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As lipidomics approaches its 25th anniversary, we explore how lipid research has matured over the years while
highlighting emerging innovations that are expanding our ability to study these diverse, life-critical biomolecules.
In particular, we showcase the community-driven, open-access databases, software, and educational resources
made freely available through the ELIXIR Core Data Resource LIPID MAPS for the benefit of both established and
new researchers.

Lipid species and their concentrations change
in response to internal and external stimuli,
serving as valuable indicators of health and
disease. About 25 years ago, the advent of
benchtop mass spectrometry (MS) drove the
emergence of lipidomics, with the LIPID
MAPS consortium (www.lipidmaps.org) es-
tablished to meet the growing need for stan-
dardized nomenclature, systematic structural
classification, and the organization of experi-
mental data. Here, we provide an update on
state-of-the-art innovations in lipidomics,
highlighting how LIPID MAPS supports
members of the community to apply these
new approaches to their own research.

In 2019 (I), lipid researchers were an-
ticipating how large-scale, global high-
throughput analysis of lipids might contribute
to or drive the field of precision medicine. Since
then, methods enabling the quantitation of

hundreds-to-thousands of lipids driven by
innovations in chromatography and MS/MS
have revolutionized lipidomics of large co-
horts and tissues. Quantification of multiple
molecular species across diverse lipid families
in a single sample is now robust and becom-
ing more routine, with increased annotation
confidence. A lipid-based clinical score for
cardiovascular disease was developed, and
stratification of pancreatic cancer was also
achieved, using serum or plasma (2, 3). Clinical
translation of targeted lipidomics has been
achieved for some diseases, for example,
sphingolipidomics in the screening of new-
borns for metachromatic leukodystrophy,
whereby a sulfatide acts as a biomarker (4).
Aiming toward translation, NIST-1950 plasma
was adopted as reference material, and ring
trials for ceramides and bile acids were initi-
ated by the International Lipidomics Society

(ILS) and the Singapore Lipidomics Group
(SLING), with the latter reporting in 2024 (5).

New lipidomics innovations continue to be
driven by technological and methodological
advances. These include “enhanced fragmenta-
tion” achieved by oxygen attachment dissoci-
ation (OAD), electron-activated dissociation
(EAD), ultraviolet-photodissociation (UV-PD),
and ozone-induced dissociation (OzID),
which can also determine stereochemistry.
These methods generate substantially more
structural information than is generated by
collision-induced dissociation (CAD/CID),
and coupled with high-resolution MS, they
greatly increase the molecular diversity of
detectable lipids that can be curated. However,
we generally lack reference spectra for these
‘enhanced fragmentation” modalities. A second
area of development is molecular networking,
whereby data-dependent analysis of globally
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Fig. 1. Schematic summarizing updates to the site and the global reach of LIPID MAPS. Usage data were

derived from Google Analytics.

sourced MS/MS data is expanding the num-
bers of known lipids, including, for example,
previously unknown polyamine bile amidates
(6). Here, a challenge lies in the annotation of
species using rule-based approaches unique
to lipids. Last, driven by community-agreed
needs to support data quality, a substantial
focus has been on standardizing lipidomics,
by developing the ILS reporting checklist
and technical recommendations for oxylipin
analysis (7, 8), which are aligned with and
supported by the data and resources pro-
vided by LIPID MAPS.

Working alongside experimental data
depositories (Metabolomics Workbench and
MetaboLights) and small-molecule databases
(ChEBI, SwissLipids, and PubChem), and
supported by communities contributing data
and establishing reporting standards (ILS and
EpiLipidNET), LIPID MAPS provides data-
bases, tools, and resources to enable large-
scale lipidomics, integration of multiomics
(systems biology), and smaller-scale, targeted
lipid research. Indicating its size and scale,
LIPID MAPS was accessed by >182,000 users
in 2025, from almost every country in the
world, with >4.1 million page views (Fig. 1).
In 2024, LIPID MAPS became an ELIXIR
Core Data Resource and an ELIXIR Deposi-
tion Database and joined the Global Biodata
Coalition.

Many lipids from diverse biological sources
are not fully structurally characterized and
thus remain missing from databases. This
is a growing concern, especially with the
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increasing use of enhanced fragmentation
methods, and is particularly relevant for
“epilipids,” which are modified by enzymatic,
nonenzymatic, or environmental factors and
are detectable by MS but lack full structural
annotation. Although these can be included
in resources for molecular networking, such as
the Global Natural Products Social Molecular
Networking database (GNPS), they often lack
structural descriptions. Developed in collab-
oration with the EU COST Action (CA19105)
network EpiLipidNET, the LIPID MAPS
database Partial Spectra DB provides >450
annotated and expert-curated MS/MS spec-
tra and associated metadata, including for
mammalian neutral glycosphingolipids, mi-
croalgal glycosyldiacylglycerols, and bacterial
acylaminosugars. Further supporting efforts
to structurally identify lipids, ~1800 interac-
tive, downloadable MS/MS spectra for oxy-
lipins and sterols were added to the LIPID
MAPS Standards Spectra DB with standard-
ized metadata. Stable identifiers for report-
ing in publications were provided in a new
Shorthand DB to identify lipids described at
the species/molecular species levels. Updates
to lipid shorthand nomenclature were im-
plemented, including the expansion of bile
acid conjugate notation to include amino
acid conjugates using three-letter codes and
modifying taurine conjugate notation from
“T” to “;Tau” to eliminate ambiguity.

