ow Canvas | eQTL RNA-seq Analysis
SO0 Annotate VCF (version 0.1)
annovar Variants:
- X 79: MiaPaCa2 Mutations COSMIC CLP 3
Variant Detection
Gene Annotations:

Reduce VCF using ANNOVAR

annotations refGene .
ot st wgEncodeGencodeCompV14 18: Filter on data 15

outpat Annotate VCF with functional

information using ANNOVAR 16: Filter on data 15

Workflows Annotation Regions: 15: Annotate VCF on dat
al

genomicSuperDups

phastConsElements46way 14: Slice VCF on data 13
and data 1

13: Cut on data 12

= All workflows

Annotation Databases:

1000g2012apr_all 12: Filter on data 2
avsift

snpl37NonFlagged

Creating and Using Tumor Genome
Profiles with Galaxy

Jeremy Goecks

THE GEORGE WASHINGTON UNIVERSITY
WASHINGTON, DC
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My Perspective

| do computational biology/bioinformatics

| analyze all sorts of high-throughput
sequencing data for many different

purposes
+ model, non-mode]
+ molecular evolution, systematics, cancer



Analyzing sequence data is hard and
difficult to automate

However, anyone can do it with the
proper computational systems




What is the Cost of
Analyzing NGS Data?

Musings Highly accessed

The $1,000 genome, the $100,000 analysis?

Elaine R Mardis

Correspondence: Elaine R Mardis emardis@wustl.edu v Author Affiliations

The Genome Center at Washington University School of Medicine, 4444 Forest Park Blvd, St
Louis, MO 63108, USA

Genome Medicine 2010, 2:84 doi:10.1186/gm205

The electronic version of this article is the complete one and can be found online at:

http:// i content/2/11/84

Published: 26 November 2010
© 2010 BioMed Central Ltd




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*

m Samp'le coIIechop and [ Sequencing Data reduction Downstream
experimental design B Data management analyses

Sample
collection

Sequencing
Raw reads

(FASTA, FASTQ) ,
Mapped reads
(BAM, CRAM, MRF)

S —
High-level summaries
(VCF, Peaks, RPKM) |
Downstream analyses

(differential expression,
novel TARs, regulatory Pre-NGS Now Future

networks, ... (Approximately 2000)  (Approximately 2010)  (Approximately 2020)

Experimental
design

nagement

HTF




Galaxy Project:
Fundamental Questions

When genomics (or any biomedical science)
becomes dependent on computational

methods, how to:
+ make tools and workflows accessible to
scientists?
+ ensure that analyses are reproducible?
+ enable transparent communication and
reuse of analyses?



Vision

Galaxy is an open, Web-based platform
for accessible, reproducible, and
collaborative computational genomics




Galaxy Demo

| tachylite01.bx.mathcs.emory.edu/g/jeremy/root

Tools

search tools

Get Data

Send Data

ENCODE Tools
Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis

Evolution
Motif Tools
Multiple Alignments

Metagenomic analyses
FASTA manipulation

NGS: QC and manipulation
NGS: GATK Tools (beta)
NGS: Mapping

NGS: Indel Analysis

NGS: RNA Analysis

£

Analyze Data Wor Shared Data~  Visualization» Admin

Help «

User

-~

0 Hello world! It's running...

To customize this page edit static/welcome.html

WWFSMD?
grow noodly appendages...

Inpet datanet 3 [ —

rorer

2000 bwww Querien

[

usegalaxy.org

This project is supported in part by NSF, NHGRI, and the Huck Institutes of the Life Sciences.

History 5 + ]

PanCan P3
9.3GB

22: Tophat Fusion Post @& {J %
on data 10 and data 14: html
results

21: Tophat Fusion Post @& {J %
on data 10 and data 14: text
results

20: MarkDups Dupes @ ] R
Marked.html

19: MarkDups Dupes @ R
Marked.bam

17: Cufflinksondata9 & { %
and data 4: assembled transcripts

16: Cufflinksondata9 @& { &%
and data 4: transcript expression

15: Cufflinksondata9 @& § X
and data 4: gene expression

14: Tophat2ondata3, & {J %
data 4, and data 2: accepted hits

13: Tophat2ondata3, ® { %
data 4, and data 2: splice
junctions

12: Tophat2ondata3, & {J X
data 4, and data 2: deletions

11: Tophat2ondata3, & { X
data 4, and data 2: insertions




Accessibility

Tools

AI | tO O | S | O O kS th e Sa m e — Cufflinks (version 0.0.5)

Motif Tools SAM or BAM file of aligned RNA-Seq reads:
Multiple Alignments 15: MarkDups_Dupes Marked.bam Wi

