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Abstract
Introduction Lipids are key compounds in the study of metabolism and are increasingly studied in biology projects. It is 
a very broad family that encompasses many compounds, and the name of the same compound may vary depending on the 
community where they are studied.
Objectives In addition, their structures are varied and complex, which complicates their analysis. Indeed, the structural reso‑
lution does not always allow a complete level of annotation so the actual compound analysed will vary from study to study 
and should be clearly stated. For all these reasons the identification and naming of lipids is complicated and very variable 
from one study to another, it needs to be harmonized.
Methods & Results In this position paper we will present and discuss the different way to name lipids (with chemoinformatic 
and semantic identifiers) and their importance to share lipidomic results.
Conclusion Homogenising this identification and adopting the same rules is essential to be able to share data within the 
community and to map data on functional networks.
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1 Introduction

Lipids are a heterogenous group of compounds that play 
important roles in regulating complex biological processes 
(e.g., cell signalling, energy storage, and membrane forma‑
tion) and, thus, in life itself. An ever‑increasing number of 
novel lipids with a wide range of interesting and potentially 
beneficiary properties are being identified from sources such 
as plants, fungi and microorganisms. Lipids are thus clearly 
of critical interest to the scientific community. However, 
many biologists lack the detailed expertise and knowledge 
to fully understand and appreciate the many complex and 
subtle aspects of lipids and their biology, and in particular 
the many nuances associated with the accurate representa‑
tion of chemical structures. A further challenge is that the 
same lipid will often be referenced by multiple names and 
synonyms in the scientific literature and in databases. And 
moreover depending on the analytical technique used we 
will not have access to the same detail of structural infor‑
mation or the same level of annotation of the studied lipid. 
Indeed, structural description of lipids from typical lipid‑
omics experiments is way more superficial than it would 
be required for detailed biological investigations. While 
for example, biosynthetic pathways of major fatty acids are 
well established in many organisms, even down to location 
and stereochemistry of double bonds, this information can‑
not be determined once they are bound in complex lipids, 

especially if they are not previously cleaved or derivatized. 
This complexity and ambiguity are a significant obstacle and 
can lead to wasted effort, inaccurate results and misleading 
conclusions. Biochemical interpretation of lipidomics results 
is hampered by these factors. Therefore, there is a need to 
develop reliable and trusted resources that provide correct 
information about lipid molecules at the level of structural 
characterization in line with the capabilities of possible with 
the selected analysis method, thereby delivering a solution to 
many of these challenges. New analytical approaches such 
as electron activated dissociation (Baba et al., 2017) (EAD) 
or ozone induced dissociation (Brown et al., 2011) (OzID) 
will in the future facilitate analysis and determination of 
more structural details. Until these approaches, tools and 
resources become routinely available, great care needs to 
be taken to avoid overreporting and incorrectly annotating 
lipidomic results, for the interpretation of such results. Here 
we will recall the challenges for lipid identification, present 
the available identifiers (chemoinformatics and semantic) 
(Koistinen et al., 2023), the difficulties in mapping lipid data 
into functional networks, i.e. metabolic network and finally 
we will propose suggestion for harmonizing the report‑
ing of lipids. We aimed to include examples of databases 
and tools that would concur with the ideas we have con‑
veyed in this article, but did not aim to cover all possible 
options. The choice of tools is based either on individual 
usage experiences or active involvement by the authors in 

Table 1  Example of the different names and identifiers given to oleic acid

a Note that the SwissLipids ID refers to the anion (9Z)‑octadecenoate, which maps to ChEBI:30823

