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Overview

Genomics

Galaxy
+ accessible, reproducible, and transparent science
+ onthe cloud
+ visual analytics

Reflections on Galaxy
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Molecular Biology Primer
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Molecular Biology Primer

Central Dogma of Molecular Biology : Eukaryotic Model
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Molecular Biology Primer

Nucleosomes

DNA — — DNA methylation

v v

- samm c-w = -
Pre-rRNA * Pre-mRNA

Ribosomal

wits

emiRNP

complex

Gep “A

Noncoding RNA

(one class) y
Protein @
isoforms A A

Gppp AAA

32 mRNA degradation

Inhibition of
+ protein synthesis




Goals of Genomics

Identify and annotate all functional genomic elements
+ genes, promoters, enhancers, silencers, epigenetic modifications

Understand genomic regulation
+ interactions, networks, feedback systems

Apply knowledge of genome to address biomedical challenges
+ personalized medicine
+ aging
+ environment interactions
+ pathogen analysis
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Trends in Genomics (1)

Cost per Q20 Megabase ($)

- Moore's Law
= $/MQ20
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Trends in Genomics (2)
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you-go service, accessible from one’s own

Wi I I COm ute rs Crash G e nom i cs? desktop, that provides rented time on a large
p " 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

New technologies are making sequencing DNA easier and cheaper than ever, but the
ability to analyze and store all that data is lagging
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“Will Computers Crash Genomics?’, Pennisi, E., Science, Feb 11, 2011
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Challenges in Genomics

Generating data is easy
+ high-throughput sequencing (HTS) technologies
improving rapidly
+ datasets are hundreds of MBs to GBs

Analyzing data is THE bottleneck

+ computation is essential due to dataset size
+ 51,000 genome, $1,000,000 interpretation?

http://www.bio-itworld.com/2010/10/01/interpretation.html




Using Computation in Science?

Scientists often not trained in computation

Reproducibility hindered by complexity:
systems, scripts, tools, parameters

Collaboration and publishing difficult
because current media do not support
computational artifacts well




Overview

Genomics

Galaxy
+ accessible, reproducible, and transparent science
+ onthe cloud
+ visual analytics

Reflections on Galaxy




Galaxy Project: Fundamental
Questions

When Biology (or any science) becomes

dependent on computational methods:
how can those methods best be made
accessible to scientists?
how best to ensure that analyses are
reproducible?
how best to facilitate transparent
communication and reuse of analyses?




Vision

Galaxy is an open, Web-based platform for

accessible, reproducible, and transparent
computational biomedical research




Connecting Users wit

Options

Send Data
ENCODE Tools

Ift- r
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

Statistics
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution
Metagenomic analyses
EMBOSS

NGS: QC and manipulation
NGS: M. |

NGS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

SNP/WGA: Data; Filters
SNP/WGA: QC; LD; Plots
SNP/WGCA: Statistical Models

Workflows

Galaxy

Analyze Data  Workflow  Shared Data  Visualization  Help  User

Map with Bowtie for lllumina

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

Use a bullt=in index $
Select a reference genome:

mm9

Is this library mate-paired?:

aired-end o

Forward FASTQ file:
1: E18 PE.1 Reads

Reverse FASTQ file
1: E18 PE.1 Reads

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

1000
The upstream/downstream mate orientation for valid paired-end alignment against the
forward reference strand (=~fr/ - -rf/ - ~ff)

FR (for Nlumina) 3|

Bowtie settings to use:

Commonly used o

Suppress the header in the output SAM file:
v

Execute

What it does

Bowtie is a short reac ner de d 1o be A ry-efficient. It is developed by Ben
Langmead and Cole p g ¥ - ber L. Ultrafast and

memory-efficient align ences to the h N genome. Ge ne Bio

Accessibility

h Tools

History Options ~

15: Variants from sample @ (/
E18, consensus different, in RefSeq

Genes

14: UCSC mm9 RefSeq Genes @ [/

13: variants from sample @® {
E18 where consensus base different

than ref. base

10: Variants from sample ®

E18

9: Generate pileup on data 8 @ ¢

8. SAM-10-BAMondata7 @

7: Map with Bowtie for @®
Hlumina on data 6 ata

6: E18 PE2 Reads Groomed, @&

Trimmed

5:E18 PE1 Reads Groomed,
Trimmed

4. E18 PE2 Reads Groomed
3. E18 PE1 Reads Groomed
2. E18 PE2 Reads

1. E18 PE] Reads




Filter and Sort

= Filter data on any column using
simple expressions

. . [ ]
e b sers with Tools

Select lines that match an Galaxy
expression

Accessibility

Analyze Data  Workflow  Shared Data  Visualization  Help  User

History Options ~
p with Bowtie for lllumina

Extract features from GFF file

| you select a reference genome from your history or use a built-in index?:

Filter GFF file by attribute using  2®uinmeex =
simple expressions

ect a reference genome 15: variants from sample ® (R
9 E18, consensus different, in RefSeq
m Genes

Filter GFF file by feature count ™ s
uslng Slmple express|ons his library mate-paired?: 14: UCSC mm9 RefSeq Genes @ J 22

raired-end §

Extract Features 13: variants from sample ® 78
Fetch Sequences Forward FASTQ file: E18 where consensus base different
Fetch Alignments 1: E18 PE.1 Reads ) than ref. base

Get Genomic Scores

Operate on Genomic Intervals Reverse FASTQ file E18

Statistics 1: E18 PE.1 Reads |

Graph/Display Data Must hav . ) T A Heor 23 9: Generate pileup on data 8 @ (/
Regional Variation
Multiple regression
Multivariate Analysis 1000
Evolution

10: Variants from sample ®

Maximum insert size for valid paired-end alignments (-X): » | 8. SAM-10-BAM on data 7 @® |

7: Map with Bowtie for ® R

: The upstream/downstream mate orientation for valid paired-end alignment against the Hlumina on data 6 ata
Metagenomic analyses forward reference strand (==fr/«~rf/~-~ff)

EMBOSS FR (for Nlumina) 3| 6: E18 PE2 Reads Groomed, ® ( ¥
Trimmed
Bowtle settings to use:

NGS: QC and manipulation Commonly used s S:E18 PE1 Reads Groomed,
NGS: M. L t y 1 f you want ‘ et Trimmed

NGS: SAM Tools

NGS: Indel Analysis Suppress the header in the output SAM file:

: . v
NGS: Peak Calling . ‘ N e P _— 3. E18 PE] Reads Groomed

4. E18 PE2 Reads Groomed

Sxeom 2. E18 PE2 Reads
SNP/WGA: Data; Filters

SNP/WCA: QC: LD:; Plots 1. E18 PE]1 Reads
SNP/WGA: Statistical Models What it does

Bowtie is red ligner desig
Workflows j Trapnell. Please ¢

memory-efficient alignment of short DNA seq
Y ‘] 1




Filter and Sort

= Filter data on any column using
simple expressions

- . ® °
L L cting Users with Tools
Select lines that match an Galaxy

e: Operate on Genomic Intervals

Intersect the intervals of two Analyze Data  Workflow  Shared Data  Visualization  Help  User
queries

Accessibility

History Options ~
ie for lumina

Subtract the intervals of two
queries

t a reference genome from your history or use a built-in index?:

Merge the overlapping intervals 15 Yahots from ol @ ¢ 3

E18, consensus different, in RefSeq

of a query —— Genes

14: UCSC mm9 RefSeq Genes @ J 22

Concatenate two queries into
one query ) 13: Variants from sample @ J &

E18 where consensus base different
than ref. base

Base Coverage of all intervals

10: Variants from sample ® R
E18

Coverage of a set of intervals : 3
on Second set Of inteNaIS haer p vy A et 33 9: Generate pileup on data 8 @® [
8. SAM-t0-BAMondata7 @ {

Complement intervals of a
7: Map with Bowtie for @® J B

query m/downstream mate orientation for valid paired-end alignment against the Hlumina on data 6 ata
rence strand (==fr/«~rf/-~ff)
. -y 6: E18 PE2 Reads Groomed, @ ( ¥
Cluster the intervals of a query Trimaed

Join the intervals of two queries #< % o ' ) —

- X Trimmed
side-by-side
header in the output SAM file: 4.E18 PE2 Reads Groomed @ {

Get flanks returns flanking N o o . 3 £18 PE1 Reads Groomed @ (
region/s for every gene '

2. E18 PE2 Reads ® R

Fetch closest feature for every 1: E18 PE.1 Reads
interval

r designed to be ultrafast and memory-efficient. It is developed by Ben
Please cite: Langmead 8, Trapnell C, Pop M, Salzberg SL. Ultrafast and

PfOflle Annotatlons for a Set Of nt alignment of short DNA sequences to the human genome. Genome Biology 10:R25
genomic intervals




Filter and Sort

Filter data on any column using
simple expressions

Accessibility

L L cting Users with Tools

Select lines that match an
e; Operate on Genomic Intervals

Intersect the intervals of two
queries

Subtract the intervals of two
queries

Merge the overlapping intervals
of a query

{‘N‘cs?sm Tools
= Filter SAM on bitwise flag
values

Convert SAM to interval

SAM-to-BAM converts SAM
format to BAM format

BAM-to-SAM converts BAM
format to SAM format

Merge BAM Files merges BAM
files together

Generate pileup from BAM
dataset

Filter pileup on coverage and
SNPs

Pileup-to-Interval condenses
pileup format into ranges of
bases

Galaxy

Analyze Data  Workflow  Shared Data  Visualization  Help  User

ie for lumina

t a reference genome from your history or use a built-in index?:

rence genome

mate-paired?:

I8 for valid paired-end alignments (-X):

fistream mate orientation for valid paired -end alignment against the
Rrand (= =fr/==rf/-~ff)

in the output SAM file:

er designed to be ultrafast and memory-efficient. It is developed by Ben
Please cite: Langmead 8, Trapnell C, Pop M, Salzberg SL. Ultrafast and

Genome Biology 10:R25

History Options ~

15: Variants from sample @R
E18, consensus different, in RefSeq
Genes

14: UCSC mm9 RefSeq Genes @ J 22
13: variants from sample ® R
E18 where consensus base different

than ref. base

10: Variants from sample ® R
E18

9. Generate pileup on data 8 @® {
8. SAM-10-BAMondata7 @ [ ¥

7: Map with Bowtie for ® R
Hlumina on data 6 ata

6: E18 PE2 Reads Groomed, @ ( 3¢

Trimmed

5:E18 PE1 Reads Groomed, ® (/
Trimmed

4. E18 PE2 Reads Groomed @ |
3. E18 PE1 Reads Groomed @ |
2. E18 PE2 Reads ® R

1. E18 PE] Reads




Filter and Sort

= Filter data on any column _usina
simple expressions

Accessibility

Filter pileup

Sort data in ascending
descending order

Select dataset:
~ 10: Variants from sample E18 T]

Selert lines that match

2 which contains:
e: Operate on Genon

_ Pileup with six columns (simple) T]
= Intersect the int€ | sce "Types of pileup datasets” below for examples
queries

G
Do not consider read bases with quality lower than: 0 Options ~
Subtract the inte 20

queries No variants with quality below this value will be reported

Merge the overld Do not report positions with coverage lower than: Wariants from sample @ 0 3

consensus different, in RefSeq

of a query 3 s

Pileup lines with coverage lower than this value will be skipped CSC_ mm9 RefSeq Genes @ J

CNCS SAM Tan
E NGS: SAM Too Only report variants?: ariants from sample
= Filter SAM 0 (s 13) T

values See "Examples 1 and 2" below for explanation

Convert SAN Convert coordinates to intervals?:
No T] nerate pileup on data 8 @ ¢

SAM-to-BAHl | sce "Output format" below for explanation M-to-BAMondata7 @ J &
format to B Print total number of differences?: p with Bowtie for
BAM-to-SA [(No %)

format to S# | See "Example 3" below for explanation

Print quality and base string?:
Merge BAM =
= Yes by
files togeth¢ — =~
See "Example 4" below for explanation 8 PE2 Reads Groomed
Generate Q” S EXeciten 8 PE1 Reads Groomed

dataset 8 PE2 Reads

Filter pileup on coverage and 11618 PE1 Reacs

SNPs

i 1o be ultrafast and mem
e: Langmead 8, Trapnell C, Po
NA sequences to the human genome

Pileup-to-Interval condenses
pileup format into ranges of
bases




Filter and Sort

Filter data on any column_usina

simple expressions

Sort data in ascending
descending order

Select lines that matck
e; Operate on Genon

= |[ntersect the inte
queries

Subtract the inte
queries

Merge the overla
of a query

{ NGS: SAM Too

= Filter SAM o
values

Convert SAM

SAM -to-BAN
format to B/

BAM -to-SAN
format to S#

Merge BAM
files togethe

Generate pil
dataset

Filter pileup

Select dataset: History Options «
10: Variants from sample E18 T)

which contains: o =

T —— <) Variant Analysis for Sample E18
See "Types of pileup datasets” below for examples
Do not consider read bases with quality lower than: 15: Intersect to get Variants @ 0 2@
20 from sample E18, consensus different,
No variants with quality below this value will be reported in RefSeq Genes

Do not report positions with coverage lower than:

3 14: UCSC mm9 RefSeq Genes @ {J

Pileup lines with coverage lower than this value will be skipped

Only report variants?: 13: Filter to get Variants from ® { ¢
Yes 4] sample E18 where consensus base

See "Examples 1 and 2" below for explanation different than ref. base

Convert coordinates to intervals?:
No 12 10: Filter pileup to get @ ] R
See "Output format" below for explanation Variants from sample E18

Print total number of differences?:
No e 9: Generate pileupondata8 ® {J X

See "Example 3" below for explanation

Print quality and base string?: 8: SAM-to-BAM on data 7 @ ] R
Yes 7] ’

See "Example 4" below for explanation 7: Map with Bowtie for @ 0 %
_Execute lllumina on data 6 and data 5

Filter pileup on coverage and 6: E18 PE.2 Reads Groomed,

SNPs

Trimmed

igner designed to be ultrafast and memory-efficient. It is devele
pnell, Please cite: Langmead 8, Trapnell C, Pop M, Salzberg SL. L

PI|9UD-[O-|nteNa| CondenSQS ent of short DNA sequences to the human genome. Genome Bi

pileup format into ranges of

bases

S5: E18 PE.1 Reads Groomed,
Trimmed




Filter and Sort This dataset is large and only the first megabyte is shown below.

