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A Revolution in Biology

50-100 Gb / day
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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SRA database growth

100C 4 508,891,362,921,757 total bases

859,380,543,012,184 open access bases
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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

“Will Computers Crash Genomics?’, Pennisi, E., Science, Feb 11, 2011

7

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*

> . , Sequencin
Experimental experimental design B q 9 [l Data management analyses

Sample .
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Raw reads
(FASTA, FASTQ)

m Sample collection and Data reduction Downstream

Mapped reads
(BAM, CRAM, MRF)
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High-level summaries
(VCF, Peaks, RPKM)
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Downstream analyses

(differential expression,
novel TARs, regulatory Pre-NGS Now Future
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Genomic Analyses are Difficult

Investigators unfamiliar with
computation

Creating and reproducing
workflows (pipelines) hindered
by complexity: systems,
scripts, tools, parameters

Collaboration and reuse
difficult because current
approaches do not support
computational artifacts well

@HWI-ST565:241:D19RIACXX:1:1101:5456:1997 1 GATGT
NGCATAGGCAAGCACCGGAAGCACCCCGGCGGCCGCGECTAATGCTGETGEGTCTGCATCACCACCGCGATCAACTTCGACAAATACCACCCAGGCTACTTTGE
*

#1=DDDDDHHHHHIIIIIIIIIIAHIIIIIIIFECBBB; BBECCCCC?CBBCCCCCCCCCCCBBBBBBBBCCCCCBBBBBCCCCCCCBBBBBBBCCCCDCC
BHWI-ST565:241:D19RIACXX:1:1101:7520:1996 1:N:0:CGATGT
NCGCAACCTCAACACCACCTTCTTCCGACCCCGCCGCAGGAGCGACGACCCCATTCTATACCAACACCTATTCTGATTTTTCGE CCCTGAAGTTTATATTC
4
#4=DFFFFHHHHHIJJJIIIIIIIIIIIIIIIIIIIITJHFHFFFDDDDDDDDFEEEFDDDDDDDDDDDDEEEEEDEDDDDDDDDDDDDCDDDECDEDEEE>
EHWI-ST565:241:D19RIACXX:1:1101:10117:1998 1:N:0:CGATGT
NATGTGCCCTCTCGGCACGTCTCGCTCGCTCTCTCCAGACTCCCACTCCACGCTCGCCCTCTAACTCGCCCTTGCCCCCCGCCTTAGGCCCCGCCAGCAGGCCGAAGCA
H
#1=DDFFFHHHHHJIIJJIJIIIIIIIIIIIIIIIIIIITIIIIIIIIIIIIIIIIIIGIIIIIIIHHHFFFFDDDDB=BCDDDDDDDDDDDDCDDBB9>BDA
EHWI-ST565:241:D19RIACXX:1:1101:10283:1992 1:N:0:CGATGT
NTTGTCACCAAGACCCTACTTCTAACCTCCCTGTTCTTATGAATTCGAACAGCATACCCCCCGATTCCGCTACGACCAACTCATACACCTCCTATGAAAAAR
+
#4=DDFFFHHHHHJJJJJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIGIHHHFFFFDDDDDDDBDDDDDDDDDDDDDDDDDDEDDCD<
EHWI-ST565:241:D19RIACXX:1:1101:10632:1993 1:N:0:CGATGT
NGTAAGCCTTCTATGCATCCACACCAAAATCCTGCAGAATGTAAGTAAGCTCTGCTTTATAAGATGCCTTCACCTTCATCGCAGACTGAAAGTTTCAGTTT
+

#1 : ADDFFHHHHHGHGIGIGIJIIGGIGJIJIHGGIJGHIEHIDDHFBGIGGHIJIJIJIJJIIIGCFGIIECGCHGIHHEFGFDFDBEDDCCCR5>CDCA ; >A
EHWI-ST565:241:D19RIACXX:1:1101:10895:1991 1:N:0:CGATGT
NCTAGCACAGAGAGTTCTCCCAGTAGCTTAATAGTGCCCCCTAAGCGCCAGCTTGCCCGAGCCTTGCTACGAAGTCATCAAAAAGCTATTAGTGGCACGCAGAGT
H
#1=DFFFFHHHHHJIGHIJJJJIJGHIJHIIJJJIFIIJIIDO : CODDDDDDD<BCDDDDDDDDDDDDDDADCCCDDCDDDDDDDDDDDEEDDBD ? € €BCAAC
EHWI-ST565:241:D19RIACXX:1:1101:10838:1994 1:N:0:CGATGT
NTCCCTGCTACTGCTCATGCACTGTCCTCTCCCTGCAGCCCCTGECTTCCCAGCCTTCCTCCTGACCCCTTCCAACAGCCTTGCGAACTCCAGCTGCCACCA
+
#1=DFFFFHHHHHJJJJJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHHHHFFFFFDEEDDCDDDDDDDDDDDDDDDDDDS
EHWI-ST565:241:D19RIACXX:1:1101:11757:1991 1:N:0:CGATGT
NTTACCACTGGCAAAATCTTTTTAGTTAGATTCTAGCCTTCCTGCCGCCCTCCCATGCCAGCACTGCAAAGTCGATCCAGCCCTACCTGTCTTCCCACCTGTG
+
#4=DFFFFHHGHHJJJIIJJJJIHIIJIJIIJIIIFIIJIIIIGGHIJIJIIIIIIHIIIIIIJIIHHHHHHFFFFFFFEDDEDDDDDCDDDDDDDDDBDCE
@HWI-ST565:241:D19RIACXX:1:1101:11780:1992 1:N:0:CGATGT
NTAAATACTAAGCACAAGCTCACTTCCCTCTTGGTCAGCTGGTTTGTTTTAGAGCTACTCGATATTTATAACTTTTTATAAGCACCGGTCATTTTTTGAGA
&
#1=DDFFFHHHHAJIIIIIIIIIIIIIIIIIIIIGIIIICGH?GHIIIIIIIIIIIIIIIIHIIIII IHHEEHHHFFFFFFEEEEDDDE DDDEFDDDDBDD
EHWI-ST565:241:D19RIACXX:1:1101:12154:1991 1:N:0:CGATGT
NCGCTTTGCGCAGCCTCACGCTGCCAACATCACTTCACGCCCAGCGAGTTCCAGACCAGCCTGCCCAACATGCTAAAACCCTTTC