Name: Oleic acid

Species level: FA 18:1
DB position level: FA 18:1(9)
Full Structural level: FA 18:1(9Z)
IUPAC Name: (Z)‑octadec‑9‑enoic acid
Synonyms: (9Z)‑Octadecenoic acid, 18:1 n‑9, 18:1Δ9cis, C18:1 n‑9, cis‑9‑octadecenoic acid, cis‑Δ9‑octadecenoic acid, …
Formula: C18H34O2
SMILES: CCC CCC CC\C=C/CCC CCC CC(O)=O
InChI: 1S/C18H34O2/c1‑2‑3‑4‑5‑6‑7‑8‑9‑10‑11‑12‑13‑14‑15‑16‑17‑18(19)20/h9‑10H,2‑8,11‑17H2,1H3,(H,19,20)/

b10‑9‑
InChIKey: ZQPPMHVWECSIRJ‑KTKRTIGZSA‑N
ChEBI: 16196
HMDB: HMDB0000207
LipidMaps: LMFA01030002
SwissLipids: 000000418a

KEGG: C00712
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the development of said tools. There is no claim to exhaus‑
tively cover all tools.

2  Challenges for reporting of lipid 
identification

2.1  One lipid, one name?

In lipidomics different disciplines collide: biochemistry, 
analytical chemistry and bioinformatics. Each with a very 
domain‑specific language and terminology. One particular 
molecule might be known under different names to differ‑
ent scientists or different names might be used in different 
disciplines. One simple example is oleic acid, which is also 
referred to as (Z)‑octadec‑9‑enoic acid or many other names 
(Table 1). For example, a biochemist might talk about oleate, 
analytical chemists using GC–MS might state that oleic acid 
has been identified. Though from a chemistry point of view, 
these two are technically two separate entities (acid vs. con‑
jugate base), both might refer to the same molecule. Differ‑
ent possibilities to represent these molecules exist (Table 1).

Different databases list this and other molecules, but they 
might be cross‑referencing each other. In summary, mul‑
tiple (correct) synonyms exist for different molecules and 
also multiple entries across different databases. In the case 
of a relatively simple molecule such as oleic acid conflicts 
might be easily (and even automatically) resolved. How‑
ever, in the case of complex lipids this situation becomes 
even more complicated. For example, in HMDB (Wishart 
et al., 2022) lists we can find 66 different synonyms for PC 
16:0/18:1(9Z). IUPAC names are also getting more compli‑
cated, e.g. (2‑{[(2R)‑3‑(hexadecanoyloxy)‑2‑[(9Z)‑octadec‑
9‑enoyloxy]propylphosphono]oxy}ethyl)trimethylazanium 
for PC 16:0/18:1(9Z). However, this name is referring to a 
fully characterized chemical structure, with known sn‑posi‑
tions and stereoisomer configuration of fatty acyls chain, as 
well as the location of the double bond on the second fatty 
acyl chain. Depending on the analytical method employed, 
the level of detail required for full structural characteriza‑
tion may not be realizable leading to a discrepancy between 
analytical results and potential biochemical knowledge.

2.2  Analytical power and structural resolution

Structural resolution, which corresponds to the structural 
detail of given lipid species (Koelmel et al., 2017) depends 
on the complexity of the studied lipid and on the analyti‑
cal technique used. A simple lipid such as a sterol (and its 
derivatives), fatty acid (and its derivatives) or sphingoid 
base could be easily characterized by chemical or spectro‑
metric methods, pure standards are available and their mass 
spectra are also known, enabling identification even down 

