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Introduction

« Computation Institute

— Ajoint institute of Argonne National Laboratory and the
University of Chicago

— Interdisciplinary approaches to challenging systems problems

— Development and application of advanced computational
methods

— Co-hosts of the GCC 2012

« CVRG project 9 CardioVascular Research Grid
— Funded by NHLBI

— Aim: create an infrastructure for sharing cardiovascular data
and data analysis tools

— Collaborator: Institute for Computational Medicine at the

Johns Hopkins University hitp://cvrgrid.org/

www.ci.anl.gov
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Introduction

- Galaxy
— Web-based platform, ease of use and distribution
— Various sequencing analysis tools
— Easy data/workflow/history sharing
- Challenges
— Distributed data at different locations
o Transfer and sharing data with other researchers

— Inefficient ways of data movement
o Browser Upload: 2GB limit
o FTP: not stable enough
— Distributed computing for high performance

— Requirements for new tools
o CRData, execute R script
o CummeRbund , analyze Cufflinks RNA-Seq output
o Miso, compute Psi values for genes/events

— Automatic deployment of Galaxy on Cloud

26| THE UNIVERSITY OF
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Globus Transfer

Globus Online - No IT required

User initiates

— Software as a Service (SaaS) transfer |-

— Consolidated support & troubleshooting W0 terace " Globus Online
- o . - notifies user

— Works with existing GridFTP servers

— Globus Connect solves “last mile problem” &

* Reliable file transfer % <

— Easy “fire-and-forget” transfers L’/‘ Globus Online 3
. Source moves files Destination

— Automatic fault recovery | — ,

— High performance
) ) ) https://www.globusonline.org/
— Across multiple security domains

> 5500 registered users, > 6PB moved

« Recommended and used by DOE j ==
Facilities, NSF Supercomputing centers, [0 =0 & o 0 F 00
many campuses

Reliable, high-performance, secure file transfer.

Move files fast. No IT required.

www.ci.anl.gov
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- Transfer large quantities of data in
and out of Galaxy fast and reliably = == o

|search tools =
Globus
» GO Transfer Perform a globus

« 3 Globus Online tools ol

Transfer data from Globus Source Path:
Online to Galaxy =

Send Data via Globus Online b -
— ra I l S e r Transfers data via Globus Destination Endpoint:

Online. r - -
MNCBI BLAST+ blastp (via
Condar) Search protein Destination Path:

o transferring data between different o] iR :

Directory Path Dataset Deadline {(In minutes):

endpoints e |
— Get data via Globus Online T
o getti ng d a ta fro m G O e n d po i nt to $mﬂs Transfers data between globus endpaints.

Lift-Over Example

G a | a Xy s e rve r Text Manipulation Specify your certs, your endpoints, and some paths within those endpoints.

— Send data via Globus Online

O Se n d i ng d ata fro m G a | aXy to G O & glObUS On[ine Manage Data | Support | boliu
e n d p o i nt start transfer | view transfer activity | manage endpoints | dashboard

n

), WARNING: Be caraful not to exceed disk quotas!

o o ) Transfer Activity
+ Set “Deadline” for transfer
Cancel a4 3 [ersppp View |ﬁ:‘"‘“’“"’"
° ° . ° Status | Label Task Progress. Completion Time Keqnem O

[ J E m a I I n Ot Ifl Ca t I 0 n ] ] Task d:771be24e-al4e-11e1-81e6-1231381bd061 [ 05/18/201208:03 P 05M8/2012 08:03 P
la] Task 1d:76673b82-a14e-11e1-81e6-1231381bd061 [ 05/18/201208:03PM 05M8/2012 08:03 PH
. . ] ] Task d:761abdfc-a14e-11e1-81e6-1231381bd061 [N 05/18/201208:03 PN 05M8/2012 08:03 P
[ J Tra n Sfe r m O n Ito rl n g la] (] Task d:8407a2b0-a14c-11e1-81e6-1231381bd061 [ 05/18/201207:49 PN 0518/2012 07:49 P
] ] Task d:82¢32910-a14c-11e1-81e6-1231381bd061 [ 051820120740 PN 05M8/2012 07:49 PH
] (] Task d:81177508-a14c-11e1-81e6-1231381bd061 [ 05/18/201207:49 PN 05M8/2012 07:49 P
] (V] Task Id:80cTb0f6-a14c-11e1-81e6-1231381bd061 [ 05/18/20120749 PN 05M8/2012 0749 PH
] ] Task 10:80201378-a14c-11e1-8126-1231381bd061 [ oserm20749Fn 051812012 07:49 P

