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Galaxy Workbench

» Developed at Penn State and Emory
» Open, web-based platform

» Data intensive biomedical research
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Galaxy Approach

» Persistent (histories, parameters, versions)
» Reproducible (histories, workflows, pages)
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Galaxy Approach

» Bioinformaticians: Integration made simple
with xml wrappers of command line tools
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Methods of Access

—__Galaxy Analyze Data ~ Workflow  Shared

Cloud

User

History

Explore the Galaxy!

Get Data G'JJ' '//
Send Data c‘ o 10: MACS on data 7 and @0 R
ommunity data 6 (html report)
ENCODE Tools Conference _
Lift-Over WS 3 : MACS on data 7 and data ® / %
Text Manipulation L SSS g ST 6 (peaks: bed)
Convert Formats
8: FastQC.html @
. FASTA manipulation (For as little as $1 e
Filter and Sort 7: Map with Bowtie for @ ()R
oin, Subtract and Grou lllumina on data 4: mapped reads
. . Extract Features Li icki
ey — ive Quickies 6: Map with Bowtie for ® )R
Fetch Sequences

Illumina on data 3: mapped reads
Fetch Alignments

Get Genomic Scores Basic fastQ Advanced fastQ 454 Mapping: Uploading Data Managing 5: FastQC.html @R

Operate on Genomic Intervals anipulation: anipulation: Single End using FTP account histories

Operate on Genomic Intervals

oot ot e quickie #19 4: FASTQ Groomer ondata 1® (J
atistics

Graph/Display Data 3: FASTQ Groomer on data 2 ® { %
Regional Variation

Multiple regression

Multivariate Analysis Galaxy is an open a

Evolution perform, reprodu: e y and the Biology and ® (R

Motif Tools Combuter stience d ents af n The Huck Institutes of the Life control ER4 input chr19.fastgsanger
Sciences, The Instit versity

® 0%
chipseq CTCF chrl9.fastgsanger

Multiple Alignments

=_ Galaxy Wiki Login | search: [ T =

Admin/Get Galaxy Locked History Actions

Get Galaxy: Galaxy Download and Installation GEJJEJJC /

Commfunity

< ( y <o i . Conference
ti tl (a.k ) _

In addition to using the (a.k.a. Main), you can also install your vn R

instance of Galaxy (what this page is abou or create an AR

f £ . S S "
. Another option is to use one of the ever-increasing number of Public Galaxy 1 REEEES (1 USEL I e (€21

[ S CC UGPSR
L Servers hosted by other organizations. 2. Installation Procedure Register Now
. Check your Python version
. . > Big Picture/Choices for help on deciding which of these options may be best for your . Get the latest copy from the repository (;‘d]‘d\’\'

ituation. . Startit up
4. Join the Mailing List Public Server (
C 5 . Share
Reasons to Install Your Own Galaxy . Keep your instance backed up e .
6. Keep your code up to date Search

3. Advanced Configuration . . )
Other Help Communication

You only need to download Galaxy if you plan to:

Develop it further
Add r tools
Plug-in new datasources, or

Support « News
Events « Twitter

Run a local production server for your site because you have
1. Sensitive data (e.qg., clinical)

oy Galaxy
2. Large datasets or processing requirements that are too big to be processed on Main Y alaxy

amazon ‘ Sign Up ‘ My Account/Console ¥ English

web services

AWS Products & Solutions v E v n Developers v Support v

dws.dlmazon.com

Innovation.

Powered by Amazon Web Services Only pay for what you use.
Low Cost Instant Elasticity Open & Flexible Secure __ n Up Now

Pay-as-you go, no Instantly deploy your Ifit runs in a data Utillize a secure
upfront expenses or application. Scale center, it can run technology platform
long-term commitments. resources up or down on AWS. You have full built and managed by

Create an AWS account for free,



http://usegalaxy.org
http://usegalaxy.org
http://getgalaxy.org
http://getgalaxy.org
http://amazonaws.com
http://amazonaws.com

Methods of Access

» http://bioweb.me/mlb-galaxy



http://usegalaxy.org
http://usegalaxy.org
http://getgalaxy.org
http://getgalaxy.org
http://amazonaws.com
http://amazonaws.com

Cloud Computing

Galaxy Cloudman Console

Welcome to Galaxy Cloudman. This application allows you to manage this instance of Galaxy CloudMan. Your previous
data store has been reconnected. Once the cluster has initialized, use the controls below to add and remove 'worker’
nodes for running jobs.

Terminate cluster Access Galaxy

Status

Cluster name: OgtansFMLCluster B3 . - _J o
Autoscaling is on.
Disk status: 25G / 100G (25%) ‘¢ Turn off?

Worker status: Idle: 1 Available: 1 Requested: 3 Min nodes: 1

Max nodes: 5

Service status: Applications @ Data @ . .
Adjust limits?