2 Show all | Save
= Filter data on any co Show 21 | Save
simple expressions

Accessibility

chri0 6882036 6382037 A
chri0 14243075 14243076
; il chri0 14243079 14243080
% daé.a in as;endm chri0 14465082 14465083
chri0 14465083 14465084
éscending oraer chri0 14465084 14465085
chri0 14465085 14465086
Select lines that maty chri0 14465257 14465258
= chril 14465258 14465259
e: Operate on Geno curio 14465263 14465264
chri0 14465366 14465367
- in| chrin 14465371 14465372
M the ini o210 1ddeaits 14465411
queries chri0 14465447 14465448
chri0 14465456 14465457
chri0 14465465 14465466
inf chrio 14465485 14465486
Sum—'_'ad the int chri0 14465569 14465570
queries chri0 1446558 14465582
chri0 14465586 14465587
chri0 14465621 14465622
chri0 14465658 14465659
Merge the over chri0 14465660 14465661
of a query chri0 14465691 14465692
chri0 14465778 14465779
¢ chri0 14465791 14465792
e —e e =l (110 1446588 1446588
< NGS: SAM To crrio 17445082 17445085
( — | chrid 17445271 17445272
i chri0 17731269 17731270
= Filter SAM| =110 133357e 19922283

values chri0 19928468 9

chri0 1992848

-
o
~J
[ 5]

Options «

cooocomrmooW
Lo |
O

alysis for Sample E18

wd

ect to get Variants & {J %
iple E18, consensus different,
Genes

[ E R R A o A LA

Wollwod—=nnowoaaaad

]
w0
o

coorroooooo

ocooo

mm9 RefSeq Genes @& {J &%

to get Variants from @ { %
18 where consensus base
than ref. base

ra

(g

chri0 4
chrid  199285: 139285238
M chriQ =3 ¢ =1 39
chri( 2
chri0 7 2874
SAM-10-Bf 0171 Zi7s9sze 20739827
chri0 28750217 28750218
format to | cxip 22730207 28750
chrid 28750401 28750402
BAM-t0-S/ chri0 28750423 28750424
BAM=TO=DF 1,10 23750432 28750439
(chri0 28750446 28750447
format to §cix1?  Z27304de 28750438
chrid 28750512 28750513
chrid 28750548 28750549
Merge BAN o710 25730374 28750575
chrid 28750577 28750575
files toget) cix1? 28720577 28750579
chri0 28750593 28750594

chri0 28750640 28750641
Generate chri0 28750746 28750747
chri0 28750766 28750767
dataset chri0 28750769 28750770

[
w0

)
0

-
[0

te pileup on data 8

o
o

p-BAM on data 7

-:»DccF:l:_iq:u:n—‘-:-HckCtHDcHDDH<:-HH-:h
o

‘2 ith Bowtie for

165 46 Cey
202 Al
205 3 ‘ &4
175 60 4 [=1=1

pn data 6 and data S

A3 FQHOHEEEQQFFFORFFOQEFQFOFOQEFFFQQO@HEOOOHOHEOHQQFFFO@EOEOQ
ocoo

1O@QPFO@EEE3QAQFQFAPFOEQEQ@FERER A

Filter pileup on coverage and 6: E18 PE.2 Reads Groomed,
SNPS igner designed to be ultrafast and memory-efficient. It is devele -rrlm—rned
pnell, Please cite: Langmead 8, Trapnell C, Pop M, Salzberg SL. L
Pileup-to-lnterval Condenses ent of short DNA sequences to the human genome. Genome Bit
pileup format into ranges of 5: E18 PE.1 Reads Groomed,

bases Trimmed
23 :




Accessibility

A Tool in Galaxy

| cluster.xml

<tool id="gops_cluster_1" name="Cluster's
<description=[[Cluster]] the intervals of a query</description=
=command interpreter="python2.4"s
gops_cluster.py $inputl $output -1 $inputl_chromCol, $inputl_startC
-d $distance -m $minregions -o $returntype
=/ command=
=inputs=
<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"=
<option value="1"-Merge clusters into single intervals</option=
<gption value="2">Find cluster intervals; preserve comments and
<option value="3"=Find cluster intervals; output grouped by clus
=option value="4"=Find the smallest interval in each cluster=/op
<option value="5"=Find the largest interval in each cluster</opt
</param=
=finputs=>
=help=

. class:: infomark
**¥TIP:** If your query does not appear in the pulldown menu -= it is n|
**Screencasts|**
See Galaxy Interval Operation Screencasts_ (right click to open this 1
. _Screencasts: http://www.bx.psu.edu/cgi-bin/trac.cgi/wiki/GopsDesc
*EGyntax**
**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 span

**Find cluster intervals; preserve comments and order** filters out

nig outp grouned h g 0

87 Column: 8 ¥  Soft Tabs:

Defined via abstract

interface:

+ inputs & outputs
parameters
how to generate
command line

As simple as possible
but allows for rigorous
reasoning




Reproducibility

Reproducibility in Genomics

18 Nat. Genetics experiments in
microarray gene expression

<50% of reproducible

Problems
missing data (38%)
missing software, hardware
details (50%)
missing method, processing
details (66%)

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




Reproducibility

Reproducibility in Genomics

18 Nat. Genetics experiments in 14 re-sequencing experiments
microarray gene expression in Nat. Genetics, Nature, Science

<50% of reproducible 0% reproducible?

Problems Problems
missing data (38%) + missing primary data (50%)
missing software, hardware + tools unavailable (50%)
details (50%) + missing parameter setting,

missing method, processing tool versions (100%)
details (66%)

loannidis, J.P.A. et al. “Repeatability of "Devil in the details," Nature, vol. 470,
published microarray gene expression 305-306 (2011).
analyses.” Nat Genet 41, 149-155 (2009)




Reproducibility

Metadata = Reproducibility




Reproducibility

Automatic Metadata

Map with Bowtie for lllumina

7: Map with Bowtie for @ 0 = Will you select a reference genome from your history or use a built-in index?:
Illumina on data 6 and data 5 _Use a built-in index ]

. Built-ins were indexed using default options
9,073,928 lines, format: sam, ' Hne

Select a reference genome:
Run this jo in - -
Sjob again aligned. mm9

Ay f your genome of interest is not listed - contact Galaxy team

Is this library mate-paired?:

1. QNAME 2.FLAG 3. _Paired-end [+
HWI-EAS269:3:1:1449:913 99 chy Forward FASTQ file:

HWI-EAS269: -1449-:913 147 chy 5: E18 PE.1 Reads Gr..ed, Trimmed ?

-709:832 147 chy Reverse FASTQ file:
6: E18 PE.2 Reads Gr..ed, Trimmed |4
Must have Sanger-scaled quality values with ASCII offset 33

HWI-EASZ269:
HWI-EASZ269:

HWI-EAS269:3:1:1422:1087 147 chy
D <> Maximum insert size for valid paired-end alignments (-X):

1000

:1422:1087 99 chy

1

1
HWI-EAS269:3:1:709:832 ag chy Must have Sanger-scaled quality values with ASCII offset 33

1

1

1

The upstream/downstream mate orientation for valid paired-end alignment
against the forward reference strand (--fr/--rf/--ff):

Bowtie settings to use:
_ Commonly used ?

