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Biology has been rapidly transformed
into a data intensive science
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454 GS / Junior: 40-400Mb
runs, but read lengths
pushing 1kb

lllumina Hi-Seq: ~25-50 GB
per day, $16k-$20k per run
Greater than 1Mb per dollar
With multiplexing, as little as
$100 per sample.
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lon Torrent PGM: PacBio RS: Direct single
10Mb-1GDb runs, molecule sequencing, only
200-400bp reads, 2 hour 35k reads, but long read
runtime, $500! lengths, 30 minute runs!
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We can turn many functional annotation problems
into sequencing problems

An individual genome is relatively static
Transcript levels, epigenomic modifications, and
chromatin structure vary based on cell type, time,

condition, ...

Enormous potential for data generation
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De-novo genome
sequening
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Direct RNA sequencing
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Open Chromatin assays
(DNase, FAIRE)
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Long range interactions
(5C, Hi-C, ChlA-PET
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Methylation
(Bisulfite-seq)




Investigators across nearly all areas of biology
can take advantage of these techniques

Investigator driven data production replacing
large community data production projects

This “democratization of sequencing” has not

yet been matched by democratization of analysis
infrastructure, burden is largely on the

investigator

However, making sense of this data requires
sophisticated methods



How can these methods be made
accessible to scientists?

How do we facilitate transparent
communication of analyses?

How do we ensure that analyses are
reproducible?



A crisis in genomics research:
reproducibility



Microarray Experiment Reproducibility

e 18 Nat. Genetics microarray gene expression
experiments

e Less than 50% reproducible
e Problems
e missing data (38%)
e missing software, hardware details (50%)

e missing method, processing details (66%)

loannidis, J.P.A. et al. Repeatability of published microarray gene expression analyses. Nat Genet
41, 149-155 (2009)



NGS Re-sequencing Experiment Reproducibility

e 14 re-sequencing experiments in Nat. Genetics,
Nature, and Science (2010)

e 0% reproducible?

e Problems
e limited access to primary data (50%)
e some or all tools unavailable (50%)

e settings & versions not provided (100%)



Galaxy: accessible analysis system

Tools

et Data

send Data

ENCODE Tools
Lift-Over

Text Manipyulation
Convert Formats
FASTA manipulation
Filter and Sors

loin, Subtract and Group
Extract Features
Fetch Sequences
Fetch Alignments

et Cenomic Scores

Operate on Cenomic Intervals

Statistics
Craph/Display Data
Reglonal Variation
Multiple regression
Multivariate Analysis
Evolution
Metagenomic analyses
EMBOSS

NGS: QC and manipulation
NCS: Mapping

NGS: SAM Tools

NGS: Peak Calling

SNP/WCA: Data; Fliters
SNP/WCA: QC; LD; Plots

Calaxy

Here is what's happening..

Mapping Pipeline
for lllumina, 454,
and SOLiID

Live Quickies (more after May

Bagic fastQ
manipulation

History Options

16: Draw phylogeny on
data 14

15: Summarize

taxonomy on data 13

14: Find lowest

diagnostic rank on data 13

13 Feich taxonomic

representation on data 12

12: Filter on data 11

11: Join two Queries on
data 9 and datwa 10

10: Concatenate queries
on data 8 and data 7

9. Compute sequence
length on data 6

8 Megablast on data 6

: Megablast on data 6§

6. Tabular-10-FASTA on @&

data S

S: Add column on data 4

to-Tabular on




What is Galaxy?

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

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



Integrating existing tools into a uniform framework

_| cluster.xml

<tool id="gops_cluster 1" name="Cluster"=
<description=[ [Cluster]] the intervals of a query</description=
<command interpreter="pyth{
gops_cluster.py $inputl
it Cluster

=/ command=

=inputs= :
<param format="interval® Cluster intervals of:
=label=Cluster interva z
</param= 1° OCSC Main on Huma..ne (genome) +§

=param name="distance" s
<label=max distance be

</paran> max distance between intervals:
<param name="minregions"
=label=min number of i 1

</param=

<param name="returntype®
<option value="1"=Merg
<option valu ] min number of intervals per cluster
<pption valu
<gption valu 2
=pption value="5"=Find

</param=>

=finputs=

<help=>

Return type:

Merge clusters into single intervals

.. class:: infomark

*#TIP:** If your query does
**Screencasts | ¥*
See Galaxy Interval Operation

d .. Screencasts: http://www.

il **Syntax**

) - **Maximum distance** is gr
- **Minimum intervals per cl{ig Py
- **Merge clusters into sing

- **Find cluster intervals;

**E{ ar intervals:

47 I8 nid z “..1 Brva

Line: 87 Column: 8

Syntax

e Maximum dis
pairs alloweg

e Defined in terms of an abstract
interface (inputs and outputs)

e In practice, mostly
command line tools, a
declarative XML description
of the interface, how to
generate a command line

e Designed to be as easy as
possible for tool authors, while
still allowing rigorous
reasoning



Cluster

I : UCSC Main on Human: knownGene Bl

max distance between E

intervals: (bp)

Cluster intervals of:

min number of
intervals per clus

Return type:

ﬂ TIP: If yvour query does not appear in the pulldown menu -= it is not in
interval format. Use n:lit attributes" ti wosome, start, end, and
strand columns

Screencasts!

See Galaxy Interval Operation Screencasts (right click to open this link in

t distance in base pairs allowed between
intervals that will be considered "clustered". Negative values for
distance are allowed, and are useful for clustering intervals that overlap.
Minimum intervals per cluster allow a threshold to be set on the
minimum number of intervals to be considered a cluster. Any area with
less than this minimum will not be included in the ouput.

Merge clusters into single intervals outputs intervals that span the
entire cluster.

Find cluster intervals; preserve comments and order filters out
non-cluster intervals while maintaining the original ordering and
comments in the file.