Galaxy Pages

» Describe your work to others
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Galaxy Pages

- Galaxy / & oqtans)alyze Data Workflow Shared Data~v Visualization~v Admin Help~ User~ Using 7.3 Mb

Published Pages | sebastian-schultheiss | Galaxy 101 Arabidopsis About this Page

. . . . . Author
Galaxy 101 Tutorial with Arabidopsis thaliana data cebactian_schultheice
This example is based on Anton Nekrutenko's Galaxy 101 Tutorial and repeats these steps using data from A. thaliana. Related Pages
We're comparing the position of SNPs with the genome annotation of Chromosome 1 of Columbia-0. For this, we need two All published pages
.bed files with the data Published pages by sebastian-
schultheiss
|+ Galaxy Dataset | col-0 snp.bed = @ & Rati
N ating
hd Galaxy Dataset | col-0_exons.bed = @ & .
_— L L . . . i N S - , Community o 6 6 & f
We combine these two datasets in the following workflow and count the number of SNPs per exon 1 ratings. 5 ‘ SN SN S
(1 ratings, 5 average)
- Py -yj
= Galaxy Workflow | Exons and SNPs (Galaxy 101 Example) +]K] Yours 2 I e e Ay
....................................................................................................................................................................................................................................................................................................................................... (thanks!)
Step Annotation Tags

Community: none
Step 1: Input dataset vaurs

Exons b

cols » t risntime
select at runume

Step 2: Input dataset

SNPs

select at runtime



Galaxy Workflows

» Automate common tasks




GFF2Label @ss) 3%

mGene Genome
Information

GFF annotation file

mGene_Log_File (txt)
label (spf}

GFF2Label (tis) i 4

mGene Genome
Information

GFF annotation file

mGene_Log_File (txt)
label (spf}

GFF2Label (acc) 3%
mGene Genome

Information
GFF annotation file

mGene_Log_File (txt}
label (spf}

GFF2Label (don) 3

mGene Genome
Information

GFF annotation file

miGene_Log_File (txt)
label (spf}

GFF2Label (stop) 3%

mGene Genome
Information

GFF annotation file

mGene_Log_File (txt}
label (spf}

GFF2Label (cleave) i{
mGene Genome

Information
GFF annotation file

mGene_Log_File (txt}
label (spf}

SignalTrain (tss) 3%

mGene Genome
Information

Label file in SPF
format

mGene_Log_File (txt}
predictor (tsp)

SignalTrain @s) 3¢

mGene Genome
Information

Label file in SPF
format

mGene_Log_File (txt)
predictor (tsp}

SignalTrain (acc) 3%

mGene Genome
Information

Label file in SPF
format

mGene_Log_File (txt)
predictor (tsp)

SignalTrain (don) 3%

mGene Genome
Information

Label file in SPF
format

mGene_Log_File (txt}
predictor (tsp)

SignalTrain (stop) 3%

mGene Genome
Information

Label file in SPF
format

mGene_Log_File (txt}
predictor (tsp)

SignalTrain (cleave) 3%

mGene Genome
Information

Label file in SPF
format

mGene_Log_File (txt)
predictor (tsp)

SignalTest (tss) pi

mGene Genome
Information

Trained Signal
Predictor

mGene_Log_File (txt}
predictions (spf}

SignalTest (tis) picd

mGene Genome
Information

Trained Signal
Predictor

mGene_Log_File (txt)
predictions (spf}

SignalTest (acec) 3%

mGene Genome
Information

Trained Signal
Predictor

mGene_Log_File (txt)
predictions (spf}

SignalTest (don) 3%

mGene Genome
Information

Trained Signal
Predictor

mGene_Log_File (txt)
predictions (spf}

SignalTest (stop) 32

mGene Genome
Information

Trained Signal
Predictor

mGene_Log_File (txt}
predictions (spf}

SignalTest (cleave) 3%

mGene Genome
Information

Trained Signal
Predictor

mGene_Log_File (txt)
predictions (spf)

maenelrain 25

Genome Information
Training Set

Transcription Start
Site Predictions

Translation Initiation
Site Predictions

Acceptor Splice Site
Predictions

Donor Splice Site
Predictions

Stop Codon Predictions

Cleavage Site
Predictions

out_Ffilel (tgp)

mGeneTest

Genome Informatio
Trained Gene Predic

Transcription Start
Site Predictions

Translation Initiatios
Site Predictions

Acceptor Splice Site
Predictions

Donor Splice Site
Predictions

Stop Codon Predictic

Cleavage Site
Predictions

out_filel (gff3)



Galaxy 101
Live Demonstration

» Show you how to perform an experiment

» Obtain data from external sources
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https://main.g2.bx.psu.edu/galaxy101
https://main.g2.bx.psu.edu/galaxy101