to full structural detail. Complex lipids such as phospho‑
lipids, sphingolipids or triacylglycerides may be only par‑
tially characterizable. Chromatographic separation coupled 
with MS/MS detection further helps to gather evidence to 
determine more lipid structural characteristics. However, 
it is sometimes not straightforward to obtain their stereo‑
chemistry and isomerism, since there is a lack of enanti‑
omerically‑pure standards and chiral methods are often not 
applied (Köfeler et al., 2021). But for the vast majority of 
lipids such as phospholipids and sphingolipids, where it is 
complicated to annotate to a single lipid species, different 
degrees of structural resolution will be proposed. If we con‑
sider the phosphatidylcholine family, most often analytical 
chemists will be able to propose the simplest structural reso‑
lution, comprising the nature of the polar head, the number 
of carbon and double bond equivalents (DBE), for exam‑
ple, PC 34:2. If  MS2 fragmentation is used, the fatty acid 
constituents can be designated (PC 16:0_18:2). More rarely 
positional isomers (PC 18:0/18:2) and almost never the 
double bond position (PC 16:0/18:2(10,12)), double bond 
Cis/Trans (PC 16:0/18:2(10E,12Z)) or stereochemistry (PC 
16:0/18:2(10E,12Z)[R]) can be determined. These different 
levels of structural resolution are now very well described 
and the international community has agreed to use these 
names rigorously in all lipidomic datasets (Liebisch et al., 
2020). Considering our simple oleic acid (Table 1), 3 differ‑
ent structural resolution levels can be designated: FA 18:1, 
FA 18:1(9) or FA 18:1(9Z). Due to the many subtleties of 
lipid nomenclature, old dialects and conventions, as well as 
the newer, consolidated shorthand nomenclature as a com‑
mon lingua‑franca, automation to aid in the conversion and 
validation of lipid names is needed.

3  Which identifiers are available?

Over the last few decades many communities have attempted 
to identify molecules more rigorously through informatic or 
semantic identifiers. Each identifier has different advantages 
and disadvantages, which are discussed below.

3.1  Chemoinformatic identifiers

The chemical structure is the most unique identifier of a 
lipid. A set of possible representations of molecules is avail‑
able in the literature, allowing these chemical structures to 
be stored and used in computer systems, with associated 
chemoinformatic libraries and tools. These structure rep‑
resentations are commonly enumerated with one‑ (1D) or 
two‑dimensional (2D) linear notations and molecular file 
concepts (Faulon & Bender, 2010). The specifications of 
each format covers organic chemistry and allow the descrip‑
tion of structures from a wide variety of chemical families 
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but with different levels of information (e.g., double bond 
localisation). In the main lipid databases, in addition to hav‑
ing a 2D visual molecular representation, information on 
each fully resolved lipid structure is available in the Simpli‑
fied Molecular Input Line Entry Specification (SMILES) 
and International Chemical Identifier (InChI) formats.

SMILES is a proprietary format developed by Daylight 
Chemical Information Systems (https:// www. dayli ght. com/). 
Although it is widely used by the chemical community, its 
adoption as a gold standard has been slowed by the fact that 
its specifications remain proprietary. Academic initiatives 
led by the Blue Obelisk community, for example, and its 
OpenSMILES (http:// opens miles. org/) format have opened 
up the format specifications to the chemical and bioinformat‑
ics community.

InChI and its hashed form InChikey are open formats 
developed by the non‑profit InChI Trust (https:// www. inchi‑ 
trust. org/) and the International Union of Pure and Applied 
Chemistry (IUPAC) (Heller et al., 2015). This textual identi‑
fier is a standard encoding for molecular information and a 
means of facilitating the retrieval of this information from 
databases. Its continued development provides solutions 
to such complex issues as the management of tautomers 
(Dhaked et al., 2020).

Computed from the computer‑readable representation of a 
chemical structure, the InChI is encoded by a string includ‑
ing a prefix (“InChI = 1/”), several layers (e.g., empirical 
formula, hydrogens, charge or protonation/deprotonation 
layers) in the core parent structure and additional features 
(e.g., stereochemistry, isotopic or FixedH layers) (Heller 
et al., 2015).

The use of SMILES and InChI format in lipidomic anno‑
tation is promising. But due to the lack of fully resolved 
structural information from chromatography‑mass spec‑
trometry, some common representations in the structure of 
lipids cannot be well supported. For example, the position 
of a double bond and a fatty acid on the backbone cannot 
be left undetermined due to the mandatory presence of the 
absolute bond connectivity definition layer (Koelmel et al., 
2017). With this limitation, SMILES or InChI string can 
be computed for the cholesteryl linoleate (a (9Z,12Z)‑stere‑
oisomer of cholesteryl octadeca‑9,12‑dienoate) but not for 
instance for CE 18:2, a cholesterol ester in which the acyl 
group contains 18 carbons in total and 2 double bonds at 
undetermined positions. However, a sum composition in the 
form of a chemical formula can be determined. Due to this 
reason other identifiers are required that support structural 
ambiguity.

