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ABSTRACT: Comprehensive two-dimensional gas chromatogra-
phy (GC×GC) is a powerful analytical tool for both nontargeted
and targeted analyses. However, there is a need for more integrated
workflows for processing and managing the resultant high-
complexity datasets. End-to-end workflows for processing
GC×GC data are challenging and often require multiple tools or
software to process a single dataset. We describe a new approach,
which uses an existing underutilized interface within commercial
software to integrate free and open-source/external scripts and
tools, tailoring the workflow to the needs of the individual
researcher within a single software environment. To demonstrate
the concept, the interface was successfully used to complete a first-
pass alignment on a large-scale GC×GC metabolomics dataset.
The analysis was performed by interfacing bespoke and published
external algorithms within a commercial software environment to automatically correct the variation in retention times captured by a
routine reference standard. Variation in 1tR and

2tR was reduced on average from 8 and 16% CV prealignment to less than 1 and 2%
post alignment, respectively. The interface enables automation and creation of new functions and increases the interconnectivity
between chemometric tools, providing a window for integrating data-processing software with larger informatics-based data
management platforms.

■ INTRODUCTION

Advanced analytical technologies are revealing new chemical
complexities in our environment (e.g., wastewaters and air
quality), our bodies (e.g., metabolome and microbiome), and
our food and commodities (e.g., packaging, materials, and
petrochemicals). Comprehensive two-dimensional gas chro-
matography (GC×GC) is a technique that (theoretically)
affords unparalleled separation of volatile and semivolatile
matrices, providing a powerful analytical tool for both
nontargeted and targeted analyses.1−3 The increased peak
capacity and separation of individual compounds within
complex mixtures can benefit studies focused on biomarker
discovery and signature profiling, such as global metabolo-
mics.4−7 Targeted methods for screening, such as biomonitor-
ing persistent organic pollutants, benefit from less-extensive
sample preparations and increased confidence in chemical
assignment.8,9

Much work has been done to advance the hardware to make
the technique more accessible and affordable and reach new
chromatographic optima.1,10,11 However, the complexity of the
resultant datasets makes it difficult to automate, reproduce, and
share data and data workflows. Increased adoption of GC×GC

for routine analyses and for larger scale discovery analysis is at
risk from the lagging development of more integrated
platforms for data processing, management, and storage.
Commercially available pieces of software for processing

GC×GC data (coupled to both univariate, e.g., flame
ionization detectors, and multivariate detectors, e.g., mass
spectrometric detectors, herein described collectively as
“GC×GC” data) are powerful. They have high functionality
and advanced graphical user interfaces (GUIs) (Table S1).
However, despite efforts to make the software user friendly
(e.g., by introducing guided workflows), users can require
extensive periods of learning (with one or two dedicated
experienced users per group). They are also expensive and
often instrument-specific, restricting analysts to one type of
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software, and the data output may be incompatible with other
software or require time-consuming export steps.
Furthermore, commercial or original equipment manufac-

turer (OEM) software for processing GC×GC data is not
flexible enough for the different workflows that exist within the
various applications of GC×GC. Although it is not
economically viable for vendors to create custom functions
on an individual basis, researchers need tools that maintain a
level of flexibility to meet the demands of different projects and
experimental designs. The locked-down nature of proprietary
systems, although some are scriptable, makes it difficult to
embed them in custom data-processing pipelines.
For instance, the processing of chromatographic data for the

generation of a peak table (i.e., data matrix), including baseline
correction, peak detection, and the critical step of alignment, is
often only one part of a wider workflow (Figure 1). These
steps can be preceded by sample collection and quality control
steps, followed by multivariate analysis and compound
identification, finally uploading the data to a data management
platform or repository (Figure 1).
Several chemometric methods using free and open-source

software (FOSS) or bespoke tools and scripts have been
developed for processing GC×GC data (Table S1).12 Such
tools overcome issues of accessibility and cost; they are often
compatible with multiple file types for wider adoption; and the
open-source programming language allows modification by the
user.
Nonetheless, poor-quality supporting documentation can

make it very time-consuming to determine how to use
functions owing to a lack of user-friendly GUIs. They can
also be a niche for certain application areas or address one task
or specific part of a workflow, for example, an algorithm for
performing alignment or peak detection. These tools are a
great resource, which enhance the analyst’s tool kit; however,
this only increases the complexity of the task faced by the
analysts in choosing the optimum workflow for their data. This
means that the user might have to swap between multiple
software to process a single dataset. In addition, they are often
specific to one programming language (unless produced as

