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Chapter 1

Introduction to the GATK Integration
Plugin

The Genome Analysis Toolkit or GATK is a software package for analysis of high-throughput
sequencing data, developed by the Data Science and Data Engineering group at the Broad
Institute. Its robust architecture, powerful processing engine and high-performance computing
features make it capable of taking on projects of any size. It is currently the gold standard for
variant calling.

The GATK Integration Plugin is an application that enables Biomedical Genomics Workbench
users to combine GATK variant calling with the ease-of-use and powerful tools of the Biomedical
Genomics Workbench. It is developed to analyze Whole Genome and Whole Exome single
samples sequenced with Illumina technology. Note that GATK enables discovery of SNPs and
small indels but not of structural variants (SVs) or copy number variants (CNVs).

Through the use of this plugin, you can

• Run GATK on a single sample using Broad Institute’s best practices guidelines for Whole
Genome and Whole Exome Illumina data.

• Compare the variants called using GATK best practices and CLC variant calling pipelines.

• Visualize and validate results without importing VCF files between products.

• Easily integrate GATK variant calling in your custom Biomedical Genomics Workbench
workflows.

The GATK pipeline implemented in the GATK Integration Plugin is divided into two sequential
phases:

• Pre-processing Pre-processing starts from raw FASTQ sequence data, and produces
analysis-ready BAM files. Processing steps include alignment to a reference genome
using the Burrows Wheeler Aligner (BWA) software package for mapping low-divergent se-
quences against a large reference genome. It also includes some data cleanup operations
to correct for technical biases and make the data suitable for analysis.
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• Variant Discovery Variant Discovery starts from analysis-ready BAM files and produces a
callset in VCF format. Processing involves identifying sites where one or more individuals
display possible genomic variation, and applying filtering methods appropriate to the
experimental design.

Both the Identify Variants using BWA-GATK Best Practices (WGS-HD) and Identify Variants
using BWA-GATK Best Practices (WES-HD) workflows included in the plugin recapitulate these
two phases.

Installing the GATK Integration Plugin will add the Ready-to-Use workflows in the toolbox as shown
in figure 1.1.

Figure 1.1: The workflow and tool are found in the toolbox.



Chapter 2

Data management for the GATK
Integration Plugin

2.1 Reference Management
The two ready-to-use workflows included in the GATK Integration Plugin must be linked to the
GATK Reference Data Set available from the Data Manager (figure 2.1). Because the workflows
will run on the server, the Reference Data Set needs to be downloaded and applied on the server
as well.

u

Figure 2.1: Open the Data Management and download hg19 for GATK or hg38 for GATK on a CLC
server.

To download and apply the reference data:

1. Open the Data Manager.

2. Choose to work on the Server, and select the Reference Data Set you want to use (hg38
for GATK or hg19 for GATK).

6
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3. Click on the button Download. You can check the progress of the download in the Process
bar below the Toolbox.

4. When the download is completed, click on the button Export, and choose in the pop-up
window the CLC_ImportExport directory that was created on the server. This will export the
Reference Data Set from a *.clc format to a format compatible with BWA and GATK. Note
that if you have already exported reference data, the CLC_ImportExport directory will contain
a CLC_References sub-directory but you should not select this sub-directory as destination
for exporting the References. Click on OK.

5. Click on the button Apply. In the table, the column Applied should now have a "Yes" for all
the Reference Elements included in the GATK Reference Data Set.

Both hg19 and hg38 GATK Reference Data Set include:

• Sequence

• Genes

• mRNA

• dbSNP

• Hapmap

• 1000 Genomes Project

• Omni Genotypes for 1000 Genomes

• Mills and 1000 Genomes Gold Standards Indels

2.2 Importing Illumina sequencing reads
For the GATK Integration Plugin to work, your Illumina reads must be imported with their read
names, and there should be only one read group per file, i.e., a set of Illumina reads that was
generated in a single lane of a sequencing run per file. The files you usually obtain from an Illumina
platform will be divided in this way, but if you have pooled multiple libraries using non-standard
multiplexing (not recognized by Illumina and thus not split in separate files) or in any other way
created files that consolidate several read groups, you should split the reads into groups that
originate from the same library preparation and were sequenced together in the same lane (see
http://gatkforums.broadinstitute.org/gatk/discussion/6472/read-groups).

