 3.2.3 6/2010
Over 15,000 registered users

Users mailing list: over 2000 members
www.genepattern.org

& Project collaborations
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OH W N M

TGCA: The Cancer Genome Atlas Project

ICBP: Integrative Cancer Biology Program

NCBC: National Centers for Biomedical Computing
caBIG: cancer Biomedical Informatics Grid
Stanford University: SMD

European Nutrigenomics Organization (NuGO)



Provenance in GenePattern

* All analyses are recorded
* Input files
* Parameters
e Code version (via LSID)
* Any previous analysis can be reloaded and rerun
* Pipelines can be cloned, edited, imported/exported
* Each pipeline edit creates a new version

* Pipelines can be inferred from result files,
eliminating the need to know all the steps
beforehand



Previous Approaches to
Reproducible Research Documents

e Don Knuth: Literate Programming

e Claerbout: use of Makefiles

e Buckheit and Donoho: plots should be reproducible
e Duncan Temple Lang: extensible dynamic documents
e Tony Rossini: Literate Data Analysis

e Fritz Leisch: Sweave

e Robert Gentleman: Compendium combining R & LaTeX

Adapted from Robert Gentleman



Reproducible Research Document Collaboration
Broad, Microsoft, Infusion Development, Persistent Systems
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GenePattern Reproducible Research Document
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Potential Future Directions

PDF implementation
Cross-platform MS Word implementation

Interoperability with Web-based publication
resources, e.g. myExperiment

Inference engine-based assertion of dataset
constraints
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