libraries with wrappers in different languages); they all are not
readily accessible (i.e., published as “in-house”), and although
the package or script may be made freely available, the
environment/platform may not be freely available.
Consequently, analysts report unique combinations of both

commercial software and FOSS. The powerful core functions
of commercial software are used as a foundation (acquiring
and converting raw data files at minimum) and then expanded
on using external FOSS alongside manual editing to produce a
data workflow.4,5,13−19 This is done in discrete laborious steps,
which are difficult to report and reproduce.
Herein, we provide the primary description for interfacing

open-source and commercial software for processing GC×GC
data. The objectives were to demonstrate the use of an
underused interface that exists within commercial software (i)
for automating steps, which were not previously possible
within the software GUI, (ii) for creating new functions, (iii)
for integrating open-source and bespoke code with commercial
software functions, and (iv) to highlight its future potential for
increasing interconnectivity between chemometric tools.
To keep the proof of concept simple, the command-line

interface was used in a popular piece of software for GC×GC
data processing. We illustrate its use for automating the
alignment of a metabolomics dataset as an example to provide
analysts with the knowledge needed to accelerate and
automate their own workflows. The new method makes it
possible to combine the powerful functionality of commercial
software and the flexibility of FOSS to produce a custom data
workflow within a single software environment, tailoring the
commercial software and workflow to the needs of the
individual researcher.

■ EXPERIMENTAL DETAILS
Analysis by GC×GC was conducted as described previously
using an Agilent 7890A gas chromatogram, fitted with a
G3486A CFT flow modulator.20 The instrument was coupled
to a TD-100xr thermal desorption autosampler (Markes
International Ltd, Llantrisant, UK). Sample tubes were placed
in trays, typically six sample tubes per tray along with a tube

Figure 1. Flow diagram depicting the complexity and layers of GC×GC data processing within a wider data workflow (preprocessing includes steps
such as baseline correction and signal smoothing. Postprocessing includes steps such as feature extraction/peak detection. Data reduction can
include application of multivariate analysis and machine learning techniques).
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loaded with the n-alkane and aromatic mixture and in every
four trays another tube loaded with a reference indoor air
mixture.20

Exhaled volatile organic compounds (VOCs) were collected
from breath using the ReCIVA device (Owlstone Medical,
Cambridge, UK) within a prospective real-world observational
study involving adults presenting with self-reported acute
breathlessness.20,21 Written informed consent was obtained
from all participants. The study protocol was approved by the
National Research Ethics Service Committee East Midlands
(REC number: 16/LO/1747) IRAS 198921.
Data were acquired in MassHunter GC−MS Acquisition

B.07.04.2260 (Agilent Technologies Ltd, Stockport, UK) and
the data were processed using the command-line interface
within the GC Image v2.8 suite (GC Image, LLC. Lincoln, NE,
US). Step-by-step examples of the data analysis are described
in further detail. The files used in the exemplar methods have
been made available with supporting documentation via a
repository at https://github.com/rcfgroup/gc-automation.

■ RESULTS AND DISCUSSION

Current Software and Tools. A plethora of software tools
exist for chemometric processing of GC×GC data (Table S1).
These methods and tools have been reviewed previously.12,22,23

In addition, a vast number of commercial and open-source
data-processing tools that are not specific for GC×GC data
exist, usually for applications in metabolomics, and these have
been reviewed previously.24,25 The aim, herein, is not to
provide users with a new algorithm (e.g., for alignment or peak
detection) or new dedicated workflow for a specific
application. This method is also not to be confused with

automated compound classification based on scripting, such as
Microsoft VBScript in ChromaTOF18,26 and the CLIC
expression tool in GC Image,27−29 for filtering features based
on advanced mass spectral fragmentation pattern matching.
The approach herein automates analyses by integrating
commercial software as a module into a FOSS-based workflow,
bringing together multiple steps and data transitions into a
single input and output.
Inclusion of commercial software within a data workflow

avoids repeated development; these software have full-featured
GUIs for examining results and are based on proven methods
capable of completing all the essential chromatographic
processing and feature extraction steps. These typically include
at least one method for baseline correction, peak detection
(including deconvolution for MS data), alignment, data
visualization (e.g., 2D and 3D rendering of chromatograms),
compound identification (e.g., MS library search), and at least
some basic descriptive statistics (Table S1). Only very recently
have a small number of FOSS GC×GC data tools been
published that attempt to offer an end-to-end workflow or
pipeline that competes with commercial software functionality
for large-scale datasets (Table S1).30−35 However, these tools
often still require preprocessing within the vendor software
before being imported. The user also does not benefit from the
powerful proprietary functions developed within commercial
software. One of the benefits of the approach described herein
is that it allows workflows that have been developed within
commercial software to be scaled up for larger or multiple
datasets.