+

#1 : DBDDDDDDDDID ; CBB2ACA?EDDDI€DED?BDDDDDDID ; B8 .<@ADDECE ; 5?A? 2 2@ 2€AAE=>5>>AA=<<AAAAAAAR>>>?222>>>>28A>
EHWI-ST565:241:D19RIACXX:1:1101:12096:1998 1:N:0:CGATGT

NTCTGATGTTGC TCTCCGTGCCTCTCACCATCATGCCTGCTCACCACACTCCTTCTGCCCAGTTCGGCTCCAAAACTCTGCCAACTGCAGCACGAGAT
H

#1=DDFFFHHHHHJIJIIIIIIIIIIIIIIIIIIIIIIIIIIII ?DARFGIGGCGGHGIGGGGIHGGDHEFFDDCD2>CC ; ;> 5>C52<>ACCA>A?<€938
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Galaxy Project: Fundamental
Questions

When genomics (or any other 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?




Galaxy is an open, Web-based platform

for accessible, reproducible, and
collaborative computational genomics

Goecks et al. (2010) Genome Biology




Galaxy Demo




Accessi

AI I too I S I OO kS th e it Cufflinks (version 0.0.5)

Evolution
Motif Tools SAM or BAM file of aligned RNA-Seq reads:
Multiple Alignments e oA LA b
S a m e Metagenomic analyses Max Intron Length:
FASTA manipulation 300000
NGS: QC and manipulation
NGS: GATK To betal Min Isoform Fraction:
NGS: Mappin: 0.1
NCS: indel Analysis Pre MRNA Fraction:
NCS: RNA Analysis 0.15

RNA-SEQ

°
Tophat for llluming Find splice
O COI I ll I Ian II le Or Junctions using RNA-seq data
Tophat2 Gapped-read mapper
for RNA-seq data

Perform quartile normalization:

Use Reference Annotation:

[ ]
STAR Gapped-read aligner for No
I RNA-seq data e

Perform Bias Correction:
Tophat Fusion Post post~ -
No
processing of

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

Cuffcompare compare
assembled transcripts to a
reference annotation and track

L]
Cufflinks transcripts across
multiple experiments
Cuffmerge merge together
several Cufflinks assemblies Cufflinks Overview

o
fidiff find significant changes flinks assembles transcripts, estimates their abundances, and tests for differential expression and regulation in RNA-Seq
in transcript expression, samples. It accepts aligned RNA-Seq reads and assembles the alignments 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,

Use multi-read correct:

Williams BA, Pertea G, Mortazavi AM, Kwan G aren Salzberg SL, Wold B, Pachter L, Transcript assembly and abundance




Options

Filter and Sort
Filter data on any column
using simple expressions

Eilter on ambiquities in
polymorphism datasets

GFF
Eilter GFF data by attribute
using simple expressions

Filter GFF a by fi r
count using simple
expressions

Filter GTF data by attribute
values list

Fetch Alignments
attributes

Operate on Genomic Intervals
Intersect the intervals of two
datasets

Subtract the intervals of two
datasets

Cluster the intervals of a
dataset

aph/Displ
AF Custom Tr.
for display at UCSC

Regional Variation
» Filter nucleotides based on
quality scores

= Ferch Indels f 3-way

<

Workflow

Workflow Canvas

Input Dataset

output

Input dataset

output

Reproducibility

BodyMap Mapping and Assembly

b<4

Tophat for lllumina &%

Using 383.5 Gb

Options ~

Workflow Parameters
tissue_name

Filter GFF data by attribute  §2

A-Seq FASTQ file
Filter
Gene Model Annotations

insertions (bed)
deletions (bed)
junctions (bed) Filter

pted_hits (ba
accepted_hits (bam) Filter

out_filel

Cufflinks

SAM or BAM file of aligned RNA-Seq
X reads

Reference Annotation

Global model (for use in Trackster)

es_expression (tabular)
transcripts_expression (tabular)
assembled_isoforms (gtf)

total_map_mass (txt)

