Analyze Data Workf

Workflow Canvas | eQTL RNA-seq Analysis

oo Annotate VCF (version 0.1)

annovar Variants:

79: MiaPaCa2 Mutations COSMIC CLP ¢ Z
Variant Detection 22; Annotate with DGl o
Reduce VCF using ANNOVAR Gene Annotations: ndata 18

annotations refGene

Input dataset wgEncodeGencodeCompV14
output v Annotate VCF with functional

information using ANNOVAR 16: Filter on data 15

Annotation Regions: 15: Annotate VCF on dat
genomicSuperDups al

phastConsElements46way 14: Slice VCF on data 13
and data 1

13: Cut on data 12

18: Filter on data 15

Input cataset
Workflows
= All workflows

Al ion Databases:

10(:ggzonapr_al | 12: Filter on data 2
avs|

snp137NonFlagged

sing Galaxy to

Understand Cancer Genomes

Jeremy Goecks

Computational Biology Institute

THE GEORGE WASHINGTON UNIVERSITY
WASHINGTON, DC




Topics

The High-throughput Sequencing Era
Galaxy

Cancer Genomics with Galaxy




A Revolution in Biology

Low-cost, high-throughput sequencing
technologies have become widespread




Moore's Law

N I H National Human Genome
Research Institute

genome.gov/sequencingcosts
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World Sequencing Capacity >
15PDb/year
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SRA database growth
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Will Computers Crash Genomics?

New technologies are making sequencing DNA easier and cheaper than ever, but the
ability to analyze and store all that data is lagging

you-go service, accessible from one’s own
desktop, that provides rented time on a large
cluster of machines that work together in par-
allel as fast as, or faster than, a single pow-
erful computer. “Surviving the data deluge
means computing in parallel,” says Michael

OWill Computers Crash Genomics?0, Penn&tjghceFeb 11, 2011

v

www.sciencemag.org on February 10, 2011




Sboner et al. Genome Biology 2011, 12:125
http//genomebiology.com/2011/12/8/125

Genome Biology

The real cost of sequencing: higher than you think!

Andrea Sboner'?, Xinmeng Jasmine Mu', Dov Greenbaum'**#*, Raymond K Auerbach' and Mark B Gerstein*
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Genomic Analyses are Di cult

Investigators unfamiliar with
computation

Creating and reproducing
work! ows (pipelines) hindere
by complexity: systems,
scripts, tools, parameters

Collaboration and reuse
di" cult because current
approaches do not support
computational artifacts well
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Galaxy Project: Fundamental
Questions

When genomics (or any other biomedical
science) becomes dependent on computation:
methods, how to:

make tools and workows accessibleto scientists®

ensure that analyses ameproducible ?
enable transparencommunication and reuse of

analyses?




Galaxy Is ampen, Web-based platform

for accessible, reproducible, and
collaborativecomputational genomics

Goecks et al. (201@enome Biology




Galaxy Demo




Accessibility

All tools looks the
same

No command line or
programming

Easy to chain tools
together into larger
analyses




Reproducibllity

Workl ows enable
reuse and provide
precise reproducibility

Users can add tags
and annotations for
additional context




Communication
and Reuse

Goecks et alGGenome Biology2010







What I1s Galaxy?

Platform for high-throughput genomics

1. get and integrate public, private data
2. analyze data and create wdr&ws
3. visualization, sharing, publication

Customizable open-source software on

various HPC resources
public website N http://usegalaxy.org
local instance
on the cloud




Galaxy platform

run tools, work ows
on HPC resources
minimizes data

movement

create work ows,
visualizations, pag
shareeverything




Cloud Launch
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Cloud Features

Resource cofiguration
CPUs (read mapping) vs. Memory (assembl

Autoscaling
automatically scale cluster as needed

Snapshotting
share a complete Galaxy that others can co|
and use




Visualization Framework
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Galaxy Is Very Popular

Public Website (http://usegalaxy.org),

anybody can use:
~500 new users per month, ~200 TB of
user data, ~130,000 analysis jobs per
month