Galaxy
Live Demonstration




» Create a Galaxy account

brary
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User

» Create a Galaxy account II

-

St

» Getting data from a libra




) User

» Create a Galaxy account | s

Analyze Data  Workflow  Shared Data = Visualizat

Data Libraries

» Getting data from a library

Published Histories

Published Workflows
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) User

Login

Create a Galaxy account | mes=

Analyze Data Workflow Shared Data Visualizat

Data Libraries

Published Histories

Getting data from a library

Message

Published Workflows
I Published Visualizations

l Published Pages

Data Library “Ath_test”

v/ Name
v/ 1M reads 40-42nts.fastc
v Chrafa +
v/ gene exp col0.txt «
v resultFile classic 10 def.pdf +

-

For selected datasets: | Import to current history : GCo




) User
Login

Create a Galaxy account | mes=

Analyze Data Workflow Shared Data Visualizat

Data Libraries

Getting data from a library

Message Published Histories

Published Workflows

Published Visualizations
History Options «
Published Pages

Data Library “Ath_test”

v/ Name

4: ® (J R
resultFile classic 10 def.pdf

v/ 1M reads 40-42nts.fastc
v/ Chr4.fa «

. . 3: gene exp col0.txt I
v/ gene exp col0.txt + 3. gene exp colU.txt g %

vl resultFile classic 10 def.pdf +

2: Chr4.fa @ (J R

For selected datasets: | Import to current history 1: 1M reads 40- ® %

42nts.fastq



- Galaxy

Tools

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

Intersect the intervals of two
queries

Subtract the intervals of two
queries

Merge the overlapping intervals
of a query

Concatenate two queries into
one query

Base Coverage of all intervals

Coverage of a set of intervals
on second set of intervals

Complement intervals of a
query

Cluster the intervals of a query

Join the intervals of two queries
side-by-side

GCet flanks returns flankina

Options «

Analyze Data  Workflow  Shared Data Lab Visualization Admin Help
Join
Join:
" 1: Exons %)
First query
with:

2:SNPs 144
Second query
with min overlap:
1
(bp)
Return:
_Only records that are joined (INNER JOIN) %)

»Exccutc_

‘. € TIP: If your query does not appear in the pulldown menu, it means that it is
not in interval format. Use "edit attributes” to set chromosome, start, end,
and strand columns.

Screencasts!

See Galaxy Interval Operation Screencasts (right click to open this link in
another window).

Syntax

e Where overlap specifies the minimum overlap between intervals that
allows them to be joined.
e Return only records that are joined returns only the records of the

“

User

Options «

® ) R
® R



-—_ Galaxy Analyze Data  Workflow  Shared Data Lab  Visualization Admin  Help  User

Tools Options « Jol M | History Options
_ oin
Text Manipulation |
in Ly |-
Convert Formats Join: v[— N
: s Galaxy 10
FASTA manipulation o~ _1: Exons 4] 3
Filter and Sort First query 3:Joinondata2anddatal & { X
Join, Subtract and Group with: :
Extract Features 2:SNPs ka9 2: SNPs ® 0 R
Fetch Sequences Second query |
. ) e 1: Exons @ (] R

Fetch Alignments

with min overlap:
Get Genomic Scores P —

. 1
Operate on Genomic Intervals =
. \DD)
= |ntersect the intervals of two P
queries Return:
2 Subtracs the intervals of two Only records that are joined (INNER JOIN) 4
queries
: ! Execute
= Merge the overlapping intervals Ne—
of a query
« Concatenate two queries into ‘€ TIP: If your query does not appear in the qulldown menu, it means that itis W'
one auery query not in interval format. Use "edit attributes” to set chromosome, start, end,

and strand columns.
= Base Coverage of all intervals

= Coverage of a set of intervals &/ | Screencasts!
on second set of intervals , ' _ o
See Galaxy Interval Operation Screencasts (right click to open this link in

= Complement intervals of a another window).
L O
= Cluster the intervals of a query Syntax

= Join the intervals of two queries

: , e Where overlap specifies the minimum overlap between intervals that
side-by-side

allows them to be joined.
« GCet flanks returns flankina ¢ Return only records that are joined returns only the records of the



- Galaxy

Tools Options «

Text Manipulation

Convert Formats

FASTA manipulation

Filter and Sort

loin, Subtract and Group

Join two Queries side by side
on a specified field

= Compare two Queries to find
common or distinct rows

= Subtract Whole Query from
another query

= Group data by a column and
perform aggregate operation
on other columns.

= Column Join

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Regional Variation

Multiple regression
Multivariate Analysis

Analyze Data

Workflow Shared Data Lab Visualization Admin Help

Group

Select data:

3! Join on data 2 and data 1 /% |
Query missing? See TIP below.

Group by column:
cd oo

Ignore case while grouping?:

Operations

Add new Operation

Execute

ﬁ TIP: If your data is not TAB delimited, use Text Manipulation->Convert

Syntax

This tool allows you to group the input dataset by a particular column and
perform aggregate functions like Mean, Median, Mode, Sum, Max, Min,
Count, Random draw and Concatenate on other columns.

e All invalid, blank and comment lines are skipped when performing the
aggregate functions. The number of skipped lines is displayed in the
resulting history item.

e |f multiple modes are present, all are reported.