Remember that the Illumina reads in fastq and fastq.gz. format must be imported to a location
in the Biomedical enabled Genomics Server to be available to run the workflow on the server.

1. Open the Biomedical Genomics Workbench.

2. Log in the Biomedical enabled Genomics Server if it is not done automatically: go to File
and choose "CLC Server" login.

3. Once you are logged in, go to: Import ( ) | Illumina

http://gatkforums.broadinstitute.org/gatk/discussion/6472/read-groups
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4. In the "Choose where to run", select CLC Server and click Next.

5. In the next window, indicate where your files are located currently.

6. Select all relevant read files for all samples you want to import into the workbench. There
is no need to unzip your data prior to the import.

7. If you have paired-end or mate-pair reads, check the Paired reads parameter under General
options. This will activate the Paired read information section where you will select either
Paired-end (forward-reverse) or Mate-pair (reverse-forward) and set up the Minimum and
Maximum distances for your reads. These numbers account for the fragment length, which
is usually defined during the library preparation step of your sequencing experiment. If you
do not know the length of your reads, you can use default values: between 1 and 1000 bp
for paired-end distances and between 1000-5000 bp for mate-pair reads.

8. It is important to leave the option "Discard read names" unchecked (figure 2.2) as the
names of the reads will be used in the workflow to recognize the samples and apply the
Best Practices parameters. Running the GATK workflows with unnamed reads will most
likely result in failure.

Figure 2.2: Import the Illumina files: there should be one read group per file only, and it is important
that the option "Discard read names" is unchecked. Save your reads on a CLC Server.

9. Click on the button Next and select a Server location in the Navigation Area where you
would like to save your reads. Note that the reads need to be saved on a server location as
the workflows only work on the CLC Server. Depending on the amount of data, the import
might take some time.
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Running the Identify Variants using
BWA-GATK Best Practices workflows

The Identify Variants using BWA-GATK Best Practices workflow exists for both Whole Genome and
Whole Exome data:

Toolbox | Ready-to-Use Workflows | Whole Genome Sequencing ( ) or Whole Exome
Sequencing ( ) | Hereditary Disease ( ) | Identify Variants using BWA-GATK Best
Practices

We will describe here how to run the Identify Variants using BWA-GATK Best Practices workflow
using the one tailored to handle Whole Exome Sequencing data.

1. Double-click on the name of the workflow in the Toolbox.

2. This will open the wizard shown in figure 3.1.

Figure 3.1: The GATK Integration plugin runs on a Biomedical enabled CLC Genomics Server.

The GATK workflow only runs on the server so this option is pre-selected. To connect to a
server, close the wizard and go to File, and choose "CLC Server" login. Once you are logged
in, you can start the wizard again and the first window should be as the one depicted in
figure 3.1. Click Next.

3. In the Select input for Reads window (figure 3.2), select the reads you want to analyze.
Remember that to run on the CLC Server, the input reads of a tool or a workflow must also

9
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be saved on a server location and available from the Navigation Area. Note also that the
batch option is not functional yet.

Figure 3.2: Select the sequencing reads you want to analyze.

4. In the next two windows, you can select the specific Hapmap and 1000 Genoms Project
populations you are working with. By default, the 3 populations of the 1000 Genomes
Project are selected, as well as the 12 populations of Hapmap. Click on the Browse icon
on the right hand side of the field to potentially deselect the population you do not want to
use for annotating the variants (figure 3.3).

Figure 3.3: Select only the Hapmap and 1000 Genoms Project populations of interest.

5. In the GATK Parameter Selector window (figure 3.4), a table describes the reads that were
used as input in the previous step.

Indeed, the GATK is notorious for imposing strict formatting guidelines and requiring the
presence of information such as read groups that other software packages do not require.
Although this represents a small additional processing burden upfront, the downstream
benefits are numerous, including the ability to process library data individually, and
significant gains in speed and parallelization options [Auwera et al., 2013].
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Figure 3.4: Enter read group information if desired and select variant filtering method.

The table contains the following headers:

• Element name of the selected input file(s). Hover the mouse over the file name to see
the tooltip with the name of the first read in the input file. The default values for the
read group fields (remaining columns) are based on this read name.

