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Abstract
Galaxy provides an accessible platform where multi-step data analysis
workflows integrating disparate software can be run, even by researchers with
limited programming expertise. Applications of such sophisticated workflows
are many, including those which integrate software from different ‘omic
domains (e.g. genomics, proteomics, metabolomics). In these complex
workflows, intermediate outputs are often generated as tabular text files, which
must be transformed into customized formats which are compatible with the
next software tools in the pipeline. Consequently, many text manipulation steps
are added to an already complex workflow, overly complicating the process
and decreasing usability, especially for non-expert bench researchers focused
on obtaining results. In some cases, limitations to existing text manipulation are
such that desired analyses can only be carried out using highly sophisticated
processing steps beyond the reach of most users. As a solution, we have
developed the Query Tabular Galaxy tool, which leverages a SQLite database
generated from tabular input data. This database can be queried and
manipulated to produce transformed and customized tabular outputs
compatible with downstream processing steps. Regular expressions can also
be utilized for even more sophisticated manipulations, such as find and replace
and other filtering actions. Using several Galaxy-based multi-omic workflows
as an example, we demonstrate how the Query Tabular tool dramatically
streamlines and simplifies the creation of multi-step analyses, efficiently
enabling complicated textual manipulations and processing. This tool should
find broad utility for users of the Galaxy platform seeking to develop and use
sophisticated workflows involving text manipulation on tabular outputs.

Referee Status: AWAITING PEER
REVIEW

Discuss this article
Comments (0)

Keywords
Galaxy, Workflows, SQLite, Multi-omics, Genomics, Proteomics,
Metaproteomics, Proteogenomics, Metabolomics

Page 1 of 9

F1000Research 2018, 7:1604 Last updated: 05 OCT 2018

This article is included in the Galaxy gateway.

Corresponding authors: James E. Johnson (johns198@umn.edu), Timothy J. Griffin (tgriffin@umn.edu)
Author roles: Johnson JE: Conceptualization, Methodology, Software, Writing – Original Draft Preparation, Writing – Review & Editing; Kumar P:
Methodology, Software, Validation, Writing – Original Draft Preparation, Writing – Review & Editing; Easterly C: Methodology, Software,
Validation, Writing – Original Draft Preparation, Writing – Review & Editing; Esler M: Methodology, Validation, Writing – Original Draft Preparation,
Writing – Review & Editing; Mehta S: Software, Validation, Writing – Original Draft Preparation, Writing – Review & Editing; Eschenlauer AC:
Methodology, Software, Validation, Writing – Original Draft Preparation, Writing – Review & Editing; Hegeman AD: Funding Acquisition,
Supervision, Writing – Review & Editing; Jagtap PD: Methodology, Project Administration, Software, Visualization, Writing – Original Draft
Preparation, Writing – Review & Editing; Griffin TJ: Funding Acquisition, Project Administration, Supervision, Writing – Original Draft Preparation,
Writing – Review & Editing
Competing interests: No competing interests were disclosed.
Grant information: This work was supported in part by NSF award 1458524 and NIH award U24CA199347 to T.J. Griffin and the Galaxy for
proteomics (Galaxy-P) research team.
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Copyright: © 2018 Johnson JE et al. This is an open access article distributed under the terms of the Creative Commons Attribution Licence,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
How to cite this article: Johnson JE, Kumar P, Easterly C et al. Improve your Galaxy text life: The Query Tabular Tool [version 1; referees:
awaiting peer review] F1000Research 2018, 7:1604 (doi: 10.12688/f1000research.16450.1)
First published: 05 Oct 2018, 7:1604 (doi: 10.12688/f1000research.16450.1)

