
WS1:

Integrating Tools and Data Sources

Daniel Blankenberg

The Galaxy Team

http://UseGalaxy.org

http://UseGalaxy.org
http://UseGalaxy.org


The Galaxy Team

http://wiki.g2.bx.psu.edu/Galaxy%20Team

http://wiki.g2.bx.psu.edu/Galaxy%20Team
http://wiki.g2.bx.psu.edu/Galaxy%20Team


Overview

• Introduction to Tools

• Adding a basic tool exercise

• About Data Source tools

• Data Source example

• More complex tools and exercises

• The ToolFactory





Tools

• Any command-line executable

• Accepts zero or more input files and 

parameters

• Creates one or more output files

• Special types of tools

• External Data Sources

• Implicit datatype converters



Tool Configuration

• Tool Action - Default tool action should be 
adequate (Upload tool uses custom tool action)

• Tool Command 

• Inputs

• Action - Used by datasource tools

• Parameters 

• Outputs

• Help 

• Tests



A Basic Tool



A new basic Tool

• Slightly Fancier Tool



Command-line 

Executable

• Binaries

• Perl

• Python

• Shell

• R

• ...any others



Input Parameter types



Input and Output Files

• Datasets

• History Items

• Library Items

• File on filesystem

• Metadata in database



Adding your Own

• Write or download a command-line 

executable

• Determine number and kind of

• Input and Output Datasets

• Input Parameters

• Construct a descriptive tool configuration 

XML file

• Write a wrapper script, only if required
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Running Galaxy



Additional Information 

Folder

Copy & Paste available for exercises
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Example Command-line 

Executable
• maf_slice.py

• Slices a multiple genome alignment by 

provided genomic regions

• Inputs

• Multiple genome alignment file (MAF)

• Genomic regions file (BED/Interval)

http://wiki.g2.bx.psu.edu/Events/GCC2012/TrainingDay/WS1

http://wiki.g2.bx.psu.edu/Events/GCC2012/TrainingDay/WS1
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Command-line Example

python

maf_slice.py 

--dbkey=hg17 

--mafFile=input.maf 

--interval_file=input.bed 

--output_file=sliced.maf 



Tool Config Skeleton
<tool id="maf_slice" name="Slice MAF" version="1.0.0">
  <description>by intervals</description>
  <command interpreter="python">
maf_slice.py --dbkey=hg17 --mafFile=input.maf --
interval_file=input.bed  --output_file=sliced.maf 
   </command>
   <inputs>
   </inputs>
   <outputs>
   </outputs>
   <tests>
   </tests>
   <help>
  </help>
</tool> tools/demo/maf_slice.xml



tool_conf.xml

<toolbox>

  <section name="Workshop Demo" id="workshop_demo">

    <tool file="demo/maf_slice.xml" />

  </section>

...

</toolbox>





Need Some Inputs
  <inputs>
    <param format="maf" name="maf_input" label="Choose 
alignments" type="data"/>
    <param format="bed" name="interval_input" type="data" 
label="Choose intervals"/>
  </inputs>



Get inputs into command-line

  <command interpreter="python">
maf_slice.py --dbkey=hg17 --mafFile=${maf_input} --
interval_file=${interval_input} --output_file=sliced.maf 
   </command>

The place-holders (in orange) substitute in the values from 

the parameters (<param>) having a matching name



The Outputs

  <command interpreter="python">
maf_slice.py --dbkey=hg17 --mafFile=${maf_input} --
interval_file=${interval_input} --output_file=${maf_output} 
   </command>

   <outputs>
     <data format="maf" name="maf_output"/>
   </outputs>



Successful Run of a Basic 

Tool
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Data Source Tools

• Special tools

• Get data from external sources into Galaxy

• Synchronous

• data ready immediately 

• Asynchronous

• data needs to be generated by external source first

http://wiki.g2.bx.psu.edu/Admin/Internals/Data Sources
Blankenberg D, Coraor N, Von Kuster G, Taylor J, Nekrutenko A and The Galaxy Team. Integrating diverse databases into an unified 

analysis framework: a Galaxy approach. Database (Oxford). 2011 Apr 29.

http://wiki.g2.bx.psu.edu/Admin/Internals/Data%20Sources
http://wiki.g2.bx.psu.edu/Admin/Internals/Data%20Sources


Synchronous Data 

Source Tools
• When the user has finished at the external 

site, the external site directs the user back to 

Galaxy

• Parameters and a retrieval URL are provided

• In the background, Galaxy creates a new 

dataset and then uses provided URL and 

parameters to retrieve the new dataset 

content



Asynchronous 

Datasource Tools
• When the user has finished at the external site, 

the external site directs the user back to Galaxy

• Parameters and an URL is provided

• In the background, Galaxy creates a new dataset 

and then creates a new GALAXY_URL (uniquely 

identifying this new dataset) and sends this and 

provided parameters to the data source

• External data source then runs processes to 

generate dataset contents and sends a URL back 

to GALAXY_URL



Setting Attributes of Newly 

obtained Datasets
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UCSC Table Browser Example