A large number of features were added to
the LIPID MAPS Structure Database (LMSD)
since the last database update (9). These

5 May 2026

include biological information provided by
Cayman Chemical for >1500 lipids. LMSD
now hosts links from individual lipids to raw
data from thousands of lipidomics studies
held on Metabolomics Workbench. Links to
nuclear magnetic resonance (NMR) spectra
(NP-MRD) and MS/MS data on MassBankEU
were included. The open-access lipidomics
software MS-DIAL 5 incorporated LMSD
search functionality, as did Lipostar. LIPID
MAPS reached a milestone of 50,000 lipid
structures curated in LMSD, including struc-
tures discovered by enhanced fragmentation
and through molecular networking. LIPID
MAPS made available two large archives of
historical GC/MS data to aid in the annotation
of spectra obtained with this approach. About
1300 steroid spectra generated by Jan Sj6vall
at the Karolinska Institutet, accompanied by
handwritten structural depictions and supple-
mentary notations, were uploaded, whereas
a collection of >700 spectra for prostaglandins,
leukotrienes, and related fatty acids authored
by Cecil Pace-Asciak was reproduced (10).

Several tools have been added to LIPID
MAPS, including (i) a stand-alone tool en-
abling the direct calculation and visualization
of isotope patterns for user-defined molecu-
lar formulae; (ii) an Android version of the
Lipid Calculator App, complementing the
previously updated iOS application available
from LIPID MAPS; (iii) a steroid structure
drawing tool that accommodates >20 sterol
cores, including steroid hormones, bile acids,
and plant sterols; and (iv) a multifunctional
tool enabling the generation of structures for
cholesterol esters and many other lipids.

As lipidomics continues to expand in
scale, complexity, and clinical relevance, sus-
tained community engagement and data
sharing will be essential to ensure that the
emerging lipid diversity can be confidently
annotated, interpreted, and translated. By
evolving in step with new technologies and
standards, LIPID MAPS is positioned to
remain a central, enabling infrastructure
for the next phase of discovery-driven and
translational lipidomics.
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In the Focus “LIPID MAPS: Powering discovery in lipidomics” by L. Cockayne et al., Nils Helge Schebb was mistakenly
omitted from the author list. Nils Helge Schebb has now been added to the list of authors in the PDF and online versions
of the article.

Sci. Signal. 19, eaej9458 (2026) Erratum posted 21 July 2026 lof1l

9202 ‘€2 1sNBnYy U0 BI0'30US 105 MMM,/:SANY WO | PPE0 JUMOQ



Science Signaling

LIPID MAPS: Powering discovery in lipidomics

Lauren Cockayne, Matthew J. Conroy, Chetin Baloglu, Eoin Fahy, Gerhard Hagn, Oswald Quehenberger, Aaron M.
Armando, Gabriele Lombardi Bendoula, Jean-Marie Galano, Angel Sanchez-lllana, Thierry Durand, Nadja Kampschulte,
Paul D. Kennedy, Miguel Gijon, Hiroshi Tsugawa, Makoto Arita, Kirk Maxey, Meghan Truskowski, Ondrej Kuda, Shazia
Khan, Natalie Z. M. Homer, Yuki Matsuzawa, Rosario Domingues, Peter J. Meikle, Corey Giles, Kevin Huynh, Robert C.
Murphy, Zidan Wang, Yu Xia, Xue Li Guan, Kim Ekroos, Gerhard Liebisch, Alfred H. Merrill, Jr., Andrea F. Lopez-Clavijo,
Dominic Campopiano, Nils Helge Schebb, Craig E. Wheelock, Shankar Subramaniam, Robert Andrews, Laura Goracci,
Zhixu Ni, Maria Fedorova, Simon Andrews, William Griffiths, Ruth Andrew, Edward A. Dennis, and Valerie B. O’'Donnell

Sci. Signal. 19 (936), eaeg3389. DOI: 10.1126/scisignal.aeg3389

View the article online

https://lwww.science.org/doi/10.1126/scisignal.aeg3389
Permissions

https://lwww.science.org/help/reprints-and-permissions

Use of this article is subject to the Terms of service

Science Signaling (ISSN 1937-9145) is published by the American Association for the Advancement of Science. 1200 New York Avenue
NW, Washington, DC 20005. The title Science Signaling is a registered trademark of AAAS.

Copyright © 2026 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. No claim
to original U.S. Government Works

9202 ‘€z 1snbnYy Uo B10°92UB 195" MMM//:SONY WOJ§ papeo jumoq


https://www.science.org/content/page/terms-service

	LIPID MAPS: Powering discovery in lipidomics
	REFERENCES AND NOTES
	Acknowledgments
	AbstractOne-sentence summary: 




