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1. EXECUTIVE SUMMARY
The PhenoMeNal project supports several of the most common workflows in
metabolomics, covering NMR, Mass Spectrometry and downstream statistical analysis.
It provides an infrastructure to host and run metabolomics data analysis workflows in
public or private cloud environments – the latter especially for privacy-sensitive patient
data on. The diversity of instrument vendor-specific data formats creates
incompatibilities between processing tools and strategies that can be avoided by using
community-accepted open standard data formats starting from the instrument level.
Hence, PhenoMeNal supports syntactic data normalization by delivering pre-processing
tools to convert data files from proprietary formats into standardized open formats – for
instance, converting raw MS and NMR data files into the mzML or nmrML formats,
respectively.
This deliverable reports on the development and use of container images (VMIs) to
enable data producers to (pre-)process raw data into standard community-supported
formats, locally or in the cloud. In addition, we have also made the conversion tools
available inside Galaxy workflows.

2. CONTRIBUTION TOWARDS PROJECT OBJECTIVES
•

•

Specify and integrate software pipelines and tools utilised in the PhenoMeNal eInfrastructure into VMIs, adhering to data standards developed in WP8 and
supporting the interoperability and federation middleware developed in WP5. We
will develop new applications only to complete ‘missing links’ in pipelines. We will
use public repositories and continuous integration to always provide development
snapshots of the infrastructure VMIs.
Develop methods to scale-up software pipelines for high-throughput analysis,
supporting distributed execution on e.g. local clusters, private clouds, federated
clouds, or GRIDs.

3

3. DETAILED REPORT ON THE DELIVERABLE
3.1. Background
In metabolomics, a multitude of software tools is commonly used as part of workflows to
accomplish the required data processing tasks. In PhenoMeNal we encapsulate the
tools and their processing functionality into containers that can easily be deployed and
used on e.g. the Galaxy workflow platform to allow for a standardized access to
powerful data analysis tool chains1. The Galaxy workflow management system is
intuitive to use and highly flexible allowing non-programmers to graphically create
analysis pipelines by connecting processing functions into customised tool pipelines.
This intuitive GUI-centered approach allows the data analyst to integrate functionality
from our broad and expanding suite of containerized tools2 without writing any code. As
an alternative, when more flexibility is required, the same tools could be connected
programmatically to Jupyter notebooks3.
The first step in mass spectrometry data processing pipelines is the processing of
signals to reduce complex chromatographic raw data into peak lists and align multiple
peak lists from different samples into a data matrix. Only a few open source tools
support proprietary vendor formats4, because of the added development effort required
to implement and – especially – keep them up to date. Usually, the vendors provide
software libraries to access their own formats. The downside is that these often have
rather complex dependencies, application programming interfaces (APIs), and worse,
each vendor has his own proprietary API. Currently, most of these interfaces require
support for Windows dynamic link libraries (DLLs), which are not compatible with other
operating systems such as macOS or Linux. For these reasons, we support to start all
metabolomics processing pipelines with the conversion from vendor-specific formats
into standardized open source formats.

1

Goecks, Jeremy, Anton Nekrutenko, and James Taylor. "Galaxy: a comprehensive approach for
supporting accessible, reproducible, and transparent computational research in the life sciences."
Genome Biol 11.8 (2010): R86.
2
Giacomoni, Franck et al. "Workflow4Metabolomics: a collaborative research infrastructure for
computational metabolomics." Bioinformatics 31.9 (2015): 1493-1495.
3
https://jupyter.org
4
Rocca-Serra, Philippe et al. "Data standards can boost metabolomics research, and if there is a will,
there is a way." Metabolomics 12.1 (2016): 1-13.
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For mass spectrometry raw data, the mzML standard format was developed5, and for
NMR data the analogous XML format nmrML6 is under development as a collaborative
effort between TMIC7 (The Metabolomics Innovation Centre) in Canada, the European
COSMOS consortium8 (COordination of Standards in MetabOlomicS) and now in
PhenoMeNal.
This deliverable reports on the selection of vendor-to-standard format converters and
their integration into containers for inclusion into PhenoMeNal Galaxy metabolomics
workflows, namely leveraging the msconvert open source converter developed by the
ProteoWizard team 9,10, which is one of the reference implementations for mzML. It can
convert to mzML from Sciex, Bruker, Thermo, Agilent, Shimadzu, Waters and also the
earlier file formats like mzData or mzXML and is consequently widely used.
3.2. Containerization instead of Virtual Machine
In PhenoMeNal we implement workflows that are platform-independent – for
deployment flexibility and user convenience. One strategy to achieve platform
independence and share system resources are virtual machines. In short, these virtual
machines (or VMs) emulate an entire computing system and run on top of the host
operating system (e.g., Windows, Linux, MacOS X). A hypervisor, with support from
hardware, multiplexes the physical system between the guest VMs while keeping them
isolated from each other. Moreover, through the VM manager one can configure what
hardware resources to allow the guests to see and use. Entire systems can be
packaged as VM images and shared; also, machines can be frozen during execution
and even migrated across physical systems.
In PhenoMeNal, the Virtual Machine Infrastructure (VMI) is the core component.
However, in the past few years, the operating-system-level virtualization technology
emerged in the field of cloud computing that allows the operating system kernel to
execute so called containers. In PhenoMeNal we use a technology called Docker to
implement the concept of containers. Containers are akin to lightweight VMs that run
isolated user space instances of a computing environment. Contains do not run entire
5