Find cluster intervals; output grouped by clusters filters out
non-cluster intervals, but outputs the cluster intervals so ’rhat thn—-';. are

_| cluster.xml

="gops_cluster 1" name="Cluster's
=description: [[U_uster]] the intervals of a query=/description:
<command interpreter="python2.4%=
gi:q:lns_cl.usti_-r.|Jn§,.|I $inputl $output -1 $inputl chremCol, $inputl_startC
-d $distance -m $minregions -o $returntype

format="interval® name="inputl" type="
l=Cluster intervals of=/label=
1 name="gistance” size="5" type="integer" value=
1l=max distance between intervals=/label=

||1|| E.:'-;_=u[bp

ime="minregions" size="5" type="integer® value="2">
abel=min number of intervals per cluster=/labal=

"'Dturﬂtyne“ type="select" label="Return LyDL'
| "l" -Merge clusters into single intervals=
lue="2"=Find cluster intervals; preserve cnmments and
alue="3"=Find cluster intervals; output grouped by clus
ilue="4"=Find the smallest interval in each cluster=/op
g="5"=Find the largest interval in each cluster=/opt

.. class:: infomark

**¥TIP:** If your query does not appear in the pulldown menu -> it is n

¥*5creencasts | #*
See Galaxy Interval Operation Screencasts_ (right click to open this 1

_Screencasts: http://www.bx.psu.edufcgi-bin/trac.cgi/wiki/GopsDesc

¥Foyntax**

*#Maximum distance** is greatest distance in base pairs allowed bet
*#Minimum intervals per cluster** allow a threshold to be set on the
**Merge clusters into single intervals** outputs intervals that spanjy
**Flnd cluster 1nt&r1.ra].5, preserve comments and nrder** ‘F1'I.ter5 out




Cluster intervals of: | §: UCSC Main on Human: knownGene |

max distance between [{
|

intervals: p
Lrpr
min number of 2 ] <inputs>
intervals per cluster; ° <param format="interval® name="inputl® type="data®=
ek B T T T e T T T =label=Cluster intervals of=/label=
eturn type: | Merge clusters into single intervals e

=param name="distance® size="5" type="integer® value="1" help="(bp
<label=max distance between intervals=/label=

=/param=

<param name="minregions® size="5" type="integer® wvalue="2"=
<label=min number of intervals per cluster</label=

=/param=

<param name="returntype® type="select" label="Return type®"=
=option value="1"=Merge clusters into single intervals</option=
=pption value="2"=Find cluster intervals; preserve comments and
<pption wvalue="3"=Find cluster intervals; output grouped by clus
=gption value="4*=Find the smallest interval in each cluster=/op
=<pption value="5"=Find the largest interval in each cluster</opt

=/param=

=finputs=

HTML inputs generated from abstract parameter description



ene _ cluster.xm|

<tool id="gops_cluster 1" name="Cluster'=
=description=[ [Cluster]] the intervals of a query</description=
=command interpreter="python2.4"=
gops_cluster.py $inputl $output -1 $inputl chromCol, $inputl startCol,$inputl_endCol
-d $distance -m $minregions -o $returntype
</ command=>
<inputss=
=param format="interval® name="inputl® type="data®=
=label=Cluster intervals of</label=
</param:=
=param name="distance® size="5" type="integer® value="1" help="(bp)"=
=label=max distance between intervals=/label=
</param:=
<param name="minregions® size="5" type="integer" value="2"=
=label=min number of intervals per cluster</label=
=/ param:=
=param name="returntype® type="select" label="Return type®=
=pption value="1"=Merge clusters into single intervals</option=
=pption value="2"=Find cluster intervals; preserve comments and order</option=
=pption value="3"=Find cluster intervals; output grouped by clusters</option=
=pption value="4"=Find the smallest interval in each cluster=/option=
<pption value="5"=Find the largest interval in each cluster</option=
</param:=
=finputs=
=halp=

. class:: infomark

**TIP:** If your gquery does not appear in the pulldown menu -> it is not in interval fo

**Screencasts | **
See Galaxy Interval Operation Screencasts_ (right click to open this link in another wi

. _Screencasts: hitp://www.bx.psu.edu/cgi-bin/trac.cgi/wiki/GopsDesc

*Eoyntax**

**#Maximum distance** is greatest distance in base pairs allowed between intervals tha
**Minimum intervals per cluster** allow a threshold to be set on the minimum number o
**Merge clusters into single intervals*#* outputs intervals that span the entire clust
**Find cluster intervals; preserve comments and order** filters out non-cluster inte
**Find cluster intervals; output grouped by clusters** filters out non-cluster intervjs

Line: 6l Column: 45 XML ¥ | S5oft Tabs:

Template for generating
} command line from
parameter values



®060
*ESyntax**

| cluster.xml

*¥¥Maximum distance** is greatest distance in base pairs allowed between intervals tha
*#Minimum intervals per cluster** allow a threshold to be set on the minimum number o
**Merge clusters into single intervals** outputs intervals that span the entire clust
**Find cluster intervals; preserve comments and order** filters out non-cluster inte

**Find cluster intervals; ocutput grouped by clusters** filters out non-cluster interw

**¥Example**

. image:: ../static/operation_icons/gops_cluster.gif

=/help=

<putputs=

=data format="input" name="output® metadata source="inputl® /=

</outputs=

<code file="operation_filter.py"=
<hook exec_after process="exec_after_cluster® /=