For most mapping needs use Commonly used settings. If you want full control use
Full parameter list

Suppress the header in the output SAM file:
K4

Bowtie produces SAM with several lines of header information by default

: Execute




Reproducibility

User Metadata

History Options

Tags:
snp pileup bowtie
demo sample:el8

Annotation / Notes:

Perform a variant analysis with default
parameters to identify variants in sample
E18 that lie in annotated genes.

10: Variants from @ ] R

sample E18

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

Info:
'@ -
Tags:

pileup sample:el8
SNps
Annotation:

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 456

chri0 6832036 6882037 & & 107
chri0 14243075 14243076 G G 96
chrio 14243079 14243080 C € 106
chrio 14465082 14465033 T K 173
chri0 14465083 14465084 G K 144
chrio 14465084 14465085 T T 117

— T




Data Provenance

Datasets are immutable in Galaxy
+ associations between Dataset objects and their usage:
HistoryDatasetAssociation, LibraryDatasetAssociation
+ metadata associated with associations, not datasets

Exporting from Galaxy
+ histories and workflows can be exported in JSON format

Metadata
+ Datatype defined in Python code
+ Job/tool metadata has official
+ JSON format in database and when exported

30




Reproducibility

Galaxy Workflows

| « [ [ | 4 | hitp://main.g2.bx.psu.edu/
Analyze Data  Workflow  Shared Data  Visualization Help  User

Tools Options
et Is large and only the first megabyte is shown below

n tool .
search tools Save Saved Histories

Histories Shared with Me

Create New
Clone
- - . Share or Publish
FASTA manipulation o P 41 Extract Workflow
Fliter and Sort : :
Join, Subtract and Group

Extract Features : 12 4 [
Fetch Sequences 1 0 ) ¢ Show Hidden Datasets

Dataset Security

Show Deleted Datasets

Fetch Alignments : 1 ¢ ¢ 134 20 . c Show structure

Get Genomic Scores _': S660 ' T B \ 60 s p Delete

Operate on Genomic Intervals : = . . 53 34 :

Statistics

Graph/Display Data

Regional Variation

Multiple regression

Multivariate Analysis

Evolution

Metagenomic analyses : 80 y i

EMBOSS : : ; : 132 &0 : i1 8 SAM-t0-BAM on data ® {
7 7

9: Generate pileupon @ ¢
data 8

NGS: QC and manipulation cha : . : ) 163 163 ) 4 7: Map with Bowtie for @
NGS: Mapping 2 1 5 0 ) § lllumina on data 6 and data §
NGS; SAM Tools oh s - : 20 o % 9,073,928 lines, format: sam,

0 ) 2 S database: mmS
NGS: Indel Analysis - : - itabase: mm3
NGS: Peak Calling
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SNP/WGA: Data; Filters
SNP/WGA: QC; LD; Plots
SNP/WGA: Statistical Models
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& M O Tool History items created

Ll il @ hup://mains [0 g Fije 1: E18 PE.1 Reads

M Treat as input dataset
Tools

search tools Upload File 2: E18 PE.2 Reads saved Histories

. H h h M
M Treat as input dataset Istories Shared with Me

Create New

FASTQ Groomer Clone

3: E18 PE.1 Reads Groomed
. hare or Publish
™ Include "FASTQ Groomer" in workflow >
FASTA manipulation - Q Extract Workflow

Fllter and Sort

Join, Subtract and Group
Extract Features FASTQ Groomer Show Deleted Datasets
Fetch Sequences 4: E18 PE.2 Reads Groomed Show Hidden Datasets
# Include "FASTQ Groomer" in workflow

Dataset Security

Fetch Alignments Show structure
Get Genomic Scores

Operate on Genomic Intervals

Wi FASTQ Trimmer 5: E18 PE.1 Reads Groomed,
Graph/Display Data "

Regional Variation ™ Include "FASTQ Trimmer" in workflow Trimmed
Multiple regression

Multivariate Analysis

Evolution :

Mt SIS FASTQ Trimmer 6: E18 PE.2 Reads Groomed,
EMBOSS ™ Include "FASTQ Trimmer” in workflow Trimmed |-t0-BAM on data @ J 3

grate pileup on

NGS: QC and manipulation X X ) | with Bowtie for @ J
NGS: Mapping Map with Bowtie for Illumina - - i 1a on data 6 and data §
NGS: SAM Tools 7: Map with Bowtie for Illumina on 928 lines, format: sam,

™ Include "Map with Bowtie for Illumina" - mm9
NGS: Indel Analysis T Kl P data 6 and data 5 ::lm.“,.l’h ¢ aligned
NGS; Peak Calling in workilow

SNP/WGA: Data; Filters SAM-to-BAM
SNP/WGA: QC; LD; Plots » | 8: SAM-to-BAM on data 7
SNP/WGA: Statistical Models ™ Include "SAM-to-BAM" in workflow

Workflows

Generate pileup
9: Generate pileup on data 8
M Include “"Generate pileup” in workflow
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Galaxy Workflows

History items created

Calaxy

Tools Analyze Data  Workflow  Shared Data  Visualization

search | workflow Canvas | SNP variant detection from paired-end reads Options ~

Input dataset b4

output

FASTQ Groomer b~ 4

Filter 3 File 1o groom

loin, Sy output_file

Extract ( anger fastacssanger fastqsolexa fastqillumina)

Fetch §

Feich # Map with Bowtie for lllumina 22
Get Gel FASTQ Trimmer 3%
Operat
Statisth

Graph/ output_file output (sam)

Region

Multipl SAM -to-BAM
Multiva SAM File to Convert
Evoluti

Metage

Forward FASTQ file

FASTQ File Reverse FASTQ file

Input dataset b4 outoutl (bam)
output

Generate pileup 2 Filter pileup

FASTQ Groomer % Select the BAM file to Select dataset
generate the pileup
File to groom file for it filel
lar,Interval)
output_file outputl (tabular)
(fastqsanger,fastqessanger,fastqsolexa fastqillumina)

FASTQ Trimmer bx4

FASTQ File

M Inciuge "Lenerate piieup” in Workriow |
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Sharing and Publishing

Sharing and Publishing History 'Variant Analysis for Sample E18'

Making History Accessible via Link and Publishing It

This history is currently restricted so that only you and the users listed below can access it. You can:

Make History Accessible via Link

Generates a web link that you can share with other people so that they can view and import the history.

Make History Accessible and Publish

Makes the history accessible via link (see above) and publishes the history to Galaxy's Published Histories
section, where it is publicly listed and searchable.

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

Share with a user

Back to Histories List




Sharing and Publishing

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:

http://main.q2.bx.psu.edu/u/jgoecks/h/variant-analysis-for-sample-e18 .

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

You can:

Unpublish History
Removes history from Galaxy's Published Histories section so that it is not publicly listed or searchable.

Disable Access to History via Link and Unpublish

Disables history's link so that it is not accessible and removes history from Galaxy's Published Histories
section so that it is not publicly listed or searchable.

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

Share with a user

Back to Histories List
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Galaxy | Published History | Variant Analysis for Sample E18

4+ |69 http://main.g2.bx.psu.edu/u/jgoecks/h/variant-analysis-for-sample-e 18

Analyze Data

Published Histories | jgoecks | Variant Analysis for Sample E18

Galaxy History ' Variant Analysis for Sample E18'

Annotation: Perform a pileup analysis with default parameters to identify variants
Dataset

L E18 PE ]l Reads

2. E18 PE2 Reads

. S: E18 PE.1 Reads CGroomed, Trimmed

,room Trimm
7: Map with Bowtie for lllumina on data 6 and data S
AM M on

9: Generate pileup on data 8

: Fliter pll Varlants from samp!