Workflows enable
reuse and provide
precise reproducibility

Users can add tags
and annotations for
additional context




= Communication

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 I. 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 superbly adapted 1o ic environment and h t! reity f

divergence from the lower-latitude brown bear provid 0ok exampie of rapid evolut However, limited m

DNA evidence conflict - of PB origin as well as placement of the species wit .

seq ce data from ¢ ary and Ame: black bear sam + In addni

genome-wide perspective. Nuclear DNA ma

the enigmat wn bears native to Alaska's Alexander | 0 ] T alse 10% of their nu

is m v o PBs, indicating ancient a re b with ancient splits am

bears and black bears that were later followed by o mixture. We also provide paleodemographic estimates that suggest bear evolution has tracked key
climate events, and that P8 in particular experience > ged and dramatic dec! n is effect pn size during the last ca, 50 0 years. We
demonstrate yn bears and PBs have had sufficiently in ] onary histories over the last 4- tio leave imprints in the PB nuciear
genome that likely are associated with ecological adaptation to the Arctic environment

Datasets

Many of the analyses reported in the paper were based on the five datase u can also find them under Shared Data -> Data Ubraries -> Cenome
ty. then under bear and do
¢., positions in the dog genome where we detected two d ct nucieotides in the ¢ ding bear locations
ar bear, brown bear, and American black bear), Each row in the table corresponds o a SNP, and has 124 entries

alaxy Dataset | bear SNP: =0
table contains 13,038,705 putative SNPs that were identified using a de novo assembiy of the polar bear ome (rather than the
pw of the table corresponds to a SNP, and has 1

bear 3 mbly SNP.

drial SNPs™ ta ontains | 08It 28 individuals had the same nucle Each row represents one of th

contains 79,501 varant posit

Galaxy Dataset
One of the workdlows (Dear sweep table) uses a streamlined file with the o s ¢ es (basically, each one is the longest of a set
splice variants). Each

[+ Galaxy Dataset | dog genes
Workflows

This page presents three “‘workflows™ that p results presented in the polar-bear paper. Almost all of the commands that they use are fro
Diversity” tool set. (See the left panel under "Analyze Data®.)
e paper. (Those data were used to produce 3 mo r ve PC t that includes ) nformation.) The
5 follows ) Under “Analyze Data® (in create an ¢ ty history, (2) Ui Shared Dy

ew this page. ( ear SNPs” data set ("+" in rcle n right of the gre then click on “return to the previous

page”. (4) Import the "Bear PCA" workflow, and dick on "start using this workflow”. (5) You will be taken to your Work age, have a workflow called
“imported bear PCA™; ¢ < ng select “run”. (6) You will be taken 2 hist d udes the bear SNPs and the PCA workflow 0 3
workflow (middie pa d press "Run workflow”, (7) e commands run { es a couple of minu! “eye” for the PC ok
the three Outputs. [C the PCA workfiow exposes an internal error- 3 so-called “race condition™ -~ in Calaxy, which may cause the PCA command to fal if
that happens, you can re-run the PCA (not the entire w w) by clicking on the lne thar says something like Ao ing on the blue re-run burtc
and clicking on X (S0 may ne give Galaxy a minute after the workflow finishes to put the output fil

+

The second wi < he admixture map for the two ABC bea iowing the genomic intervals (r \ he )} where one or bof

bea " ¢ like the consensus o t me than likke the genome of the L d "GRZ" in the paper)

produced by running kflow is a small ¢ the supplement (which has one ¢chromosome sh

The new figure indicates the 3Mb interval g assembly (Le, containing ondy 3
n copies of the letter "N™). When yo orkfic D 3 T ows a text file giving

coordin omMic intervals whi L ke & § up e 3 S aphical picture and

additiona’

O
uces a table of the 58 highest-scoring Hmic inte e = owing sign: *selec weep” in polar
Le., where an aliele having a ve advantage increased in frequ t » ring alleles. The table appeared
¢ S8 in the Supplement, and one interval is shown Figure 7 of the main paper, To run the workflow you will need te place both the "dear SNP” file and the
n your history. (Make sure before you press “Run workflow” that the workflow's inputs are connected 10 the proper files.) When the workflow has run

» Goecks et al., Genome Biology, 2010

Galaxy Workflow | bear sweep table L+




Published Pages | webb | polar-bears About this Page
duning the last ca. SOU,000 years, We demonstrate that Brown bears and PBs have nad sutticiently independent ries over the last
4-5 million years to leave imprints in the P8 nuclear genome that likely are associat gical adaptation ¢ t Atithior

Datasets webd

Many of the analyses reported in the paper were based on the five datasets given here. (You can also find them under Shared Data Related Pages