Interfacing Open-Source and Commercial Software.
The steps for interfacing FOSS and commercial software are
shown in Figure 2. To demonstrate the concept, we describe

Figure 2. Flow diagram showing steps for using the command-line interface, extending beyond a commercial software GUI with the creation of a
command and batch file where open-source code can be integrated, increasing the interconnectivity of chemometric tools.
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the use of the command-line interface accessible within the GC
Image software. However, we emphasize that this is a proof of
principle and not limited to the software used herein. Indeed,
any software which has defined inputs/outputs and a
command-line interface could be used (other examples are
detailed in the Supporting Information). Additionally, any
software which has a documented programming library or has
a software development kit could be embedded into data
processing scripts, for example, through Python.
Step 1Generate a Command File. Using the

command-line interface is reliant on creating two files: a
command file (.cmd) and a batch file (.bat).36 The command
file is the list of processing steps the user would like to perform
on the data files (e.g., baseline correction and peak detection),
and this can utilize the main functions in the commercial
software (Figure 2; step 1).
There are two ways to generate the command file. A list of

commands can be directly exported from the software, or the
individual commands can be located in the program directory.
The XML script format is easy to follow and modify, even for
those with minimal coding experience. Each “command” or
data-processing step is contained between the tag operators,
<cmd name => and </cmd> (Figure 2; step 1). Details on
how to generate a command file are available in the Supporting
Information and example.cmd files have been made available.
Step 2Generate a Batch File. The batch file (.bat)

then tells the command-line interface to execute these steps
and provides the user an opportunity to integrate their open-
source code. The batch file applies the steps outlined in the
command file to all the files in the input folder. In the batch
file, the user specifies the file path for the interface (viz., the
command line in GC Image), the path for the command file,
and the paths for the input and output folders (Figure 2; step
2). The user can then also integrate their open-source code to
either extend the batch processing capability of the commercial
software, perform new functions, or link the data once
processed with other chemometric tools (see the example
batch files in the Supporting Information and repository).
Step 3Command-Line Interface. After the command

and batch files have been created, to execute the analysis, the
user simply adds the sample files to the input folder and double
clicks the batch file. When using the command line herein, the
terminal window opens, showing the files being automatically
processed (Figure 2; step 3). Once this is complete, the
processed files appear in the output folder. If additional
outputs are specified in the code, such as the creation of a
report or another type of data export, a file path to another
directory can be added.
A folder containing the abovementioned can then be shared

for another user to repeat the analysis, simply changing the
data in the input folder and double clicking the .bat file to
perform a new analysis, making reproducing the analysis
simple.
Example Applications. To demonstrate the use of the

command-line interface, four examples are described for (i)
automating steps which were not previously possible to batch
process within the software, (ii) creating new functions, (iii)
integrating open-source code with commercial software
processing, (iv) and sharing workflows. These examples were
then combined in a “real-world” example to demonstrate the
use of the command line in the processing of GC×GC data
collected within a clinical study focused on the analysis of

exhaled breath metabolites. Example data, files, and guided
instructions for all steps have been made available.

Example 1. Reprocessing Data. To batch process data, a
“method” is created, which is then applied to all files. In this
instance, the method was created in GC Image and executed in
Project, during which processed chromatograms are saved as
.gci files. A common step after batch processing is to perform a
quick review of the processed data to check if specific peaks
have been detected or to identify overloaded peaks and
anomalous samples. This is often still quicker than processing
each sample individually. However, once processed, each
“image” file can be edited individually but a batch-wide change
cannot be made (in Project) without reprocessing from the
raw data again under “Runs”. This voids any incremental
changes made during the review.
The command-line interface overcomes this issue (Figure 2)

as it is not bound by the file type. A command file was
generated, which contained the steps the user wanted to
amend, such as changing a peak template, changing the
matching thresholds in the configuration file, or changing the
visualization. The previously processed and reviewed chroma-
tograms were placed in the input folder as .gci files (with
corresponding .bin files) and the batch file was used to perform
the amendments, making the changes without having to
reprocess again from the raw data.

