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High-throughput sequencing is
transformative
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High-throughput sequencing is
democratizing



It is widely available...

@mda
24 5 :

)18 114

i o
Megico
6

Greenland

154
235
156 Atia
22
Venezuela
Colombia
Brazi
Peru
Bolivia 13
Chile 19

4

Argentina

Finland
id 2‘ yeden
Norwsay 35 13
MR 6
- R 8
158 e
78 (1645 11
ety Ukraine
63 ™
60 o
Iraq
3 .1
Algeria Libya
Mali  Niger Sudan

Chad

Nigeria Ethiopia

DR Congo 103
Tanzania

Angola
Namibia

Bols\wa

e

Madagascar

Kazakhstan

Afghanistan

Pakistan

20

16

v

(http://omicsmaps.com/)

Mongolia

China

Thailand

2

28

6
36.. 164 ¢ P
26
73
18y
Indonesia Papua New
Guinea
Australia 37
8
19 26
New
Zealapd
4




Cost per megabase (US$, log scale)
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...and practically freel!

...............................................................................
.......................................................................
.............................................................................
-------------------------------------------------------------------------------
...............................................................................

2002 2004 2006 2008 2010 2012

(NHGRI / Nature 497:546-547)



Making sense of this data requires
sophisticated methods

How can we ensure that these methods are
accessible to researchers?

..while also ensuring that scientific results
remain reproducible?



Galaxy: accessible analysis system
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Analyze Data  Workflow  Data Libraries Admin  Help

Tools History Options

Here is what's happening..
Get Data

Send Data

ENCODE Tools

Lift-Over Mapping Pipeline 16: Draw phylogeny on @& {/
Text Manipulation data 14

Convert Formats

FASTA manipulation for Illumina, 454, 15: Summarize

taxonomy on data 13

Filter and Sort

loin, Subtract and Group a n d S O L i D

Extract Features

14: Find lowest @
diagnostic rank on data 13
Fetch Sequences

Fetch Alignments 13: Fetch taxonomic @
Get Genomic Scores representation on data 12

Operate on Genomic Intervals
Statistics
Craph/Display Data

Live Quickies (more after May 17 ... ) 12: Filter on data 11 @

11: Join two Queries on
data 9 and data 10

Multiple regression Basic fastQ Advanced fastQ 454 Mapping:
Multivariate Analysis manipulation: manipulation: Single End 10: Concatenate queries @&

Evelution e ool - he # 13 on data 8 and data 7

Metagenomic analyses

9: Compute sequence
EMBOSS

length on data 6

8: Megablast on data 6

NGS: QC and manipulation
NGS: Mapping 7: Megablast on data 6

NGS: SAM Tools 1T o aXy J€aT o 2 al 2200 2lalt.
NGS: Peak Calling | o e . y 6: Tabular-to-FASTA on
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Calaxy build: $Rev 3885:1ab9d6b0ddfc$ 5: Add column on data 4
SNP/WGA: Data; Filters

SNP/WGA: QC; LD; Plots 4: FASTA-10-Tabular on




A free (for everyone) web service integrating a
wealth of tools, compute resources, terabytes of
reference data and permanent storage

Open source software that makes integrating
your own tools and data and customizing for your
own site simple

An open extensible platform for sharing tools,
datatypes, workflows, ...



#TIP:#* If your query does

**Screencasts| ¥+

See Galaxy Interval Operatior

| cluster.xml

id="gops_cluster_1" name="Cluster">
<description=[[Cluster]] the intervals of a query</description=
th

gops_cluster.py $inputl
R  Cluster
</command>
Cluster intervals of
1: UCSC Main on Huma..ne (genome) '+

max distance between intervals:
<paran name="minregions”
<label-min number of ifNY

min number of intervals per cluster:

2

Return type:
Merge clusters into single intervals

Execute

© TIP: If your query does not appea the pulidown
menu, it means that it is not in interval format. Use
edit attribut et chromosome 1, end, and
strand columns

_Screencasts: http:/ /.

Syntaxes

Screencasts!
*Maximum distance* is gre
PRI I. Sce Galaxy Inte eration Screencas
*#Find cluster intervals; ink in another window)

ht click to

e Maximum distance is greatest d
pairs allow

00 Galaxy

<[ » || + [0 hup://main.g2.ox.psu.edu/

Analyze Data  Workflow  Data Libraries  Lab  Admin

Tools
Megablast
Get Data

Send Data Compare th
NC 1: 454 reads
Lift-¢

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores
Operate on Genomic Intervals 80.0
Statistics
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution
Metagenomic analyses
EMBOSS

sequences:

against target database:
C 9

using word size
288

eport hits above this id

set expectation value cutoff:
0.0001

complexity regions?:

NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: Peak Calling What it does
T runs megablast (
megablast, please see the
erformance nuc

iller and colleagues

Workflows

Output format
One er7or in opening the page. For more information, choose Window > ACKIVIty,

Help  User

History Options

data 0 and data 10

10: Concatenate queries

on data 8 and data 7

9: Compute sequen ® 0
length on data 6

8: Megablast on data6 @ (/

ar/opt/galaxy/
o /tmp/tmpyu}

database

Triph-10 20
Triph-10 1

Triph-16 206564770 S6d1:
Triph-16 150953431 5315
Fiph-19 116096021 20

7: Megablast on data 6 ®

6: Tabular-to-FASTA on ®
data s

5: Add column on data 4 <

to-Tabular on ®

files,

Describe analysis tool
behavior abstractly

Analysis environment automatically
and transparently tracks details

000

Galaxy

< [ > [ + [ hup://main.g2.bx.psu.edu/workflow/editor7id=6ad32208c:

Tools
Get Data

Send Data

ENCODE Tools

Lift-0

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

oin, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Sco
Operate on Genomic Intervals
Statistics

Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evol

Metagenomic analyses
EMBOSS

NGS Toolbox Beta

NGS: QC and manipulation

NGS: SAM Tools
NGS: Peak Calling.

Workflow control

Inputs

Analyze Data  Workflow ~ DataLibraries Lab  Admin

Workflow Canvas | Metagenomic Analysis

it dataset

Help  User

Options

Select high quality segments

Rea

it dataset

FASTA-to-Tabular

Add column ¢

Tabular-to-FASTA %

elimited file

Megablast

Megablast

ompare these

Workflow system for complex analysis,
constructed explicitly or automatically

Galaxy | Published Page | Heteroplasmy pilot

heteroplasmy-pilor
Failed to open page | Galaxy | Published Page | Heterop
Analyze Data  Workflow  DataLibraries  Help  User

Published Pages | jxtx | Heteroplasmy pilot

Discovery of human het“‘“”‘ 4
: - <
accessible interface to -

Analyze Data
Enis Afgan, Hiroki
Join two Queries
Datasets ata
Text Manipulation Join:
analy il 6: Cut on data 5
k swab o=
7 statistics
loin, Subtract and Group
Operate on Genomic Intervals
Graph/Display Data with
52: Group on data 61
e and column;
Dataset B a®
L pl-m-c-1fastg NS SAM Tools

Kflows _

About this Page

Galaxy

Keep lines of first input that do not join with second input

c-2fastq put that are Incomplet

Only fill unjoined roy

Fill Columns by
o slues by column 13
Disply & men or “hip: /18473952 vl ranser]rerund- 1304

7SIESISES (B8 (6BSTITET IS BIEATSIABE [

History Options

64: Cut on data 63

62: Group on data 61

61: Concatenate queries ® J 3¢
on data 57 data 60, and others

Pervasive sharing, and publication

of documents with integrated analysis



- Galaxy Analyze Data Workflow  Shared Data Visualization Admin Help User :Galaxy Analyze Data Workflow Shared Data~ Visualizationv Admin Help~ User~ Usi|

Tools Circster (hg19)
Scatterplot of 'Differential Transcript Expression'

Tophat for lllumina Find splice
Jjunctions using RNA-seq data

Data Controls
Tophat2 Gapped-read mapper

for RNA-seq data Chart Controls

Tophat Fusion Post post-
processing of Statistics

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

NI AT IO NS

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

AR (NI

Cuffmerge merge together
several Cufflinks assemblies

Cuffdiff find significant changes

in transcript expression,

splicing, and promoter use AES
15163.4
4994.14

FILT
Filter Combined Transcripts
using tracking file

NGS: SAM Tools

NGS: Variant Detection

NGS: Peak Calling

NGS: Simulation

<

Control FPKM

—__Galaxy Analyze Data Workflow Shared Data~  Visualizationv Admin Help~ User~ Using 2.0 TB

Min Isoform Fraction ~ Pre MRNA Fraction

Cufflinks (version 0.0.5)

chr17:7569899-7591385

CUFF.4. CUFF.6.1 EE51
300000 v ] CUFF.5.1

E3Max Intron Lengt

[=]Min Isoform Fraction:
0 -|0.1 samples: |5

CUFF.4.1R
[=JPre MRNA Fraction:

0 -10.2 samples: | S

E3Perform quartile normalization:

CUFF.4.13
No [%])

CUFF.5.18
i N CUFF.6

£JUse multi-read correct: ¢

No :] o

CUFF.5.1F
CUFF.6.11

CUFF.5.1F
CUFF.6.13
CUFF.7.13

Visualization and visual analytics



The free service is still the easiest way for
users with no informatics infrastructure to
analyze their data