Martens, Lennart et al. "mzML—a community standard for mass spectrometry data." Molecular &
Cellular Proteomics 10.1 (2011): R110. 000133.
6
http://nmrml.org/
7
http://www.metabolomicscentre.ca
8
http://www.cosmos-fp7.eu/
9
Chambers, Matthew C et al. "A cross-platform toolkit for mass spectrometry and proteomics." Nature
biotechnology 30.10 (2012): 918-920.
10
http://proteowizard.sourceforge.net
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systems – e.g., they do not run their own kernel – but they contain processes, memory,
and even storage volumes. Thus, containers have important distinctions from virtual
machines:
•
•
•

They do not emulate an entire computing system
CPU, disk and memory resources can be shared more efficiently between
containers;
Containers must have the same binary format as the host architecture (e.g.,
Linux amd64).

Compared to VMs, containers are considerably faster and require less memory. In fact,
container execution is only little slower than native code execution. In addition, they
incur very little overhead when launching several instances of containers, resulting in
better scaling and fewer resources being used. Another advantage over the classic VMI
approach is that containers can be deployed much more easily in cloud environments
through container orchestrator solutions, which is one requirement of PhenoMeNal.
Over the past few years, two container orchestrators emerged to manage the
deployment of containers in local and/or in federated clouds: Kubernetes11 and Apache
Mesos12 (which is part of the CISCO Mantl13 framework14), which are integrated by
WP5. For these reasons, the PheoMeNal project has opted to switch from conventional
VMs to OS-level containers.
In WP9 we focus on building container images for the required metabolomics tools,
which integrate seamlessly into the container orchestrator layer provided by WP5. From
the container images they can then be integrated into the Galaxy workflow system via
the Kubernetes job runner developed within PhenoMeNal.
3.3. Pre process Container images
Only a few open tools support the proprietary formats used natively by the mass
spectrometry vendor software. As a result, the open mzML data format15 was created by
the HUPO-PSI proteomics community16 and is now supported by a large number of
11

"Kubernetes - Production-Grade Container Orchestration." 2014. 19 Aug. 2016 <http://kubernetes.io/>
"Apache Mesos." 2013. 19 Aug. 2016 <http://mesos.apache.org/>
13
http://mantl.io/
14
"GitHub - CiscoCloud/mantl: Mantl is a modern platform for rapidly deploying globally distributed
services" 2016. 19 Aug. 2016 <https://github.com/CiscoCloud/mantl>
15
Martens, L. et al. (2010): mzML—a Community Standard for Mass Spectrometry Data. Molecular &
Cellular Proteomics 10. doi:10.1074/mcp.R110.000133
16
http://www.psidev.info
12
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community-developed metabolomics software (see Table 1 in Rocca-Serra et al. 17).
Hence, the first step in a metabolomics data processing workflow with open source tools
is the conversion of data to an open format. One of the main routes to mzML-formatted
data is using open source converters such as msconvert18 developed by the
ProteoWizard team19, which is one of the reference implementations for mzML. It can
convert raw data from most proprietary from vendor formats to open access mzML.
Within PhenoMeNal, mzML is the fundamental data format upon which mass
spectrometry workflows are built.
We succeeded in packaging msconvert in a Docker container and executing it within the
WINE environment20, an environment that run Windows applications on Linux, BSD,
Solaris and MacOS”. The Dockerfile build script is hosted at the PhenoMeNal github21 in
the docker-pwiz repository22.
The msconvert tool is also available from our PhenoMeNal Galaxy installation23. We are
also working on packaging the CompassXport software by Bruker Daltonics24. This will
be a proof-of-concept to demonstrate how vendors could provide cloud-based data
format conversion, since CompassXport itself is not open source. Bruker is also part of
the PhenoMeNal industry panel, and for technical discussions we are in contact with the
Bruker software development group.
For NMR, the open nmrML data format is being used, which is supported by several
community-developed metabolomics projects. The main route to nmrML-formatted data
is using the open source converter nmrmlconv, which is part of the nmrML package25.
We have succeeded in packaging nmrmlconv in a Docker container, together with the
required Java runtime environment. The Dockerfile build script is hosted in the dockernmrmlconv26 repository, and is available for docker users from our PhenoMeNal docker
registry through a docker pull: docker pull docker-registry.phenomenalh2020.eu/phnmnl/nmrmlconv.