Metagenomic analyses Max Intron Length:
FASTA manipulation 300000

NGS: QC and manipulation

NGS: GATK Tools (beta) Min Isoform Fraction:
NGS: Mappin 0.1

No command line or e

RNA-SEQ
Perform quartile normalization:
Tophat for llluming Find splice

: Junctions using RNA-seq data

p ro g ra l I l l I l I I l g Tophat2 Gapped-read mapper
for RNA-seq data
9 Use Reference Annotation:
STAR Gapped-read aligner for No
RNA-seq data =
Perform Bias Correction:

Tophat Fusion Post post~
processing of

Cuffiinks transcript assembly
and FPKM (RPKM) estimates for
RNA-Seq data

Easy to chain tools consmn

reference annotation and track
Cufflinks transcripts across
mulitiple experiments

together into larger sl

several Cufflinks assemblies Cufflinks Overview

Cuffdiff find significant changes ifflinks assembles transcripts, estimates their abundances, and tests for differential expression and regu n in RNA-Seq
In transcript expression, samples. It accepts aligned RNA-Seq reads and assembles t lignments into a parsimonious set of transcripts. Cufflinks then

splicing, and promoter use estimates the relative abundances of these transcripts based on how many reads support each one. Please cite: Trapnell C,
Williams BA, Pertea G, Mortazavi AM, Kwan G, van Baren M, . B, f y and abundi
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Reproducibility

main.g2.bx.psu.edu

Using 383.5 Gb

Options «

Workflow

Options + Workflow Canvas | BodyMap Mapping and Assembly

Workflows enable

Workflow Parameters

Filter and Sort

= Filter data on any column
using simple expressions
Filter on ambiquities in
polymorphism datasets
GFF

Eilter GFF data by attribute
using simple expressions

Filter GFF data by feature
count using simple
expressions

Filter GTF data by attribute
values list

Fetch Alignments

attributes

Operate on Genomic Intervals
= [ntersect the intervals of two
datasets

» Subtract the intervals of two
datasets

= Cluster the intervals of a
dataset

Graph/Display Data

= VCF to MAF Custo ack
for display at UCSC

Regional Variation

= Filter nucleotides based on
quality scores

= Ferch Indels from 3-way

£

Input Dataset

output

Input dataset

output

®

x®

tissue_name

Tophat for lllumina $2

Filter GFF data by attribute 32

RNA-Seq FASTQ file

Gene Model Annotations

insertions (bed)
deletions (bed)

junctions (bed)

accepted_hits (bam)

Cuf

SAM

Filter

out_filel

Filter
Filter

out_filel

flinks ®

1 or BAM file of aligned RNA-Seq

reads

Reference Annotation

Glo

bal model (for use in Trackster)

expression (tabular)

transcripts_expression (tabular)

as

embled_isoforms (gtf)

total_map_mass (txt)

11

reuse and precise
reproducibility

Users can add tags
and annotations for
additional context




Published Pages | webb | polar-bears

Polar and brown bear genomes reveal ancient admixture and demographic
footprints of past climate change

Webb Miller, Stephan C. Schuster, Andreanna ). Welch, Aakrosh Ratan, Oscar C. Bedoya-Reina, Fangqing
Zhao, Hie Lim Kim, Richard C. Burhans, Daniela |. Drautz, Nicola E. Wittekindt, Lynn P. Tomsho, Enrique
Ibarra-Laclette, Luis Herrera-Estrella, Elizabeth Peacock, Sean Farley, George K. Sage, Karyn Rode, Martyn
Obbard, Rafael Montiel, Lutz Bachmann, Olafur Ingélfsson, Jon Aars, Thomas Mailund, @ystein Wiig, Sandra
L. Talbot, and Charlotte Lindqvist

Summary of the paper

Polar bears (PBs) are erbly adapted 1o the ext c t and have ble diversity fr obal climate chan
divergence from the wn bear prov 2 mpie of rap inct phenotypes. However, limited mitochondrial and nuclear
INA evidence €0 ng of PB origin as we 5 Versus sister to the b
sequence om ¢ . srary polar, brown, and Americ
enome-wide perspective. Nuclear DNA markers reflect a species tree cons!
the enigmatic bn b X lago, we estim
is most closely rela cating ancient admixture between the two species. Explict admixture analyse
bears and black bear r followed by o¢ onal admixture. We also provide paleodemographic ¢
climate events, and that PB in particular experiences prolonged and dramatic decline in its effectiv o 0 during the last ca, 500
demonstrate that b v ars and PBs hav g e 3 tionary histories over the last 4-5 million years to leave imprints
genome that likely ar t nment.