13: Filter to get Variants from sample E18 where consensus base
different than ref. base

14: UCSC mm9 RefSeq Genes

15: Intersect to get Variants from sample E18, consensus different, in
RefSeq Genes

Workflow

Shared Data

Visualization

User

Help

&7 IMport history
n sample E18
Annotation
Forward reads from sample E18
Reverse reads from sample E18
Groom reads 10 convert quality scores from Solexa 1.0
to Solexa 1.3

Groom reads 10 convert quality scores from Solexa 1.0
to Solexa 1.3

Trim reads from 3" end to remove low-quality nts.

Trim reads from 3' to remove low-quality nts

Map paired-end reads with default parameters
Need to convert Bowtie SAM to BAM so that pileup
analysis can be performed

Pileup analysis with default parameters

Find variants with coverage >« 30

Filter plleup to find variants where the consensus base
s different than the reference base

UCSC mm9 RefSeq genes

Variants with consensus different that occur in RefSeq

genes

About this History

Author
jgoecks
Related Histories

All published histories

Published histories by jqoecks

Rating
Community
{1 rating, 4.0 average

Yours
Tags

Community
snp plleup bowtle

sample

Yours
snp pileup

demo sampleels

demo
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Analyze Data  Workflow  Shared Data  Visualization  Help

Published Workflows | jgoecks | SNP variant detection from paired -end reads About this Workflow

Step 6: FASTQ Trimmer Trim reads to remove low

FASTQ File

Output dataset ‘output_fil

Define Base Offsets as Related Workflows

All published workflows
Offset from 5' end Published worktiows by igoecks
0

Rating
Offset from 3' end

9

Keep reads with zero length
False

t parameter values
Step 7: Map with Bowtie for lllumina - .
Dowlie
Will you select a reference genome from your history or use a bulit~in index?
Use a bullt~in Index

Select a reference genome
galaxy/data/apiMel3 /bowtie_index /apiMel3

Is this library mate - paired?
Paired-end

Forward FASTQ file

Output dataset "output_file” from step 6

Reverse FASTQ file

Output dataset ‘output_file” from step 5

Maximum insert size for valid paired -end alignments (

The upstream/downstream mate orientation for valid paired-end alignment against
the forward reference strand (- ~fr/ rf) - =1f)
FR (for Blumina

Bowtie settings to use
Commonly used

Suppress the header in the output SAM file
True

Step 8: SAM ~to~-BAM -

onvert Bowtie SAM output to BAM format so that pileup
be run

Choose the source for the reference list

Locally cached
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- Yale Calaxy | Published Histories

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

Analyze Data  Workflow Shared Data  Visualization Help User

Published Histories

search \

Community Community
Annotation Rating 1 Tags

metagenomics

Calaxy vs MECAN Comparison of Galaxy vs. MEGAN pipeline megan

galaxy

Datasets correspond to our paper published in Science by
Peleg et al. entitled : Altered histone acetylation is
associated with age-dependent memory impalrment
Experiment layout: This history ¢ ains 4 datasets in the
form of BED files of uniquely mapped reads uced after
chip-seq for histone mod tlons H4K1Z2ac and H3K9ac in
mouse hippocampus of 3 months (young) and 16 months
{(0ld) mice after fear conditioning. For detailed information
please refer to supplementary materials and methods of the
respective work by peleg et al

fischerlab

snp
Yariant Analysis Perform a pileup analysis with default parameters to identify bowtie )
< E1R 1R " 3 < minutes ago
for Sample E18 variants in sample E18 demo

sample

chr22
ongest

get longest exon henri marc
numan

workshop

FASTA 1o Tabular
Test

Open “help//main g2 b psu.edus history/list_published?son=rating8f-tags~All" in a new tab




Galaxy Pages

A web-based, interactive medium for
presenting all aspects of an analysis:
data, methods, and results
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eNno Galaxy | Published Page | Variant Analysis for sample E18

| < 1 | =+ |63 http://main.g2.bx.psu.edu/u/jgoecks/p/variant-analysis-for-sample-e18
Workflow  Shared Data  Visualization Help  User

Published Pages | jgoecks | Variant Analysis for sample E18

Variant Analysis of Embryonic Mouse Brain Tissue

Jeremy Goecks, Anton Nekrutenko, James Taylor, and The Galaxy Team

Results

To demonstrate how Calaxy can support accessible, reproducible, and transparent NGS re-sequencing studies, we performed a simple variant
analysis experiment. This experiment identifies variants from q reads obtained from sequencing a sample of mm9 brain
tissue from day 18 of embryonic development

The initial analysis produced support for 27 )ssible variants. Of these possible variants, there are 5,625 where (a) the consensus base--as
determined by the MAQ model -~differs from the reference base and (b) read coverage at the base is 30x or greater. Of these potential variants,

2796 occur In known RefSeq Genes. These potential variants are

+ Galaxy Dataset | Intersect 1o get Variants from sample E18, consensus different, in RefSeq Genes
Variants with consensus different that occur in RefSeq genes.

Method

In the first st F r scores from Solexa 1.0 olexa 1.3/Fastqsanger. Next, the reads
were trimmed f 4 0Z S {1) for this step’s nale and parameter choices. After
grooming and trimming, the rei were mapped using the short-read mapper Bowtie [2). A pile J using SAMtools (3] was then performed
and was filtered to Identify variants supported by 30+ reads. The complete analysis IS containec

+ Galaxy History | Variant Analysis for Sample E18
Perform a pileup analysis with default parameters to identify variants in sample E18.

Here is a workflow for performing this analysis

+ Galaxy Workflow | Variant identification within annotated genes from NGS PE Data

Identify variants in annotated genes from NGS paired -end data.

References
X. et al. Transcriptom ryonic and neonatal mouse cortex by high-throughput RNA sequencing. Proceedings of the National Academy
nces 106, 12741-12 )

[2] Langmead, B., . C., Pog & Salzberg, S.L. Ultrafast and memory-efficient alignment of short DNA sequences to the human genome

Genome Biol 10,

T R TR
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| « . » + 69 http://main.g2.bx.psu.edu/u/jgoecks/p/variant-analysis-for-sample-e18
Workflow  Shared Data  Visualization  Help  User

Published Pages | jgoecks | Variant Analysis for sample E18

The initial analysis produced support for 27,74 ssible variants, Of these g ble variants, there are 5,625 where (a) the con
determined by the MAQ model--differs from the reference base and (b) read coverage at the base Is 30x greater. Of these
6 occur in known RefSeq Genes. These potential variants are

+ Galaxy Dataset | Intersect to get Variants from sample E18, consensus different, in RefSeq Genes

Variants with consensus different that occur in RefSeq genes.

Method

In the first ste this analysis, the reads were groomed to convert their quality f { Next, the reads
were trimmed from 36bp to 27bp to exclude pairs with low quality score 3 1) fo s r nale anc L C 5. After
g ming and trimming, the re ere ms g the short- d mapper Bow 4 nalysis using SAM:

and was filtered 10 identify variant U by 30+ reads. The complete analysis is contained this history

Galaxy Mistory | Variant Analysis for Sample E18
Perform a plleup analysis with default parameters to identify variants in sample E18.