Page 2 of 9

F1000Research 2018, 7:1604 Last updated: 05 OCT 2018

Introduction
The Galaxy platform1 offers a highly flexible bioinformatics
workbench in which disparate software tools can be deployed
and integrated into sophisticated workflows. Frequently, these
workflows contain many steps and different software tools,
with many different types of outputs. Each output can then act
as the input for a subsequent software tool. Often, the results
outputted from a software tool are in the form of a tabular file,
which serve as input to a subsequent tool in the workflow. To
make these workflows functional, usually the tabular output(s)
must be manipulated, extracting and re-formatting the original file and creating a new tabular file with a data structure
which can be read by a downstream software tool. In some
cases, the final tabular results file from the workflow must be
further processed and manipulated to obtain desired information
for interpretation by the user.
There are many examples of multi-step workflows requiring
manipulations of tabular text files employed across the diverse
analysis applications facilitated by Galaxy. One example
is emerging “multi-omic” analyses, which integrate software
from different ‘omic domains and are well suited to the
strengths of Galaxy2. For example, proteogenomics integrates
tools for RNA-Seq assembly and analysis, software for matching tandem mass spectrometry (MS/MS) data to peptide and
protein sequences, and other customized tools to characterize
novel, variant protein sequences expressed within a sample3,4. To
enable compatibility between the software tools composing a proteogenomics workflow, tabular files often must be manipulated
into appropriate formats recognized by specific tools. Another
example is Galaxy workflows for metaproteomics5,6, a multi-omics
analysis which requires text manipulations in workflows integrating metagenomic, MS-based proteomics and other functional
and taxonomic software tools. Finally, Galaxy-based metabolomics data analysis solutions are also emerging7–9, which utilize
tabular inputs and outputs within multiple step workflows.
Under the category of “Text Manipulation”, the Galaxy Tool
Shed has long offered many tools for extracting and transforming information within tabular files produced in workflows. However, sophisticated workflows (e.g. multi-omics, metabolomics),
can require numerous manipulations to tabular files in order to
build fully integrated and automated pipelines. Consequently,
workflows can grow to hundreds of steps, dominated by sequential text manipulation steps. This situation makes the building
and optimizing of such workflows highly time-consuming and
prone to errors, requiring much effort even by experienced
Galaxy users. It also hampers efforts to further customize or
modify workflows by other users, if these change formats of
the tabular files, necessitating another round of optimization
of many text manipulations.
To improve the available options for text manipulation in Galaxy,
we have developed a new suite of tools, which we generally
refer to as Query Tabular. Query Tabular leverages the power of
SQLite, automatically creating a database directly from desired
tabular outputs within a workflow using the Query Tabular
tool. The SQLite database can be saved to the Galaxy history, and acted upon by the companion SQLite_to_Tabular tool,

generating additional tabular outputs containing desired information and formatting. As such, Query Tabular streamlines
complicated text manipulations, greatly simplifying the creation and customization of Galaxy workflows, and in some cases
enabling new analyses. Here, we show the use of Query Tabular
in several example Galaxy-based workflows, demonstrating its
value. Query Tabular is available through the Galaxy Tool Shed
and should prove highly useful to a broad community of Galaxy
users.

Methods
Implementation
The Query Tabular tools use Python applications to read and
filter tabular files, and the Python package sqlite to create and
query a SQLite database. There are 3 main functions performed:
1. L
 ine filtering. For a tabular file, a sequence of line filters
can be used to transform each line as it is read. A line
filter takes one TAB-separated line and produces 0 or
more TAB-separated lines. For example, a line filter
that filters out comment lines only produces an output
line when an input line does not begin with a comment
character. The normalization line filter splits a line that
has a comma-separated value in one (or more) specified
fields into one output row per list item.
2. L
 oading a SQLite table. The filtered tabular file is inspected
for number of TAB-separated fields and the SQLite
type of the values in each field - Real, Integer, or Text followed by generation of a database table for that file.
Each line from the filtered tabular file is then loaded as a
row in that table.
3. Q
 uerying the database. A SQL query is executed on the
database. The results are written out as a new tabularformatted text file.
The query_tabular.py application can perform all three of the
steps above. However, the query can be omitted when the SQLite
database is the only desired output. The sqlite_to_tabular.py
application only performs the query function given an
existing SQLite database as input. This can be useful when
one needs to perform several queries on the same database. The
filter_tabular.py application performs the line filtering function to
directly produce a tabular file. This can be sufficient for simple
selection of rows and columns from a single file.
Galaxy tools have been developed for each of the actions
described above, and are called “Query Tabular”, “SQLite to
Tabular”, and “Filter Tabular”, respectively. These Galaxy tools
provide a web form for a user to specify input files and settings
for line filters, table and column names, and a SQL query. The
Galaxy framework makes it easy to link these tools with other
software and processing steps, creating multi-step workflows.