Datasets

any of the analyses reported in the paper were based on the five datasets given here. (You can also find them under Shared Data -> Data U
Diversity, then under b

¢., positions In the ¢ geno where we d c 0 eotides in the corresponding bear locations
own bear, and American black bear), Each row in the table cc PO a SNP, and has 124 entrig

alax t | bear SNPs
s" table contains 13,038,705 putative SNPs that were identified using a de novo assembiy of the polar bea
Each row of the table nds to a SNP, and h

Galaxy Data bear assembly SNP.

ere not all iduals had the same nuc

01 varant position in puta

Galaxy Dataset | bear SAPs
) uses a streamlined file with the loc of 19,014 cog genes (basically, ¢ C ¢ t of overlapp
nds 10 a row of the table, which has § columns

Galaxy Dataset | dog genes O
Workflows

s page presents three “workfiows™ that pro re ted in ar-bear paper. Almost al mmands that they use are fr Cenome
sity” tool set. (See the left panel under "Analyze Data®.)

2 for flqure 4A of r. (Those data were used Ive PCA plot that includes other information.) The
Dear SNPs” data set 1) Under “Analyze D3 bar) create an ¢ ty history, (2) Ur
bear SNPs” data set ("+ the green Cir nedr the right of the green bar), then click on “return ¢ ous
ow, and click on © using this kf : ) You will be taken t led
n it and select “run”. (6) You will be taken t¢ ) t 5 k . e

niddie panel) and press "Run workflow”, (7) After the commands ry hich takes a couple of minutes), click on the “eye” fo e ommand and look at

the three Outputs. [Currently, the PCA workfiow exposes an ‘race condition” -~ in axy, which may cause the PCA command to fal If

can re=run rire workf ) by clicking on the line thar says something like 7. on data &7, clicking on the blue re-run burt:

Execure”, You aiso may need 1o & Galaxy a minute after the workflow finishes o put the o D) t places.)

Galaxy Workflow | bear PCA O
The second workflow prod: s the admixture map for the two ABC bed relagtiy h th of an ABC
bear ynes s (are) more like the consensus D t 0 brown b 7 The
Juced by running the workflow is a small ir Figu of the supple
dicates the 3Mb interval on the left end of each dog chromosome, which are aining on

f the letter "N7). When you run the workflow, the last command produces two his N " in th ows a text file giv

¢ intervals whe 0 ome: Vo e lar gro

Galaxy Workflow | bear admixture map
signs of a "se sweep” in p
ulation and brought along with it the neighboring alleles. The table appeared
n in Figure the main paper, To run the workflow 3 place both the "dear SNP” file and the
u press “Run workflow” th ow's inputs L ¢ er files.) When the workflow has rur
¢ the table

Galaxy Workflow | bear sweep table

ommunication
and Reuse



Published Pages | webb | polar-bears
dunng the 1ast ca. SUU,000 years. e dem
4-5 million years to lea

€5 over the last
ronme:

jonstrate that Brown bears and PBs

ave
mprints in the P8 nuclear genome that likely are associate:

Datasets

Many o nd them under Shared

Ubra , then under bear and do:

The first consists
onding bear $ (among the our t
a SNP, and has

etected two distinct nuclec
corre: American black bear). Each

corresponds

Galaxy Dataset | bear SNPs
P dentified using a
117 columns

ntains 13,03
w of the table co

f the polar bear genome (rather
OO

scaffoldl 135
scaffoldl 150
scaffoldl 69
scaffoldl

scaffoldl

scaffoldl

scaffoldl

scaffoldl

scaffoldl

scaffoldl

scaffoldl

scaffoldl

scaffoldl

scaffoldl

scaffoldl

scaffoldl

scaffoldl

ey

The “bear mitochondrial SNPs” table
these SNPs, and has_31 columns

* WO
The "bear SAPs” table contains 7
colymns.

¢hanges. Each

Galaxy Dataset | bear SAPs
uses a streamlined file with the locat
f the table, wi

HO&
One of the w 014 dog genes (vasically, each one Is the longest of a set

of overlapping spl

kflows (bear sweep tab!

About this Page

Author
webd

Related Pages

Community
evolution | | climate-change
bears

Yours

Published Pages | webb | polar-bears

6) You will
press

«flow page, which will have a workflow called “imported bear PCA”; click on it and select “run”.

the bear SNPs and the PCA workflow; sc o the bottom of the wor w (mi an,

minutes). click on the “eye” for the PCA command and
1 alaxy, which may cause the PCA command to fail. If that happe,

d “race condition” -~ in
) by clicki e line that says something like "7: PCA on data 67, clickin:

the commands run (which takes a couple ©
s an internal error- a s

A (not the entire workfh

t the theee Outputs. [Currently, the PCA

on the blue re-run button, and

Using 588.3 C8

About this Page

toa
() Af Author
webd
you can

Related Pages

ng on “Execute”. You also may need to give Galaxy a minute after the workflow finisheés to put the output files in the correct places.]