</code=
=tgstis>
<test>
<param
=param
<param
<param

name="inputl®” value="1l.bed" /=
name="distance” value="1" /=

name="minregions" wvalue="2" /=
name=" returntype” value="1" /=

<putput name="output" file="gops-cluster-1.dat" /=

</test=

=test=
<param
<param
<param
<param

name="inputl® value="1.bed" /=
name="distance® value="1" /=

name="minregions" value="2" /=
name=" returntype” wvalue="2" /=

=putput name="output" file="gops-cluster-2.dat" /=

<ftest>

<test=
<param
<param
=param
<param

name="inputl® value="1.bed" /=
name="distance” value="1" /=

name="minregions® wvalue="2" /=
name=" returntype” value="3" /=

<putput name="output" file="gops-cluster-3.dat"

=/test>
</tests=

=/tool=>

€ )

Line: 6l Column: 45 XML ¥ | S5oft Tabs:

Functional tests to be run
with the “full stack” in place



XY Plot

Plot Title:
Label for x axis:

Label for v axis:

Column for x axis:
Column for y axis:
Series Type:

Line Type:

Line Color:

Line Width:

Column for x axis:

Column for y axis:

Point Type:
Point Color:

Point Scale:

ﬁample Plot
Fﬂﬁance

|Count

_ 8: Intersect on data 3 and data 4

Eline

[Solid |
[Black  ~|
[to “

Remove Series 1 i

]? Homo sapiens genes (NC
ﬂ
[

| Points v;

R TR AR A T

o f para

<param name="1lwd" type="float"

| xy_plot.xml

="main" type="text"
va :-"“ 5ize="30"
label="Plot Tittﬂ"fw

1 name="x1lab" type="text

alue="" size="38"
label="Label for x axis"/>
3rc "ylab" type="text'
/ =" " gize="38"
'Lanel for y axis"
"series"” ”;I[um"SEFlEE"?
"input’
.-"data“ format="tabular"
Laﬁei-"DataEet"ﬁn
ik type="integer"
""1" 5ize="3@"
="Coplumn for x axis"
ycnt“ types= 1nteger
2="1" 5ize="38"
="Column Tor y axis"/=
raTc-“Eeries tyne“~
="type" type="select"
value="line" selected="
value="points">Points</«

="select"”

" sﬂlld '.-""'“:_ 1 on:
'2" .Dashed</ontion:

="3">Dotted</op

me="col" type="select"
s:luﬂ- '1"=Black</optio
<gption value="2">Red</option>
<pption
0 !_‘:"'_'_':_| n

<option

ue="5"=Cyan</option

=

zoption value="7">Yellow</optio
<opt '

Label

e

="3">Green</option:
=="4">Blue</option>

-

-

je="g" Gra}"*— "'}:._L”"J" -

on=

ue="6">Magenta</optic

=

L

ch more complex interfaces can be defined

=

el="Line Width"

SEr es Type"=

/opTion=

="Line Color"=

vali



Series

Column for x axis:
Column for y axis:
Series Type:

Line Type:

Line Color:

Line Width:

Column for x axis:

Column for y axis:

Point Type
Point Color:

Point Scale:

| | 5. Intersect on data 3 and data 4

Remove Series 1 i

] hﬁwnnaapmr HPEIN[’|35}
ﬂ
[

P

=

]anﬂs v;

="g

type=

Lape |

cEE FEm PEmee
<pDaram name=
val =

=

..:I {

la -?_

10 v

e
en valLue=

<param nam

e +
L | '_,"'._ on

<gption

<option
</param>
<param na
=pption
<gption
<gption

<option wv:

<pption
<option
r"l'. £10n

name="pch" type="select" label="Point Type"=>

<optiol
<0ption
«optirc
<pption
<Option
<0ption

=0ption

eries” title="Series"=

"input"”

‘data" format="tabular"
="Dataset"/>

'xcuL“ type="integer"

||l|| 5__..I_.l:||3EI||
="Column for X axis"/>
ycﬂl" type="1integer"

__||l|| cire= ||3::|||

"Cutumﬂ for y axis"
name="series type">
type type="select" 1
alue="line" selected="tru
aLue= '‘points"=Points</option=

"line"s

me= lty" type="select" label="Line Type">

.'.'.ﬁ- ||_' Illllhsﬂlld’-’a’" ‘-"'"r" -
ﬁ:UE*HEHFDﬂﬁhEdHIﬁy;;ﬁ\?
lue="3">Dotted=/option=

o

me="col" type="select" label="Line Color"

value= "‘"“Black foption=

value="2">Red</option=
value="3"=Green</option-
value="4">Blue</option=
e="5">Cyan</option>
alue="6">Magenta</option=>
alue="7">Yellow</option>

ue="B">Gray=,

e="1wd" type="float" label="Line Width"

="points">

value="1"=Circle (hollow)</option=
value="2">Triangle (hollow)</option=
value="3">Cross</option=>
value="4">Diamond {hollow)</option>
ﬁ“EUfJ"1_“'SQUEFE {filled)</option>
value="16"=Circle {filled)</option=
value="17">Triangle (filled)</option=

Repeating groups of parameters

abel="Series Type"=>
rue"=Line</option:



Line Type:
Line Color:

Line Width:

Series Type:

Point Type:

Point Color:

Point Scale:

<conditional name="series type"=>
<param name="type" type="select" label="5eries Type"=
<gption value="line" selected="true"=Line</option=
<gption value="points"=Points</option=
</param>
<when value="line">
<param name="1lty" type="select" label="Line Type">
<gption value="1"=Solid</option=
zgption value="2">Dashed<=/option>
zoption value="3">Dotted<=/option=
</param>
<param name="col" type="select" label="Line Color"=
<option value="1"=Black=/option=
<gption value="2"=Red</option=
zgption value="3"=Green</option=
<gption value="4">Blue</option=>
<gption value="5"=Cyan</option=
<gption value="6">Magenta</option>
<gption value="7">Yellow</option=>
<gption value="B"=Gray</option=
</param=
<param name="1lwd" type="float" label="Line Width" wvalvL
= /when=>
<when value="points">
<param name="pch" type="select" label="Point Type"=
=gption value="1"=Circle (hollow)</option=
=option value="2">Triangle (hollow)</option=
<gption value="3">Cross</option=
<gption value="4">Diamond {(hollow)</option>
<option value="15">Square {filled)</option>
<gption value="16"=Circle {filled)=/option=>
=option value="17">Triangle (filled)=/option=>