3.2  Semantic identifiers

Semantic identifiers refer to constant identifiers of concepts 
in a databas that are connected with each other via semantic 

relationships. In lipidomics, such databases can either store 
the full lipid structures with all structural details or higher 
level structures, which only encode common traits of mem‑
bers of the same lipid class or category. This taxonomic, 
hierarchical relationship is important for the reporting of 
lipid identities at the level of structural resolution that is 
supported by the applied analytical method. However, 
these databases often also incorporate aspects of ontolo‑
gies, whereby the relationships between molecular entities 
or classes of entities and their parents and/or children, as 
well as their subcomponents, such as fatty acyls, are speci‑
fied. This ontological structure is very relevant in the case 
of lipids to ensure classification at the appropriate structural 
level.

The LIPID MAPS resource (https:// lipid maps. org/ datab 
ases) has been instrumental in providing a classification for 
lipids (Fahy et al., 2009) which is used by the worldwide 
lipidomics community. Lipids are classified into eight main 
categories: Fatty acyls, Glycerolipids, Glycerophospho‑
lipids, Sphingolipids, Sterols, Prenols, Saccharolipids and 
Polyketides. They are further classified into one or more of 
several sub‑classes as appropriate. LIPID MAPS has pro‑
vided a standardised nomenclature and shorthand notation 
(Liebisch et al., 2020) for lipids at varying levels of chemical 
characterisation.

The main LIPID MAPS Database, LMSD (Sud et al., 
2007) contains nearly 50,000 structures and annotations of 
biologically relevant lipids, both manually curated from lit‑
erature, experiment and brought in from other resources, and 
also computationally generated using commonly occurring 
acyl chains (https:// www. lipid maps. org/ datab ases/ lmissd/ 
overv iew). This can be queried in a number of ways, includ‑
ing name, shorthand, InChiKey and structure, but also from 
a list of precursor ion masses.

COMP_DB contains over 60,000 ‘bulk’ lipids for (phos‑
pho)glycerolipids, fatty acyls, sphingolipids and sterols. 
These ‘bulk’ lipid species indicate the number of carbons 
and number of DBE, but not chain positions or double bond 
regiochemistry and geometry. It might be particularly useful 
where fragmentation is not available and data are insufficient 
to characterise a lipid fully. It is also of use in querying lipid 
classes which are less well represented in LMSD due to the 
paucity of full‑structural characterisation, for example of the 
betaine lipid family.

Chemical Entities of Biological Interest (ChEBI) is a 
high quality, manually curated, open access database and 
ontology of information about small molecular entities. The 
molecular entities in question are either naturally occurring 
molecules or synthetic compounds used to intervene in the 
processes of living organisms (Degtyarenko et al., 2007). 
ChEBI currently contains 29,800 lipid entries (February 
2023) and creates for each distinct lipid structure a stable 
and unique identifier (ChEBI ID), which is used by multiple 