@ THE UNIVERSITY OF WWW-Ci-anI-gOV
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CRData

e R CRData 3
» scotttest.R
— A software for statistical computing . arithR
and graphics « HestonR :
= hostinfo.R
° CRData s Test Scnpt.R
— Originally created as part of crdata.org Z_Z:Z'ﬁ Z'Sc’;mie:jmm
— Wrap 35 tOOIS = sequenceDifferentialExperssion.F
o heatmap_plot_demo.R » gaplot demo.R
o sequenceDifferentialExperssion.R » Demo search for 3 motifin 3

= Hmisc xYplot Demo.R
s Cherrvadler mutusl reprecssion

o affyClassify.R

O ceeese -course simulation.R
— Execute a set of BioConductor R scripts = pics plet demor
— Used for analyzing ECG Data in CVRG & HRRG A RO T

= Demo sequence logo visuzalizat

s Demo uplcad a file from 2 rer

« Complements the functionality of b
executing CRData R scripts in Galaxy . peme 3 oot with user selea

s SakasSmith bistafble morohoaen ~
n »

www.ci.anl.gov
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CRData

Tools | Options ~ | T 7 5 =
T —— — q eDifferentialExperssion.R
e e will default input loaded input file?
CRData ill you ._use efault input or your uploa input file? :
« scotitestR | | [Defaultinput  [+] .
= arith.R Select default input file:
= Heston.R ‘SequenceDifferentialExpressioninput.tab [+
« hostInfo.R Input condition1: PRt T
= T | 3, ‘“relationship between log fold change
= Test ScriptR el . 4 - s d g
default value is 'Normal' ues
= heatmap plot demo.R - @ ©
: Input condition2: a c X 9 d
= Demo of RSBML and RgraphViz o a o %
. . : (ATEIEhENE 4 L o 8
= sequenceDifferentialExperssion.f| | daraulE valis & Trastment' E i
= ggplot demo.R 1B
Execute = & -
= Demo search for a motif in a = = %
. . T 2
= Hmisc xYplot Demo.R The output file will give you the result of sequenceDifferentialExperssion.R script. 2 .l o |
= CherryAdler rth'ltuaFJ‘. SRLimirol This script performs a two-sample test for RNA-seq differential expression. It is based on the work flow and g
. e assumptions of the DESeq package, using specific methods for between-sample normalization, variance D
= PICS plot demo.R stabilization, and differential expression. Details are available in the DESeq package vignette, -
http://bioconductor.org/packages/release/bioc/html/DESeqg.html. Usage: sequenceDifferentialExpression((dataset,
= Demo of conditional plotting.R conditionl, condition2)
= Demo seguence logo visualizat Arguments: L I
: 3 * PR
= Demo upload a file from a rer dataset: A tab delimited text file of sample and count data. 0 = I 5 o
= Demo stochastic kinetic simulat The first row contains information describing the condition to which each sample is classified. The first entry Log2 Fold Change, Treatment vs Normal'
= Demo 3D plot with user select (corresponding to the column described below containing the region of interest) is empty. There must be exactly
two unique conditions across all samples.
= SakaSmith bistable morphogen o )
The second row contains information about sample na Color Key | | History | options ~ |
= Demo heatmap plot.R name column, and is ignored. The remaining columns c > Histo oa : -
. - vE <~ =]
= Laslo et al Mac vs Neutrophil The third and subsequent rows contain a name identifiy 3« o history ‘ ‘
koSt e e Son followed by counts of reads found in each sample. The Oy
. pi tigii °
- || distinct. VR 13: heatmap 2
ol T ] b o B peesemg m o W o memEe Column Z-Score 20.3 Kb =
steady state locus of A (blue) & B (red) format: jpg, database: 2
W vrsg bbb kg gy ‘ Heyd | WOY :
Te AP QR T AT A . — Hote) | R s
v~:":A.....,...,(,.;K‘ = Cabpa /
| Cknla
o - sunb 69 lines, 23 comments
g L 12 |v| § format: tabular, database: 2
o =61 .
i) - Fos T
"’
s - Bhihb2 Loading required
- - Hicl package: cluster
= Loading required
- = b D S o package: Bicbase
a = = a = Welcom= to Bicconductor
= e % E E % g Vignsttes contain
w0 2] (7] [, |