• Identifier (ID) globally unique string identifying a read group, usually an identifier linked
to the flowcell lane where the data was run. Note that if two groups of reads differ in
any way (e.g. originate from different libraries), then the ID should also be different.

• Sample (SM) the name associated with the DNA sample in this file. GATK tools treat
all read groups with the same SM value as containing sequencing data for the same
sample. The GATK Integration Plugin version 1.0 only supports single sample analysis,
and therefore the SM field value should be identical for all input files.

• Platform (PL) sequencing technology was used to generate the sequencing data, i.e.,
Illumina in the case of the GATK Integration Plugin.

• Library (LB) identifier of the DNA library preparation from which the sample was
sequenced. Picard uses the LB field to determine which read groups might contain
molecular duplicates.

• Platform unit (PU) platform unit, holding flowcell lane information, usually a more
elaborate identifier than the ID field. Either the ID field or the PU field if present is
used by GATK to distinguish groups of reads that have undergone the same technical
batch effects, and thus should be subjected to base quality score recalibration with
the same error model.

Please note that ID, SM, PL and LB are required read group fields, and leaving these fields
empty will most likely lead to failure while running the GATK pipeline. Additional information
about how GATK uses read group information can be found on the GATK website (see http:
//gatkforums.broadinstitute.org/gatk/discussion/6472/read-groups).

Below the table, a drop down menu allows to select a method for variant filtering (only for
Whole Genome data, as it is pre-selected to hard filtering for Whole Exome data):

• None No filtering will be performed on the output variants

http://gatkforums.broadinstitute.org/gatk/discussion/6472/read-groups
http://gatkforums.broadinstitute.org/gatk/discussion/6472/read-groups
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• Hard filtering is recommended for data sets covering less than the whole human
genome, such as the data from a single sample whole exome sequencing.

• VQSR stands for Variant Quality Score Recalibration. This is the method recommended
as best practice, however a large number of variant sites are required for the results to
be reliable, i.e. a number of sites equivalent to what is expected from variant analysis
of whole human genome sequencing data.

If hard filtering is specified (as is the case automatically for Whole Exome data), the user
can set their own filters below the Filtering type field. The default values are the generic
filters recommended by GATK:

• Hard filter (SNP) set to QD<2.0||FS>60.0||MQ<40.0||MQRankSum<-12.5||ReadPosRankSum<-
8.0

• Hard filter (indel) set to QD<2.0||FS>200.0||ReadPosRankSum<-20.0

• Hard filter (mixed) set to QD<2.0||FS>200.0||ReadPosRankSum<-20.0

The variant annotations used in the default filters are:

• QD for QualByDepth: Variant call confidence normalized by depth of sample reads
supporting a variant.

• FS for FisherStrand: Strand bias estimated using Fisher’s Exact Test.

• MQ for RMSMappingQuality: Root Mean Square of the mapping quality of the reads
across all samples.

• MQRankSum for MappingQualityRankSumTest: Rank Sum Test for mapping qualities
of reference versus alternate reads.

• ReadPosRankSum for Rank Sum Test: Relative positioning of reference versus
alternate alleles within reads.

To set up your own additional filters, you can use the JEXL expression syntax and the
following acronyms (available in the tooltip of the field): AC, AF, AN, BaseQRankSum, Clip-
pingRankSum, DP, DS, ExcessHet, FS, HaplotypeScore, MLEAC, MLEAF, MQ, MQRankSum,
QD, ReadPosRankSum, SOR. For more information about the filters, please see the list
in section 3.1, the section "VariantAnnotations" of the GATK tools web page https:
//www.broadinstitute.org/gatk/guide/tooldocs, and the GATK hard filtering
guide https://www.broadinstitute.org/gatk/guide/article?id=6925.

6. The Identify Variants using BWA-GATK Best Practices (WES-HD) window (figure 3.5)
allows the user to specify a target-regions file as we are working with Whole Exome
Sequencing data. Such a file, containing the genomic regions targeted by the hybridization
kit is available from the vendor of the enrichment kit in either .bed or .gff format. To
obtain this file you will have to get in contact with the vendor and ask them to send this
target regions file to you in bed format. Note that GATK requires a *.bed-file with 0-based
start coordinates as described in the section "Intervals of interest" of the GATK guide
https://www.broadinstitute.org/gatk/guide/article?id=1204.