https://www.daylight.com/
http://opensmiles.org/
https://www.inchi-trust.org/
https://www.inchi-trust.org/
https://lipidmaps.org/databases
https://lipidmaps.org/databases
https://www.lipidmaps.org/databases/lmissd/overview
https://www.lipidmaps.org/databases/lmissd/overview
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other resources to unambiguously identify that specific 
compound. Each distinct lipid structure, whether it be neu‑
tral, ion, tautomer, enantiomer, salt, hydrate etc. will have 
a unique ChEBI ID. For example, oleic acid has CHEBI: 
16196), its ionised form oleate has CHEBI: 30823 intercon‑
nected via the ontology by a bidirectional conjugate acid/
base relationship. ChEBI also serves as a manually curated 
source of chemical structures, nomenclature (synonyms, 
ChEBI recommended names, IUPAC names, and interna‑
tional nonproprietary names), metabolite species informa‑
tion, and database cross references (Matos et al., 2010). 
ChEBI provides database cross‑reference links to 65 differ‑
ent domain‑specific resources by manual synonym match‑
ing and InChI key mapping via UniChem (Chambers et al., 
2013). These include links to genomic (Gene Ontology), 
proteomic (PDBe, UniProt), metabolomics (MetaboLights), 
immunological (IEDB), toxicological (ACToR), pathway 
(Reactome), reaction (Rhea), system model (BioModels) 
databases, together with the broader scientific literature 
(Europe PMC). Having such a widely used standard rep‑
resentation for lipid data helps drive the data integration of 
diverse data types via common and related chemical entities. 
ChEBI currently contains 160,800 entries of which 60,400 
(February 2023) are manually curated and new chemical 
entities are continuously being added to the database by its 
growing user community via the submissions tool. A key 
feature of ChEBI is that it provides a hierarchical onto‑
logical classification for lipids, whereby the relationships 
between lipid entities or classes of lipids are specified. The 
ChEBI ontology is subdivided into two main sub‑ontologies: 
a molecular structure ontology where lipids are classified 
according to composition and structure (e.g., steroids, fatty 
acids etc.) and role ontology which classifies lipids on the 
basis of their role within a chemical context (e.g., emulsi‑
fier), biological context (e.g., enzyme inhibitor), or applica‑
tion (its intended use by a human e.g., antineoplastic agent, 
pesticide etc.). As an example of the structure ontology, the 
fatty acid arachidonic acid (5Z,8Z,11Z,14Z‑icosatetraenoic 
acid) is classified as an “icosa‑5,8,11,14‑tetraenoic acid”, 
which is itself indicated as an “icosatetraenoic acid”. The 
ChEBI ontology is widely used for knowledge‑based auto‑
mated reasoning in systems biology and bioinformatics. The 
ontology is also semantically integrated with many other 
biological ontologies, for example, the Gene Ontology uses 
ChEBI for all its chemistry‑related terms (Hill et al., 2013). 
All of the information and data in ChEBI is freely available 
and downloadable without restriction.

In contrast to LipidMaps ChEBI also stores partial struc‑
tures, which is important for correct reporting of lipid iden‑
tification. These structures are linked by relations defined 
in the ontology, e.g. PC(18:0_18:1) (CHEBI:167255) “is a” 
phosphatidylcholine 36:1 (CHEBI:66857). New entries are 
constantly added and integrated.

SwissLipids (www. swiss lipids. org) is a free knowledge 
base aiming to facilitate the interpretation of experimental 
datasets and integrate them with prior biological knowledge. 
This resource was created through an iterative process in 
which prior knowledge of lipid structures and metabolism 
curated from peer‑reviewed literature was used to generate 
an in silico library of all theoretically possible structures that 
could be present in natural lipidomes (Aimo et al., 2015). 
For this, characterised lipid structures and their lipid classes 
are annotated using the ChEBI ontology (www. ebi. ac. uk/ 
chebi/) (Hastings et al., 2016). SMILES representations of 
modular lipid classes were then combined with the differ‑
ent curated fatty tails (fatty acyls and fatty alcohols) using 
the Java application SMILIB v2.0, resulting in an in silico 
library. This library is organized in a hierarchical classifi‑
cation consistent with the lipid notation described above, 
ranging from complete definition (isomers) to general defini‑
tion (classes) (Liebisch et al., 2013, 2020). To help identify 
lipids, all annotations include lipid nomenclature and human 
readable descriptions, SMILES representations, molecular 
formula, mass, and InChI and InChI keys where applica‑
ble, identifiers from ChEBI, HMDB and LPIPID MAPS, 
including ChEBI identifiers for corresponding parent classes 
and structural components. SwissLipids provides a simple 
interface searchable by these descriptors, a menu to browse 
by structural classification paralleling that of LIPID MAPS, 
and a menu that allows searching with MS outputs in the 
hierarchical classification by selecting the lipid class and 
sum formula, that links to biological knowledge such as 
enzymes, as follows:

The Swisslipids library contains almost 600,000 lipid 
structures (known and theoretical) belonging to over 500 
lipid classes, each enriched with information on lipid com‑
ponents, metabolism (described using the Rhea knowl‑
edgebase (www. rhea‑ db. org) (Morgat et al., 2020), which 
itself is based on ChEBI (Bansal et al., 2022), and enzymes 
(using the UniProt Knowledgebase, UniProtKB (www. unipr 
ot. org), with supporting links to primary literature. Like 
SwissLipids, UniProtKB uses Rhea as its main vocabulary 
for catalytic activity (Morgat et al., 2020), and the ChEBI 
ontology for small molecules (Coudert et al., 2023) (Uni‑
Prot Consortium, 2021). This means UniProtKB can now be 
searched with lipid names, chemoinformatics identifiers, as 
well as ChEBI IDs, to retrieve all lipid interacting proteins, 
including enzymes and transporters. SwissLipids, Rhea and 
UniProtKB, all consistently use ChEBI IDs corresponding 
to the major microspecies at pH 7.3 in order to balance all 
reactions by mass and charge, and ensure all reactions are 
unique.

PC 38:4 → PC 18:0_20:4 → PC 18:0∕20:4 → PC
18:0∕20:4(5Z, 8Z, 11Z, 14Z) → PLA2G4A

http://www.swisslipids.org
http://www.ebi.ac.uk/chebi/
http://www.ebi.ac.uk/chebi/
http://www.rhea-db.org
http://www.uniprot.org
http://www.uniprot.org


 M. Witting et al.   15  Page 6 of 9

4  Conversion of identifiers

Each presented database represents a valuable resource for 
lipid reporting and often covers a specific aspect of lipid 
biochemistry. In order to leverage the full potential of their 
combination solutions for the conversion of identifiers into 
each other are required. Different software tools for the con‑
version of lipid shorthand nomenclature or conversion of 
database IDs have been developed.

LipidLynxX provides the possibility to convert, cross‑
match, and link various lipid annotations to the tools offer‑
ing lipid ontology, pathway, and network analysis with open 
access (Ni and Fedorova, 2020).

Unichem is a large scale data base of pointer between 
chemical structures and EMBL‑EBI chemistry resources 
(https:// www. ebi. ac. uk/ unich em/), a module of connectiv‑
ity search supports the conversion of identifiers.

Goslin is a very useful tool which allows the recogni‑
tion/parsing and normalization of lipid names using differ‑
ent shorthand nomenclatures into a hierarchical structural 
representation that is then used to generate normalized lipid 
names following the lipid shorthand nomenclature (Kopc‑
zynski et al., 2022). The Goslin web application provides 
links to entries in SwissLipids and LIPID MAPS via these 
normalized names.

RefMet is a database of reference names for metabolites 
and lipids covering over 400,000 names. An API allows the 
conversion of names by querying the database online. For 
the conversion of identifiers tools like BridgeDb, Chemical 
Translation Service (CTS) or MetaboAnalyst can be used.

5  How to map lipids onto metabolic 
networks?

The final goal is of course to link lipids to their biological 
function. Therefore a common strategy to interpret metabo‑
lomics or lipidomic data consists of locating them within the 
context of the whole metabolism and identifying the meta‑
bolic pathways they are mainly involved in, by using meta‑
bolic pathway databases such as KEGGS or genome‑scale 
metabolic networks (GSMNs) and pathway overrepresenta‑
tion approaches. However, the mapping onto metabolic path‑
ways or GSMNs is much more tricky for lipids. Indeed, as 
mentioned above, lipids can be identified on different levels 
with different degrees of structural detail depending on the 
structural resolution. In parallel to this, metabolic pathway 
databases or GSMNs typically vary a lot in their details: 
they can, on the one side, contain lipids and lipid related 
molecules with full structural detail down to isomer level 
based on known biochemistry (in case of synthesis of lipid 
building blocks such as fatty acids or sphingoid bases), and 