Figure 8. heatmap pducsery material.
ew, type




Picard/GATK via Condor

-  Wrap all the Picard and GATK tools to  Mes:GATKTeols via Conder

ALIGMMENT UTILITIES

run th rough COndor jOb SCthUler = Depth of Coverage {via Condor] on BAM files
« Leverage local cluster or cloud based e e

REALIGMMENT

Sca |a ble Com putational resou rces for = Bealigner Tarnet Creator (via Coandor) for nse in lncal

realign NGS: Picard via Condor

parallelizing the tools . Indeln CONVERSION
° Condor BASE | " FASTQ to BAM (via Condor) creates an unaligned BAM file
. Counti ™ SAM to FASTQ (via Condor) creates a FASTQ file
H C/METRICS FOR SAM/BAM
— Parallel execution . Tablern QC/ /
. Analvze " BAM Index Statistics (via Condor)

— Automatically job scheduling GENOT

— Condor pool: multiple worker nodes, * Unified

| dd ANnO7 = Estimate Library Complexity (via Condor)
€asl y d or remove = Varignt " Insertion size metrics (via Condor) for PAIRED data

= SAM/BAM Alignment Summary Metrics (via Condor)

= SAM/BAM GC Bias Metrics (via Condor)

° Condor Runner for Galaxy FILTR) " Ei:sh;ﬁf;gxgr:jda?;lection Metrics (via Condor) for targeted
. = \ariant

— The executable along with command | queq, AWM ctEANING
. . — = Add or Replace Groups (via Condor)
line options get passed to a condor VARIA | s s Condad
runner : ‘:ar_ilart = Replace SAM/BAM Header (via Condaor)

. . = PRy & . . . ;

~ Applications are run on a worker Node  yaus © Eaedasadtais S (s Conden orpared &2z
. . = Mark Duplicate reads (via Condor
InStead Of the galaxy nOde - ﬁ = Picard SAM Format Converter (via Condor)

— Enable faster and more efficient . compp, " Build BAM Index (via Condor)
execution of Galaxy jobs CAsL s

= Clean Sam (via Condor)

www.ci.anl.gov
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CummeRbund

Cufflinks RNA-Seq output
database using cuffdiff output

Expression Plot, Expression Bar Plot

cummeRbund (version 1.0)
Select a backend database file from history, or build a new one using cuffdiff output?:
Use backend database from history v

Select backend database (sqlite):
13: cuffdiff.genes significant [=]

Plots
Plots 1

The width of the image:
1280

The height of the image:
960

Plot type:
Density [=]

Apply log10 transformation on FPKM values?:
v

Remove Plots 1

Add new Plots

An R package designed to aid and simplify the task of analyzing
Input: a backend database file from the history, or build a new

Plot type: Density, Boxplot, Scatter, Volcano, Heatmap, Cluster,

History Options ~
o 7
CummeRbund 9.4 Mb
34: cummeRbund on data ® ( %
18 (HTML)

164 bytes

format: html, database: 2

Info: Rscript --vanilla
/nfs/software/galaxy/database/job
_working_directory/000/299/tmpr8
KO3t