Conditional groups, grouping constructs can be nested



<zcommand interpreter="pythonl.4"=
build ucsc custom track.py

"$out filel"

#for $t in %$tracks
"${t.input.file name}"
"s${t.input.ext}"

#if $t.input.ext == "interval"
${t.input.metadata.chromCol}, ${t.input.metadata.startCol},${t.input.metadata.endCol}, ${t.input.metadata.strandCol}

#else
IIHnI

#end if

"s{t.name}"

"${t.description}"”

"¢{t.color}"

"s{t.visibility}"

#end for
</ command:=

Template language for building complex command lines



=configfiles=>
<configfile name="script file">
## Setup R error handling to go to stderr
options( show.error. messages=F,
error = function () { cat{ geterrmessage(), file=stderr() ): gq{ "no", 1, F ) } )
## Determine range of all series in the plot
xrange = c{ MNULL, NULL )
yrange = c{ NULL, NULL )
#for $i, %5 in enumerate( $series )
5%{i} = read.table( "${s.input.file name}" )
x${i} = s${i}[,%${s.xcol}]
y${i} = s${i}[,${s.ycol}]
xrange = range( x${i}, xrange )
yrange = range( y${i}, yrange )
#end for
## Dpen output PDF file
pdf{ "${out filel}" )
## Dummy plot for axis / labels
plot( NULL, type="n", xlim=xrange, ylim=yrange, main="${main}", xlab="${x1lab}", ylab="%${ylab}" )
## Plot each series
#for $i, %5 in enumerate( $series )
#if $s.series type['type'] == "line”
lines{ x${i}, y${i}, lty=%{s.series type.lty}, lwd=%{s.series type.lwd}, col=%{s.series type.col} )
#elif $s.series type.type == "points”
points{ x${i}, y${i}, pch=%{s.series type.pch}, cex=%{s.series type.cex}, col=%{s.series type.col} )
#end if
#end for
## Close the PDF file
devname = dev.off()
=/configfile=>
</configfiles>

Or additional configuration files, scripts, ...



As data sizes grow, increasingly important
to be able to express within tool parallelism

Naturally parallel (split/join) constructs can be
specified in configuration

Parallel environments (MPI) can be used, but
management delegated to underlying resources

Ongoing work to support more
complex scenarios



Customization extends beyond tools

e Everything in the Galaxy framework is either
configuration driven or pluggable (or both)

e Tools conventionally extended through
configuration, but new tool types can be added

e Datatypes added through configuration, or plugin
classes for advanced functionality

e Nothing inherently specific to genomics!



NGS: SAM Tools
NGS: QC and manipulation NGS: Indel Analysis

NGS: QC and manipulation
R AR N R Metagenomic analyses

Human Genome Variation
FASTQ Croomer convert EMBOSS

between various FASTQ qua

NGS: Mapping Eilter Indels for SAM
NGS: SAM Tools

from SAM

formats = Filter SAM or

QC and manipulation

Mapping

ert SAM to int
SAM-to-BAl
format to BAN
FASTQ Summary Statistics by - RAM-10-SAM conve GeneTrack inc
column ap th for Hlumina -'(";7“'!1?'.7!7 :\"»‘ fo

les merges BAM

) short reads against
0 from BAM NGS: RNA Analysis

aNCe .
ICHLE uénerate plieup

dataset
‘'ophat Find splice junction

SN

(RPKM)
RNA-Seq data

Convert SOLID outpu

N e U 1| "' SIatistics C Man with 0O - ~ ! g -
Aap with Bowtie for SOLID lagstat provides simple stats Cuffcompare compa

-)L C7 »J.:l!d ~ - . - . -
on R assembied transcripts to

NGS: SAM Tools ¢ - ' 1
rererence annotation anc

NGS: Indel Analysis NGS: Indel Analysis Cufflinks transcripts across

NGS: Peak Calling NGS: Peak Calling multiple experiments

NGS: RNA Analysis ~uffi nd sianificant change

{ expression

e

AW quality score bo

OLID data

- ra ~ aarde hw It d
Filter FASTQ reads by quality splicing, and promoter use

and length
SNP/WGCA: Data; Filters SNP/WGA: Data; Filters

imer by column SNP/WGA: QC; LD; Plots SNP/WGA: QC: LD; Plots R s e e
STQ Quality Trimmer by SNP/WGA: Statistical Models SNP/WGA: Statistical Models using tracking file

sliding window

r different NGS applications packaged with Galaxy




Analysis environment



Galaxy analysis interface

--Galaxy Anshyre Data  Workflow  Outa Ubearies  Lab  Admin  Melp  User

e Consistent tool user
interfaces
automatically
generated

e History system
facilitates and tracks
multistep analyses




Automatically and transparently tracks
every step of every analysis

Map with Bowtie for lllumina

Will you select a reference genome from your history or use a bullt-in index?:

Use a built-in index 4

7: Map with Bowtie for @® (J % Select a reference genome:
lllumina on data 6 and data 5 mm39

9,073,928 lines, format: sam,

- Is this library mate-palired?
n | . » Vi:,‘
Ru msm‘galn e allgned. Palred-end &

Forward FASTQ file:
5: EL8 PE.1 Reads Gr..ed, Trimmed &

M

-1449:912 99 Reverse FASTQ file:

6: E18 PE.2 Reads Gr..ed, Trimmed &
11449:913 147 -

:709:383 99
1 709:832 147
:1422:1087 99

Maximum insert size for valid paired -end alignments (~X):

1000

:1422:1087 147 The upstream/downstream mate orlentation for valld paired-end alignment
against the forward reference strand (= =fr/ = =rf/ ~~f):

FR (for Nlumina) o4

Bowtie settings to use:

Commonly used e

Suppress the header In the output SAM file:
~ |

Execute




As well as user-generated
metadata and annotation...