If you are working with Whole Genomes Sequencing data, this window is irrelevant and you
can just click "Next" to proceed with the rest of the instructions.

7. Choose to save the results in a location on the Server and click Finish to start the analysis.

https://www.broadinstitute.org/gatk/guide/tooldocs
https://www.broadinstitute.org/gatk/guide/tooldocs
https://www.broadinstitute.org/gatk/guide/article?id=6925
https://www.broadinstitute.org/gatk/guide/article?id=1204
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Figure 3.5: Specify the target regions file.

3.1 Output from the Identify Variants using BWA-GATK Best Practices
workflows

Both the Identify Variants using BWA-GATK Best Practices (WGS-HD) and (WES-HD) workflows
produce a similar series of output files (figure 3.6).

Figure 3.6: Example of output files when running the Identify Variants using BWA-GATK Best
Practices (WES-HD) workflow.

• GATK Log ( )

• Identify Variants using BWA-GATK Best Practices log table ( )

• A read mapping ( )

• Unmapped reads list ( )

• An identified variant track ( )

• A Genome Browser View ( )

The variant track generated by the workflows is similar to the ones described here: http://
clcsupport.com/biomedicalgenomicsworkbench/current/index.php?manual=_variant_
track_output.html. In addition, the following annotations may be present for the identified
variants depending on which parameters were chosen:

AC Allele count in genotypes for each alternate allele.

AF Allele Frequency, for each alternate allele, in the same order as listed.

AN Total number of alleles in called genotypes.

BaseQRankSum for BaseQualityRankSumTest: Rank Sum Test of reference versus alternate
base quality scores.

http://clcsupport.com/biomedicalgenomicsworkbench/current/index.php?manual=_variant_track_output.html
http://clcsupport.com/biomedicalgenomicsworkbench/current/index.php?manual=_variant_track_output.html
http://clcsupport.com/biomedicalgenomicsworkbench/current/index.php?manual=_variant_track_output.html
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ClippingRankSum for ClippingRankSumTest: Rank Sum Test for hard-clipped bases on reference
versus alternate reads.

Culprit (VQSR) The annotation which was the worst performing in the Gaussian mixture model,
likely the reason why the variant was filtered out.

DP Approximate read depth; some reads may have been filtered.

DS Indicates if any of the samples was under-sampled.

ExcessHet Phred-scaled p-value for exact test of excess heterozygosity. This annotation esti-
mates excess heterozygosity in a population of samples.

Filter Any filters that were applicable to the variant during VQSR or Hard Filtering. If the variant
is annotated with "PASS", it means that the variant passed the filtering step.

GQ for genotype quality: Indicates how confident we are that the genotype assigned to a particular
sample is correct. It is simply the second lowest PL, because it is the difference between
the second lowest PL and the lowest PL (always 0).

HaplotypeScore Consistency of the site with strictly two segregating haplotypes.

InbreedingCoeff Likelihood-based test for the inbreeding among samples.

MLEAC Maximum Likelihood Expectation for the allele counts (not necessarily the same as the
AC), for each alternate allele, in the same order as listed.

MLEAF Maximum Likelihood Expectation for the allele frequency (not necessarily the same as
the AF), for each alternate allele, in the same order as listed.

MQ for RMSMappingQuality: Root Mean Square of the mapping quality of the reads across all
samples.

MQRankSum for MappingQualityRankSumTest: Rank Sum Test for mapping qualities of reference
versus alternate reads.

NEGATIVE_TRAIN_SITE (VQSR) This variant was used to build the negative training set of bad
variants.

PL Normalized, Phred-scaled likelihoods for genotypes as defined in the VCF specification (for
biallelic sites, if A is the reference base and B is the alternate base, the order is: AA,AB,BB).

POSITIVE_TRAIN_SITE (VQSR) This variant was used to build the positive training set of good
variants.

ReadPosRankSum for ReadPosRankSumTest: Rank Sum Test for relative positioning of reference
versus alternate alleles within reads.

SOR for StrandOddsRatio: Strand bias estimated by the Symmetric Odds Ratio test.