17

Rocca-Serra, P. et al. (2015): Data standards can boost metabolomics research, and if there is a will,
there is a way. Metabolomics 12: 14. doi:10.1007/s11306-015-0879-3
18
http://proteowizard.sourceforge.net/tools/msconvert.html
19
Chambers et al. (2012): A cross-platform toolkit for mass spectrometry and proteomics. Nature
Biotechnology 30: 918–920. doi:10.1038/nbt.2377
20
https://www.winehq.org/
21
https://github.com/phnmnl/
22
https://github.com/phnmnl/docker-pwiz
23
http://public.phenomenal-h2020.eu/.
24
https://www.bruker.com/service/support-upgrades/software-downloads/mass-spectrometry.html
25
https://github.com/nmrML/nmrML
26
https://github.com/phnmnl/docker-nmrmlconv
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We have successfully provided builds of pre-process VMIs with the tools that convert
raw LC/MS and NMR data into open standard formats (such as mzML and nmrML). We
use public repositories on github.com and Continuous Integration (CI) to provide public
development snapshots of the infrastructure VMIs and ensure our work is always
tested. A primary goal of our work is to hide the complexity of the underlying
infrastructure to the actual end user (e.g., biologists, clinicians, etc.), while providing
simple technical instructions for the bioinformaticians who need to run the PhenoMeNal
VMIs in a private cloud to fulfil data privacy and security requirements. In order to reach
these goals, we have already begun integrating our tools into the Galaxy framework and
Workflow4Metabolomics. We also performed extensive testing with the underlying
infrastructure together with WP5 developments (Kubernetes local cloud environment).
As such, we used the available LC/MS data set from the Sacurine use case27 and the
NMR data set from the Mus musculus use case28 to perform initial testing of data preprocessing and statistical analysis on the PhenoMeNal cloud environments.
We wrote two blog posts to encourage developers to bring their own tools to the
PhenoMeNal infrastructure and to participate with PhenoMeNal H2020 as well as wikibased guidelines and tutorials for documentation29 (see D1.4.2 Bi-annual progress
report). Developers at Imperial College worked to containerise BATMAN30 — an NMR
data annotation and peak deconvolution tool (available at our docker registry31). We
participated in setting up technical guidelines for the PhenoMeNal consortium and
extended the list of tools to be containerised for later packaging, as part of a
representative clinical workflow, into VMIs and began with containerising them (in
preparation for the next Deliverables). We began working on container streamlining,
testing and collecting statistics. We are also defining short-living jobs (“tools”) and are
working on bringing long-living services (“Galaxy as-a-service”) into the PhenoMeNal
cloud e-infrastructure.
Name of Preprocess
VMI
pwiz (msconvert)32

Galaxy tool
msconvert33

Purpose
Converting RAW Mass Spectrometry
data to mzML format

27

http://workflow4metabolomics.org/dataset_sacurine
http://workflow4metabolomics.org/node/48
29
https://github.com/phnmnl/phenomenal-h2020/wiki
30
http://batman.r-forge.r-project.org
31
https://github.com/phnmnl/docker-batman
32
https://github.com/phnmnl/docker-pwiz
33
https://github.com/phnmnl/docker-pwiz/blob/master/msconvert2.xml
28
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CompassXPort

-

NMR ML (nmrmlconv)34 nmrmlconv35
rtest36

Converting RAW Mass Spectrometry
to mzML format (Third-party tool from
Bruker)
Converting RAW NMR data to nmrML
format

show_chromatogra Showing the chromatogram of mzML
m37
files converted from RAW Mass
Spectrometry data; used for testing
and streamlining with other Work
Packages

Table 1: List of envisioned D9.2.1 Preprocess VMIs.