Ubraries -> Genome Diversity, then under bear and dog
The first consists of 12,0 e.. positions in the dog genome where we detected two distinct nucleotides in the Bub' shed pa
corresponding ¢ 0 ar bear, br American black bear]. Each row in the table Rating
corresponds 10 a SN C
Community
# Galaxy Dataset | bear SNPs =HOI o ey
The “bear assembly SNPs" table contains 13,038,705 putative SNPs that were Identified using a de novo assembiy of the polar bear genome (rather Yours
than the dog assembly). Each row of the table corresponds to a SNP, and has 11 s
Tags
L e O Community
evolution | | climate-change

scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
gL

The "bear mitochondrial SNPs” table contains 1,698 positions where not all 28 individuals had the same nucleotide. Each row represents one o

these SNPs, and has_31 columns
[+ HO&

The “bear SAPs” table contains 79,501 otein-coding regions, both synonymous and non-synonymous changes. Each Published Pages | webb | polar-bears About this Page

row has 11 columns

135 bears
150
69

1000000 PONROHAYY
AFHPPIHOOOOHEHE0O00

be taken to your Workflow page, which will have a workflow called *imported bear PCA"; click on it and select “run”. (6) You will be taken to a
I+ Galaxy Dataset | bear SAPs WO & history that inclu the bear SNPs and the PCA workflow; scroll to the bottom of the workflow (middie panel) and press "Run workflow”. (7) Al Author
One of the workflows (bear sweep table) uses a streamlined file with the Jocations of 19,014 dog genes (basically, each one is the longest of a set the commands run (which takes e of minutes). click on the “eye” for the PCA tputs. [Currenth
of overiapping spiice variants). € 5.00 & 70W.of the table. which has 5. workflow exposes an internal error- a so-called “race condition” —- in Calaxy, which may cause the PCA command to fail. if that happ
re~run the PCA (no ’ ) by ciicking on the line that says something like "7: PCA on data 6", clicking on the blue re-run Related Pages
clicking on “Execute”. You also may need to give Galaxy a minute after the workflow finishes 1 the output files in the correct places

I~ Galaxy Workflow | bear PCA o Published pages by webb
The second workflow produces the admixture map for the two ABC bears, showing the genomic Intervals (relat; the dog assembly) where one Rating
or both of an ABC bear's autos s of the polar-bear genome than like the genome of the non-ABC brown bear
(called "GRZ" in the paper). The figure produced by running the workflow is a small improvement over Figure S12 of the supplement
mosome shown in Figure 48 of the main paper). The new figure indicates the 3| interval on the left end of each dog chromosome, which
heterchromatin in the dog assembly (i.e, containing only 3 million copies of the letter “"N"). When you run t Yours
command produces two history items. The “eye” in the first one shows a text file giving coordinates of the genomic Tags
most like a particular group of individuals. The second * ds to the graphical picture and additional

webb

Community

Community

Galaxy Workflow | bear admixture map wolion)| (CHmate=change

bears

Step 6: Filter ours

Filter
Output dataset ‘output’ from step 5

With following condition
6i='chrX" and c125>=0.5

Step 7: Admixture

SNP dataset
Output dataset ‘out_filel’ from step 6

Ancestral population 1 individuals

Output dataset ‘output’ from step 3 .

Ancacteal nanalatian 2 indisiduale X
The third workflow produces a table of the S8 highest-scoring genomic intervals (relative to the assembly) showing signs of a “selective
sweep" in polar bears, i.e., where an allele having a sele advantage increased in frequency in the population and brought along with it the
neighboring al The table appeared as Table S8 in the Supplement, and one Interval is shown In Figure 7 of the main paper. To run the

low you will need 10 place both the "bear SNP” file and the g our history. (M sure before you press "Run workflow” that
ow's inputs are connected to the proper files.) When the workflow has run, you can click on the “eye” for the last command o see the

O

jorkflow “bear admixture map” has been imported
You can start using this workflow or return to the previous page




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 on

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




alaxy platform

+ run tools, workflows
on HPC resources
minimizes data et aeame st W o s

output
Max Intron Length:

Workflow Paramete|
{ name

300000 Tophat for lllumina 3¢
Filter GFF data by auribute  §8

m Ove m e nt Min Isoform Fraction: ‘ Filter

0.1 out_file1
Pre MRNA Fraction:

create workflows,

Perform quartile normalization:
No 1§

visualizations, pages| [E— | _
share everything

300000

Perform Bias Correction:

Q 3 i e O Terminal sh — 86x22 %
o galaxy-central$ python scripts/api/morkflow_execute.py AFADIZGF http://tachyliteol.bx. o)
FastaCRead ac tersion 052) hathos enory edu 20 33
search ool Shortread data from your curent istary: Copy of NA-seq exercise
e ) completed active ems ony)
Title for the output file - to remind you what the job was for: oI
[ENCODE Tools ®0n
ifi-Over E n y peas acters w ed 1 i
TextManipuiation Contaminant s P
Convent formats data 13, and data 75 transcipt
[EASTA manipulation I’ e e nc . o [EPKM tracking
Eae ksl ot : : 9 Cuftdift on daa iz, ® 0 5
e
execue itrential exg i
Fotch Sequences St ® 0%
Fetch Alignments. © Purpose data 13, and data 75: aene FPKM
Get Genomic Scores S tracking
Operate on Genomic Intervals t
- esbriond ; ssCuffdiffon data1z, @ 0 3
data 13, and data 75: gene
7 oression of whether your data has an problems of which yo showld
. furner anaas diftrsntal exprsssion lesting
: st are snCuaten @ 0%
data 13, and data 75: TSS groups
rom AW, SAM orFas fes any vartant
‘ding a quich rview to tell you in which areas there may be problems. EPKMancking 2
a Quicy asess yourdaa
86: Cuffdiff on data 17.
Exportof results to an HTML based permanent re 1z ®0% v
Offline operation to allow automated generation of reports without running gata-13. and data 75 TS arougs.
differential expression testing

the interactive application

Phenotype Association SSiCuffdiffondatalz, ® 0 3%
data 13, and data 75 COS FPKM

© Fastac
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Cloud Launch

Using 668.8 G8

Tools Cloud Cluster History 5 - |

i

Copy of ‘RNA-seq exercise
completed' (active items only)