UCSC Table Browser Example



Some Examples

• Basic*

• tools/data_source/ebi_sra.xml

• Complex*

• tools/data_source/ucsc_tablebrowser.xml

*from Galaxy's perspective



UCSC Table Browser

tools/data_source/ucsc_tablebrowser.xml
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Advanced Tool Topics

• Datasets and Datatypes

• Metadata

• Dynamic Select lists



Datasets and Datatypes

• All datasets are associated with a Datatype

• File format 

• Type of Data: genomic intervals, sequence, alignment

• Hierarchical structure allows accepting more specific 

datatypes without conversion (tabular <- interval <- bed)

• Datatype Converters allow use of non-subclassed datatypes 

as direct input for tools (MAF to FASTA converter allows 

selection of MAF file as input when FASTA is required)

• Metadata

• datatypes_conf.xml and lib/galaxy/datatypes

http://wiki.g2.bx.psu.edu/Admin/Datatypes/Adding 

Datatypes
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Datatype Metadata

• Information that describes the contents of the 

Dataset

• Line / Sequence Counts 

• Count and type of tabular columns 

• Column assignments: start, stop, strand 

Genome build(s): dbkey, species 

• Files: indexes

• Used by tools to customize interface and results



Back to the example

• Allow all types of interval files to be used, not just 
BED

• Allow automatic setting of dbkey based upon 
provided interval file

• Allow the tool to access precomputed MAF 
indexes

• Allow the tool to access a local cache of built-in 
alignment sets

• Allow user to select species to include in output 
MAF



Generic Interval Format

• 0-based, half-open genomic intervals (just 

like BED)

• Columns do not have to be arranged in a 

particular order

• Store this information in the metadata for the 

dataset



Interval Metadata

lib/galaxy/datatypes/interval.py

datatypes_conf.xml



MAF Metadata

lib/galaxy/datatypes/sequences.py



Enhance the tool with Metadata
  <command interpreter="python">

maf_slice.py --dbkey=${interval_input.dbkey} --mafFile=${maf_input} --

interval_file=${interval_input}  --output_file=${maf_output}

     --chromCol=${interval_input.metadata.chromCol} --startCol=$

{interval_input.metadata.startCol} --endCol=$

{interval_input.metadata.endCol} --strandCol=$

{interval_input.metadata.strandCol}

     --mafIndex=${maf_input.metadata.maf_index}

   </command>

   <inputs>

    <param format="maf" name="maf_input" label="Choose alignments" 

type="data"/>

    <param format="interval" name="interval_input" type="data" 

label="Choose intervals"/>

   </inputs>



One tool, two different 

sources for data

• Use a conditional block to allow the user to 

choose between MAF from the History or a 

built-in



   <inputs>

    <param format="interval" name="interval_input" type="data" 

label="Choose intervals"/>

    <conditional name="maf_source_type">

      <param name="maf_source" type="select" label="MAF Source">

        <option value="cached" selected="true">Locally Cached 

Alignments</option>

        <option value="user">Alignments in Your History</option>

      </param>

      <when value="user">

        <param format="maf" name="maf_input" label="Choose 

alignments" type="data"/>

      </when>

      <when value="cached">

        <!-- need some way to access the external data -->

      </when>

    </conditional>

   </inputs>



Don’t forget to fix the 

command-line

  <command interpreter="python">

maf_slice.py --dbkey=${interval_input.dbkey} --mafFile=$

{maf_source_type.maf_input} --interval_file=${interval_input}  --

output_file=${maf_output}

     --chromCol=${interval_input.metadata.chromCol} --startCol=$

{interval_input.metadata.startCol} --endCol=$

{interval_input.metadata.endCol} --strandCol=$

{interval_input.metadata.strandCol}

     --mafIndex=${maf_source_type.maf_input.metadata.maf_index}

   </command>



Accessing built-in/cached 

alignments

• Have an external Tab-delimited file (location 

file, *.loc) that contains information about the 

available alignments

• unique ID

• genomes indexed in the alignment 

• genomes contained in the MAF

• paths to the alignment files

tool-data/maf_index.loc



Dynamic Select Lists



tool_data_table_conf.xml

• .loc files can be accessed directly by path

• Move .loc file, need to modify maf_slice.xml

• Tool data tables provides an abstraction layer 

between the filesytem location of the data 

and the name of the data

• Move .loc file, no need to modify the tool



Setting Parameters

      <when value="cached">
        <param name="mafType" type="select" label="Choose 
alignments">
          <options from_data_table="indexed_maf_files">
            <filter type="data_meta" ref="interval_input" key="dbkey" 
column="dbkey" multiple="True" separator=","/>
            <validator type="no_options" message="No alignments are 
available for the build associated with the selected interval file"/>
          </options>
        </param>
      </when>