Operation
Figure 1 shows a screenshot of the Galaxy-based Query Tabular tool. The Query Tabular Galaxy tool loads any number
of tabular datasets into a new or existing SQLite database
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Figure 1. The Galaxy user interface for the Query Tabular suite of tools. The user can select the tabular data which acts as input and is
converted to a SQLite database. The input data tables can be filtered if desired. The interface also provides a field to define the queries for
the SQLite database that will be carried out, along with options for displaying results from the query in the tabular output.

allowing the full power of a SQL query to produce a new
tabular output. Long, complicated workflows of Galaxy text
manipulation tools can be replaced by Query Tabular in a
single step.
The Query Tabular tool provides default names for tables
- t1, t2, etc. - and columns - c1, c2, etc. - but a user can specify
more specific and meaningful names for tables and columns.
When column names are specified in the first row of the tabular
file, the user has the option to use those names when selecting
the columns to be loaded into the SQLite database.
Regex functions, which apply regular expressions, are added
to sqlite connections so that re.search, re.match, and re.replace
functions are available for use in the SQL query. Line filters
can apply regular expressions while reading tabular input files to
include, exclude, or modify lines before entering the values as
rows in the database table. A column replace line filter can use a
regex function to change, for example, a date value to the SQLite
recognized format. A normalize filter can convert list fields

in the input to first normal form with an individual list item
per row; when several fields are specified in a normalization
filter, an input line having lists of length n in the specified
columns results in n output row, each with one respective pair
of values from the specified fields.

Use cases
Below we provide examples of use cases for Query Tabular,
focusing on Galaxy-based workflows for proteogenomics,
metaproteomics and metabolomics.

Proteogenomics
A common task in a proteogenomics data analysis is to match
MS/MS fragmentation spectra to variant peptide sequences,
which derive from genomic mutations, expression from genomic
regions thought to be non-coding or silenced, or unexpected
RNA splicing events10. The veracity of putative variant sequences
matched to MS/MS spectra must be confirmed, which can be
accomplished by querying the variant peptide sequences against
NCBI’s non-redundant (nr) protein database using the BLASTP
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tool, which is implemented in Galaxy4. Those peptides which
do not have a 100% alignment and sequence match to known
sequences within the database qualify as verified variant
sequences, which are then passed on for further analysis3,4.
The workflow for carrying out this analysis of putative variant
peptide sequences is shown in Figure 2. This workflow takes as
input the peptide spectrum matches (PSMs) containing matches
to putative variant amino acid sequences, and analyzes these
using BLASTP, producing a list of verified PSMs to true variant
sequences. Figure 2A outlines the initial workflow, which
contained 9 total steps and required multiple text manipulations
with Galaxy tools. The text manipulations format the input
tabular file for BLASTP analysis, extracting and re-formatting
information from the PSM input. A number of manipulations
are also required on the BLASTP alignments: querying the
tabular files for peptides with alignment identities less than
100%, those with any gaps in the sequence alignment or those
which lacked full-length matching of the known peptides
to the putative variant sequence.
When Query Tabular is used, the individual text manipulation
steps are not needed, and the number of steps is reduced from
9 to 4 (Figure 2B). We have made this workflow available for
demonstration purposes at z.umn.edu/proteogenomicsgateway.
Supplementary File 1 provides instructions on accessing and
using this workflow.

Metaproteomics
Metaproteomic workflows seek to identify peptide sequences
expressed by a community of microorganisms, usually bacteria.
These sequences are further analyzed to characterize the taxonomic distributions of the bacteria present in the community;
the peptides are also mapped to protein groups which have
known biochemical functions, such that the peptides can be
indicators of specific functional responses of the community
to external perturbations11,12.
In one established metaproteomics Galaxy workflow6, the microbial peptides must be verified by matching to the NCBI nr
database, using the BLASTP tool (Figure 3). A number of text
manipulation steps are required to make the file of identified
peptide sequences compatible with BLASTP. The BLASTPaligned sequences are outputted in a tabular file, and this file
must be further manipulated via several steps in order to create a
tabular file in correct format for downstream functional and
taxonomic analysis. In all, this workflow ends up requiring
many text manipulations in order to achieve desired results.
Figure 3A highlights these numerous manipulation steps.
Query Tabular greatly simplifies this metaproteomics workflow.
As shown in Figure 3B, use of Query Tabular eliminates many
of the initial steps required to generate a tabular input compatible with BLASTP. It also greatly simplifies the second part of
the workflow where the BLASTP outputs are further manipulated

Figure 2. A proteogenomics workflow using Query Tabular. This workflow takes as input peptide spectrum matches (PSMs) of putative
variant peptide sequences and further analyzes them using BLASTP to verify sequences which are truly variants compared to the reference
proteome. A) The initial workflow comprised of nine total steps, including multiple text manipulation steps in Galaxy; B) The simplified
workflow when using Query Tabular, which reduces the number of steps to 4 to obtain the same results.
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Figure 3. A metaproteomics workflow using Query Tabular. This workflow verifies the presence of detected microbial peptides by matching
peptides against the NCBI nr protein sequence database using the BLASTP tool. (A) Using conventional Galaxy text manipulation tools, the
workflow requires 17 steps to achieve desired outputs. (B) When utilizing Query Tabular, desired results are obtained in seven steps.

to generate a tabular file which is required for further
taxonomic and functional analysis. In all, using Query Tabular
reduced the length of the workflow from 17 steps to 7. We
have made this workflow available for demonstration purposes at
z.umn.edu/metaproteomicsgateway. Supplementary File 1 provides
instructions on accessing and using this workflow.