Used and cited in more than 1000
publications




Galaxy Is Very Popular

| ocal installations all over the world

http://bioteam.net/slipstream/galaxy-edition/
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Personalized Oncology

6 patients, whole transcriptome
sequencing (RNA-seq) of primary
tumor

mixed populations!
3 +ERCC, 3 -ERCC (via IHC)

3 pancreatic cancer cell lines
whole transcriptome
targeted exome (cancer genes)

Total sequencing data: ~70 GB
http://en.wikipedia.org/wiki/RNA-Seq




Big Questions

What drugs is a patient likely to respond to
given his/her genomic pré&le?

genomic pra#le = mutations, gene expression,
copy number, ...

How best to combine private (patient) data ar
public data?

match pro#le to potential drugs?

match pro#le to cell lines, then drugs and/or
high-throughput screening?




Using Galaxy for Cancer
Genomics

New tools

complement existing high-throughput sequencing
analysis tools

New work ows
work! ows are understandable, extendable, sharal

New visual analysis applications
visualize and call variants in a Web browser
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Integrates private and public data




Understandable?beditable, sharable




Validation Using Public Data

¥ Highly targeted
exome seguencin
of 500+ cancer ce
lines

¥ Drug response
curves




Validation Results Using
MiaPaCa2 Cell Line

Able to recover all 23 mutations,

Includes short insertions and deletions
In CCLE

Found 16 druggable genes, leading to
98 potential drugs




Most cancer drugs are

Inhibitors, so gene expression
IS Important




Single Sample
Transcriptome Analysis

gene fusions

variants

transcripts +
expression levels




Cu' Inks DE data to
Gene Regions




Validation Results Using
MiaPaCa2 Cell Line

Able to recover all 23 mutations, includes
short insertions and deletions in CCLE

After #ltering for only mutations in highly-
expressed genes:

Found-366 druggable genes, leading te-9
62 potential drugs




Matching Patients and Cell
Lines




Comparing Called Variants
with Public Datasets




Patient Mutations vs.

http://www.broadinstitute.org/ccle/home

P4 CL

OM MIA (4) 0
OM PC (11)

OM ALL (114)
HP MIA (84)
HP PC (17609)
HP ALL (64,6609)

OM = OncoMap, HP = hybrid capture with probes
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Patient Mutations vs.

http://www.broadinstitute.org/ccle/home

P1
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P4

PS5

CL

OM MIA (4)

0

0

0

OM PC (11)

0

0

0
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0

1

1

HP MIA (84)
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1
1
2
6

4

3}

4

HP PC (1769)

16

23

19

11

23

HP ALL (64,669)| 110

180

143

97

136

Cell line does not appear very similar to tumors

OM = OncoMap, HP = hybrid capture with probes




Patient Mutations to Predict

Tumor Attributes
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Tumor %
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100%

0%7?

60%

OM = OncoMap, HP = hybrid capture with probes
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Clustering via Di#erential
Expression




Gene Expression Clustering

-0.14
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Spearman Correlation



Gene Expression Clustering
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Spearman Correlation



Interactive Visual Analysis




Mutation Calling from RNA-seq

Variant calling from 6 patient, 700GB pileup $le requires 48 hours to complete
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Real-time Visual Analysis

Interactive use of production tool to call and visualize
variants for multiple patients using parameter sweeps

A general approach for interactive visual analysis on very

large genomics datasets
any Galaxy visual application, many tools (original applicati

transcript assembly)
can decide what data to analyze on tHeg

Goecks et al. (201Xature Biotechnology




Concluding Thoughts

Galaxy Is a very useful platform for high-throughc

genomics

accessible, reproducible, collaborative
public, local, cloud

New tools, work ows, and visual analysis tools for

analyzing high-throughput cancer sequencing da
driven by personalized oncology project
Integration is key: genomic prde with mutations +
gene expression, private + public data




Mike Rossi




Thanks!
Questions?

http://galaxyproject.org

Postdoc and software engineers positions available in
Interactive Genomics Lab @ GW

http://jeremygoecks.com
jgoecks@gwu.edu