10: Variants from @ {J X

sample E18

26,742 regions, format: interval,
database: mm9

J = Info:

History Options

1 @@

Tags: Tags:
n
e sl il pileup sample:el8
demo sample:el8
snps
Annotation / Notes:
Perform a variant analysis with default Annotation:

parameters to identify variants in sample . : .
E18 that lie in annotated genes. Find variants with
coverage >= 30 and

quality score >= 20.

| display at UCSC main | view in
GeneTrack | display at Ensembl
Current

1.Chrom 2.Start 3.End 4 56
chri0 6832036 & & 107 1
chr10 14243075 14243076 G G 96 |

chrio 14243079 14243080 C C 106 1




Workflows



Galaxy workflow system

— e Workflows can be
constructed from scratch
or extracted from existing
analysis histories

e Facilitate reuse, as well as
providing precise
reproducibility of a
complex analysis




L imported: CM125878
Sample Dataset

W Treat

¥ imported: UCSC Main on
Muman: refGene chrl9 BED
M Treat

&« Imported: UCSC Main on
Human: refCene chrl9 CTF
M Treat

7: Tophat on data 1 splice
junctions

& Tophat on data

accepted hits

< Tophat on data

pAactons

10 Tophat on data 2

accepted hits

11: Cufflinks on data 8

ecxpression

12: Cufflinks on data 8

franscript expression

13: Cuffiinks on data 8§

rkflow  Shared Data Lab Visualization Admin  Help  User

Saved Histores

Histories Shared with Me

ok

Create New
Clone

Datasets

<

Foallrol

Share or Publish

B BN

o |

Extract Workflow
Datasetl Securnty
Show Deleted Datasets
Show Hidden Datasets

Show Structure

Export to File

import fro

A Xrnl .|n{! x!.xv,\ - Qen
tracking

21 Cuffdiff on data 8, @
data 10, and data 4. isof

FPKM tracking

orm

20: Cuffdiff on data 8,

10, and data 4: CDS
Expression FPKM Tracking

data

uffdiff on data 8, @

and data 4 T5S groups

- v -
e TPRM

- Galaxy

Workflow Canvas

input dataset

Input dataset

input dataset

input dataset

Dusplay & mens

Analyze Data  Workflow

Workflow construcied from history

Tophat

Tophat

Calaxy

RNA

seq exercise (Tull)

Shared Data Lab  Visualization

Cuffaiff




Example: Workflow for differential expression analysis of RNA-seq using Tophat/
Cufflinks tools




Example: Diagnosing low-frequency heterosplasmic sites in two tissues from the
same individual




Galaxy deployment models



Galaxy main site
(http://usegalaxy.org)

Public web site, anybody can use

~500 new users per month, ~100 TB of user data,
~130,000 analysis jobs per month, every month is
our busiest month ever...

Will continue to be maintained and enhanced, but
with limits and quotas

Centralized solution cannot scale to meet data
analysis demands



Local Galaxy instances
(http://getgalaxy.org)

e Galaxy is designed for local installation and
customization

e Just download and run, completely self-
contained

e Easily integrate new tools

e Easy to deploy and manage on nearly any (unix)
system

e Run jobs on existing compute clusters



Scale up on existing resources

Move intensive processing (tool
execution) to other hosts

Frees up the application server to serve AT
requests and manage jobs
Utilize existing resources

Platform
Supports any batch scheduler that {compu“"g
supports DRMAA (most of them) RMAA

All levels of job running and scheduling
are pluggable



Galaxy Cloud
(http://usegalaxy.org/cloud)

e On-demand resource acquisition fits well with the
irregular resource needs of many labs working with
sequence data

e Our goalis to approach the ease of use of a
“software as a service” solution while maintaining

the flexibility and control of an infrastructure based
solution



Amazon £C2

Using Amazon EC2: Startup in 3 steps

Request A

Amazen £C2

Request Iy

Nt of §

Avadatisey |

Kernel 1D
RAM Dk 1D

Mo Lo ing

Weimme Jamea Toylar

Mmoo,

Jammea Toyler

Jarsen Tayler

IMBION




aNO Calaxy Cloud

41‘ ‘ l 4 (A nttp:/Jec2-174-129-103-83.compute-1.amazonaws.com/cloud

Info: report bugs | wiki | screencasts

Galaxy Cloudman Console

Welcome to Galaxy Coudman. This appication will allow you to manage this cloud and the services provided wthin, If

this is your first time running this cluster, you will need to select an initial data volume size. Once p s store IS

confiqured, default services will start and you will be add and remove additional services as well as 'worker' nodes on

which jobs are run

Terminate cluster

Status

Cluster name: ttt Pending
Disk status: 0/0(0%) g Starting

Worker status: Idle: 0 Avallable: 0 Requested: 0 Ready

Rinml - Error
Service status: Applications @ Data @ .




et Data

Text Manipulation

Fliter and Sort

Join, Subtract and Group
Operate on Genomic Intervals

Graph/Display Data

NGS: QC and manipulation
NGS: Mapping
NGS: SAM Tools

Analyze Data  Workflow  Data Librarfes  Help  User

Options




Can use like any other Galaxy instance, with additional
compute nodes acquired and released (automatically) in
response to usage



Calaxy Cloud

A=73-135-47.compute~1.amazonaws.com

;Ihl!ri“lshmqrmml Emtolf ‘ Calaxy Cloud

- Galaxy Cloudman

Galaxy Cloudman Console

Terminate cluster Add nodes v Access Galaxy

Status

Cluster name: mes-cm-31 h S

Disk status:

Worker status: Idie: 0 Available: 0 Requisted
Service status: Apg

External Logs:

Share a snapshot of this instance




Calaxy Cloud

Calaxy Cloud

Info: report bugs | wikl | screencast

oudn
8l Currently shared instances

Share-an-instance
Terminate clust Access Galaxy

Status

Cluster name: jamd
Disk status: 1811
Worker status: ldle
Service status: Appll

External Logs:

Display 2 mena




Tool installation and configuration, image creation,
etc, all completely automated and extensible

Cloud instances include all tools available
in main Galaxy and more

Same automation approach can be used for
configuring tool dependencies for a local Galaxy

VM image with just tools available, currently at
http://s3.amazonaws.com/usegalaxy/UseGalaxy.ova


http://s3.amazonaws.com/usegalaxy/UseGalaxy.ova
http://s3.amazonaws.com/usegalaxy/UseGalaxy.ova

Why we love clouds and cloud-like things:

Reasonably cost effective and efficient
(elasticity + autoscaling definitely save money)

Analysis costs are more directly quantifiable

Infrastructure as an abstraction + standard APIs for
provisioning reduces risk of vendor lock-in

Virtualization makes so many things easier



Publishing and sharing



Everything can be shared

Sharing and Publishing History 'Variant Analysis for Sample E18'

Making History Accessible via Link and Publishing It

This history accessible via link and published.

Anyone can view and import this history by visiting the following URL
hitp://main.g2.bx.psu.edu/u/igoecks/h/variant-analysis-for-sample-el8 .

This history is publicly listed and searchable in Galaxy's Published Histories section.

You can

Unpublish History

Removes history from Galaxy's |

Disable Access to History via Link and Unpublish

" S e’ nb en thhint ’ ~ , clnl A » v v
1sabies H510 MK SO Nea | no aCLessipie ang remo

cnrtinm cn that c Nt » - v ctord ar coarchahbla
22CLI0N SO thNd \ VL DUy 2 lE0 OF SEailliialit

Sharing History with Specific Users
You have not shared this history with any users.

Share with a user

Back to Histories List




SN O Galaxy | Published Pages

« | | $ hitp://main.g2.bx.psu.edu/page/list_published

Lab Visualization Admin

Published Pages

search Advanceg Search

. Communit Community
Title Annotation sommunily
Rating Tags
A demo workshop project
ChrY 1000 during CSHL course on
Cenomes Computational Genomics

Nov 2010

2 days ago

Various exercises for

Alaxy Exercises - . S days ago
Lalaxy (13¢5 earning about Galaxy Ve €y

Galaxy 101: The
first thing you

neeg 1o try

An elementary guide 10
Lalaxy

Live supplement for
Lenome Research
windshield splatter paper

Windshield
platter

= An exercise that Hustrates
Calaxy RNA-s¢q

how 10 use Galaxy for
Analysis Exercise ; o

RNA-seq analyses

NEteropias my

Pervasive search allows others to find published items of interest




AN O Calaxy | Published Page | heteroplasmy

- || + |89 http: //main.g2.bx.psu.edu/u/aunl /p/heteroplasmy
- Galaxy Analyze Data  Workflow  Shared Data Lab  Visualization  Admin

Published Pages | aunl | heteroplasmy

Dynamics of mitochondrial heteroplasmy in three families: A fully
reproducible re-sequencing study

!l

Hiroki Gu(ol. Benjamin Du:kms“, Enis Afgan ‘-", lan M. Pdul‘:. James Taylor 3 t‘. Kateryna D. M.skova!, and Anton Nekrutenko?

Correspondence should be addressed to KDM, [T, or AN

1. How to use this document

This document is a Iive copy of supplementary materials for the manuscript. It provides access 10 all the data as well as 1o exact analyses and workfiows
discussed in the paper, SO you can play with them by re-running, changing parameters, Or even applying them 10 your own sequencing data. To mport
workflows you must create a Galaxy account (uniess you already have one) - a hassle-free procecure where you are only asked for a username and

password. To make this even easier, we created several screencasts (very short movies) to help you

® ACCess oyr datas
e re~-yse workflows listed on this pace

e view and import histories listed on this page

‘" A R0

In addition, we ¢ WO lOnger screenacasts

o Watch the analysic of one family (F7) from start (lllumina reads) to finish (3 lis
o Watch how the complete analysis <an be performed on the Amazon Cloud

f you experience any problems while using this page, please e-mail our bug report list and we will get back to you
2. Accessing the Data

All datasets discussed in the paper can be found in two places

o A Calaxy Library called miProject

a Aas S3 huckar an rhe Assazan Closed

Galaxy Page for a recent study on mitochondrial heteroplasmy




Calaxy | Published Page | heteroplasmy
tp.//main.g2.bx.psu.edu/u/aunl/p/heteroplasmy

-. Galaxy Analyze Data  Workflow  Shared Data

Published Pages

Lab Visualization

aunl | heteroplasmy

M10, M10C2, M15, and M15C2

i ¥ 4

—
C
o the workflow ‘'mt analysis 0.01 strand-specific (fastq single)’ was run
for this we created three separate histories
Delow (5ee a Ylreencast ex

and imporiec

Galaxy History | F4
Galaxy History | F7

Galaxy History | F11

Of the histor ginal Numind datasets an

3.3 Generating initial summary datasets

in the previous step we identified variable sites in all samples. Now we need 10 mer ¢ results by gen
sSults worktiow executions Into a new history ¢

called "F4-F7~F11 final report” (for explanation

Galaxy History | F4-F7-F11 final report

dividual datasets are merged into summaries generated for each family. To be more specific, d
F4 summary”, datasets 11 - 14 were joined into !