50.1 MB

search tools

Get Data reproducible
Send Data

ENCODE Tools = 92: ®0R
Lift-Over Fast Lhtm

I nigulatien 91: Cuffdiff on data 17, @& J &
Convert Formats data 13, and data 75: transcript
FASTA manipulation PKM trackin

research
accessible

Filter and Sort 90: Cuffdiff on data 17, @& J &
Join, Subtract and Group data 13, and data 75; transcript
Extract Features differential expression testing
Live Quickies
Fetch Sequences 8% Cuffdiffondata 17, @ J &
Fetch Alignments data 13, and data 75: gene FPKM

et Genomic Scores

454 M > Managing
Operate on Genomic Intervals Singie En account histories

Statistics

Graph/Display Data
Regional Variation S <>

Multiple regression
Multivari Analysi Galaxy is an open, web-based platform for data intensive biomedical research,
> Whether on this free public server or your own instance, you can perform,
Evolution reproduce, and share complete analyses. The Galaxy team is a part of BX at
Motif Tools Penn State, and the Biology and Mathematics and Computer Science
Muitiple Alignments depantments at Emory University, The Galaxy Project is supported in part by
NSF, NHGRI, The Huck Institutes of the Life Sciences, The Institute for

CyberScience at Penn State, and Emory University.

Meta mi

Phenotype Association

NGS TOOLBOX BETA Calaxy build: SRev 10305:4b1c7ad464¢ca$

NGS: OC and maninulation
< ¥ galaxyproject




i https://main.galaxyproject.org/cloudlaunch

Shared Data ~ Visualizat DUy A i er v Using 668.8 GB

Launch a Galaxy Cloud Instance

To launch a Galaxy Cloud Cluster, enter your AWS Secret Key 1D, and Secret Key. Galaxy will use these to present appropriate options for launching your cluster. Note
that using this form to launch computational resources in the Amazon Cloud will result in costs to the account indicated above. See Amazon's pricing for more
nformation.

Key 1D

AKIAIZYLUWEIRJOVADAA

This is the text string that uniquely identifies your account, found In the Security Credentials section of the AWS Console

Secret Key

siralcyCFKfLOIKvSrsCMjyfCvIYfGS3LSSx25As

This Is your AWS Secret Key, also found In the Security Credentials section of the AWS Console

Instances in your account

New Cluster

Cluster Name

clusterl

This is the name for your cluster, You'll use this when you want to restart

Cluster Password

Cluster Password - Confirmation

Key Pair
Create New - cloudman_keypair

Instance Type
Large

Requesting the instance may take a moment, please be patient. Do not refresh your browser or navigate away from the page

Submit




ec2-54-243-13-128.compute~-1.amazonaws.com/cloud

-.CloudMan from Galaxy Admin | Report bugs | Wiki | Screencast

CloudMan Console

Welcome to CoudMan. This application allows you to manage this instance cloud custer and the services provided
within., Your previous data store has been reconnected, Once the duster has initialized, use the controls below to
manage services provided by the application.

Terminate cluster Add nodes ¥ Remove nodes Access Galaxy

Status

Cluster name: clusterl

Disk status: 2.9G/10G (29%) ¢ Autoscaling is off.
Tum on?

Worker status: Idle: 0 Available: 0 Requested: 0

Service status: Applications @ Data @

Cluster status log




Tools

search tools

Get Data

Send Data

ENCODE Tools

Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group
r rm

Extract Features

Eetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Statistics

Craph/Display Data

Regional Variation

Multiple regression

Multivariate Analysis

Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
FASTA manipulation

NCBI BLAST +

NGS: QC and manipulation
NGS: Picard

NGS: Assembly

A

<

Analyze Data

Welcome to Galaxy on the Cloud

History

Unnamed history
0 bytes

‘ €) Your history is empty. Click ‘Get
| Data’ on the left pane to start




Cloud Features

Resource configuration
+ (CPUs (read mapping) vs. Memory (assembly)

Autoscaling
+ automatically scale cluster as needed

Snapshotting
+ share a complete Galaxy that others can copy
and use




Visualization Framework

Tools
RNA=-SEQ

Tophat for Illumina Find splice
junctions using RNA-seq data

Tophat2 Gapped-read mapper
for RNA-seq data

Tophat Fusion Post post-
processing of

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

Cuffcompare compare
assembled transcripts to a
reference annotation and track
Cufflinks transcripts across
multiple experiments

Cuffmerge merge together
several Cufflinks assemblies

Cuffdiff find significant changes
in transcript expression,
splicing, and promoter use

FILTERING

Filter Combined Transcripts
using tracking file

NGS: SAM Tools

NGS: Variant Detection

NGS: Peak Calling

NGS: Simulation

<

Analyze Data Worl

Attributes Convert Format Datatype

Edit Attributes

Name:

:Differential Transcript Expression

Info:

Annotation / Notes:
None

Add an annotation or notes to a dataset; annotations are available when a history is viewed.