3.4. Integration of the initially supported tools into the PhenoMeNal build and
deployment infrastructure
We are producing development-snapshots of the VMIs on the PhenoMeNal Jenkins38
Continuous Integration Service (Fig. 1), which has been set up as part of the deliverable
D5.1, thus meeting the MS9.1 “Integration of initially supported tools into Jenkins
system for Continuous Integration”. At the moment we are using Docker to build the
VMI.

34

https://github.com/phnmnl/docker-nmrmlconv
https://github.com/phnmnl/docker-nmrmlconv/blob/master/nmrmlconv.xml
36
https://github.com/phnmnl/docker-rtest
37
https://github.com/phnmnl/docker-rtest/blob/master/show_chromatogram.xml
38
http://phenomenal-h2020.eu/jenkins/
35
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Figure 1: Constantly updated sets of VMIs (docker container images) are
available in the Continuous Integration Service Jenkins at http://phenomenalh2020.eu/jenkins/

3.5. Integration of tools into Workflows
Until now end-users needed to put considerable effort into acquiring the technical
expertise required to create a reliable and consistently repeatable processing workflow
of heterogeneous software tools. To lower the technical access barrier we hide the
infrastructure’s underlying technical complexity by integrating our tools into Galaxy and
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Workflow4Metabolomics39, a Galaxy based infrastructure for computational
metabolomics. Our tools are containerized as Docker containers and are executed
within the cloud infrastructure. Thus, we succeeded in being able to execute the Galaxy
containerized tools anywhere, ranging from local workstations to in-house OpenStack
clusters, but also on public cloud providers such as Google cloud (handled by WP5).
As part of the workflows, we have written several tool descriptions for Galaxy and for
D9.2.1 here we are concentrating on the two pre-process tools: msconvert and
nmrmlconv (Fig. 2).

Figure 2: Screenshot of Galaxy running the D9.2.1 Preprocess VMI msconvert
and nmrmlconv that each run in containers. In order to demonstrate the
advantages of a graphical user interface such as Galaxy. We hide the
underlying complexity of running VMIs in the PhenoMeNal cloud infrastructure
from the end user.

39

Giacomoni, Franck et al. "Workflow4Metabolomics: a collaborative research infrastructure for
computational metabolomics." Bioinformatics 31.9 (2015): 1493-1495.
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During testing we found that the Galaxy framework cannot handle a folder based file
structure, which is required for processing RAW files from some of the instrument
vendors where the data for a single measurement results in multiple files. A common
work-around is to create one zip-file per measurement containing the RAW data, which
can already be used in Galaxy. Such data is then un-zipped on the Galaxy server. In an
ongoing effort, we are working closely together with the Galaxy developer community40
to improve the situation and allow to directly use the data in the directory structure.
We managed to integrate ProteoWizard (msconvert) into Galaxy and built a basic
workflow that converts RAW files to mzML showing the chromatogram of the justconverted mzML file that can be displayed in Galaxy (Fig. 3, Fig. 4). This simple
workflow serves as a proof-of-concept upon which other tools in PhenoMeNal that uses
Mass Spectrometry data can build.

Figure 3: Screenshot of Galaxy running the D9.2.1 Preprocess VMI pwiz. The tool
msconvert reads RAW data from a zip file and converts it to mzML. The output of the
tool is connected to the input of the tool show_chromatogram, which shows the
chromatogram of the input data.
40

https://github.com/galaxyproject/galaxy/issues/2566
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Figure 4: Screenshot of Galaxy running the tool show_chromatogram. The tool is
based on the VMI rtest (due in D9.2.3). It produces a png image file out of an mzML
input and shows the chromatogram of the mzML.
We successfully integrated the NMR RAW to nmrML converter nmrmlconv41 into
Galaxy and connected it with BATMAN42 using our VMIs (Fig. 5).