HOO

MIML file

22: cummeRbund on data ® 0"_8?3_

- | 18 (HTML)

164 bytes

format: html, database: 2

Info: Rscript --vanilla
/nfs/software/galaxy/database/job
_working_directory/000/34/tmp2qi
HZu

HOU

DL £ile

| 18: Get Data via Globus ® ¢ 3¢

www.ci.anl.gov
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CummeRbund

Tools

[Ee——

CVRG TOOLBOX

Globus

HNGS: RNA Anslysis

RNA-SEQ

Tophat for Nlumina Find splice junclions
e —

Tophat for SOLD Find splice Junclions
Cming AlA-s=g data

Cufflink= tram=cript assambly and FPKM
[RPEM] =stimates for RN&-S=g data

s Cuffcompars compars assemibled
tran=cripls o & ref=rence annclation and
track Cotfinks tramsoripts across multiole
=rparimants

s Cuftmeros ma=rg= together smyvmral
Cufflinkx sxzembli=s

CuUfTGIT Tind significant changes in
Farsoript muprassion, sglicing, and
promoter woe

FILTERING

Filter Combin=d Transcripls wsing
Tracking fil=

» cummeRbund R package designed to aid
and simplily the ta=k of analyzing
Cutfiinks ANA-Seg output

Tophat Tor Dhemina [vis Condor] Find
spho= junclions using RNA-s=q data
Miso

NCBO Services

NGS: Picard

NGS: Picard via Condor

NGS: GATK Tools

MGS;: GATK Tools via Condor

CGA Tools

BLAST Parser and Filtering

HNGS: BAM Tools

DEFAULT GALAXY TOOLEOX
Get Data

Send Data

ENCODE Tools

Lift-Ower

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Festures

Fetch i=el=—13

Feteh Alignments

Get Genomic Scores
Operste on Genomic Intervals

m

dansity

genes

Tog1 Ofipkm)

THE UNIVERSITY OF

CHICAGO

History | Options |
o “
CummeRbund 9.4 Mb

34: cummeRbund on @ ®
data 18 (HTML)

154 bytes

format: himl, detabass: 3

Info: Rscript --vamnilla

Jnfs/saftw are/galaxy/databassjob_
working_dir=ctory/D00/ 255/tmprKD
3t

D

T rile

22: cummeRbund on ® "
data 18 (HTML)

154 byt=<

Tormat: himi, databas=: 2

Info: Rscript --vamilla
Jnfs/saftwans/galaxy/database/job_
wiarking_dir=ctony/D00/ 34/ tmplgiHZ
u

O

mmm mila

18; Get Data vis Globus & § 3
Online-cuffDeta.db

www.ci.anl.gov
www.ci.uchicago.edu




« MISO (Mixture-of-Isoforms)

— a probabilistic framework
— Quantitate the expression level of spliced genes from RNA-Seq data
— ldentify regulated isoforms or exons across samples

- Wrap 5 Miso tools
— Index GFF
o create an index for the GFF annotations
— Compute Psi values for genes

— Compute Psi values for all events

o compute Psi values for a given GFF annotation of either whole mRNA
isoforms or isoforms produced by single alternative splicing events

— Summarize Samples
o summarize MISO output and obtain confidence intervals for Psi values

— Compare Samples
o compute comparison statistics between the two given samples

www.ci.anl.gov
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€ c

Galaxy

2 0€2:23-20-5-163 compute-1.aMazonaws.com

Shared Data

Options

Compute Psi values for genes (version 1.0,0)

Select a indexed GFF directory with genes:
91: Output of Index GFF.hmi

Sclect from bambai datatype, including a sorted, indexed BAM file and its bai file:

80: miso-BamBai v

Input type of event:
Default v

EVENTS INFO _FILENAME (optional):