Database/Build:
|Human Feb. 2009 (GRCh37/hg19) (hg‘

Number of comment lines:

M

(save)
j —

( Auto-detect )
~——

This will inspect the dataset and attempt to correct the above column values if they are not accurate.

Permissions

Using 2.0 TB
History

Small Sample/Treatment
Differential Expression Analysis

10.7 MB

15: Differential @ R

Transcript Expression
2,535 lines
format: tabular, database: hgl9

=EO®OR

TCONS_008800081 = NM_881085248 XLOC_!

TCONS_B8888882 = NM_138768  XLOC_|
TCONS_88080083 = NM_138762  XLOC_|
TCONS_08888884 = NM_833513  XLOC_|
TCONS_80808005 = NM_884359  XLOC_|
TCONS_08888886 = NM_885317  XLOC_|

— e

14: Cuffdiff on data 1, @ R

data 2, and data 3: transcript

FPKM tracking

13: Cuffdiff on data 1 @ 7 R
data 2, and data 3: transcript

differential expression testing

12: Cuffdiff on data 1 @ R

' data 2, and data 3: gene FPKM




Tools
RNA=SEQ

Tophat for lllumina Find splice
junctions using RNA-seq data

Tophat2 Gapped-read mapper
for RNA-seq data

Tophat Fusion Post post-
processing of

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

Cuffcompare compare
assembled transcripts to a
reference annotation and track
Cufflinks transcripts across
multiple experiments

Cuffmerge merge together
several Cufflinks assemblies

Cuffdiff find significant changes
in transcript expression,
splicing, and promoter use

FILTERING

Filter Combined Transcripts
using tracking file

NGS: SAM Tools

NGS: Variant Detection
NGS: Peak Calling
NGS: Simulation

£

Analyze Data

Scatterplot of 'Differential Transcript Expression'

Data Controls

Chart Controls

Statistics

Chart

Treatment FPKM

v

(40

20,000=

18,000

16,000

14,000 4

12,000

10,000

8,000

6,000+

4,000
T

2,000+

Control FPKM

AES
15163.4
4994.14

Using 2.0 TB
History

Small Sample/Treatment
Differential Expression Analysis

10.7 MB

15: Differential @ J R

Transcript Expression
2,535 lines
format: tabular, database: hgl9

=®LR =

TCONS_66888881 = NM_881805248 XLOC_I
TCONS_80888802 = NM_138768  XLOC_I
TCONS_B8088863 = N¥_138762  XLOC_I
TCONS_88800084 = NM_833513  XLOC_
TCONS_86888885 = NM_884359  XLOC_I
TCONS_80888886 = NM_885317  XLOC_I
<>

14: Cuffdiff on data 1 @ R
data 2, and data 3: transcript
FPKM tracking

13: Cuffdiff on data 1, @ R
data 2, and data 3: transcript
differential expression testing

12: Cuffdiff on data 1, @ R

‘ data 2, and data 3: gene FPKM




Analyze Data Workflow Shared Data Visualization Admin Help User

chr22 - 29,189,815 - 29,197,337
29,191,000 29,192,000 29,193,000 29,194,000 29,195,000 29,196,000

NSTEDEB4E27

pECufflin

Cufflin
Cufflinks
Max Intron Length
Min Isoform Fraction
Pre MRNA Fraction
Perform quartile normalization =
Run on complete

Score [449-1000]

frac [0-0.64]

cov [8-253]

conf_lo [7862517-313270351]
FPKM [10511944-326534916]
conf_hi [13161372-339799481]

5959509593939 995333 O 3930303555932 33333333333335>
£ 2 N - S CUFF 2. | ST SIS SIS SISIIN]

e B R —
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Data »

Circster (hg19)




Phylogenetic Tree from 11_bcl_2.xml:

Visualization~

2 O | Alt+click to select nodes

Phylogenetic Tree from 11_bcl_2.xml:

5 O | Altsclick to select nodes

Search / Edit Nodes :

Search for nodes with:
Name (containing) +1|None

( Search! )

Name: | None
Dist: |None

Annotation:

Edit: O

Phyloviz Settings:

Phylogenetic Spacing (px per unit): | 250
(50-2500)

Vertical Spacing (px): | 18 (5-30)

Font Size (px): | 12 (5-20)

((Reset )

© 51_CHICK
O 145 XENLA
© 88_CANFA
O 115_MOUSE
O 74_BOVIN
9_HUMAN
© 159_BRARE
0 166_8RARE
© 52_CHICK
O 144_XENLA
O 90_CANFA
12 _HUMAN
64_BOVIN
O 142 XENLA
() 155 BRARE
O 154 _BRARE

Q

1O 125 MOUSE
Q 095 CANFA
2.0 13_HUMAN
£ 16 SPHGR
17 SPHGR
() 158 BRARE
5 169 _BRARE
0 130_TETNG
O 122 MOUSE
11 HUMAN
- O 68_BOVIN
5 92_CANFA

O 147 XENLA
O 140_TETNG
O 152 XENLA
0_HUMAN
O 72_BOVIN

97 CANFA
O 41 CHICK
Q 132 TETNG
135 TETNG
O 102_FUGRU
© 167_BRARE
XENLA
6_MOUSE

Search / Edit Nodes :