User

History

& =)

Options «

3: Joinondata2anddatal ® { &

16,190 regions, format: interval,
database: hgl9

Info:

Gul &9

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

Current

1.Chrom 2. Start 3.End 4 . Fame

chr22 16258185
chr22 16266928
chr22 16265928
chr22 16266928
ohr22 16266928
chr22 16263372
2: SNPs

1: Exons

16253303
16267095
16267095
16267095
16267095
16269943

wc002z1h. 1 _ce
uc002z1h, 1 o
uwe002z1h. 1_ecx
we002z1lh. 1_c
wol02z1h,1 o«
vwe002z1h. 1 _cx¢
4 »

® (] R
® R



- Galaxy

Tools Options «

Text Manipulation

Convert Formats

FASTA manipulation

Filter and Sort

loin, Subtract and Group

= Join two Queries side by side
on a specified field

= Compare two Queries to find
common or distinct rows

= Subtract Whole Query from
another query

= Group data by a column and
perform aggregate operation
on other columns.

= Column Join

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Regional Variation

Multiple regression
Multivariate Analysis

Analyze Data

Workflow Shared Data

Group

Select data:
~ 3: Join on data 2 and data 1 T]
Query missing? See TIP below.

Group by column:

c4?]

Ne—

Ignore case while grouping?:

Operations

Operation 1

Type:
~ Count ?

On column:

c4 o

Round result to nearest integer?:

"NO |49

Remove Operation 1

Add new Operation

_Execute

Lab

Visualization

Admin

Help

History

User

Options «

& =)

3: Joinondata2anddatal ® { &

16,190 regions, format: interval,
database: hgl9
Info:

Gul &9

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

1.Chrom 2. Start 3.End 4 . Fame

chr22 16258185 16258303 uc002zlh.1_c«
chr22 16266928 16267095 uc002z1h, 1_oc
chr22 16266928 16267095 uc002zlh.1_c«
chr22 16266928 16267095 uc002zlh.1_c
ohr22 16266928 16267095 ve002z1h, 1_o
chr22 16263372 16269943 uc002zlh.1_c«
( ) 4 »
2: SNPs ® (] 8
1: Exons @ ] R



- Galaxy

Tools Options «

Text Manipulation

Convert Formats

FASTA manipulation

Filter and Sort

loin, Subtract and Group

= Join two Queries side by side
on a specified field

= Compare two Queries to find
common or distinct rows

= Subtract Whole Query from
another query

= Group data by a column and
perform aggregate operation
on other columns.

= Column Join

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Regional Variation

Multiple regression
Multivariate Analysis

Analyze Data

Workflow Shared Data

Group

Select data:
~ 3: Join on data 2 and data 1 T]
Query missing? See TIP below.

Group by column:

c4?}

Ignore case while grouping?:

Operations

Operation 1

Type:
~ Count T]

On column:

c4 por

Round result to nearest integer?:

"NO |49

Remove Operation 1

Add new Operation

_Execute

Lab

Visualization

Admin

Help

User

History Options «
< (—
4: Group on data 3 @ ] R

7,030 lines, format: tabular, database:
hgl9
Info: --Group by c4: count[c4]

=l ©

vc002z1h.1_cds_1_0_chr22 16258186 _r 1
vc002z1h.1_cds_2_0_chr22_ 16266929 _r 4
vc002z1h.1_cds_4_0_chr22 16269873 _r 1
vc002z1h.1_cds_S_0_chr22 16275207 _r 2
vc002z1h.1_cds_6_0_chr22 16277743 r S
vc002z1h.1_cds_7_0_chr22 16279195 r 2

3: Joinondata2anddatal & { X

2: SNPs @ ] R

® R

1: Exons



- Galaxy

Tools
Litrt-Over

Text Manipulation
Convert Formats
FASTA manipulation
Filter and Sort

= Filter data on any column using
simple expressions

Options «

= Sort data in ascending or
descending order

= Select lines that match an
expression

= Filter on ambiquities in
polymorphism datasets

L.}
aulrd

= Extract features from GFF file

= Filter GFF file by attribute using
simple expressions

= Filter GFF file by feature count
using simple expressions

Join, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Analyze Data

Workflow Shared Data Lab Visualization Admin Help

Sort

Sort Query:
" 4: Group on data 3 B

on column:

c2 o4

with flavor:
- Numerical sort T]

everything in:
) Descending order z]

Column selections

‘Add new Column selection 7

‘Execute »

O TIP: If your data is not TAB delimited, use Text Manipulation->Convert

Syntax

This tool sorts the dataset on any number of columns in either ascending or
descending order.

e Numerical sort orders numbers by their magnitude, ignores all
characters besides numbers, and evaluates a string of numbers to the
value they signify.

e Alphabetical sort is a phonebook type sort based on the conventional
order of letters in an alphabet. Each nth letter is compared with the
nth letter of other words in the list, starting at the first letter of each
word and advancinag to the second. third. fourth. and so on. until the

