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Abstract
Summary

Modern high throughput lipidomics provides large-scale datasets reporting hundreds of lipid
molecular species. However, cross-laboratory comparison and systems biology integration of
published datasets remain challenging due to the high diversity of used lipid annotation
systems. To support lipidomics data integration and usability of publicly available lipid
identification datasets, we developed LipidLynxX, a software to convert diverse lipid

annotations to unified identifiers and cross-1D matching.
Availability and implementation

LipidLynxX is available for download at https://github.com/SysMedOs/LipidLynxX.

Introduction

Lipids are now recognized as important biomolecules with a variety of biological functions
far beyond simple energy storage units (Wenk, 2005; Shevchenko and Simons, 2010). Our
current understanding of lipid metabolism and signalling is, at least in part, determined by the
significant developments in mass spectrometry (MS) based lipidomics capable to provide
inventory of natural lipidomes for a variety of tissues, cells and conditions at qualitative and
even quantitative levels (Rustam and Reid, 2018). Availability of large-scale datasets

reporting hundreds of lipid species allows to perform systems biology integration of
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lipidomics data including network reconstructions, pathway mapping and enrichment
(Subramaniam et al., 2011). However, despite several suggestions for unified shorthand
notations of lipid identifiers in lipidomics studies (Liebisch et al., 2013; Pauling et al., 2017),
reported lipid annotations remain very diverse and usually reflect the output style of the
software tools used for lipid identification and/or authors personal preferences. Furthermore,
in contrast to genomics, transcriptomics, and proteomics, lipid annotations obtained by MS
analysis can reflect different levels of identification confidence (e.g. PC(38:4) vs
PC(18:0_20:4) vs PC(18:0/20:4)). The diversity of lipid identifiers in publicly available
datasets makes it difficult to compare, compile and integrate lipidomics data derived from
different sources. Here we introduce LipidLynxX, a converter of lipid annotations capable to
crossmatch and provide unified IDs for lipid species reported using different shorthand
notation systems.

Materials and Methods

The LipidLynxX is developed using Python 3.7. The software provides both API access for
advanced users (RESTful) and simple web-based GUI for clients without programming skills.
A LipidLynxX data exchange file structure is developed using JSON file format together with
corresponding schema for the strict validation of each data field. The current LipidLynxX
version can be used to set up a local web service. LipidLynxX is compatible with Linux,
macOS and Windows platforms and able to provide both API access and user-friendly GUI.
LipidLynxX is freely available for academic use under the GNU General Public License
version 2 (https://www.gnu.org/licenses/old-licenses/gpl-2.0.en.html) from the following
GitHub repository: https://github.com/SysMedOs/LipidLynxX. A pre-compiled Windows
installation file is provided for Windows platform users together with corresponding source

code for all supported platforms.

Results

LipidLynxX includes two functional modules — Converter and Equalizer for main
mammalian lipid classes. LipidLynxX supports translation of annotations for both
unmodified and modified lipids (e.g. oxidized lipids) from lipidomics and epilipidomics
datasets (Figure 1). LipidLynxX is an open-source software equipped with an easy to use

graphical user interface allowing to use the tool as a desktop converter, via API access for
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professional users, and can be easily extended to website-based service. Applied license

allows to integrate the tool into other applications or use it for lipid libraries generation.
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Figure 1. Schematic representation of LipidLynxX functionalities on the example of
conversion and cross-level matching of diverse lipid annotations for ether-
phosphatidylethanolamine PE(O-34:2) and ceramide Cer(44:1;2) lipids into unified ID.

1. Conversion of lipid annotations. LipidLynxX Converter tool converts different lipid
annotations to a unified identifier based on the community accepted shorthand notation
system introduced by Liebisch et al (Liebisch et al., 2013). LipidLynxX identifiers utilize
hierarchical brackets system (Figure S1) to support computational processing of large
lipidomics datasets. Currently LipidLynxX Converter can translate lipid abbreviations from
13 most popular lipid identification software (e.g. ALEX, LDAZ2, LipidSearch, LipidHunter,
Lipostar, LPPtigger, MS_DIAL etc (Pauling et al., 2017; Hartler et al., 2017; Ni, Angelidou,
Lange, et al., 2017; Goracci et al., 2017; Ni, Angelidou, Hoffmann, et al., 2017; Tsugawa et
al., 2020)) and lipid databases (LIPID MAPS, HMDB (Fahy et al., 2009; Wishart et al.,

2017)) via extendable predefined regular expressions provided as configuration files in JSON
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format. LipidLynxX framework is designed to support further extensions and customize
input/output identifies using provided configuration file templates.

LipidLynxX support the conversion of 25 lipid classes from five major lipid categories
defined by LIPID MAPS including fatty acids (FA01-FAO4), glycerophospholipids (GPO1-
GP12), glycerolipids (GL01-GL03), sphingolipids (SP01-SP03, SP05, SP06), sterols and
sterol esters (STO1). It also supports annotation of isotopically labelled lipids both at the acyl
chains, glycerol and head group moieties. LipidLynxX ID at the full structural annotation
level (e.g. PE(16:0/20:4 <{5Z,9E,12E,15E}>)) is defined via strictly controlled JSON format
and thus can be used by other tools for lipid structure visualization, elemental composition
calculation, and libraries generation. Each LipidLynxX identifier can be exported using
JSON file format.

2. Cross-level matching. Based on (LC)MS method used for the identification, lipids
can be reported at different levels of structural annotation — e.g. PE(38:5) vs PE(18:1_20:4)
vs PE(18:1<{9}>/20:4<{5,9,12,15}>). Comparison and integration of datasets reporting
lipids at different structural levels is still possible but would require matching of all reported
lipid IDs to the least specific annotation level reported (e.g. PE(38:5)). LipidLynxX Equalizer
tool allows to bring lipid identifiers to the same level of annotation and perform cross-level
matching between different datasets.

3. Conversion and matching for modified lipids IDs. Similar to other levels of
biological organization (genome, transcriptome and proteome), the lipidome is also subjected
to different enzymatic and non-enzymatic modifications. Modifications of lipids including
oxidation, nitration, sulfation and halogenation, constitute a new level of complexity of
lipidomes (epilipidome) necessary for the regulation of complex biological functions (Ni et
al., 2019). Increasing number of datasets reporting modified (mostly oxidized) lipids are
published nowadays (Kagan et al., 2017; Gil de la Fuente et al., 2018; Godzien et al., 2019;
Striesow et al., 2020). However, unified identifiers for modified lipids were not available till
now. LipidLynxX introduce a new identifiers system for modified lipids to support datasets
compatibility in epilipidomics studies. New system is based on ordered controlled
vocabularies and support five levels of structural annotations, including modification mass
shift (1), elemental composition (2), type (3), position (4), and stereochemistry (5) for bulk
(B), discrete (D), and sn-specific (S) levels reflecting a variety of methodological approaches
used to identify epilipids (Figure S2). All currently supported modifications were converted
into a list of controlled vocabularies and organized in strict order (Figure S3). Commonly
used abbreviation and alias for oxidized fatty acids (e.g. HETE) can also be converted.
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Conclusion
LipidLynxX is an open-source easy to use tool for conversion and cross-level matching of
lipid identifies to support comparison and integration of large-scale lipidomics datasets.
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