I+ Galaxy Workflow | bear PCA

the admixture map for the two ABC bears, showing the genomic Intervals (relativ
ensus of the polar-bear genome than like the ge! non-A8C b

by running the workflow is a small improvement over Figure S12 of the supplement (w

chromosome shown in Figu 8 of the main paper). The g ib interval on the left end of each dog chromosom:

n in the dog assembly (i.e, containing on copies of the letter "N”). When you run the w
mmand produces two history items. The “eye” in the first one shows a text file giving coordinates of the genomic intervals whe
most like a particular group of individuals. The second * " leads you to the graphical picture and add! nal informatic

Galaxy Workflow | bear admixture map

@ second

h of an ABC b
(called "GRZ" in ). The figure produce

me of

Step 6: Filter

Filter
Output dataset ‘output’ from step 5

With following condition
¢6i="chrX" and

Step 7: Admixture

SNP dataset

Ancestral population 1 individuals
tput’ from step 3

Ancacteal manelar

The th
sweep” in polar bears, i.e
neighboring alieles. The table appeared as Table S8 in the Supplement, and one Interval
low you will need 1 h the "bear SNP” file and the "dog genes” file in you
«flow’s inputs are connected to the proper files.) When the workflow has run, you can cli

ng genomic

s shown In
history. (Make

the dog assembly) w

o
e Rating
rown bear Community
hich has one
e, whic
Yours
Tags
Community
L+

evolution | | climate-change

bears

urs

where an allele having a selective advantage increased in frequency in the population and brought along with it the
of the main paper. To run the

on the “eye” for the last command to see the

o

main.g2.bx.psu.edu/w

Workflow “bear ad:
You can start usin

xture map" has been imported
this workfiow or return to the previous page.




Galaxy Visualizations

Wt

Many visualizations
+ biological: genome browser, Circos

plot, phylogenetic tree
* numerical: bar charts, histograms, etc.

Developers can add new visualizations

Completely Web-base: no data or
software downloads

(b) PAC tumor #2

14
LSS



What is Galaxy?

Platform for high-throughput genomics
1. get and integrate public, private data
2. analyze data and create workflows
3. visualization, sharing, publication

Customizable open-source software for various

HPC resources
+ public website — http://usegalaxy.org
+ local instance
+ on the cloud

15



Galaxy platform

run tools, workflows on
HPC resources
minimizes data
movement

create workflows,
visualizations, pages
share everything

FastQCRead QC (version 0.52) History

Short read data from your current history:
2 adrenal_1fasta

50.1 M
Title for the output file - to remind you what the job was for: oL

Fastac %

umbers nal
Text Manipulation
Convert Formats

FASTA manipulation
ilter and Sort

Join, Subtract and Group.
Extract Features

Fetch Sequences

Eetch Alianments

Get Genomic Scores.

Contaminant lst: 1 Cuttaift on data 17,

puon: E a o
[EPKM tracking
90: Cuffdiff on data 17,
ifferen i
89: Cutfdiffon data 17,
O purpose
Fa51QC alms o provide a simpie way to do some qualty control checks on
raw sequence data coming from high throughput seauencing pipelnes. It
Provides a modular set f analyses which you Can use 1o ive 3 QuiCk

(on of whether your data has any problems of which
aware before doing any fur

Statistics.
GraphDisplay Data
Reglonal Variation
Multiple rearession
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
Phenotype Association

<

The main functions of FastQC are:

1mport of data from BAM, SAM or Fasta files (any variant)
il you in which areas there may be problems

the interactive application

© rastac

‘main.galaxyproject.org =

Using 668.8 GB

galaxy-central$ python scripts/api/workflow_execute.py AFADI2GF http://tachylite0l.bx.
mathes.emory.edu 20 33
Copy of RNA-seq exercise
completed’(active items only) [
@0n
fastghimi
: @0
@0
data 13, and dara 75 transcript
@00
data 13, and data 75: aene FPKM
data 13, and data 75: gene
data 13, and daia 75: TSS aroups

Workflow Parametes

tissue_name

Cufflinks (version 0.0.5)

SAM or BAM file of aligned RNA-Seq reads:
19 MarkDups_Oupes Marked.bam 4] Bout Olsteac

output
Max Intron Length:

300000 Tophat for Illumina

Filter GFF data by atribute 2
RNA-Seq FASTQ file
Min Isoform Fraction: Fils

0.1

out_filel
nsertions (bed)

Pre MRNA Fraction:
0.15

Perform quartile normalization:
+

Use Reference Annotation:

No Variants (hg19) ) 128,135,183 - 128489933 9

Perform Bias Correction:

Use multi-read correct

No

enO Terminal — bash — 86x22 %
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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 1500
publications