User
History Options «
‘Qj':ﬂ
4: Group on data 3 ® ) R

7,030 lines, format: tabular, database:
hgl9
Info: --Group by c4: count[c4]

Gl S

uwec002z1h. 1 _cds_1_0_chr22_16258186_r
uwc002z1h.1_cds_2_0_chr22 16266929 r
we002z1h.1_cds_4_0_chr22 16269873 r
we002z1lh.1_cds_S5_0_chr22_ 16275207 _r
uc002z1lh.1_cds_6_0_chr22 16277748 r
ve002z1h. 1 _cds 7 _0_chr22 16279195 r

=

N = b

3: Joinondata2anddatal & ¢ %

2: SNPs ® J R

® ] R

1: Exons



- Galaxy

Analyze Data  Workflow  Shared Data Lab  Visualization  Admin Help

Tools Options «

Lirt-Over

Text Manipulation
Convert Formats
FASTA manipulation
Filter and Sort

= Filter data on any column using
simple expressions

= Sort data in ascending or
descending order

= Select lines that match an
expression

= Filter on ambiquities in
polymorphism datasets

L.}
aulrd

= Extract features from GFF file

= Filter GFF file by attribute using
simple expressions

= Filter GFF file by feature count
using simple expressions

Join, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Sort

Sort Query:
> " 4: Group on data 3 B

on column:

c2 o4

with flavor:
- Numerical sort T]

everything in:
) Descending order :gj

Column selections

‘Add new Column selection 7

‘Execute »

O TIP: If your data is not TAB delimited, use Text Manipulation->Convert

Syntax

This tool sorts the dataset on any number of columns in either ascending or
descending order.

e Numerical sort orders numbers by their magnitude, ignores all
characters besides numbers, and evaluates a string of numbers to the
value they signify.

e Alphabetical sort is a phonebook type sort based on the conventional
order of letters in an alphabet. Each nth letter is compared with the
nth letter of other words in the list, starting at the first letter of each
word and advancinag to the second. third. fourth. and so on. until the

User

History Options «

o=

\ 1 d I ax i A O L

S: Sort on data 4 @ ] R
7,030 lines, format: tabular, database:
hgl9

Info:

wc0l0gsw.1_cds_1_0_chr22 21480537_r &7
wel02zoc.2_cds_0_0_chr22 18834445 _f 58
uc003bhh. 2_cds_0_0_chr22_ 46652458_r 46
we002zsd . 3_cds_0_0_chr22_ 20456382_r 41
uwc002zug.3_cds_0_0_chr22 21738148 _f 41
we002zuy . 3_cds_0_0_chr22 21900346 _r 41

4: Group on data 3 @ ] R

3: Joinondata2anddatal & { X

2: SNPs @ (] %

1: Exons @ (] %



- Galaxy

Tools

Lirt-Over
Text Manipulation

Add column to an existing
query

Compute an expression on
every row

Concatenate queries tail-to-
head

Condense consecutive
characters

Convert delimiters to TAB

Merge Columns together

Create single interval as a new
query

Cut columns from a table

Change Case of selected
columns

Paste two files side by side
Remove beqginning of a file

Select random lines from a file

Select first lines from a Query

Select last lines from a Query

Trim leading or trailing
characters

Convert Formats

FASTA maninulation

Analyze Data  Workflow  Shared Data Lab  Visualization Admin  Help

Options «

Select first

Select first:
u S

nes

from:
~5: Sort on data 4 3‘]

_Execute

What it does

This tool outputs specified number of lines from the beginning of a dataset

Example

Selecting 2 lines from this:

S6652 D17003_CTCF R6 310 +
: 56756 D17003_CTCF_R7 354 +
S6781 D17003 CTCF R4 220 +
S6732 D17003 CTCF R7 372 +
S '

96795 DI7003_CTCF_R4 207

W' | will produce:

D17002 _ CTCF R6 310 «+

chr7? 56632 S6652 _ B
S6756 D17003_CTCF_R7 354 +

chr? 56736

User
History Options «
Q=
S: Sort on data 4 @ ] R

7,030 lines, format: tabular, database:
hgl9
Info:

l'xtl <

we0l0gsw. 1_cds_1_0_chr22_21480537_r 67
uwc002zoc . 2_cds_0_0_chr22 18834445 f S8
wo003bhh 2_cds 0_0_chr22 46652458 r 46
wc002zsd 3_cds_0_0_chr22_ 20456382 _r 41
wc002zug.3_cds_0_0_chr22 21738148 _f 41
we002zuy 3 _cds_0_0_chr22 21900246 _r 41

4: Group on data 3 ® R

3: Joinondata2anddatal @& ( &

2: SNPs @ R

1: Exons @ ] R



- Galaxy

Tools

Lirt-Over
Text Manipulation

Add column to an existing
query

Compute an expression on
every row

Concatenate queries tail-to-
head

Condense consecutive
characters

Convert delimiters to TAB

Merge Columns together

Create single interval as a new
query

Cut columns from a table

Change Case of selected
columns

Paste two files side by side
Remove beqginning of a file

Select random lines from a file

Select first lines from a Query

Select last lines from a Query

Trim leading or trailing
characters

Convert Formats

FASTA maninulation

Analyze Data  Workflow  Shared Data Lab  Visualization Admin  Help

Options «

Select first

Select first:
u S

nes

from:
~5: Sort on data 4 3‘]