History Options
91: Output of Index ®0R G
5 GEE.html

Info: Indexng GFF
- GFF

ataset_237.dat
- Outputting 10:

ataset_278_files

Infs/software/galaxy/database/files/000/d

Infs/softwar e/galaxyldatabasefies/000/d

[ Theough O genes.
Fiename with all the events X ales. This s used ¢ Loaded 1 genes
|,,;”‘ x regiot e o N - Loading of genes from GFF took 0.00
SETTINGS FILENAME: Making director
Default setting fle v HOO
Wil you use default setnng e or y uploaded se Qg fhe?
HTML 8¢
READ _LEN:
= R ——
[,,.., e e | Im;ml&ﬂam&u' ®0R
Lengin of sequenced reaas
JOB_NAME (optional): Galaxy tool Compute Psi values for events run at 01/05/2012 tEMory Options v
[misopob | 16:36:07 : f i ®0%
Name for obs <ubmned 1o queue for The following output files were created (click the filename to values for all events.html
view/download a copy): 15 Kb
Execute

Compute Psi values for a given GFF ar
neoduced by sinale allernaine Soicion |

chrl:192752368: 192752637 :

+:chrl:192756746: 192757071 :+:chrl : 19276132

format; aml, database: ?
Info: Loading settings from:

chrl5: 79605327 : 79604789: - 1 chr15: 79596283: 79596217 :

~:chrl5: 79595451 ¢

Infs/software/galaxyfiools/miso/settings/

count.pickle

events summary.miso

CVRG

Argonne@

NATIONAL LABORATORY
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MsSo_senings.ba
Setings:

flter_results True
min_event_reads 20
cluster_comman gsub
long_queve_name long
short_queve_name quick
burn_in 500

lag 10

num_iers S000

=9

HTWML Sio

www.ci.anl.gov
www.ci.uchicago.edu




System Implementation

Amazon EC2/EBS

— scalable computing and storage capabilities

Deploying Galaxy on Cloud

— on-demand resource configuration
— usage-based pricing

Globus Provision

— a tool for deploying fully-configured Globus systems

— Automate the process of deploying Galaxy on EC2

— Provision a EC2 cluster with Galaxy, Globus Online,
Condor, GridFTP server and a set of users in <15mins

— Reusable Chef recipes to provision production galaxy
instances on demand

~ CVRG



CVRG Use Case

Galaxy GUI
Run “RNASeq Analysis Pipeline”
Transfer data from “Sequencing center”
to “Galaxy Endpoint”

Galaxy
w— — RNASeq analysis
[ T Tophat
—— « Cufflink
| e e = + CummeRbund
= E « Miso
+ CRData

5 . .| Cloud Storage = - = REEETETRP

Globus Provision : Condor Scheduler
Deployment v

P d ~
7 RS
4+~ Globus Online ~a

fﬁe transfer Service between-s

data-endpoints F Local Cluster

NN
- l'lj'a mazon
we

eb services

. Analytlcal tools are

HE UNIVERSITY OF www.ci.anl.gov
CHICAGO www.ci.uchicago.edu




RNASeq Analysis Pipeline

Admin

Help

Workflow Canvas | RNASeq-main tools

Get Data via Globus =
Online

out_filel (twt)

Tophat for =
Illumina

RMNA-Seq FASTQ file
inzertions (bed)
deletions (bed)
junctions (bed)

. accepted_hits (bam)

Cufflinks =

SAM or BAM file of aligned RNA-Seq
reads

Global model (for use in Trackster)

genes_expression (tabular)
transcripts_expression (tabular)
assembled_isoforms (gtf)

total_map_mass (twt)

Get Data via Globus b
Online

out_filel (twt)

Get Data via Globus =
Online

[ out_filel (twt)

Get Data via Globus =
Online

out_filel (txt)

Cuffmerge =

GTF file produced by Cufflinks

Additional GTF Input Files 1 = GTF
file produced by Cufflinks

Reference &nnotation

Cuffdiff ®

Transcripts

SAM or BAM file of aligned RNA-Seq
reads

L SAM or BAM file of aligned RNA-Seq
[ reads

merged_transcripts (gtf)