8 SAM-10-BAM on data 7 ® Need to convert Bowtie SAM to BAM so that plleup analysis can be
performed.

9: Generate pileup on data 8 Plleup analysis with default parameters

10; Fiiter plleup to get Variants from Find variants with coverage >= 30,
sample E18

~
13: Filter to get Variants from sample. @ Fliter plleup to find variants where the consensus base Is different than the

E18 where consensus base different than reference base.
ref. base

14: UCSC mm9 RefSeq Genes UCSC mm$ RefSeq genes

; Intersect to get Variants from @ Variants with consensus different that occur in RefSeq genes.
sample E18, consensus different, in RefSeq
Ceanec

Here Is a workflow for performing this analysis

+ Galaxy Workflow | Variant identification within annotated genes from NGS PE Data
Identify variants in annotated genes from NGS paired -end data.

References

Transparency

About this Page

Author
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Related Pages

All publis
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Rating

Community

Yours
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Galaxy Pages

a N o Galaxy | Dataset | Filter to get Variants from sample E18 where consensus base different than ref. base
| < l Lt A hitp: //main.g2.bx.psu.edu/u/jgoecks/d/fdcdbefd 1207fbd2 ¢ HQr

Analyze Data  Workflow  Shared Data  Visualization Help User

Dataset | Filter to get Variants from sample E18 where consensus base different than ref. base About this Dataset

Galaxy Dataset ' Filter to get Variants from sample E18 where consensus base different than ref. base’ Author

Annot n: Fllter pileup to find variants where the consensus base Is different than the reference base jgoecks

This dataset Is large and only the first megabyte is shown below. | Show all
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Galaxy | Published Page | Variant Analysis for sample E18
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Analyze Data  Workflow  Shared Data  Visualization  Help  User

Published Pages | jgoecks | Variant Analysis for sample E18 About this Page
The initial analysis produced support for 27,742 possible variants, Of these p ble variants, there are 5,625 where (a) the consensu 3 as
determined by the MAQ model--differs fro the reference base and (b) read coverage at the base Is 30x or greater. Of these tential variants,

96 occur in known RefSeq Cenes. These potential variants are Author

+ alaxy Dataset | Intersect to get Variants from sample E18, consensus different, in RefSeq Cenes O O Jgoecks

Variants with consensus different that occur In RefSeq genes.
Related Pages

All published
Method Published g

0 Solexa 1 Fastgsanger . f Rating
1 nale and amet c
witie (2 piley nalysis using SAMtools
The complete analysis is contained in this history

Galaxy Mistory | Variant Analysis for Sample E18
Perform a plleup analysis with default parameters to identify variants in sample E18.

Tags

8§ SAM-to-BAM on data 7 @ Need to convert Bowtle SAM to BAM so that plleup analysis can be Community: no
performed.
Yours

9: Generate pileup on data 8 Plleup analysis with default parameters

10: Filter plleup to get Varlants from @ Find variants with coverage >= 30.
sample E18

13: Filter to get Variants from sample @ Fliter plleup to find variants where the consensus base Is different than the
where consen 2 ifferent than reference base.
ref. base

14: UCSC mm9 RefSeq Genes UCSC mm9 RefSeq genes

15: Intersect to get Varlants from @ Variants with consensus different that occur in RefSeq genes.
sample E18, consensus different, in RefSeq
Conac

Here Is a workflow for performing this analysis
+ Galaxy Workflow | Variant identification within annotated genes from NGS PE Data

Identify variants in annotated genes from NGS paired -end data.

References
Open “he1p [ /main g2 b psu.edu/ history/imp2id = e008DISIS61010¢2" in a new tab
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Filter pileup
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9: Cenerate pileup on data 8

which contains:
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Do not consider read bases with quality lower than:
20
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30

Only report variants?:

)
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Convert coordinates to intervals?:
Yes o
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Execute
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Variant Analysis of Embryonic Mouse Brain Tissue
Jeremy Goecks, Anton Nekrutenko, James Taylor, and The Galaxy Team
Results

te how Calaxy can support accessible, reproducible, and transparent NGS re-sequencing studies, we performed a simple variam
ment. This experiment identifies variants from a set of 4,536,964 RNA-seq reads obtained from sequencing a sample of mm9 brain

The initial analysis produced support for 2 0ssible variants. Of these possible variants, there are 5,625 where (a) the consensus base--as
o the MAQ model-~differs from the reference base and (b) read coverage at the base is 30x or greater. Of these potential variants,
n known RefSeq Genes. These potential variants are

Galaxy Dataset | Intersect 10 get Variants from sample E18, consensus different, in RefSeq Genes
Variants with consensus different that occur in RefSeq genes.

Method

In the first step of this analysis, the reads were groomed to vert their ¢ S ( nger. Next, the reads
were trimmed 1 36bp to 27bp to excluc e pairs with low quality s - {1) for this step’s r ale and parame choices. After
grooming and trimming, the reads were mapped using the short-read mapper Bowtie [2). A pileup analysis using SAMtools [3] was then performed
and was filtered to Identify variants supported by 30+ reads. The complete analysis Is contained in this history

+ Galaxy History | Variant Analysis for Sample E18
Perform a pileup analysis with default parameters to identify variants in sample E18.

Here is a workflow for performing this analysis

+ Galaxy Workflow | Variant Identification within annotated genes from NGS PE Data
Identify variants in annotated genes from NGS paired -end data.

References

) et a ranscr J neonatal n ¢ cortex by high-throughput NA sequencing. Mroceedings oV
X.etal T I y higt : RNA g. P fing

ces 106, 12741~

[2] Langmead, B., Trag _., Pog & Salzberg, S.L. Ultrafast and memo efficient alignment of short DNA sequences to the human genome
Genome Biol 10 2

3] U, H. et al. The Sequence Alignment/Map format and SAMtools. &/ wmatics 25, 2078 <2079 (2

Open “he1p | /main g2 b psu.edu/workllow/imp?id =580 1644552799007 i a new tab
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Variant Analysis of Embryonic Mouse Brain Tissue

Jeremy Goecks, Anton Nekrutenko, James Taylor, and The Galaxy Team

Results

(4] strate w Calaxy can support accessible, reproducible, and transparent NGS re-segq udies, we performed a simple variant analysis experiment. This experiment
ident variants from a set of 4,536,964 RNA-seq reads obtained from sequencing a samp rain tissue from day 18 of embryonic development

~ <

The initial analysis produced support for 27 ? possible variants. Of these possible variants, there are S S where (a) the consensus base--as determined the MAQ model--differs
from the reference base and (b) read coveri at the base is 30x or greater. Of these potential variants, occur in known RefSeq Cenes { i variants are

Method

In the first step of this analysis, the rea s 0 to /Fastqsanger. Next, the reads were trimm )
airs with low quality sco see (1] for this r and par 0 ) L he reads \ e ad mapper
analysis using SAMtools [3] was then performed dent varia ¢ he complete analysis is contained h

Embedded Galaxy History "Variant Analysis for Sample E18'

(Do not edit this block; Galaxy will fill it in with the annotated history when it is displayed.]