Example 2. New Functions. A common function within
commercial software is the use of a “template” (also referred to
as stencils or graphics). A template is a graphical layer, which
denotes the position of a peak or group of peaks of interest
using a marker or outliner.
The layer retains descriptive information about the peak(s),

such as the compound name and structure, retention positions,
and mass spectra. The template can then be loaded and
matched onto other chromatograms, identifying the same
peak(s) across multiple samples, as a form of targeted analysis.
The “distance” or similarity between the template marker

and the position of the peak in a new sample is reported, and
the vector representing this difference can be exported as a
“match” file. This vector can be used in other processes, such
as alignment based on a transformation.37−41

However, the function for exporting match files from a batch
is not available in the software GUI. The user would have to
export each match file individually. Therefore, a new function
was created using the command-line interface. A simple
Python script was added to the batch file. This script extracted
the retention times of the peaks of interest from a summary
report (a command available in the software, added to the
command file) and the retention times of the reference peaks
from the template file (.bt). The script then combined the two
sets of retention time data to produce the exported match files
containing the vectors for the entire dataset. This example
expanded the core functionality of the commercial software
(e.g., templates) by integrating open-source code (providing
new automation), within a single software environment.

Example 3. Integrating Open-Source Tools. This
example demonstrates the integration of one new and one
published open-source tool for performing alignment. The
vector in the match file can be used to align chromatograms
based on a transformation. Types of transformation available
can be extended through plug-ins (in GC Image). For example,
Gros et al.38 published a new algorithm based on the alignment
of local regions, determined by a Voronoi decomposition,
followed by Sibson natural neighbor interpolation. The original
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open-source algorithm was developed in MATLAB (Table S1)
and made into a plug-in. It is possible to utilize such plug-ins or
FOSS scripts within the command-line interface, incorporating
them within the command file.
Batch alignment in the commercial software, as described

above, can only be performed using one match file at a time.
Although the files can be organized into “batches” in Project, it
simply organizes the files into subfolders and does not make
the workflow scalable. However, using the command-line
interface, it is possible to automatically align subsets of data
using multiple vectors. This is applicable during routine
analyses involving the regular analysis of a reference mixture to
monitor retention shifts or determine retention indices to align
data on a more frequent basis. Using the command-line
interface, it was possible to integrate a bespoke Python script
(made available), which automatically identified a date and
batch number at the beginning of each filename of the QC/
reference chromatograms (e.g., n-alkane mixtures). The script
then automatically found the samples which had the
corresponding date and batch number and performed the
alignment using the corresponding match file. In doing so, the
entire dataset underwent first-pass alignment through the
commercial software using the open-source alignment
algorithm, in multiple discrete batches with a minimal user
input. In this example, the workflow benefitted from the
powerful proprietary functions within the commercial software
(e.g., a platform for performing alignment), a published open-
source algorithm (developed in MATLAB), and a new
function for smart automation (bespoke Python code), within
a single software environment (command-line interface).
Example 4. Workflow and Data Sharing. Creating a

new workflow using the command-line interface still requires
user input and method development by an experienced analyst.
This is only as challenging as using the commercial and FOSS
already being employed. However, a major advantage of
integrating the steps through the interface, within a single
environment, is the increased reproducibility, enabling other
users, independent of experience, to process similar data.
A workflow can be readily shared in a code repository such

as Github as demonstrated herein or by sending the folder
containing the two files and folder tree. For other users to
repeat the data-processing steps (expert or nonexpert), they
add their unprocessed data files into the input folder and
double click the .bat file to generate the same output. The
protocol for repeating an analysis is greatly simplified, reducing
the potential error in reproducing the data analysis and
swapping between multiple pieces of software. In the current
example, it is dependent on the other user having access to the
same commercial software, which is inherent in the replication
of most workflows. However, if the commercial software
functions are well modularized, with a well-defined common
input and output, then, it could be replaced by another
commercial software as long as the software could be evoked
to work in a similar way.
Interfacing Commercial and Open-Source Software

for Processing Clinical Breath Data. Metabolomics is a
research area where GC×GC has demonstrated promising
results, especially in studies concerned with the analysis of the
human volatilome.3 The enhanced separation of complex
biofluids collected using noninvasive methods places GC×GC
at the forefront of biomarker discovery platforms alongside
LC−MS assays (e.g., for lipidomics) and high-resolution mass
spectrometric methods (e.g., SESI-Orbitrap MS and MALDI-