Metabolomics
A Galaxy-based metabolomics workflow provides an example
where Query Tabular was used to enable efficient data correction and analysis that was not possible with other existing
Galaxy tools. This workflow utilizes VKMZ, a metabolomics
tool under development which predicts and plots metabolites
from liquid chromatography (LC)-MS data. Metabolite predictions are made by comparing the neutral mass of observed signals
to a dictionary of known mass-formulas. When a signal’s neutral
mass is within a given mass error range of a known mass, a
prediction is made.
For the use-case presented here, targeted metabolomics
were collected on a low resolution LC-MS instrument.
mass standards in the data, used to provide more accurate
assignments to observed signals, had a systematic mass
caused by using an instrument calibration method for

data
Low
mass
shift
high

mass molecules. Figure 4 shows the two-part SQL query inputted in the Query Tabular tool and used to correct this shift,
operating on the tabular data generated from MS data by
VKMZ, which assumes charge (z) is 1. The inner-query determines the average relative mass error for molecules with low
mass-to-charge (mz) values (molecular mass <250 Daltons)
in the data. The outer-query adjusts all detected molecules
within this same mz range by the average mass error. Before
making mass adjustment with Query Tabular, VKMZ was
able to predict 85.7% of the features for the standards. After
the mass adjustment, VKMZ was able to correctly predict
all features for the standards. This two-step manipulation,
with dependency of the outer-query on the result from the
inner-query, is concise and would require generation of a nested,
multiple step workflow within the larger workflow if using
existing text manipulation tools in Galaxy. We have made
this workflow available for demonstration purposes at z.umn.
edu/metaproteomicsgateway. Supplementary File 1 provides
instructions on accessing and using this workflow.

Conclusions
We have described a new Galaxy tool, Query Tabular, which
significantly improves the development and application of
multi-step workflows in Galaxy. Leveraging a SQLite database,
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Figure 4. Example query utilizing the Query Tabular tool for a metabolomics data analysis workflow. The two part SQL query corrects
mass errors in low resolution MS-based metabolomics data, using an inner- and outer-query. The inner-query (lines 9-11) determine the
average mass error for mz values of detected molecules below 250 Daltons. The outer-query (all other lines) adjusts all mz values in this range
based on the determined mass error. Chromatographic retention time (rt) and signal intensities are also assigned values for the molecules
detected by LC-MS.

and utilizing regular expressions, the tool can minimize the need
for lengthy workflows using conventional Galaxy-based text
manipulation tools. This eases the process of workflow development, producing more efficient workflows which can be utilized
and understood more easily by non-expert bench researchers.
We have provided use-case examples in the area of multi-omics
(proteogenomics and metaproteomics) demonstrating the value
of Query Tabular in this way. Via an example in metabolomics, we also demonstrate how Query Tabular can enable new
manipulations and analyses of textual data within a single,
simplified workflow, that would otherwise require separate
workflow development if attempted using existing Galaxy tools.
The Query Tabular tool has also proven useful and versatile for
developing workflows used for multi-omic informatic training
workshops (http://galaxyp.org/workshops/) and online training
via the Galaxy Training Network (http://galaxyproject.github.
io/training-material13). The free and open tool is available to
any Galaxy user, and should provide a valuable addition to the
Galaxy tool box for developing analysis workflows.

Data availability

Adding tools from the Tool Shed is an administrative function
of a Galaxy server, and as a security precaution is restricted
to users designated as admins for the server. From the Galaxy
server, an admin simply searches for the tool in the toolshed
and clicks the install button.
As we described above, we have also made available example
workflows for demonstration purposes using Query Tabular on
outputs from proteogenomics data (z.umn.edu/proteogenomicsgateway) and metaproteomics & metabolomics data (z.umn.
edu/metaproteomicsgateway). Supplementary File 1 contains
instructions on how to access these example workflows.
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Supplementary material
Supplementary File 1. Detailed instructions on accessing and operating the demonstration workflows which utilize Query Tabular.
Click here to access the data.
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