on the other side, reactions and pathways for complex lipids 
are often only present with low structural details combined 
(e.g. only class‑level compounds, such as for phospholipids 
which are often represented as PC pools of all the molecu‑
lar species of PC, PI pools …). Furthermore, GSMNs use 
charged versions of metabolites and lipids as reactions are 
typically mass and charge balanced at the cytosolic pH of 7.3 
and often focus on including the correct chemical formula, 
which is essential for balancing metabolic reactions, and 
take less care about correctly representing chemical entities 
(Witting, 2020). This adds complexity for the analysis of 
lipidomics data in the context of pathways as also differences 
in charge states between reported lipids and pathways need 
to be taken into account. When the analytical technique does 
not provide sufficiently detailed information about the lipid 
entities, then one single measured lipid entity might often 
match to multiple structures in pathway maps. On the con‑
trary, for some lipid classes, GSMNs contain only generic 
nodes, such as phosphatidylcholines or triacylglycerols, to 
which basically all members of this lipid class, measured 
in a lipidomic experiment, would map. Automatic exact 
matching of lipids between measured entities and the corre‑
sponding species or classes represented in pathway maps or 
GSMNs is therefore limited by the lack of structural details 
provided on both sides. To make matters worse, identifi‑
ers are also different in that case. To overcome the discrep‑
ancy and still be able to map lipids to metabolic pathways 
or GSMNs, Poupin et al. developed a matching tool which 
uses the ChEBI ontology for matching measured lipids to 
lipids in a GSMN. This tool uses the relationship between 
two ChEBI identifiers as provided by the ChEBI ontology 
to relate precise lipid species to more generic lipid classes 
and acid/base related lipids. The further the two entries are 
separated in the ontology, the higher the retrieved matching 
distance will be (Poupin et al., 2020). They demonstrated 
that when matching the lipids of a large lipid database (with 
more than 900 species) on the human metabolic network, 
using only lipid names, they were able to only retrieve 3 
out of the 968 lipids. This matching could be significantly 
improved by using the ChEBI identifiers, which were avail‑
able for 73% of the lipids in the database: indeed, 54% of the 
database lipids could be matched to lipids in the metabolic 
network, either with an exact match or thanks to the ChEBI 
ontology. One drawback is that the coverage in the ChEBI 
ontology might be well‑developed for certain lipids, but is 
missing for other cases. One suitable alternative might be 
the hierarchical classification system used by SwissLipids 
following the lipid nomenclature and shorthand rules that 
allows a more systematic mapping. Other possibilities to 
analyse links between lipid changes exist.

However, mapping to metabolic networks is one among 
the many possibilities for analysis of lipidomics data, focus‑
ing on metabolic pathways which are defined for the whole 

https://www.ebi.ac.uk/unichem/
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metabolism, and might not provide enough detailed interpre‑
tation as regard to specific lipid functions. Indeed, different 
lipids have different functions, which are very closely related 
to their structure (Gaud et al., 2021).

6  Recommendations for the community

As we have just demonstrated, the correct naming and 
reporting of lipids identities remains complex and confusing, 
with many identifiers and initiatives available, which greatly 
complicates data sharing. While sharing of data for com‑
parison and reuse become more evident, it also has become 
essential to harmonise practices in the field, especially for 
the reporting of lipid identities. To improve interoperability 
of lipidomic data sets we propose to take into account dif‑
ferent points, as follows (Fig. 1):

The dataset must be well characterised, including analyti‑
cal conditions: this can be done through the Lipidomic 
reporting checklist: https:// lipid omics tanda rds. org/ repor 
ting_ check list/ (McDonald et al., 2022).
Structural resolution must be clear and use the naming 
conventions appropriately recommended by the interna‑
tional community (Liebisch et al., 2020).