and SIFT-MS).6,42 In particular, GC×GC has proven effective
for the analysis of the exhaled breath metabolome (“breath-
ome”), which contains hundreds to thousands of VOCs.
Breath analysis is being widely adopted in clinical studies for
the discovery of breath-based biomarkers for a variety of
diseases.43 For these studies to produce meaningful data, large
patient cohorts and sample sizes are required, which means
scalable data workflows for processing the GC×GC datasets
collected must be developed.
A subset of data was taken from a clinical study collecting

breath samples from patients suffering with acute respiratory
diseases. Each patient was sampled at two time points: within
24 h of admission and later during a period of convalescence.
At each time point, breath, room air, and air supply samples
were collected. Continuous recruitment was planned over two
years, with up to 20 patient visits/week (∼200 tubes per
month). In addition, despite the clinical advantages of breath,
the matrix poses unique analytical challenges. Offline analyses
based on sorbent tube sampling mean short storage times,
longer preparation times, and higher consumable costs (cf.
practicalities of collecting breath on sorbent tubes with serum
in vials).
Common approaches for analyzing samples by GC×GC are

designed to minimize the variance introduced by instrumenta-
tion over time, such as retention shift and signal response, and
as such reduce the burden of ensuring that the extracted
features are comparable across all samples during data
processing. Such approaches can include analyzing the majority
of samples by GC−MS and a subset by GC×GC; or to wait for
all samples to be collected and analyze in “one go” by
GC×GC; or to collect samples in 2−3 batches and align per
batch. Furthermore, sampling is often from vials by liquid
injection or SPME. However, for studies with continuous
sample collection over extended periods of time or large
sample sizes based on sorbent tube sampling, such as the
clinical study described (vide supra), none of the previous
approaches were amenable. Therefore, this sample set provided
an opportunity to demonstrate a novel use of interfacing
commercial and open-source software to help address the issue
of alignment.
Samples were analyzed in discrete analytical batches, six per

tray with a reference mixture of n-alkanes and aromatics
analyzed per tray. These discrete analytical batches reflected
the continuous nature of the sampling campaign and analysis.20

However, the guided workflow in the commercial software was
not optimized to automate the processing of multiple small
batches. For the iterative extraction of all features across all
samples as a part of a discovery workflow, many pieces of
software rely on user-defined windows (often only one window
per parameter for the whole chromatogram) based on
retention time and/or mass spectral match, in order to identify
the same chromatographic features across all samples. This can
result in a high number of errors when implemented across a
large sample size that has been collected and analyzed over a
long timeframe.
To reduce the potential for errors herein, a command-line

approach was used to automate a first-pass alignment on all the
samples; performed every six runs using the reference n-alkane
and aromatic mixture at the beginning of each tray (Figure S1).
Little to no variation in primary and secondary retention times
(1tR and

2tR) was observed within a tray, less than 0.1 and 1.3%
RSD, respectively. First, a template of thirty compounds in the
reference mixture, which covered the 2D chromatographic
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space, was applied to 414 reference chromatograms using the
commercial software GUI. This captured the variation in the
retention times of the n-alkane and aromatic standards over the
period of recruitment. Next, an “alignment template” was then
made from a subset of the thirty compounds based on the
reference mixture from the first tray. It was important not to
use all 30 compounds as reference points, as this can result in
overfitting and spurious results for the algorithm used
(optimum number is algorithm-dependent). The compounds
not included in the subset provided an internal validation for
assessing the effects of the alignment on the peak area and 1tR
and 2tR.
Using the command-line interface, a match file (i.e., the

vector representing the difference between the template and
the peaks) was generated for each reference chromatogram
labelled with the date and tray number (see examples 1 and 2).
Next, 677 files comprising breath and corresponding environ-
mental air samples (representing a large dataset), analyzed at
different times throughout the recruitment period, were
transferred to the input folder and a new command and
batch file was produced. This command and batch file (as
described in example 3) instructed the software to find the date
and tray number at the beginning of each sample (e.g., a new
function added by the user) and align the chromatogram (e.g.,
an existing function within the commercial software) using the
algorithm developed by Gros et al.38 (e.g., integrating
published open-source code) based on the corresponding
match file automatically generated from the reference
chromatogram with the same date and tray number. In effect,
alignment vectors were automatically exported and then used
to align all the samples based on the batch and tray number,
correcting variation in the retention position captured by the
reference chromatograms every six samples (Figure S1).
The remaining compounds not included in the template

were used to assess the effect of the alignment on the peaks.
Across the 414 reference chromatograms, the peak areas of all
compounds pre- and post alignment had coefficients of
variation (CV) of less than 1.5%, and the postalignment
variation in 1tR and