_Execute

What it does

This tool outputs specified number of lines from the beginning of a dataset

Example

Selecting 2 lines from this:

S6652 D17003_CTCF R6 310 +
: 56756 D17003_CTCF_R7 354 +
S6781 D17003 CTCF R4 220 +
S6732 D17003 CTCF R7 372 +
S '

96795 DI7003_CTCF_R4 207

W' | will produce:

chr7 SE632 56652 DIT7003_CTCF_R6 310 +
chr? 56736 56756 DIT7003_CTCF_R7 354 +

User
History Options «
o =
Galaxy 101
6: Select first on data S @ J R

S lines, format: tabular, database: hgl9
Info:

well10gsw.1_cds_1_0_chr22 21420537_r 67
wel02zoc.2_cds_0_0_chr22 18834445 f 58
vwc003bhh.2_cds_0_0_chr22 46652458_r 46
we02zsd . 3_cds_0_0_chr22 20456382_r 41
uz002zug.3_cds_0_0_chr22_ 21738143 _f 41

5: Sort on data 4 @ ] %
4: Group on data 3 @ J R
3: Joinondata2anddatal @& {J &%
| 2: SNPs @ (] R
1: Exons ® J K



- Galaxy

Tools
Litft-Over

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group

= Join two Queries side by side
on a specified field

Options «

= Compare two Queries to find
common or distinct rows

= Subtract Whole Query from
another query

= Group data by a column and
perform aggregate operation
on other columns.

= Column Join

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Regional Variation

Multiple regression
Multivariate Analysis

Analyze Data

Workflow Shared Data Lab Visualization Admin Help

Compare two Queries

Compare:
1. Exons

Using column:

_c4T]

against:

B

~ 6. Select firston data S

and column:

‘cl_ﬂ

To find:
~Matching rows of 1st query

B

See examples below for explanation of these options

' Execute

€) TIP: If your data is not TAB delimited, use Text Manipulation->Convert

Syntax

This tool finds lines in one query that HAVE or DO NOT HAVE a common
field with another query.

Example

If this is First query:

~

U

ser
History Options «
6: Select first on data S ® (R

S lines, format: tabular, database:
hgl9

Info:

el O

we0l0gsw. 1_cds_1_0_chr2Z_ 21480537 _r ¢
uwc002zoc 2_cds_0_0_chr22 18834445 _f
uwc003bhh . 2_cds_0_0_chr22 46652458 _r «
we002zsd 3_cds_0_0_chr22 20456382 r «
uc002zug.3_cds_0_0_chr22 21733148 £ «

€ ) < »
S: Sort on data 4 @ (J R
4: Group on data 3 ® () R

3: Join on data 2 and data ® {7 $¢
1

2: SNPs @ (J K

1: Exons ® (J R

13,218 regions, format: bed,
database: hgl9

Info: UCSC Main on Human:
knownGene (chr22:1-51304566)



- Galaxy

Tools
Litft-Over

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group

= Join two Queries side by side
on a specified field

Options «

= Compare two Queries to find
common or distinct rows

= Subtract Whole Query from
another query

= Group data by a column and
perform aggregate operation
on other columns.

= Column Join

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Regional Variation

Multiple regression
Multivariate Analysis

Analyze Data

Workflow Shared Data Lab Visualization Admin

Compare two Queries

Compare:
" 1: Exons B

Using column:

_c4T]

against:
~ 6. Select firston data S _3]

and column:

 Ccl W9 |

To find:

Matching rows of 1st query :_'

See examples below for explanation of these options
Execute

ﬂ TIP: If your data is not TAB delimited, use Text Manipulation->Convert

Syntax

This tool finds lines in one query that HAVE or DO NOT HAVE a common
field with another query.

Example

If this is First query:

Help

~

6: Select first on data S

User

History Options «
o (=)

G{i[a,\\,‘ ,LOI
7: Compare two Querieson @& {7 X

data 6 and data 1

S regions, format: bed, database: hgl9
Info: join (GNU coreutils) 8.5

Copyright (C) 2010 Free Software
Foundation, Inc.

License GPLv3+: GNU GPL version 3 or
later
<http://gnu.org/licenses/gpl.html>.
This is free software: you are free to
change and redistribute it.