VQSLOD (VQSR) Log odds of being a true variant versus being false under the trained gaussian
mixture model.
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Note that all variants found by the GATK HaplotypeCaller will always be included in the variant
track/table, no matter which filtering option was chosen. The results of the variant filtering
step can be found in the Filter column, and the Biomedical workbench tool "Identify Candidate
Variants" can potentially be used to remove variants that did not pass the filtering.

To inspect the identified variants, open the Genome Browser View file (figure 3.7). The Genome
Browser View includes a track of the identified annotated variants in context to the human
reference sequence, genes, transcripts, mapped sequencing reads, common variants in omni
2.5, mills 1, gold 1, common dbSNP, HapMap, and 1000 Genomes databases. Below the
Genome Browser View, a table includes all variants and associated additional information. The
annotated variant table and the Genome Browser View are connected and when selecting a variant
from the table by clicking on a row in the table, the Genome Browser View will automatically
put the selected variant into focus. The added information in the table will help you to identify
candidate variants for further research. Variants can be filtered based on their annotations using
the table filter on top of the table.

Figure 3.7: Example of output files when running the Identify Variants using BWA-GATK Best
Practices (WES-HD) workflow.
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Troubleshooting

A check is made for success or failure after each part of the pipeline is executed. In case of
failure, the process is terminated, and the following error message appears (figure 4.1):

Figure 4.1: The following error message appears in case of failure.

More detailed error messages can then be found in the result directory in the Navigation Area.
Open the file named something starting with "GATK Best Practice PipelineStdError" (renamed
to "GATK log" after successful run) (figure 4.2). You can read the log to understand how to
troubleshoot your failed run, or you can send it to us by using the Help | Contact Support option
(attach the "GATK Best Practice PipelineStdError" on the second window of the Contact Support
wizard).

For any problems with the installation of the GATK Integration Plugin and its workflows, feel free
to contact us at AdvancedGenomicsSupport@qiagen.com. For issues related to the GATK tools
(GATK itself but also BWA, Picard and SAMtools), please check directly the Broad Institute’s
GATK webpages and community forum at https://www.broadinstitute.org/gatk.

16
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Figure 4.2: The StdErr file will contain any error messages for troubleshooting, in case of failure
while running the GATK Best Practices.
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Installation

The GATK Integration Plugin functionality is developed for use on Biomedical-enabled CLC
Genomics Server with a client plugin developed for the Biomedical Genomics Workbench.

Installation of the GATK Integration Plugin is a process in three steps.

1. An administrator of the Linux server must first install the different tools provided during
download of the GATK package.

2. An administrator of the Biomedical enabled Genomics Server can then install the scripts
and configures the external application.

3. A user will have to install three plugins in the Biomedical Genomics Workbench.

5.1 Installation on the Linux server
The following third party programs/tools need to be installed on the Linux server hosting the
Biomedical enabled Genomics Server.

1. Download the GATK package from the Broad Institute’s website https://www.broadinstitute.
org/gatk/download/. Note that for-profit users will need to purchase a license from
the Broad Institute.

2. Install the following third party programs/tools on the server:

• GATK 3.5

• BWA 0.7.12

• Picard 2.2.1

• SAMtools 1.3

Note that you will need Java 1.7 to run GATK 3.5, and Java 1.8 to run Picard 2.2.1.

3. Download and unpack the zip file provided with the GATK Integration Server Plugin. The
zip file can be found here: http://www.clcbio.com/external-applications/
GATKIntegrationServerPluginBundle.zip.

The following elements are found in the zip file:

18
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• Pipeline script (pipeline.sh)

• Validation scrip (env_chk.sh)

• External Applications configuration (external_applications_server_configuration_v1.0.xml)

• Key file (that disables the built-in phone home functionality) (info_clcbio.com.key)

Unzip the files in your preferred location on the server. Make sure that the four files have
been placed in the same directory and that the pipeline.sh is executable.

4. Download the *.cpa for the GATK Integration Server Plugin.

5. Create a directory called CLC_ImportExport next to the CLC_Data and CLC_References
directories (name and location suggested for illustration purposes).

5.2 Installation on the Biomedical enabled Genomics Server
The following steps have to be performed by an administrator of a Biomedical enabled
Genomics Server. Additional information can be found in the CLC Server user manual:
http://clcsupport.com/clcserver/current/enduser/User_Manual.pdf.