2tR was less than 1.0 and 2.0%, respectively.
This was an improvement for both 1tR and 2tR, which was on
average 8 and 16% CV pre-alignment (dependent on
compound 2tR and time since column change). This
demonstrated that the first-pass alignment based on the local
transformation by Gros et al.38 executed and automated
through the command-line interface successfully reduced the
variation in retention time observed in the samples across the
recruitment period while having a minimal effect on the
extracted peak areas. Further verification was provided using an
external reference mixture, which contained VOCs from
additional chemical classes (aldehydes, ketones, aromatics,
branched- and straight-chain hydrocarbons, and terpenoids),
independent of that included in the alignment template, run
every four trays. The peak areas, across 120 chromatograms
analyzed at different times throughout the recruitment period,
had a pre- and post alignment CV of less than 3.5%. The
processing time for a large dataset such as this was reduced
from several weeks by manual processing of hundreds of files
(including individual exports and numerous opening and
closing of files and programs) to less than 2 h.
This example demonstrates how interfacing commercial and

open-source software through the use of the command-line
interface automated a multistep process for iterative batch
processing of a large-scale GC×GC dataset within a single

software environment. However, as mentioned previously, the
aim herein was not to provide users with a new workflow for a
specific application. The purpose was to provide analysts with
the knowledge to accelerate and automate their own workflows
through the use of the interface.
After the users become familiar with the basics of the

method (see the Supporting Information), it is expected that
they can build on the concept of using an interface in their own
workflows. The number of applications for which this approach
can be used is large as it is capable of automating tasks of high
complexity. For example, the interface could be used to
compensate for specific tasks a commercial software might lack
(e.g., PARAFAC deconvolution) or new tasks which have not
been developed as they lacked a method of implementation.
Workflows still benefit from the powerful functionality of
commercial software but are no longer bound by the GUI but
that of the programming language its interfaced with.

Future Development. The method herein can be
expanded in the future across many applications. However,
in order to be as effective as possible, in addition to the
command line and programming libraries, software manufac-
turers should provide and support a full application
programming interface (API). This would allow different
functions to run independently of the GUI (e.g., in Python
scripts), with the ability to move data in and out. Depending
on its final implementation, vendor-specific, the method would
then also be computationally optimized. The alternative is for
software manufacturers to commercialize popular methods
developed in FOSS, such as the integration of Tile-based
alignment and Fisher ratios into LECO’s ChromaTOF
software.44

Calls for standardization in research areas such as
metabolomics have highlighted a need for the development
of integrated informatics platforms (e.g., LabPipe, tranSMART,
and eCRF) covering end-to-end workflows from sample
collection to data archiving. These platforms are used to
streamline the management of metabolomics data and
metadata and ensure that users abide by reported guidelines
(e.g., MSI, ISA tools, and mwTab). The type of interface
described herein is a window of opportunity for integrating
GC×GC workflows within larger data management platforms.
It allows communication between the commercial software and
other FOSS platforms. Compliance with guidelines and the use
of informatics-based platforms are becoming increasingly
pertinent, and soon, only the software which can demonstrate
interconnectivity, capable of interfacing with other chemo-
metric tools, will be practical for large-scale discovery studies.

■ CONCLUSIONS
GC×GC workflows are challenging and often cannot be done
in a single software environment. Through the use of an
interface, such as the command line, users have the ability to
create more powerful and flexible workflows by being able to
mold commercial software with their own and others’ scripts
and tools developed in FOSS.
The successful interface of open-source and commercial

software for processing GC×GC data has been demonstrated.
Advantages of the method include the automation of
multisoftware steps within a single software environment and
the addition of new functionalities within commercial software
using open-source scripts. Applications include the develop-
ment of more user-friendly tools; automated batch processing
tailored for and by the individual researcher; the sharing of
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reproducible workflows; and the integration of data-processing
tools and workflows with data standardization platforms (e.g.,
ISA), repositories, and sample collection platforms (e.g.,
LabPipe)45 for the seamless collection, analysis, and processing
of high-fidelity datasets.
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