There is NO WARRANTY, to the exten

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

1.Chrom 2.S5tart 3.End 4 Name

chr22 18834444 18835833 uwcl02zoc.2_cd
chr22 20456381 20461301 wc002zsd.3_cd
chr22 21738147 21743067 uwc002zug.3_cd
chr22 46652457 46659219 uwc003bhh.2_cd
chr22 21480536 21481925 wcl10gsw.1_cd
C D <

® (R




Galaxy 101
Live Demonstration

» Show you how to perform an experiment

» Obtain data from external sources



https://main.g2.bx.psu.edu/galaxy101

Galaxy 101
Live Demonstration

» Show you how to perform an experiment

xtern

ok _,‘)-..""o ST

al

NS s T



https://main.g2.bx.psu.edu/galaxy101
https://main.g2.bx.psu.edu/galaxy101

History

History Options «

o=

Galaxy 101

7: Compare two Querieson @& {7 X
data 6 and data 1

S regions, format: bed, database: hgl9

Info: join (GNU coreutils) 8.5
Copyright (C) 2010 Free Software
Foundation, Inc.

License GPLv3+: GNU GPL version 3 or
later
<http://gnu.org/licenses/gpl.html>.
This is free software: you are free to
change and redistribute it.

There is NO WARRANTY, to the exten

=H0E
| display at UCSC main | view in
GeneTrack | display at Ensembl Current

1.Chrom 2.S5tart 3.End 4. Rame

chr22 18834444 18835833 wcl02zoc.2_cd
chr22 20456381 20461301 vwc002zsd.3_cd
chr22 21738147 21743067 uwc002zug.3_cd
chr22 46652457 46659219 uwc003bhh.2_cd
chr22 214280536 21481925 uc0l0gsw.1_cd

e | v

6: Select first on data 5 @ ] %

5: Sort on data 4

4: Group on data 3



History

Saved Histories

Histories Shared with Me

Create New

Clone

Share or Publish
Extract Workflow
Dataset Security

Show Deleted Datasets
Show Hidden Datasets
Show structure

Export to File

Delete

Import from File

5: Sort on data 4 @ ] R
4: Group on data 3 @ ] S%




History

Saved Histories

search —, Advanced Search

Datasets (by state) Tags Sharing

Galaxy 101 +




Extracting a Workflow

History Options «

-
Galaxy 101

7: Compare two Querieson @& {7 X
data 6 and data 1

S regions, format: bed, database: hgl9

Info: join (GNU coreutils) 8.5
Copyright (C) 2010 Free Software
Foundation, Inc.

License GPLv3+: GNU GPL version 3 or
later
<http://gnu.org/licenses/gpl.html>.
This is free software: you are free to
change and redistribute it.

There is NO WARRANTY, to the exten

2HUE
| display at UCSC main | view in
GeneTrack | display at Ensembl Current

1.Chrom 2Z.Start 3.End 4. Name

chr22 18834444 18835833 wc002zoc.2_cd
chr22 20456321 20461301 wc002zsd.3_cd
chr22 21738147 21743067 vwc002zvg.3_cd
chr22 46652437 46659219 uwc003bhh.2_cd
chr22 214803536 21481925 uwclllgsw.1_cd

e




Extracting a Workflow

History Options «

-
Galaxy 101

7: Compare two Querieson @& {7 X
data 6 and data 1

S regions, format: bed, database: hgl9

Info: join (GNU coreutils) 8.5
Copyright (C) 2010 Free Software
Foundation, Inc.

License GPLv3+: GNU GPL version 3 or
later
<http://gnu.org/licenses/gpl.html>.
This is free software: you are free to
change and redistribute it.

There is NO WARRANTY, to the exten

2HUE
| display at UCSC main | view in
GeneTrack | display at Ensembl Current

1.Chrom 2Z.Start 3.End 4. Name

chr22 18834444 18835833 wc002zoc.2_cd
chr22 20456321 20461301 wc002zsd.3_cd
chr22 21738147 21743067 vwc002zvg.3_cd
chr22 46652437 46659219 uwc003bhh.2_cd
chr22 214803536 21481925 uwclllgsw.1_cd

e




Extracting a Workflow

Saved Histories

Histories Shared with Me

Create New

Clone

Share or Publish
Extract Workflow
Dataset Security

Show Deleted Datasets
Show Hidden Datasets

Show structure

Export to File

Delete

20456381 20461301 vwc002zsd.3_cd
21738147 21743067 vwc002zvg.3_cd
46652437 46659219 uwc003bhh.2_cd
21480536 21481925 vwc010gsw.1_cd




Extracting a Workflow

- Galaxy

Tools Options «

Get Data

Send Data

ENCODE Tools
Lift-Over

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
Human Genome Variation
EMBOSS

NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: Indel Analysis

Analyze Data

Workflow Shared Data

Lab

Visualization Admin Help

The following list contains each tool that was run to create the datasets in your
current history. Please select those that you wish to include in the workflow.

Tools which cannot be run interactively and thus cannot be incorporated into a

workflow will be shown in gray.