Here is a workflow for performing this analysis

References

Transcriptome of embryonic and neonatal mouse cortex by high-throughput RNA sequencing. Proceedings of the National Academy of Sciences 106, 1

Open # 0n this page in a new tab
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964 RNA-seq reads obtained from s encing a samp mm$9 brain tissue from day 18 of embryonic development
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The initial analysis produced support for 27,742 possible variants, Of these possible variants, there are 5,625 where (a) the consensus the MAQ model-~differs

from the reference base and (b) read coverage at the base Is 30x or ater. Of these potential variants, 2796 occur in known RefSeq Cene gse N variants are

Embedded Galaxy Dataset Variants from sample E18, consensus different, in RefSeq Genes'

[Do not edit this block; Galaxy will fill it in with the annotated dataset when it is displayed.]

Method

In the first step of this analysis, t reads were groomed to ert their quality yres from Solexa 1.0 to Solexa 1.3/Fastqsanger. Next, the reads were trimmed

exciuge Dase pairs with quality scor S this ste rationale and parameter cholces trimming, the reac w e mapped

Bowtie [2). A pileup analysis using SAMt (3] was then ormed and was filtered to identify variants -ﬂt.u'.vo'!r_'.: ¢ 30+ reads. The complete analysis
Embedded Galaxy History 'Varlant Plleup Analysis for Sample E18'
[Do not edit this block; Galaxy will fill it in with the annotated history when it is displayed.]

Here Is a workflow for performing this analysis

Embedded Galaxy Workflow "SNP identification within annotated genes from NGS PE Data’

Do not edit this block; Galaxy will fill it in with the annotated workflow when it is displayed.]

References

Transcriptome of embryonic and neonatal mouse cortex by high-throughput RNA sequencing. Proceedings of the National Ac

2] Langmead, B., Trapnell, C., Pop, M. & Salzberg, S.L. Ultrafast and memory-efficient alignment of short DNA sequences to the e

[3] Ui, H. et al. The Sequence Alignment/Map format and SAMtools. Bioinformatics 25, 2078 -2079 (2009)




Al Opportunity: “Now What?”

What can | do with this dataset?
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nat should be the next step in my

analysis?

What are the “best practice” workflows
for my analysis?




“Now What?” Factors

Past work

+ what have | already done? (personal history)
+ what have other people already done? (community history)

Approach
+ exploration vs. focused analysis
+ Google approach vs. scientist approach?




Overview

Genomics

Galaxy
+ accessible, reproducible, and transparent science
+ onthecloud
+ visual analytics

Reflections on Galaxy




Three Ways to Use Galaxy

1. Download and Run Locally

2. Public Website (http://usegalaxy.org)

3. Run on the Cloud




1. Download and Run Locally

No configuration needed but everything can be configured

Prominent local installations at:
Cold Spring Harbor Lab
Dept. of Energy’s Joint Genome Institute
Harvard School of Public Health
U of Texas System
U of Oklahoma
Netherlands Bioinformatics Center
Oxford College

Requires computing resources, technical expertise, and
maintenance




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

Public Website, 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




3. Galaxy on the Cloud

For extended or particular resource needs

+ customization necessary
+ oscillating data volume

Limited informatics expertise or
infrastructure

Data production and (no?) sharing




A. Users in different labs

The big picture

B. Isolated Galaxy instance(s)

Galaxy Cloudiviar

C. Dense data center
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Galaxy CloudMan

Complete solution for instantiating, running and
scaling cloud resources with automatically
configured Galaxy

+ Tools and reference datasets exceed Galaxy Main

No computational expertise needed
+ no configuration needed but completely configurable

Reproducibility ensured

+ Automated configuration for machine image, tools,
and data

+ Dynamic but persistent storage
57




Start an Instance

amazon

web services

AWS Preducts Developers Community Account

aws.amazon.com Welcome, Enis Afgan

Amazon Elastic Amazon

MapReduce CloudFront Amazon RDS

Amazon S3 Amazon EC2

Region:

_ _ You are using the following Amazon

o start using Amazon '_.C2 you will want to i EC2 resources in the US East (Virginia) Refresh
aunch a virtual server, known as an Amazon EC2 region:
Instances nstance.

Spot Requests gl 0 Running Instances 0 Elastic IPs

Launch Instance

#» 6 EBS Volumes 12 EBS Snapshots

AMIs

Bundle Tasks Request Instances Wizard

Introduc g Amazon Relational Database Ser

Volumes
Snapshots review t format w, t k Launch
Current Status
(‘:\ Other Linux AMI ID ami-ed03ed84 (x86_64) Edit AMI
Elastic IPs

Security Groups Number of Instances:

Key Pairs

Load Balancers

Availability Zone:
Monitoring:
Instance Type:
Instance Class:

Kernel ID:
Ramdisk ID:
User Data:

Key Pair Name:

Security Group(s):

No Preference
Disabled

Large (m1l.large)
On Demand

Use Default
Use Default

testGC1|AKIAJKQI3RT...

galaxy_keypair

default, galaxyWeb

Edit Instance Details

Edit Advanced Details
Edit Key Pair

Edit Firewall




Configure Your Instance

€ 9 C () ec2-50-16-1-149.compute-1.amazonaws.com/cloud
-. Galaxy Cloudman Info: report bugs | wiki | screencast

Galaxy Clo

Welcometo Galaxd Initial Cluster Configuration rovided
within. If thisis y e data

store is configure as
'‘worker' nodes on

Termina

Status

Cluster nam

1000
Disk status:
Show more startup options

Worker statu

Service statu Start Cluster

External Logs




€& 9 C () ec2-50-16-1-149.compute-1.amazonaws.com/cloud

- Galaxy Cloudman Info: report bugs | wiki | screencast

Galaxy Cloudman Console

Welcome to Galaxy Cloudman. This application will allow you to manage this cloud instance and the services provided
vithin. If this is your first time running this cluster, you will need to select an initial data volume size. Once the data
store is configured, default services will start and you will be able to add and remove additional services as well as
'worker' nodes on which jobs are run.

Terminate cluster Add nodes v Access Galaxy

Status

Cluster name: Heteroplasmy study

Disk status: S50M / 1000G (1%) % Autoscaling is off.
Turn on?

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

Service status: Applications ® Data @

External Logs: Galaxy Log




€ > C

Tools Options «

Get Data
Send Data
ENCODE Tools
Lift-Over
Text Manipulation
Filter and Sort

in r n

Convert Formats
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution
Metagenomic analyses
FASTA manipulation