Yo 14 . datasers 1 thre N ]
4 called "F11 summary”. Mer f datasets was performed

) ah 10 were merged
istory item 22 called "F7 summary”, and, finally, datasets 15

0 performed with " Join, Subtract, and Group
prStanc wnat this means

15 - 18 were ysed to
> Column Join™ w00 00K a1 datasers
+ GCalaxy Dataset | F7 summary

Results of heteroplasmy workflow for all individuals of family 7 joined together. You can click in “rerun” button above to

see the parameters.

Actual histories and datasets directly accessible from the text




Calaxy | Published Page | Heteroplasmy pllot

Failed 1o open page Calaxy | Published Page Heterop

o, lan Paul, Francesca CI

Dataset

-

CITRTD
Mdldy o ey . : TE082:%0 teneee
VITASHATNNE W N TITRIT T LRSI i

AAAAA T ACAA T AT T T AT AMAA T T OO ST OOy

Histories can be imported and the exact parameters inspected




Calaxy | Published Page | Heteroplasmy pilot
+ IS het 184.75.9.52/u/pxtx fp/ heteroplasmy

AWS Marnugement Console Calaxy | Published Page | Meterop

Calaxy Mistory | ms datasets

ne threshold from PCR replic

Disolay a4 meey

Workflows and other entities can also be embedded




Calaxy | Published Page | Heteroplasmy pilot
+ IS het 184.75.9.52/u/pxtx fp/ heteroplasmy

AWS Marnugement Console Calaxy | Published Page | Meterop

Ogdes s rmm
foe all positions that have suffickens quality 10
consider n both 19

Y PN

Disolay a4 meey

And imported for inspection, verification, and reuse




The power of Galaxy publishing

e Galaxy's publishing features facilitate access and
reproducibility without any extra leg work

e One click grants access to the actual analysis you
performed to generate your original results

e Not just data access: the full pipeline
e Annotate each step

e Anyone can import your work and immediately
reproduce or build on it



Windshield splatter analysis with the Galaxy metagenomic pipeline — Genome Research
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Visualization



LOSC Genome Beowser on C. edegams May 2008 (WS 190'cet) Awembly

History Options =

2: UCSC Main on C. elegans: sangerGene @ R
(chril:1-15279323)

5,224 regions
format: bed, database: ceb

ll' -

display at UCSC main

view in GeneTrack

display at Ensembl Current

display at GBrowse wormbase modencode worm

1.Chuom 2.Stact 3.Eud 4.NMg 5 s.stmund g s

chrII 1866 4663 2L52.1 2+ 1866 4663
chrIT 6663 9233 CO1B12.4 0 + 6663 9233
chrII 9807 11826 CO1B12.5 0 - 9807 11826
chrII 12984 15998 CO1B1Z.3 0 + 29385 15858
2
1

chrIT 19537 22158 CO1B1Z2. 1955021842

chrII 23328 24428 CO1B1Z2. 23346 2a\7
€ ) <« ¥

Integration with many existing browsers (extensible)




Visualization and analytics:
Galaxy Track Browser

Entirely web standards based to support
sharing, communicating, and collaborating
around visualizations

Dynamic and responsive

Open source and extremely extensible



Calaxy | Published Visuahization | CCC2011-1: Viewing and Navigating

imaing2.bx.psu.edu/u/jeremy/v/gcc201 ]~ 1-viewing-and-navigating

Shared Data  Visualization Help  User

CCC2011 -1 Viewing and 1.290 - 4168475




Calaxy | Published Visuahzation | CCC2011-1: Viewing and Navigating

imaing2.bx.psu.edu/u/jeremy/v/gcc201 1~ 1-viewing-and-navigating

Analyze Data  Workflow Shared Data  Visualization

Published Visualizations | jeremy | CCC2011~1: Viewing and | ¢awrl9 . 625,719 - 682,581




anNnn Galaxy | Published Visualization | GCC2011-1: Viewing and Navigating
|‘ - I_'.J i_+-.1-'_- htp://main.g2.bx.psu.edu/u/jeremy/v/gcc201 1 - 1-viewing-and-navigating

Analyze Data Workflow Shared Data Visualization

Published Visualizations | jeremy | CCC2011 -1 Viewing and | ¢cwr19
0 663,040 3

g €¢ c g9 9¢c ¢ ChC

v

)

-
>




With increasingly complex tools, more
experimentation with parameters is necessary,
visual feedback aids exploration

Galaxy already provides a very sound model for
abstracting interfaces to analysis tools

Existing tool framework can be leveraged for
visual analytics



Calaxy | Published Visualization | CCC2011-2: Dynamic Filtering

1o/ /maing2.bx.psu.edu/u/jeremy/v/gcc201 1 ~2~-dynamic-filtering

Analyze Data  Workflow  Shared Data  Visualization Help  User

490,747 - 2,161,375

Score [68-1000)
exon_number [1-1)
frac [0-1)

cov [1-1658)

conf_lo [0-178180)
FPKM (8602-223870)
conf_hi [304-269560)

Run on comoiete

Dynamic filtering on element properties (here, FPKM for putative transcripts)




SSCCOUERRTT TN RREL T L ) |
U AL S LU PR M

T T T T S NN T T AL LAY
et

Him

Cufflinks
Max Intron Length
Min Isofgrm Fraction
Pre MRNA Fraction
Min SAM Map Quaity
Perform guartiie normafization

..