How can we possibly sustain this?



ueoul MC__.‘_C_‘: yjuow aaiy|

400,000
-350,000

:Sqor |eloL

o

User Compute

Im
(T
=
>
x
5
T
O
-
o
N e
Q
]
Iﬂ
=
0
=
(V)]
v
2
O
J
v
-
(7,
-
Q
>
v
S
o)
v
=
©
Q
S
Q
]
-
oT4]
Q
(a

S19SN pa4dlsiday

[ €T0Z Aseniqa4
[ ZT-49qua23]

" CT0T 4290320

[ ZT0Z3Isn3ny

_ CT0T aunr

[ 2T0T |Mdy

C ZT0Z Adenigay
[ TTOT 49qwadag
" TTOT 4290320

T TT0ZIsn3ny

_ TTOZ @unr

C TT0T |M4dy

[ TT0Z Adenigad
L 0TOT 49qwadag
[ 0T0Z 4290320

[ 0T0ZIsn3ny

| 0TOZ {unr

C 0T0Z |Mdy

[ 0T0Z Adenuge4
© 600T 42qwiazsg
C 600T 4290320

C 600T Isn8ny

- 6002 aunr

[ 600T |Mdy
6007 Adenuga4
[ 8002 42quia22Q
[ 800T 42q0320
8002 3snany

[ 800C aunr

[ 8007 |Mdy

C 8007 Azeniga4
[ £00T 42qwiadaq
[ £L00T 4240320

[ £00TZIsn3ny
00T aunr
£00T |4dy
£00T Adenigad

==== Mean Jobs

====Total Users



New Data per Month (TB)

usegalaxy.org data growth

120

+128 cores for NGS/multicore jobs

90

0 * /\ Vr/\v

Data quotas implemented...

Nate Coraor



usegalaxy.org frustration growth

160,000 9%

120,000 A /\/\ [V\-\/\ 7%
80,000 & 5%

40,000 \J 2%

Total Jobs Completed (count)

Jobs Deleted Before Run (% of submitted)
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How can this possibly scale?
1. Leverage exisiting public cyber-infrastructure

2. Decentralize, provide many deployment models
(cloud and local — not talking about this today)



Best place to build this robust entry point is clearly a
national supercomputing center

The Texas Advanced Computing Center (TACC) has
already built substantial infrastructure in the context
of the iPlant project

(Including multi petabyte online storage, cloud infrastructure,
collocated with some of the worlds largest HPC machines)

However, the iPlant and TACC cyber-infrastructure
was underused: thus we established a collaboration

Since October 2013 Galaxy Main has run from TACC



Transparent Migrations using Galaxy'’s
Hierarchical Object Store

{/—I Galaxy Server Processes I—\\

( Read Data ) ( Write Data )

Corral )__/)

Corral Staging )

Penn State )

Object Not Found

Nate Coraor



Expanding to more XSEDE resources



Galaxy can already run jobs on almost any
batch system, but most XSEDE resources do
not provide direct access for job
submission...



Pulsar

Galaxy job runner that can
run almost anywhere

No shared filesystem, stages all necessary
Galaxy components

John Chilton



| ‘ Galaxy Server Processes ‘

\___-

( Messaging Server )
Job control (AMQP)

Data transfer (HTTPS) Data transfer (HTTPS)

/= " /Blacklight (PSC) ~ /" Stampede (TACC)

Pulsar

Nate Coraor



Moving long running jobs out to XSEDE

e Problem:
e Jobs wait in the queue for a long time

e Jobs may fail immediately upon run due to bad parameters
e Most jobs run quickly! Can we relocate the long ones?

e Goals:

e Shorten wait from submission to start
e Allow testing params without waiting

e Solutions:

e Set ashort walltime, resubmit jobs to bigger resources
(new code)

e User selection of resources (Stampede - longer wait to start,
but more concurrent jobs allowed)

e Create“development” queues w/ short walltime

Nate Coraor and John Chilton



State of Affairs

e Today
e Galaxy Test jobs to Stampede and

Blacklight
e Galaxy Main jobs to Stampede

e Up next
e Galaxy Main jobs to Blacklight
e Optimize Trinity tools for Blacklight
e Linking XSEDE allocations to Galaxy
accounts



Credits

e Texas Advanced e Pittsburgh
Computing Center Supercomputing

e Dan Stanzione Center

e MattVaughn e Philip Blood

e Chris Jordan e Kathy Benninger

e Mike Packard e Robert Budden

e Nathaniel Mendoza e Jared Yanovich

e Josephine Palencia

e iPlant Collaborative e J.Ray Scott

e Stephen Goff e Joe Lappa

... and the Galaxy Team and community
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