41
42

https://github.com/phnmnl/docker-nmrmlconv
https://github.com/phnmnl/docker-batman
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Figure 5: Screenshot of Galaxy running the D9.2.1 Preprocess VMI nmrmlconv, which
output is connected to the input of BATMAN (an NMR analysis tool which VMI is due in
D9.2.3).
The tools msconvert and nmrmlconv can now be used by workflows that depend on and
use the mzML and nmrML data formats. Both VMIs can be found on the public
PhenoMeNal Galaxy at http://public.phenomenal-h2020.eu/, which also includes the raw
datasets “neg-MM8_1-A,1_01_376” and “BPA_c21_aq_126-BPA25ng” that can ben
used as example test data (available in Shared Data -> Histories). The underlying cloud
infrastructure is hidden to the user. Starting a conversion instantiates a docker
container, which is deployed on the Kubernetes cluster (where Galaxy is running as
well), running on the EMBL-EBI EMBASSY Cloud (OpenStack). Galaxy is aware that
jobs can be run in parallel and will do so, when inter-job dependencies allow, and can
result in massively parallel conversions, which could take hours or even days for a large
study if run locally on a single workstation. These results are being achieved by working
together with WP5 developments and by using the Kubernetes-aware installation of
Galaxy.
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3.6. Risk Assessment

Risk

Likelihood

Comment/plan

Licensing issues of
closed source Pre- common
processing VMI

Licensing
issues
that
prevent
binary
redistribution are common with closed source
software and libraries (“DLLs”).
In PhenoMeNal we can avoid the problems by
only supplying container description files such
as Dockerfiles.
Disadvantage: customers need to compile
containers themselves, which could be
problematic. Solution: we will collaborate with
ProteoWizard to arrange distribution of
containers under their organisation, which has
the license to redistribute said DLLs. Similarly,
we work with the vendors in the industry panel
to discuss how they can use containers to offer
cloud services.

Incompatibilities of
Closed
Source
medium
Windows
Preprocessing VMI

Incompatibilities of Closed Source software
are common as vendors can change APIs on
their own without documenting the changes.
Solution: We have to rely on WINE. We only
use pre-defined working versions of the
software and do not always use the latest
versions.
Currently, we already use Jenkins and rely on
a stable version of msconvert (ProteoWizard)
3.0.9098.

Incompatibilities of
Open Source Pre- low
processing VMI

Compilation errors arise due to different
versions and dependencies.
Solution: We can avoid problems by using
continuous integration (Jenkins).

Container (Docker) Very low

Containers / Dockers are becoming the

15

may
obsolete

become

standard in cloud infrastructures according to
the EU roadmap (Elixir Cloud Platform).

Table 2: Risks identified in connection to the developments described in this Deliverable.

Licensing issues of third-party software
All software developed within PhenoMeNal is released under an Open Source License.
The pwiz library is developed by the ProteoWizard team under the terms of the Open
Source BSD license. It is freely downloadable and is bundled with several proprietary
vendor DLLs, which have further dependencies on Windows libraries like the Visual C
runtime or the .NET framework. We have developed the Dockerfile required to build the
container image, but we do not have the license to re-distribute the resulting image.
Thus, the cloud installation procedure requires the execution of the automated build
process to generate the image. Through our existing contacts, we will discuss with the
ProteoWizard team whether it is possible to maintain the container image and make it
available through their website, which has the right to re-distribute the required vendor
DLLs.
We are also not allowed to redistribute the CompassXport (Bruker) docker images with
the binaries, but only the Dockerfiles. Therefore, the user needs to download the vendor
tool and execute the automated build process for each cloud installation. We will
discuss with the vendors in the PhenoMeNal Industry advisory board if they can support
the conversion as part of their cloud strategies.
Future roadmap
We are continuously working on optimizing and updating the Pre-Processing VMIs. We
are also working towards a better integration the VMI into the PhenoMeNal cloud eInfrastructure.
Our future roadmap includes the development of additional PhenoMeNal VMIs43 to
cover post-preprocessing workflows, ultimately allowing complete metabolomics
workflows for MS and NMR to be run within a PhenoMeNal cloud. Another important
priority is to improve the stability of containers and integrate them into VRE and Cloud
Infrastructure as managed by WP5. Of course, we also plan to write further tutorials and
set up tech demos and exemplary workflows to help tool developers and users get
started with PhenoMeNal and stimulate contributions from the community.
43

Bioconductor-metabolomics, BATMAN, Rstudio-server, Galaxy, mass ipo, OpenMS, Metfrag,
Metfrag-cli, Metfamily, W4M-lcmsmatching, W4M-xcms, W4M-general, NMRml-tools,
Metabomatching, Iso2flux, Isodyn and others.
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We work towards integrating the VMIs into the Galaxy workflow management system
and create pre-defined workflows for the use-cases with using and utilizing the
underlying VMI. To reach this goal we write further Galaxy tool descriptions and
workflow descriptions for all of our VMIs.