Score [20-1000)
frac [0-0.73)

cov [0-7%)

cond_lo [240-304%90)
FPEM [140-10900)
cont_Nhi [1750-19800)

Modifying Cufflinks parameters and locally reassembling




Arbitrary visualization types supported
(but not implemented)

Access to tools and visual analytics specific features

(e.g. local computation using global models)
can be used by new visualization types



Scaling Galaxy: two distinct problems

e S0 much data, not enough infrastructure.

e Solution, encourage local Galaxy instances,
cloud Galaxy, support increasingly decentralized
model, improve access to exiting resources

So many tools and workflows, not enough
manpower

e Focus on building infrastructure to allow
community to integrate and share tools,
workflows, and best practices



Galaxy toolshed vision

Allow users to share “suites” containing tools,
datatypes, workflows, sample data, and automated
installation scripts for tool dependencies

Version controlled
Community annotation, rating, comments, review
Dependency resolution

Integration with Galaxy instances to automate tool
installation and updates



Galaxies on Galaxies on
private clouds public clouds

&f

Gnluy'bol\

[ http://usegalaxy.org J H “

http://usegalaxy.org/community

V
spays |00] 91eAud

//¢
SRR

V

private Galaxy installations



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

SO0 Calaxy Tool Shed

User

=~ Galaxy Tool Shed Repositories  Help

Galaxy Tool Shed .
Categories

Repositories search repository name, description

= Browse all repositories

Name Description Repositories
s Login to create a repository 3 \ S for working with assemblies

Computational chemistry

use in computational chemistry

Convert Formats converting data formats

retrieving data from external data sources

manipulating fasta data
producing images
Next Cen Mappers

o Tools for the analysis and handling of Next Gen sequencing data
nwlogy Manipulation manipulating ontologies

manipulating alignments in the SAM format

performing Protein and DNA/RNA analysis

single nucleotide polymorphism data such as WCA
generating statistics
Text Manipulation for manipulating data

Visualization for visualizing data




SOO Calaxy Tool Shed

Repositories  Help

~. Galaxy Tool Shed

Galaxy Tool Shed

Repositories

Repositories

Advanced Search

= Browse all repositories

- 7- Name .
s Login to create a repository —

aqile wrapper

'
stats

blast2qo

clystaiomeqa

contamem

search repository name, description

Synopsis

Quickly match
reads to a
reference

genome 0

Summarise an
assembly (e.g

NSO metrics)

Maps BLAST
results to CO
annotation
terms

aiignment
program for

proteins

For fast
contaminant
filtering from
nextgen

reads

10D0

User

Revision

}:dbad426araadt

6544228eal90

0:6eblb/7addbs519

- 1000000000000

Next Gen

AMannarc
MADDEers

simon
Sequence

konradpaszkiewicz

Manipulation
sequence

Analysis

Fasta

Alam - ~ "
Manipuiation
SN L R clustaiome Qa

nemoon

=)




:: Galaxy Tool Shed Repositories  Help  User

Galaxy Tool Shed v

y Repository Actions
Repositories clustalomega
= Browse Dv category

. Clone this repository:
= Browse all repositories

ng clone http://toolshed.g2.bx.psu.edu/repos/clustalomeqga/clustalomeqa

s Login to create a repository

Name:

clystalomeqa

Synopsis:

multiple sequence alignment program for proteins

Detailed description:

ta QOmega 5 4 eneral
Version:
0:ff1768533a07

Owner.

clustalomega
Times downloaded:
tegories

Fasta Manipulation

Sequence Analysis

Repository metadata

Tools:

name description version requirements

Clustal Omega multipie seguence alignment program for proteins version

=




:t Galaxy Tool Shed Repositories  Help  User

xy Tool .
Galaxy Tool Shed Repository Actions

Repositories Clustal Omega
caleqory

. Name for output files:
= Browse all repositories

co_alignment
s Login to create a repository

Output guide tree

Yes

Output distance matrix:

Yes

r~

Clu s'.al—O mega is a general purpose multiple sequence alignment (MSA) program for proteins. It p'u"cu’as high
quality MSAs and is capable of handling data-sets of hundreds of thousands of sequences in reasonable time
In default mode, users give a file of sequences to be aligned and these are clustered 1o produce a guide tree and this
S used to quide a “progressive alignment” of the sequences. There are also facilities for aligning existing alignments
to each other, aligning a sequence to an alignment and for using a hicden Markov model (HMM) to help quide an
alignment of new sequences that are homologous to the sequences used 1o make the HMM. This latter procedure is
referred to as “external profile alignment” or EPA

Clustal-Omega uses HMMs for the alignment engine, based on the HHalign package from Johannes Soeding [1].
Guide trees are optionally made using mBed [2] which can cluster very large numbers of sequences in O(N*1og(N))

l
time. Multiple alignment then proceeds by aligning larger and larger alignments using HHalign, following the

- J

clustering given by the guide tree.

orm Clustal-Omega can only align protein sequences but not DNA/RNA sequences. It is envisioned

/RNA will become available in a future versi

A full version of these instructions is available at htip:/ /www.clustal.org/

S is a beta version of Clustal Omega. Bugs should be reported to clustalw@ucd.ie
A standalone version of Clustal Omega for Linux/Windows/Mac is available from htto.//www.clustal.org
(1] Johannes Soding (2005) Protein homology detection by HMM-HMM

comparison. Bloinformatics 21 (7): 951-960.
[2] Blackshields G, Sievers F, ShiW, Wilm A, Higgins DG. Sequenc

em'wJ ng for fast construction of guide trees for multiple sequence alignment. Algorithms Mol Biol. 2

> £l




Some future challenges

e Capturing and automatically deploying tool
dependencies, automatic tool acquisition in Galaxy
instances

e Better interfaces for highly parallel analysis (e.g.
running the same workflow across 192 individuals)

e Various workflow engine improvements, partial
data streaming, combined experimental/
computational workflows



Try it now: Develop and deploy:
http://usegalaxy.org http://getgalaxy.org

Join us, contact me at:
james@jamestaylor.org

Opportunities for collaboration, positions for
postdocs, researchers, software engineers


http://getgalaxy.org
http://getgalaxy.org
http://usegalaxy.org
http://usegalaxy.org
http://usegalaxy.org
http://usegalaxy.org