NGS: QC and manipulation
NGS: Assembl

NGS: Mapping

NGS: Indel Analysis

NGS: Expression Analysis

NGS: SAM Tools

NGS: Peak Callin

Human Genome Variation

EMBOSS

ec2-50-17-119-106.compute-1.amazonaws.com/root

Analyze Data  Workflow  Shared Data  Visualization Help  User

Welcome to Galaxy on the Cloud

History Options «

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




The importance of sharing

Share entire Galaxy CloudMan cluster instances
+ Fully automated solution

Publish an analysis
+ In progress or otherwise

Use CloudMan as Paa$S
+ Deploy your own tool and make it available

Snapshot your instance
+ Data
+ Configuration




Scaling the infrastructure with the computation

€ > C ec2-50-17-119-106.compute-1.amazonaws.com/clou \

- Galaxy Cloudman Info: report bugs | wiki | screencast

Galaxy Cloudman Console

Welrama ra Calavi Claiidman Thic analicatian allawe uai ba manana thie inctanca af Calav ClandMan  Vais arauinie

dati = =5 C ec2-50-17-119-106.compute-1.amazonaws.com ud
nod

Q
- Galaxy Cloudman Info: report bugs | wiki | screencast

Galaxy Cloudman Console

(X

Autoscaling Configuration

€« 2> C ec2-50-17-119-106.compute-1.amazonaws.com/cloud X/

-.Galaxy Cloudman Info: report bugs | wiki | screencast

Galaxy Cloudman Console

nodes for running

Terminate cluster Access Galaxy
Status
Cluster name: share-an-instance demo 3 ‘

Autoscaling is ©

Disk status: 84M / 10G (1%)
Worker status: Idle: 0 Available: 0 Requested: 0

Service status: Applications @ Data @

External Logs: Galaxy Log




Exercising elasticity

Fixed cluster size

Computation time: 9 hrs
5 nodes

O i-53e21139
State: Pending

Alive: Om 28«

G i-53e21139
Computation time: 6 hrs State: Ready
20 nOdeS p Alive: 20m 33s
Computation cost: $50 - D " 70da2913

State: Ready
Alive: 1m 58s

@ i-53e21139
State: Ready

Dynamic cluster size

® Filesystems
1 tO 1 6 Computation time: 6 hrs ® Permissions

Computation cost: $20

® Scheduler

nodes Computation cost: $20




Al Opportunity:
Smart Resource Usage

How long will this tool run? /
How much will it cost?
How much computing |

power do | need for this
analysis?

http://en.wikipedia.org/wiki/Project triangle




User Support vs. Automated

Users like (or require) control
+ cognitive models of dynamic computing:
parallelization and autoscaling?

Automation requires tool profiling
+ local vs. global, parallelization
+ linear vs. non-linear (e.g. graphs)




Overview

Genomics

Galaxy
+ accessible, reproducible, and transparent science
+ onthe cloud
+ visual analytics

Reflections on Galaxy




Galaxy

+ tool integration framework
+ heavy focus on usability
+ sharing, publication framework

Genome Browser

+ physical depiction of data
+ visually identify correlations
+ find interesting regions, features




®n0o Galaxy | Published Visualization | GCC2011-1: Viewing and Navigating

|_ “ [ ] | + [-—_ http://main.g2.bx.psu.edu/u/jeremy/v/gcc2011-1-viewing-and-navigating

Analyze Data  Workflow  Shared Data  Visualization

Published Visualizations | jeremy | GCC2011~-1: Viewing and | chr19

1,000,000

Display a menu




®n0o Galaxy | Published Visualization | GCC2011-1: Viewing and Navigating

[ « [ ] | + ]:: http://main.g2.bx.psu.edu/u/jeremy/v/gcc2011-1-viewing-and-navigating

Analyze Data  Workflow  Shared Data  Visualization  Help

Published Visualizations | jeremy | GCC2011~-1: Viewing and | chr19

640,000

670,000 680,000

Display a menu




®0no Galaxy | Published Visualization | GCC2011-1: Viewing and Navigating
| < I > I | + |= http://main.g2.bx.psu.edu/u/jeremy/v/gcc2011-1-viewing-and-navigating

Analyze Data Workflow Shared Data Visualization

Published Visualizations | jeremy | GCC2011-1: Viewing and | chr19 . 663,032 - 663,110 . .
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HTS Analysis Challenges

Complex tools, parameter dependent
Analysis and visualization not integrated

Want to be able to experiment




Dynamic Filtering

0 1,000,000

GM12878 Cufflinks assembled transcripts BEST

[ " ] -
" ] .
'

h1-hESC Cufflinks assembled transcripts BEST

Score [387-1000]
exon_number [1-1]
frac [0-1]

cov [1-1248]

conf_lo [2227-178180]
FPKM [215-223870]
conf_hi [304-269560]

" Run on complete dataset ’




Integrating Tools and Visualization

Analyze Data Workflow Shared Data Visualization Admin Help User

GCC3: Running Tools (hg19) | chrl9 1,523,098 - 1,545,232

1,530,000 1,540,000

UCSC Main on Human: knownGene <

h1-hESC Tophat mapped reads «

h1-hESC assembled transcripts - region=[all], parameters=[150000, 0.5, 0.05, No] =
Cufflinks

Max Intron Length 150000

Min Isoform Fraction 0.5

Pre MRNA Fraction 0.05

Perform quartile normalization No 139

Run on complete dataset Run on visible region

PR3

CUFF.1329.1 B




hi-h
Cufflinks
Max Intron Length 150000

Min Isoform Fraction '0.05

Pre MRNA Fraction 0.05

Perform quartile normalization No |%9

on complete dataset Run on visible region

FF.1 5555555550 FF.148.1




1,530,000

h1-hESC assembled transcripts - region=[all], parameters=[150000, 0.5, 0.05, No]
Cufflinks
Max Intron Length 150000

Min Isoform Fraction 0.05
Pre MRNA Fraction 0.001

Perform quartile normalization No 1)

" Run on complete dataset : " Run on visible region

| R CUFF 132901 R

Cufflinks - reglon=[chr19:1523098-1545232], parameters=[ 0.05, 0.05, No] +

Cufflinks - reglon=[chr19:1523098-1545232], parameters=[ 0.05, 0.001, No] +

| EEEEH CUFF .4.1 EEEEEE SIS ST

= B F.5.1 EEErs
L

i




Experimentation in Trackster

Tools integrated in visualization environment

Dynamically filter:

+ visually identify features that match ranges
+ on whole dataset

Run tools:
+ quickly on visible region
+ on whole dataset




Al Opportunity:
Smart Visual Analytics

What datasets should | include in my
visualization?

What are the interesting areas of my visualization?

What tools should | use in my visualization?




Combining Models

User modeling
+ interests + past activities + community activities

Data modeling
+ relationships amongst datasets

“Visual acuity” modeling: what can and should be
seen in a visualization




Overview

Genomics

Galaxy
+ accessible, reproducible, and transparent science
+ onthe cloud
+ visual analytics

Reflections on Galaxy




Accessibility

Accessibility drives usage
+ transparency and esp. reproducibility are
secondary
+ few incentives for reproducible research (for now)

A win-win for everyone
+ tool developers: free GUI, more exposure
+ users: easy to run tools, consistent interface
+ everyone: amplification b/c tools can be chained
to create complex analyses




Approach

Computer science research is driven by scientific needs
+ we do biology research ourselves with Galaxy
+ publish largely in biology journals

Don’t need do everything, but what is done is done well
+ software engineering, community support are priorities

Galaxy used in and cited by papers in Science, Nature,
Genome Research, Genome Biology, and more




Challenges Going Forward

Promoting community involvement
+ tools, assays, analyses growing too fast for us alone
+ facilitate community contributions and usage of contributions

Scaling to many, many Galaxies
+ moving objects between Galaxies while ensuring reproducibility
+ enabling users to find useful “stuff”

Novel application areas
+ genomics ideal application area -- what next?




Thanks! Questions, discussion?

https://bitbucket.org/galaxy/galaxy-central/wiki/Citations
Public server: http://usegalaxy.org
Download and run: http://getgalaxy.org

On the cloud: http://usegalaxy.org/cloud

jeremy.goecks@emory.edu