17



Galaxy is Very Popular

60+ local installations all over the world

ﬂfg BAOLAR - BABGRERAFEAR 4 Hm
S, CUHK-BGI Innovation Institute of Trans-Omics IR &S

Harvard School of
Public Health

(GlGA)”GaIa
netherlands

by CBIIT
bioinformatic

PRINCETON

UNIVERSITY

Integrated publishing of workllows from (GIGAN

DBCLS Galaxy
An Integrated Environment
THE UNIVERSITY OF

for Databases in Life Science
TEXAS SATHAI FTIN-ZEERRELT

Galaxy DEA BiELT

COBCLD)

Database Center for Life Science

1
‘UNIVERSITY OF MI1

—— AT AUSTIN —
INDIANA UNIVERSITY

http://bit.ly/gxyservers
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Cancer Genomics with Galaxy
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Using Galaxy for Cancer

Genomics
New tools
+ complement existing high-throughput sequencing analysis
tools

New workflows
+ workflows are understandable, extendable, sharable

New visualizations and visual analysis applications
+ e.g. interactively visualize and call variants in a Web
browser

20



Motivating Applications

Tumor-cell line matching
* primary pancreatic adenocarcinoma tumors
VS. pancreatic cancer cell lines
* variants + gene expression

Deep targeted tumor sequencing
+ small, inexpensive panel of ~26 genes
sequenced at 5-10k coverage
+ focus on clinically actionable genomic markers

EMORY | WINSHIP
CANCER
21 INSTITUTE




Variant
Analysis
Pipeline




http://usegalaxy.org/cancer

® O 0 / & Galaxy | Accessible Page | x

& C' | & https://usegalaxy.org/u/jeremy/p/cancer-analyses
Analyze Data  Workflow Shared Datav Visualizationv Cloud~ Helpv User~

Accessible Page | Cancer Analyses About this Page

Author

jeremy

Web-based Pipelines for Integrated Tumor Genome Profiles Reveal
Differences between Pancreatic Cancer Tumors and Cell Lines

Jeremy Goecks?, H. Jean Khoury?, Bassel F. El-Rayes?, Shishir K. Maithel3, The Galaxy Team*, James Taylor®, and Michael R. Rossi®
Correspondence should be addressed to |G

Related Pages

All published pages
Published pages by jeremy

This page provides access to the analysis pipelines/workflows discussed in the manuscript and includes the analysis histories for the cancer

. . ) . Rating
cell line data discussed in the paper. Please send any questions to Jeremy.

Community

Videos for Getting Started SRS

Yours
Here are some videos that will help you get started using Galaxy and using these pipelines. You can use these workflows/pipelines with your

own data or rerun the analyses in the paper using the cancer cell line data from the paper. Tags

How to use this page Community: none
how to use this page Yours:

Galaxy +

how to upload your data with Galaxy
resources for learning how to use Galaxy

Analyzing tumor data using the pipelines/workflow

importing workflows from this page and copying cell line data from a library
running the exome workflow

running the transcriptome workflow

running the integrated variant analysis workflow

Workflows
The workflows described in the manuscript are listed below along with some helper workflows.

(1) This is the basic tumor exome analysis workflow that calls variants from targeted exome resequencing data:

(# Galaxy Workflow | Exome Basics Analysis =HO

(2) This is the RNA-seq analysis workflow. This workflow analyzes tumor RNA-seq data to find small variants, gene fusions, and quantify gene
expression:




Videos to Get Started

® O 0 / & Galaxy | Accessible Page | x

& C' | & https://usegalaxy.org/u/jeremy/p/cancer-analyses
Analyze Data  Workflow Shared Datav Visualizationv Cloud~ Helpv User~

Accessible Page | Cancer Analyses

Web-based Pipelines for Integrated Tumor Genome Profiles Reveal
Differences between Pancreatic Cancer Tumors and Cell Lines

Jeremy Goecks?, H. Jean Khoury?, Bassel F. El-Rayes?, Shishir K. Maithel3, The Galaxy Team*, James Taylor®, and Michael R. Rossi®
Correspondence should be addressed to |G

This page provides access to the analysis pipelines/workflows discussed in the manuscript and includes the analysis histories for the cancer
cell line data dis edinthe.naner Please send any questions to Jeremy.

Videos for Getting Started

Here are some videos that will help you get started using Galaxy and &jng these pipelines. You can use these workflows/pipelines with your
own data or rerun the analyses in the paper using the cancer cell line datd

How to use this page
how to use this page
Galaxy

how to upload your data with Galaxy
resources for learning how to use Galaxy

Analyzing tumor data using the pipelines/workflow

importing workflows from this page and copying cell line data from a library
running the exome workflow

running the transcriptome workflow

running the integrated variant analysis workflow

The workflows described in the manuscript are listed below along with some helper workflows.