CVRG

zplicing_diff (tabular)
promaters_diff (tabular)

cds_diff (tabular)
cds_exp_fpkm_tracking (tabular)
cds_fpkm_tracking (tabular)
tzz_groups_exp (tabular)
ts=_groups_fpkm_tracking (tabular)
genes_exp (tabular)
genes_fplkm_tracking (tabular)
isoforms_exp (tabular)

isoforms_fpkm_tracking (tabular)

Argonne@

NATIONAL LABORATORY

cummeRbund ®
Transcript FPKM tracking

Transcript differential expression
testing

Gene FPKM tracking
Gene differential expreszion testing
TS5 groups FPKM tracking

TS5 groups differential expreszsion
testing

CDS FPKM tracking

CDS FPKM differential expression
testing

ZD3 overloading diffential
expression testing

Fromoters differential expression
testing

Splicing differential expression
testing

output_database (data)

ocutput_html (html)

THE UNIVERSITY OF

CHICAGO

Send Data via Globus bx4
Online

Send this datasst

out_filel (txt)

www.ci.anl.gov
www.ci.uchicago.edu




Miso Pipeline

ion Admin

Workflow Canvas | Clone of "Miso Workflow® | Options « |
Get Data via Globus Online 3£ Index GFF hicd
Summarize Samples
out_filel (kxt) Select a GFF file P %

htmlout (htmi) Select an output of 'Compute Psi

Compute Psi values for genes 3£ values for genes’
Select a indexed GFF directory with htmlfile (html)
genes

Input dataset bk )
Select from bambai datatype,

output 2 including a sorted, indexed BAM file
and its bai file
htmlfile (html) Compare Samples 3¢

Select the first sample
" Get Data via Globus Online 3¢ Index GFF =4 Select the second sample !
Compute Psi values for genes :
out_file1 (txt) Select a GFF file P 9 ® htmlfile (html)
Select a indexed GFF directory with
htmlout (html) genes

Select from bambai datatype,
Input Dataset hcd including a sorted, indexed BAM file
and its bai file

htmlfile (html}

output Summarize Samples %

Select an output of 'Compute Psi
values for genes’

htmlifile (html)

www.ci.anl.gov
www.ci.uchicago.edu
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Towards “research IT as a service”

Research Data Management as a Service
Globus > Globus > Globus >< Globus > ... S33aS
- \_Transfer Storage Collaborate Catalog

Globus Integrate platform PaaS

(1) Collect Data (6] ‘l.-'alidate{}

(2} Move to Storage Store () Backup

(3} Ingest Processing (8) Mirror

(4} Move to Community Store  (9) Search, Browse Analyze,
(5) Publish in Registry Update, Annotate

www.ci.anl.gov
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Integrate Galaxy and Globus Online

Globus Services

Transfer

User (Authentication)

Group

Collaborate

Storage

Compute

)
&
Globus

Integrate

GO-Galaxy

GO Transfer tools
Log in to Galaxy via GO account
Use GO’s Group management
Share history with user/group at GO

Use the data at GO storage

Add clusters to condor pool for
distributed computing

HE UNIVERSITY OF WWW'CI'anI'gOV
CHICAGO www.ci.uchicago.edu




Conclusions & Future Plan

- Galaxy + Globus Online

— Transfer large-scale datasets in and out of Galaxy in a secure,
efficient and fast way

- New Galaxy tools

— CRData: processing R scripts

— CummeRbund, Miso: RNA analysis

— Condor: distributed computing capabilities
« Globus Provision

— Automatically deploy Galaxy on EC2 with user-specific
configuration

- Future Plan
— Thorough integration of Galaxy and Globus
— Performance optimization

« Galaxy community Toolshed contributions

www.ci.anl.gov
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Thank you for your attention

Bo Liu: boliu@uchicago.edu
Ravi Madduri: madduri@mcs.anl.gov

This project incorporates tools whose development was funded in part by the NIH through
the NHLBI grant: The Cardiovascular Research Grid (R24HL085343).
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