Workflow name

galaxylO1l
Create Workflow Check all Uncheck all
Tool History items created
UCSC Main 1: Exons
» ..................................................................................
# Treat as input dataset
UCSC Main I 2: SNPs
# Treat as input dataset
Join
P | 3: Join on data 2 and data 1
™ Include “Join" in workflow
Group ~
» | 4: Group on data 3

™ Include “Group" in workflow

Cse Car Aam Aaens A

User

History Options «

Al

7: Compare two Queries @ {J &
on data 6 and data 1

S regions, format: bed, database:
hgl9

Info: join (GNU coreutils) 8.5
Copyright (C) 2010 Free Software
Foundation, Inc.

License GPLv3+: GNU GPL version
3 or later
<http://gnu.org/licenses/gpl.html>.
This is free software: you are free
to change and redistribute it.
There is NO WARRANTY, to the
exten

) ==
Gl W

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

1.Chrom 2.8tart 2.End 4. Nane
chr22 18834444 18835833 wc002zoc
chr22 20456381 20461301 wvwc002zsd

chr22 21738147 21743067 uc002zug
chr22 46652457 46659219 uc003bhh
chr22 21480536 21481925 ucildgsw
( ) 4 »

6: Select firstondata5 @& (J 3%

S: Sort on data 4 @ (] 1

P



Extracting a Workflow

—__ Galaxy Analyze Data  Workflow  Shared Data Lab  Visualization @ Admin  Help  User

Your workflows &) Create new workflow

Name # of Steps

galaxyl0l = 8




Extracting a Workflow

—__ Galaxy Analyze Data  Workflow  Shared Data Lab  Visualization @ Admin  Help  User

Your workflows &) Create new workflow

Name # of Steps

8
Edit

Run

Share or Publish
Download or Export
Clone

Rename

Delete




Editing a Workflow

Workflow

Workflow Canvas | Exons and SNPs (Galaxy 101 Example)

Input dataset X4

output

Join
Input dataset =

Join
output

with

output (interval)

Visualization Admin Help

Options « Details

Input dat

Compare two Datasets &% Name:
Compare Exons

against

Edit Step At
out_filel

Annotation

Select first
Add an anno

from

out_filel

Sort

Sort Query

out_filel

Group

Select data

out_filel (tabular)




You can also ...

» Rename inputs & outputs




You can also ...

Rename inputs & outputs
Hide intermediate steps

Set default and user-editable parameters

Save your work!




New Data

Run Workflow on

——‘._ Ga'axy Analyze Data  Workflow  Shared Data Lab  Visualization Admin  Help  User

Tools Options . M | Histor Options
- Running workflow "galaxy101" Y -

Get Data |

Send Data Step 1: Input dataset R -

ENCODE Tools o

Lift-Over —— — ‘% 2: UCSC Main on ® 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
Human Genome Variation
EMBOSS

NGS: QC and manipulation
NGS: Mapping

NS CARM Tranmnle

1: UCSC Main on Huma..ne (genome) 5/

Step 2: Input dataset

Features

~ 2: UCSC Main on Huma..sk (genome) %

Step 3: Join
Join
Output dataset 'output’ from step 1

with
Output dataset ‘output’ from step 2

with min overlap
1

Return
Only records that are joined (INNER JOIN)

Action:
Hide this dataset.

Step 4: Group

Select data

Human: rmsk (genome)

1: UCSC Main on Human:

n ngen nom

® (7R



Wait for it ...

:_ Galaxy Analyze Data  Workflow  Shared Data Lab  Visualization Admin  Help  User

Tools Options « History Options «

Get Data M Successfully ran workflow "galaxyl01”, the following datasets have been

T added to the queue. 9 N

ENCODE Tools 2: UCSC Main on Human: rmsk (genome) ' R

Lift-Over 1: UCSC Main on Human: knownGene (genome) % Z/:tOp 5 exons ® R

Text Manipulation _ ;

Convert Formats 3:Join on data 2 and data 1 % 6: Select firston data5 ® §

FASTA manipulation 4: Group on data 3 |

Filter and Sort 3: Sort on data 4 @ K
) S: Sort on data 4

Extract Features 6: Select first on data 5 % 4: Group on data 3 ® 7R

Fetch Sequences 7: top S exons »3:Joinondatazand @ { &%

Fetch Alignments ata 1

Get Genomic Scores

Operate on Genomic Intervals ‘¢ 2: UCSC Main on @ R

Statistics Human: rmsk (genome)

Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Metagenomic analyses
Human Genome Variation
EMBOSS

1: UCSC Main on Human: ® { &
knownGene (genome)

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




Galaxy 101
Live Demonstration

» Show you how to perform an experiment

xtern

ok _,‘)-..""o ST

al

NS s T



https://main.g2.bx.psu.edu/galaxy101
https://main.g2.bx.psu.edu/galaxy101

Galaxy 101
Live Demonstration

» Show you how to perform an experiment



https://main.g2.bx.psu.edu/galaxy101

Conclusions

» Share workflows to standardize analyses

TQ X ook P A b . » - bl LT 'l * 4 . y " e Pl ww S o I g o T NS % NNty Lt R AU A0S \

B N




http://oqtans.org



http://fml.mpg.de/oqtans
http://fml.mpg.de/oqtans