4. WORK PLAN
A summary of the progress of work so far:
Task 9.1: Data processing pipelines
All partners have contributed to defining the use cases, and collected the lists of
required tools and data sets. IPB has concentrated on the development of the
preprocessing VMIs. UL is providing test data to ensure the reliable data conversion.
ICL and EBI have started to package the BATMAN NMR packages. UB, EBI and UOXF
have started to work on the set of VMIs and workflows for fluxomics data. CEA has
started to package tools for the early data processing stages of MS based
metabolomics workflows.
Task 9.2: Data analysis pipelines
This task will implement the analysis pipelines following the initial data processing using
statistical analysis and further data annotation (aligned with Task 8.4 in WP8). CEA and
INRA have packaged several statistical methods that cover the later stages of MS and
NMR metabolomics workflows. IPB and EBI are working on the compute-intensive
Isotopologue Parameter Optimisation (IPO) for large data sets. IPB, CEA and INRA are
working on the integration of metabolite annotation modules. ISB is currently working
on combining metabolite profiles and genomics data. Tools for fluxomics developed by
UB are designed to fit internal reaction fluxes based on the differential propagation of
tracers measured by mass spectrometry.
Task 9.3: Data integration and Management
The identified data processing and data analysis pipelines from Task 9.1 and 9.2 will
form the basis for the data integration steps. Work in this task will start in the 2nd year.
Task 9.4: Data Integrity, Audit Trail and Quality Control
We need to implement a generic and general audit trail framework to make sure all
requirements have been met for data processing and data analysis steps.
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UOXF and IPB are developing approaches for annotation of data objects with
standardized semantic information, like statistical methods from the STATO ontology44
to inform what hypothesis testing was applied, or the MIECO ontology45 to assign
metabolite identification evidence codes to identified compounds. CEA has added the
calculation of checksums to the W4M workflows. CRS4 and UOXF are working on
archiving results from workflows and exporting to repositories like MetaboLights46.
Task 9.5: Provide continuous development snapshots with life-cycle management
for building, testing, and deploying code, tools, and workflows
In Task T5.5 we have set up and maintain a continuous integration (CI) instance. In
T9.5 all partners integrate their software repositories into the CI instance. IPB, EMBLEBI and UU have created technical documentation on the Wiki describing the steps.
Task 9.6: Migrate existing prototype software from proprietary environments to
open, distributable software of high performance and scalability.
Especially in the NMR community, many data processing tools were developed in
Matlab. While Matlab code can be compiled and then executed without a Matlab
license, Birmingham and ISB have started to port existing tools to Python, R and Octave
in order to circumvent licensing issues. Also, UB has transformed tools developed in
Mathematica for the analysis of flux distributions, which are now integrated in the
python-based software iso2flux.
Utilization of resources:

The total PMs (person months) utilised until M12 (inclusive):
Partners

EMBL- ICL
EBI

IPB

UB

UOXF

SIB

UU

CEA

CRS4

PMs

2

6

5

4

1.3

5.35

0.5

0.5

2

5. DELIVERY AND SCHEDULE
The delivery is delayed: No

44

http://stato-ontology.org/
https://github.com/DSchober/MIECO
46
http://www.ebi.ac.uk/metabolights/
45
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6. CONCLUSION
PhenoMeNal now provide an infrastructure to host and run metabolomics data analysis
workflows, in public or private cloud environments. The PhenoMeNal VRE cover the
most common workflows in metabolomics, covering NMR, Mass Spectrometry and
downstream statistical analysis. By delivering preprocessing tools to convert raw data
files from proprietary formats into standardised open formats, like converting raw MS
and NMR data files into the mzML or nmrML formats, PhenoMeNal supports the
majority of common data normalisation tasks. PhenoMeNal has incorporated
conversions tools into the Galaxy workflow framework, encapsulated using container
and virtual images (VMIs) for rapid VRE deployment.
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