(1) This is the basic tumor exome analysis workflow that calls variants from targeted exome resequencing data:

(# Galaxy Workflow | Exome Basics Analysis =HO

(2) This is the RNA-seq analysis workflow. This workflow analyzes tumor RNA-seq data to find small variants, gene fusions, and quantify gene
expression:

About this Page

Author
jeremy
Related Pages

All published pages
Published pages by jeremy

Rating

Community
(0 ratings, 0.0 average)

Yours

Tags
Community: none
Yours:

L




® O 0
- C

£7 Galaxy | Accessible Page | %

@ https://usegalaxy.org/u/jeremy/p/cancer-analyses

Analyze Data Workflow Shared Datav Visualization~ Cloudv Helpv User~

Accessible Page | Cancer Analyses
(1) This is the basic tumor exome analysis workflow that calls variants from targeted exome resequencing data:

(+) Galaxy Workflow | Exome Basics Analysis =0

(2) This is the RNA-seq analysis workflow. This workflow analyzes tumor RNA-seq data to find small variants, gene fusions, and quantify gene
expression:

(+) Galaxy Workflow | Tumor RNA-seg Analysis =0

(3) This is the integrated variant analysis workflow. To use this workflow, two datasets in the same history are needed: (a) a variants dataset
from either the exome or transcriptome analysis workflow) (b) Cufflinks Gene Expression dataset. This workflow then identifies:

deleterious variants

deleterious and druggable variants

deleterious variants in highly-expressed genes

deleterious and druggable variants in highly-expressed genes

() Galaxy Workflow | Integrated Variant Analysis: Expression/Functional/Drug

Annotation + Filtering

=EHOZ

(4) This is an extended workflow for use when only a tumor exome is available. Starting with tumor exome sequencing data, it identifies
deleterious variants and druggable variants:

(+) Galaxy Workflow | Tumor Exome Analysis =0

(5) VCF Variant recovery. Use this workflow to obtain a list of variants in VCF format from a ANNOVAR table of variants. Variants in VCF format
are useful for visualization.

(+) Galaxy Workflow | Recover Variants from ANNOVAR =0

(6) Workflow to convert Tophat-fusion-post results to chrint format, which can be used to visualization fusion in Circster:

(+) Galaxy Workflow | Tophat fusion post output to chrint

To use these workflows on a Galaxy instance other than this one, take these steps:

=0

1. As an admin user, download the workflows that you want to use and follow the prompts to install needed tools. Here is more
explanation on installing tools needed for workflows.
Download a j jc | i

About this Page

Author
jeremy
Related Pages

All published pages
Published pages by jeremy

Rating

Community
(0 ratings, 0.0 average)

Yours
Tags
Community: none
Yours:

¢




Single Sample
Transcr

ptome Analysis

Tophat Fusion Post
Tophat2

BAM file of aligned RNA-Seq
RNA-Seq FASTQ file, forward reads

fusions
Tabular file of potennal fusions m

RNA-Seq FASTQ file, reverse reads

results_txt (txt)
Cene Model Annotations

: i results_htm! (html)
fusions (tabular)

insertions (bed)

deletions (bed)
Input dataset 3
junctions (bed)
output : Cufflinks b4
accepted_hits (bam)
SAM or BAM file of aligned RNA-Seq
reads
Input dataset
Reference Annotation
output .
Clobal model (for use in Trackster)

transcripts_expression (tabular)

assembled_isoforms (gtf)
Input dataset total_map_mass (txt) Varscan
3 Pileup dataset
output MPileup P

BAM file 1 > BAM fil output (vcf)

Mark Duplicate reads output_mpileup (pileup, bcf)

SAM/BAM dataset to mark duplicates output_log (tx) vm

out_file (bam)

htmi_file (html)




Exome: From Sequence to Drugs

Workflow Canvas | Exome Variant Calling + Annotation + Drugs

Map with BWA for lllumina %
Forward FASTQ file
Reverse FASTQ file

output (sam)

SAM-to-BAM
SAM File to Convert

outputl (bam)

Mark Duplicate reads

SAM/BAM dataset to mark duplicates
n

out_file (bam)

ntmi_file (html)

MPileup

BAM file 1 > BAM file

output_mpileup (pileup, bef)

output_log (txt)

Varscan

Pileup dataset

output (vcf)

Annotate
Input

output (vcf)

Filter

Filter

Slice VCF

Input dataset

output (vcf)

out_filel

&

Workflow Parameters

sample_name
allele_freq

Annotate VCF
Variants

output (tabular)

Filter
Filter

out_filel

Annotate with DGl %

Cut
From

out_filel (tabular)




Workflow Canvas | Exome Variant Calling + Annotation + Drugs

Map with BWA for lllumina x
Forward FASTQ file
Reverse FASTQ file

output (sam)