Search for nodes with:
Narﬁe’(’cbﬁtaininé) %4/ human
(Search)
Search! )
Name: | None

Dist: |None

Annotation:

Edit: O

Phyloviz Settings:

Phylogenetic Spacing (px per unit): | 250
(50-2500)

Vertical Spacing (px): |18 (5-30)

Font Size (px): | 12 | (5-20)

£ Raset)
( Reset )

(Aooiv)
(Apply




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

Local installations all over the world

PRINCETON
UNIVERSITY

W

INDIANA UNIVERSITY

Harvard School of
Public Health

THE UNIVERSITY OF

TEXAS

e ATCAUS TN ——

g BACIAR - BABDBERMRE AR wkmm,
[, CUHK-BGI Innovation Institute of Trans-Omics I3&S

(GIGA)"Galaxy
netherlands by CBIT
1l

Integrated publishing of workflows from /GIG ,\IlN .

DBCLS Galaxy

An Integrated Environment
for Databases in Life Science

SATHAIVRICBIBFT—IN-ZHER/ELT
Galaxy m_x‘m”“WEFb'

COBCLD

Database Center for Life Science

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

SL /’DSTE’EFIM

(;uluxy made as,




Topics

The High-throughput Sequencing Era
Galaxy

Cancer Genomics with Galaxy
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Personalized Oncology

6 patients, whole transcriptome intron __&
sequencing (RNA-seq) of primary RSN
tumor Exon

+ mixed populations!

+ 3 +ERCC, 3 -ERCC (via IHC)

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

Short read is split by
intron when aligning

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




Big Questions

What drugs is a patient likely to respond to
given his/her genomic profile?

+ genomic profile = mutations, gene expression,
copy number, ...

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

+ match profile to potential drugs?
+ match profile 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 workflows
+ workflows are understandable, extendable, sharable

New visual analysis applications
+ visualize and call variants in a Web browser




Workflow Canvas | Exome Variant Calling + Annotation + Drugs &

Workflow Parameters

sample_name
| allele_freq

Map with BWA for lllumina
Varscan Annotate VCF

Forward FASTQ file =
: P'euDdatase[ Variants
__F.l_s‘_v/_frse FﬁSTQ f.‘..l.e output (vcf)

output (tabular)
output (sam)

Annotate Filter
SAM-to-BAM x n
put Filter
SAM File to Convert R
oy AR R R SRR RS, output (vcf)

out_filel

outputl (bam)
Filter z
Mark Duplicate reads Annotate with DGI %
Filter
SAM/BAM dataset to mark duplicates

Input
n out_fiéel

output (tabular)

out_file (bam)

htmi_file (html) Slice VCF
MPileup Input dataset

! out_filel (tabular)
BAM file 1 > BAM file Regions ut_filel (tabu

output (vcf
output_mpileup (pileup, bcf) LR el

output_log (txt)




Workflow Canvas | Exome Variant Calling + Annotation + Drugs

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

output (sam)

SAM-to-BAM x
SAM File to Convert
outputl (bam)
Mark Duplicate reads

SAM/BAM dataset to mark duplicates

out_file (bam)

htmi_file (html)
MPileup

BAM file 1 > BAM file

output_log (txt)

output_mpileup (pileup, bcf)

Varscan
Pileup dataset
output (vcf)
Annotate

Input

output (vcf)

Filter
Filter

out_filel

Slice VCF
Input dataset
Regions

output (vcf)

&

Workflow Parameters

sample_name
allele_freq

@ NHLBI Grand Opportunity Exome Sequencin
Project (ESP)

Annotate VCF 1000 Genomes

Variants

output (tabular)

Filter
Filter

out_filel

Annotate with DGI DG I d b

THE DRUG GENE INTERACTION DATABASE

Input

output (tabular)

Cut
From

out_filel (tabular)

Integrates private and public data




Workflow Canvas | Exome Variant Calling + Annotation + Drugs &

Workflow Parameters

sample_name
| allele_freq

Map with BWA for lllumina
Varscan Annotate VCF

Forward FASTQ file =
: P'euDdatase[ Variants
__F.l_s‘_v/_frse FﬁSTQ f.‘..l.e output (vcf)

output (tabular)
output (sam)

Annotate Filter

SAM-to-BAM x
Input Filter
SAM File to Convert ¢
output (vcf) out_filel
outputl (bam)
il z
Mark Duplicate reads Einsr Annotate with DGl %

Filter
SAM/BAM dataset to mark duplicates

Input
n out_fiéel

output (tabular)

out_file (bam)

htmi_file (html) Slice VCF
MPileup Input dataset

! out_filel (tabular)
BAM file 1 > BAM file Regions ut_filel (tabu

output (vcf
output_mpileup (pileup, bcf) LR el

output_log (txt)

Understandable,gditable, sharable




Validation Using Public Data

- Highly targeted
exome sequencing
of 500+ cancer cell
lines

Drug response
curves

NATURE | LETTER

HEEEH

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




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

Tophat Fusion Post
Tophat2

BAM file of aligned RNA-Seq

RNA-Seq FASTQ file, forward reads

reads

Tabular file of potential fusions m
RNA-Seq FASTQ file, reverse reads ooty m

results_txt (txt)