1. Install the GATK Integration Server Plugin. You can install plugins on the Server under the
Admin ( ) tab (see figure 5.1). Click the Browse button and locate the plugin .cpa file to
install it.

Figure 5.1: Installing and uninstalling server plugins.

2. In Admin | Main configuration | File system locations, check that there is now both a
data and a reference location (called respectively CLC_Data and CLC_References as in
figure 5.2).

3. In Admin | Main configuration | Import/export directories, click on "Add a new import/export
directory", and select the CLC_ImportExport folder you created earlier (figure 5.2).

4. Restart the server.

http://clcsupport.com/clcserver/current/enduser/User_Manual.pdf
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Figure 5.2: Configuring the references and import/export directories.

5. In Admin | External applications, click on "Import configuration" and select the the External
Applications GATK Best Practices Pipeline v1.0 (external_applications_server_configuration_v1.0.xml).
When this has been imported, you will see the configuration as shown in figure 5.3.

Figure 5.3: The GATK best practice pipeline configuration is now visible under External Applications.

6. In the External Application GATK configuration, under "Command line", adjust the path to
the location where you have placed the pipeline script pipeline.sh (highlighted in red in
figure 5.3).

7. Scroll down to adjust the "Environment" variables to point at the executable and jar files
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that you have installed previously (see figure 5.4). Note that the EA_BASE_REF_LOCATION
must point to the CLC_ImportExport directory that was created previously.

Figure 5.4: The "Environment" variable should be adjusted to point at the executable and jar files
that you have just installed.

8. Click on the button labeled "Save" in the lower right corner.

5.3 Installation on the Biomedical Genomics Workbench
To be able to run GATK from the Biomedical Genomics Workbench you need the following plugins:

1. CLC Workbench Client Plugin. Client plugin for connecting to a CLC Server.
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2. External Applications Client Plugin. This plugin is as default installed on the Biomedical
enabled CLC Genomics Server, but the External Applications Client Plugin should also be
installed in the Workbench to enable communication between the two entities.

3. GATK Integration Workbench Plugin.

To install a plugin in the workbench:

1. Open the plugin manager in the top right corner of the workbench. Note that in order to
install plugins on Windows, the Workbench must be run in administrator mode: Right-click
the program shortcut and choose "Run as Administrator".

2. Click on the Download Plugins tab. This will display an overview of the plugins that are
available for download and installation (see figure 5.5).

Figure 5.5: The plugins that are available for download.

3. Click on the Download and Install button for the CLC Workbench Client Plugin. A dialog
displaying progress is now shown, and the plugin is downloaded and installed.

4. Repeat the last step for the External Applications Client Plugin and GATK Integration
Plugin.

5. Close the Plugins manager. You will be asked whether you wish to restart the workbench.
Click "Yes" as the plugins will not be ready for use until you have restarted.

6. After the workbench is restarted, you may need to update the workflows (see section 5.4).

5.4 Updating the GATK Integration Plugin workflows
When the External Applications configuration on the Biomedical enabled CLC Genomics Server
has been updated, you will need to update the workflows on your workbench as well because the
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GATK workflow elements must refer to the correct version of the GATK external application on the
Biomedical enabled CLC Genomics Server. You should be alerted to the need for such updates
by the first window looking like figure 5.6.

Figure 5.6: The workflows on your workbench needs to be updated.

To update the workflows, close the wizard and click on the button "Workflows" in the top right
corner of the workbench. Find the GATK workflows in the list (a red warning as shown in figure 5.7
makes it easier to spot them), and click on the button "Update". You can now close the Workflow
manager and start the workflow.

Figure 5.7: Update both GATK workflows in the Workflow manager.
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Uninstall

Plugins are uninstalled using the plugin manager:

Help in the Menu Bar | Plugins... ( )

or Plugins ( ) in the Toolbar

This will open the dialog shown in figure 6.1.

Figure 6.1: The plugin manager with plugins installed.

The installed plugins are shown in this dialog. To uninstall:

Click the GATK Integration Plugin | Uninstall

24
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If you do not wish to completely uninstall the plugin but you don’t want it to be used next time
you start the Workbench, click the Disable button.

When you close the dialog, you will be asked whether you wish to restart the workbench. The
plugin will not be uninstalled until the workbench is restarted.
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