SAM-t0-BAM
SAM File to Convert

outputl (bam)

Mark Duplicate reads

SAM/BAM dataset to mark duplicates
n

out_file (bam)

ntmi_file (html)

MPileup

BAM file 1 > BAM file

output_mpileup (pileup, bef)

output_log (txt)

Varscan

Pileup dataset

output (vcf)

Annotate
Input

output (vcf)

Filter

Filter

Slice VCF

Input dataset

output (vcf)

&

Workflow Parameters

sample_name
allele_freq

@ NHLBI Grand Opportunity Exome Sequenci
Project (ESP)

S 1000 Genomes

Variants

output (tabular)

Filter
Filter

out_filel

Annotate with DGI % DG I d b

THE DRUG GENE INTERACTION DATABASE

Cut
From

out_filel (tabular)

Integrates private and public data




Workflow Canvas | Exome Variant Calling + Annotation + Drugs

Map with BWA for lllumina x Varsean

Forward FASTQ file Pileup dataset

Reverse FASTQ file

output (vcf)

output (sam)

Annotate

SAM-t0-BAM
Input

AM Fil nver
S e to Convert output (vcf)

outputl (bam)

Filter
Mark Duplicate reads

Filter
SAM/BAM dataset to mark duplicates

n

out_file (bam)

ntmi_file (html) Slice VCF

MPileup Input dataset

BAM file 1 > BAM file
dtot becf
output_mpileup (pileup, bef) Aitput (vei)

output_log (txt)

&

Workflow Parameters

sample_name
allele_freq

Annotate VCF
Variants

output (tabular)
Filter
Filter

out_filel

Annotate with DGl %

Cut
From

out_filel (tabular)

Understandable, 2gditable, sharable




e 00 =_ Galaxy | Accessible Page

€& - C £ https://usegalaxy.org/u/jeremy/p/cancer-analyses

Analyze Data Workflow Shared Data~ Visualization~

Accessible Page | Cancer Analyses

Analysis Histories for Cell Line Data

Using the first three workflows above, here are the analysis histories for the three pancreatic cancer cell lines, Mia PaCa2, HPAC, and

PANC-1.

Mia PaCa2 Exome:

(+] Galaxy History | Mia PaCa2 Exome Analysis

Mia PaCa2 Transcriptome:

(+] Galaxy History | Mia PaCa2 RNA-seq Analysis

Mia PaCa2 Integrated Variant Analysis:

(+] Galaxy History | Mia PaCa2 Integrated Variant Analysis

HPAC Exome:

(+] Galaxy History | HPAC Exome Analysis

HPAC Transcriptome:

(+] Galaxy History | HPAC RNA-seqg Analysis

HPAC Integrated Variant Analysis:

(+ Galaxy History | HPAC Integrated Variant Analysis

PANC-1 Exome:

(+] Galaxy History | PANC-1 Exome Analysis

PANC-1 Transcriptome:

(+] Galaxy History | PANC-1 RNA-seq Analysis

PANC-1 Integrated Variant Analysis:

(] Galaxy History | PANC-1 Integrated Variant Analysis

Using 805.1 GB

About this Page

Author
jeremy
Related Pages

All published pages
Published pages by jeremy

Rating

Community
(0 ratings, 0.0 average)

Yours
Tags
Community: none
Yours:

+*




e 00 =_ Galaxy | Accessible Page

€& - C £ https://usegalaxy.org/u/jeremy/p/cancer-analyses

Analyze Data Workflow Shared Data~ Visualization~

Accessible Page | Cancer Analyses

Analysis Histories for Cell Line Data

Help~

Using the first three workflows above, here are the analysis histories for the three pancreatic cancer cell lines, Mia PaCa2, HPAC, and

PANC-1.

Mia PaCa2 Exome:

(+] Galaxy History | Mia PaCa2 Exome Analysis

Mia PaCa2 Transcriptome:

(+] Galaxy History | Mia PaCa2 RNA-seq Analysis

Mia PaCa2 Integrated Variant Analysis:

(+] Galaxy History | Mia PaCa2 Integrated Variant Analysis

HPAC Exome:

(+] Galaxy History | HPAC Exome Analysis

HPAC Transcriptome:

(+] Galaxy History | HPAC RNA-seqg Analysis

HPAC Integrated Variant Analysis:

(+ Galaxy History | HPAC Integrated Variant Analysis

PANC-1 Exome:

(+] Galaxy History | PANC-1 Exome Analysis

PANC-1 Transcriptome:

(+] Galaxy History | PANC-1 RNA-seq Analysis

PANC-1 Integrated Variant Analysis:

(] Galaxy History | PANC-1 Integrated Variant Analysis

usegalaxy.org/u/jeremy/h/mia-paca2-exome-analysis-1

 View history

o

User«

Using 805.1 GB

About this Page

Author
jeremy
Related Pages

All published pages
Published pages by jeremy

Rating

Community
(0 ratings, 0.0 average)

Yours
Tags
Community: none
Yours:

+*




e 00 =_ Galaxy | Accessible Histo

&« C' | 8 https://usegalaxy.org/u/jeremy/h/mia-paca2-exome-analysis-1

Analyze Data Workflow

Accessible History | Mia PaCa2 Exome Analysis

Mia PaCa2 Exome Analysis
90.2 GB

Dataset Annotation

Shared Data ~

Visualization =

Cloud «

Switch to this history

1: miapaca2 ng exome R1l.fastq

2: miapaca2 ng exome R2.fastq

3: tiled probe regions

4: Map with BWA for lllumina on data 2 and data 1: mapp
ed reads

5: MiaPaCa2: mapped exome reads

6: MarkDups MiaPaCa2: mapped exome reads, no dups.b
am

7: MarkDups MiaPaCa2: mapped exome reads, no dups.h
|

8: MiaPaCaz2: alignment summary

9: MPileup on data 6

10: MPileup on data 6 (loq)

11: MiaPaCaZ2: Varscan variants

12: MiaPaCa2: Varscan Variants, probe regions

Using 805.1 GB

About this History

Author
jeremy
Related Histories

All published histories
Published histories by jeremy

Rating

Community
(0 ratings, 0.0 average)

Yours
Tags
Community: none
Yours:

&




Preliminary Validation

using Cell Lines

3 cell lines (MiaPaCa2, HPAC, PANC-1):
exome + transcriptome sequencing

CCLE
+ Highly targeted
exome sequencing
of 500+ cancer cell lines
+ Drug response curves

33

NATURE | LETTER

HFEBEH

The Cancer Cell Line Encyclopedia enables
predictive modelling of anticancer drug sensitivity

Jordi Barretina, Giordano Caponigro, Nicolas Stransky, Kavitha Venkatesan, Adam A.
Margolin, Sungjoon Kim, Christopher J. Wilson, Joseph Lehar, Gregory V. Kryukov, Dmitriy
Sonkin, Anupama Reddy, Manway Liu, Lauren Murray, Michael F. Berger, John E. Monahan,
Paula Morais, Jodi Meltzer, Adam Korejwa, Judit Jané-Valbuena, Felipa A. Mapa, Joseph
Thibault, Eva Bric-Furlong, Pichai Raman, Aaron Shipway, Ingo H. Engels + et al.

Affiliations | Contributions | Corresponding authors

Nature 483, 603-607 (29 March 2012) | doi:10.1038/nature11003
Received 25 July 2011 | Accepted 01 March 2012 | Published online 28 March 2012




Preliminary Validation
Results

All CCLE variants (84 total) validated in cell lines

MEK inhibitor validation
+ pipelines: predicted cell lines would be responsive
+ CCLE: drug response data shows cell line are
responsive

PANC-1: fewer rare and deleterious mutations in
cell line leads to fewer applicable drugs

34



Preliminary Results: Cell
Lines vs. PAAC tumors

- .

@ all § s o (b) all rare, deleterious, and druggable mutations
a) all rare an eterious mutations

Cell Lines Cell Lines
ATIC MAGI1
CARS NOTCH1
CDC42EP1* RALGDS*
CDKN2A  SEPTY fjg’,‘,gfﬁ
FUS TPR
GNAS 7sca*
HOXC13 ZNF384*
KLF6

(c) rare and deleterious mutations in highly-expressed genes (d) rare, deleterious, and druggable mutations in highly-expressed genes




Trajectory

Standardize workflows for use by
research oncologists

Improve workflows using new tools

Generate clinician-friendly reports from
workflow

36




Common Galaxy
Questions

How does Galaxy scale?
+ to whatever computing resources are available

Can | modify workflows/pipelines?
+ yes, either via Web or programmatically

Can | add my own tools and visualizations?
+ yes, there are frameworks for both

37



Concluding Thoughts

Galaxy is a very useful platform for high-throughout

genomics
+ accessible, reproducible, collaborative
+ tools, workflows, visualizations
+ public, local, cloud

Use Galaxy to go from tumor sequence reads to:
+ rare, deleterious (RD) variants (exome)
+ gene fusions and gene expression (RNA-seq)
+ drugs associated with genes that have RD variants
(integrative)
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Thanks!
Questions?

-_ Galaxy

http://galaxyproject.org http://usegalaxy.org

Postdoc and software engineer positions available in R :
Interactive Genomics Lab @THE GEORGE WASHINGTON UNIVERSITY Bl 0 i

WASHINGTON, DC

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