Enhancing command-line
  <command interpreter="python">
     maf_slice.py --dbkey=${interval_input.dbkey} --interval_file=$
{interval_input}  --output_file=${maf_output}
     --chromCol=${interval_input.metadata.chromCol} --startCol=$
{interval_input.metadata.startCol} --endCol=$
{interval_input.metadata.endCol} --strandCol=$
{interval_input.metadata.strandCol}
     #if $maf_source_type.maf_source == "user":
         --mafFile=${maf_source_type.maf_input}
         --mafIndex=$
{maf_source_type.maf_input.metadata.maf_index}
     #else:
         --mafType=$maf_source_type.mafType
         --mafIndexFile=${GALAXY_DATA_INDEX_DIR}/maf_index.loc
     #end if
   </command>



Selecting Species in 

output

• Use species metadata value from MAF file to 

dynamically generate a list of checkboxes



      <when value="user">
        <param format="maf" name="maf_input" label="Choose 
alignments" type="data"/>
        <param name="species" type="select" display="checkboxes" 
multiple="true" label="Choose species" help="Select species to be 
included in the final alignment">
          <options>
            <filter type="data_meta" ref="maf_input" key="species" />
          </options>
        </param>
      </when>



Add to command-line
  <command interpreter="python">

     maf_slice.py --dbkey=${interval_input.dbkey} --interval_file=$

{interval_input}  --output_file=${maf_output}

     --chromCol=${interval_input.metadata.chromCol} --startCol=$

{interval_input.metadata.startCol} --endCol=$

{interval_input.metadata.endCol} --strandCol=$

{interval_input.metadata.strandCol}

     #if $maf_source_type.maf_source == "user":

         --mafFile=${maf_source_type.maf_input}

         --mafIndex=${maf_source_type.maf_input.metadata.maf_index}

         --species=${maf_source_type.species}

     #else:

         --mafType=$maf_source_type.mafType

         --mafIndexFile=${GALAXY_DATA_INDEX_DIR}/maf_index.loc

     #end if

   </command>



Species from .loc
      <when value="cached">

        <param name="mafType" type="select" label="Choose alignments">

          <options from_data_table="indexed_maf_files">

            <filter type="data_meta" ref="interval_input" key="dbkey" column="dbkey" multiple="True" 

separator=","/>

            <validator type="no_options" message="No alignments are available for the build associated 

with the selected interval file"/>

          </options>

        </param>

        <param name="species" type="select" display="checkboxes" multiple="true" label="Choose 

species" help="Select species to be included in the final alignment">

          <options from_data_table="indexed_maf_files">

            <column name="uid" index="1"/>

            <column name="value" index="3"/>

            <column name="name" index="3"/>

            <filter type="param_value" ref="mafType" column="uid"/>

            <filter type="multiple_splitter" column="name" separator=","/>

          </options>

        </param>

      </when>



Add to command-line
  <command interpreter="python">

     maf_slice.py --dbkey=${interval_input.dbkey} --interval_file=$

{interval_input}  --output_file=${maf_output}

     --chromCol=${interval_input.metadata.chromCol} --startCol=$

{interval_input.metadata.startCol} --endCol=$

{interval_input.metadata.endCol} --strandCol=$

{interval_input.metadata.strandCol}

     --species=${maf_source_type.species}

     #if $maf_source_type.maf_source == "user":

         --mafFile=${maf_source_type.maf_input}

         --mafIndex=${maf_source_type.maf_input.metadata.maf_index}

     #else:

         --mafType=$maf_source_type.mafType

         --mafIndexFile=${GALAXY_DATA_INDEX_DIR}/maf_index.loc

     #end if

   </command>





I created a tool...now 

what?

•Share it!

• Galaxy Tool Shed

• Workshop by Greg Von Kuster

• 2PM, Room C

• Upload and Download contributed Tools

• Rate and provide feedback



1 2 3 ∞

http://usegalaxy.org

http://usegalaxy.org/community

Galaxy Tool 

Shed

...

Galaxies on 

private clouds

Galaxies on 

public clouds

...

private Galaxy installations
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Get and Contribute Tools

http://usegalaxy.org/community

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


Additional Advanced 

Tool Topics

• Tool Output actions

• changing formats, setting metadata based upon user 
inputs

• Filtering outputs

• Parameter Validation



Configfile Inputs

• Temporary file is available as input to the tool

• Cheetah templating language is used to define 

the contents of a temporary file

• Examples

• Formatted list of input values 

• R (statistics package) scripts 

• Gnuplot Commands 

• Dynamically generated python scripts



Tool Output Actions

• Allow run-time attributes (parameter settings, input 
metadata, datatype) to change attributes of a created 
output file

• Examples:

• Cut tool

• Default output is tabular

• What if input was BED and all required interval 
columns are kept?

• NGS mappers (e.g. bowtie)

• Set dbkey of output when using pre-built indices



Cut Tool



Cut Tool



Cut Tool

tools/filters/cutWrapper.xml



Filtering Outputs

• Parameter settings can be used to change the 

outputs that are created

tools/peak_calling/macs_wrapper.xml



Parameter Validation

tools/maf/interval2maf.xml



Available Validators
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