Cene Model Annotations

z results_html (html)
fusions (tabular)

insertions (bed)

deletions (bed)

DU e = junctions (bed)

output Cufflinks 4
accepted_hits (bam)

SAM or BAM file of aligned RNA-Seq

reads
Input dataset x4

.
Reference Annotation transcripts +
output

Clobal model (for use in Trackster) & I I
genes_expression (tabular) I ' I I I

transcripts_expression (tabular)

assembled_isoforms (gtf)
Input dataset X4 total_map_mass (txt) Varscan

output P:leup"dﬁ(?set

MPileup X4

BAM file 1 > BAM file output (vcf)

Mark Duplicate reads 2 output_mpileup (pileup, bcf)

SAM/BAM dataset to mark duplicates output_log (txt) variants

n
out_file (bar

html_file (html)




Cufflinks DE data to
ene Regions

Workflow Canvas | Convert Cuff* tabular dataset to Interval &

Workflow Parameters
locus_col

Input dataset

output

Paste

Paste

out_filel (tabular)

and

Convert

out_filel
in Dataset

el (tabular

Convert
in Dataset

1 (tabular)




Validation Results Using
MiaPaCa2 Cell Line

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

After filtering for only mutations in highly-
expressed genes:

Found 46 6 druggable genes, leading to 98
62 potential drugs




Matching Patients and Cell
Lines




Comparing Called Variants
with Public Datasets

Input dataset

output

Input dataset

output

Input dataset P4

output

Input dataset P4

output

VCFTools Intersection X4

Datasets to

Datasets to

Compare 1 > Dataset

Compare 2 > Dataset

output (vcf)

Input dataset

output

Input dataset

output

X

X4

VCFTools Compare P4
Datasets to Compare 1 > Dataset
Datasets to Compare 2 > Dataset

Datasets to Compare 3 > Dataset

output (tabular)

VCFTools Compare P4

Datasets to Compare 1 > Dataset
Datasets to Compare 2 > Dataset

Datasets to Compare 3 > Dataset

output (tabular)




OM MIA (4)

OMPC(11)

OM ALL (114)
HP MIA (84)
HP PC (1769)

HP ALL (64,669)

OM = OncoMap, HP = hybrid capture with probes
47




P2

OM MIA (4)

1

OMPC(11)

1

OM ALL (114)

2

HP MIA (84)

6

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
48




Patient Mutations to Predict

Tumor Attributes

P1

P2

P3

P4

OM MIA (4)

1

1

0

OM PC(11)

1

1

0

OM ALL (114)

2

1

1

HP MIA (84)

0
0
0
3

6

4

5

HP PC (1769)

16

23

19

11

HP ALL (64,669)

110

180

143

97

Tumor %

90%

90%

100%

0%?

OM = OncoMap, HP = hybrid capture with probes

49




Clustering via Differentia
Expression

Workflow Canvas | Cuffdiff DE to Cluster Input

Input dataset =

output

Compare two Datasets $%
Compare
against
Input dataset D B

out_filel
output

il out_filel (tabular) %
ilter

Filter
out_filel
Cluster 3

Matrix

cdtfile (txt)

out_filel (tabular) atrfile (txt)
gtrfile (txt)
unique_line

kagafile (txt)
Original file

kgafile (txt)

pcagenefile (txt)

pcagenecoordfile (txt)

pcasamplefile (txt)

pcasamplecoordfile (txt)




Gene Expression Clustering

-0.14

0.31

Pl P2 P3 P5 P4 P6 CL

Spearman Correlation




Gene Expression Clustering

-0.14

0.31

~

CL

Spearman Correlation




Interactive Visual Analysis




Mutation Calling from RNA-seq

-~ Galaxy

Workflow Canvas | eQTL RNA-seq Analysis

Tophat Fusion Post
Tophat2

BAM file of aligned RNA-5Seqg
RNA-Seq FASTQ file, forward read

Tabular file of potential fusions

RNA-Scq FASTQ file, reverse

reads results_txt (ix1)

Cene Model Annotations results_heml (haml

Input dataset

output

Input dataset

outp® Culfiinks

STAR
RNA-Seq FASTQ file
RNA-Seq FASTQ file, reverse
input dataset
outpuL
assembled_lsoforms (gtf) Varscan
total_map _mass (txt
MPileup
BAM f
OUTOUT_Mpaieup
Mark Duplicate reads oulput_log (txt)

SAM/BAMTIMRLC Mark

n

html file (heml

Variant calling from 6 patient, 700GB pileup file requires 48 hours to complete

54




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 application:

transcript assembly)
+ can decide what data to analyze on the fly

Goecks et al. (2012) Nature Biotechnology




Concluding Thoughts

Galaxy is a very useful platform for high-throughout

genomics

+ accessible, reproducible, collaborative
+ public, local, cloud

New tools, workflows, and visual analysis tools for

analyzing high-throughput cancer sequencing data
+ driven by personalized oncology project
+ integration is key: genomic profile with mutations +
gene expression, private + public data
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CANCER
INSTITUTE

A Cancer Center Designated by
the National Cancer Institute
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Thanks!
Questions?

-_ Galaxy
http://galaxyproject.org

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

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