Recognised identifiers must be associated with the metab‑
olites to ensure the measured lipids can be readable by a 
computer system.
A ChEBI ID, SwissLipids ID. or LIPID MAPS ID should 
be associated with each measured lipid to allow the 
results to be interoperable and to facilitate mapping to 
metabolic networks (if available).
Novel structures should be submitted to databases such 
as ChEBI and LIPID MAPS in order to be available to 
other scientists.
All these identifiers have to be associated to data a set 
when it is stored in repositories such as Metabolights 
(https:// www. ebi. ac. uk/ metab oligh ts/) or Metabolomics 
workbench (https:// www. metab olomi cswor kbench. org/).

In the future, lipids will be identified with more detail, 
which includes also sn‑specificity and position and stereo‑
chemistry of double bonds. However, several further obsta‑
cles will still exist that need to be solved. First, lipids are 
synthesized and remodeled in different organelles, some‑
thing that is currently not reflected in lipidomics results as 
typically entire tissues or cells are analyzed and sub‑cellular 
location of lipids can therefore not be assessed. However, 
the use of structured databases and ontologies with con‑
trolled vocabularies allows linking of this information to 
lipid species stored in different databases. ChEBI uses spe‑
cial entries, which can be used to link a metabolite or lipid 
to organisms (e.g. CHEBI:78804 “Caenorhabditis elegans 

Lipidomic data set

Structural resolu�on

Chemoinforma�c:
Inchi

InchiKey
SMILE

Seman�c:
LIPIDMAPS

CHEBI
SWISS LIPID

Mapping Func�onal 
network

Iden�fiers

Repor�ng 
Checklist

PC (786)

PC O-36:2

PC O-18:1_18:1

PC O-18:1/18:1
Biological 

interpreta�on & 
hypothesis

?
i.e. Metaboloic network

Fig. 1  Essential elements that must be associated with a lipidomic data set

https://lipidomicstandards.org/reporting_checklist/
https://lipidomicstandards.org/reporting_checklist/
https://www.ebi.ac.uk/metabolights/
https://www.metabolomicsworkbench.org/
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metabolite” or CHEBI:75771 “mouse metabolite”). This 
concept can be further expanded by adding tissue, cellular or 
sub‑celluar specificity. As both SwissLipids and UniProtKB 
are based on ChEBI, future versions of SwissLipids will be 
able to leverage UniProtKB to build more extensive lipid 
libraries covering all taxa from UniProtKB, and sourcing 
annotations from UniProtKB to link all lipids to their metab‑
olizing proteins.

In conclusion, it is important that lipids are identified 
and reported at the correct level, as technically supported 
by the employed analytical technique. This includes also 
the possibility to use identifiers from different databases and 
the different possibilities they offer. Several options for inte‑
gration and interoperability, such as ID conversion services 
exist, enabling the cross‑mapping between databases. The 
field must discipline itself to use the available resources and 
further develop them as well as educate the next generation 
of lipid scientists on the proper use of these resources.

Acknowledgements The authors would like to thank the Cost 
EpilipiNet (CA19105 ‑ Pan‑European Network in Lipidomics and 
EpiLipidomics), MetaboHUB (French National Infrastructure for 
Metabolomics and Fluxomics MetaboHUB‑ANR‑11‑INBS‑0010) for 
funding and and Biorender.com for illustration of Fig. 1.

Author contributions All authors agreed with the order of authors. 
MW, AM, AB, LA, MJC, VBOD, NH, DK, FG, NP, FJ and JBM wrote 
the main manuscript text, MW prepares the table, and NP and JBM 
prepare the figure. All authors reviewed the manuscript.

Funding FG, NPA, NPO, FJ, JBM are supported by the French Min‑
istry of Research and National Research Agency as part of the French 
MetaboHUB, the national metabolomics and fluxomics infrastructure 
(Grant ANR‑INBS‑0010); MW, AM, AL, AB, LA, MJC, VBOS, NH, 
DK, ACG and JBM are supported by COS EpilipNet (CA 19105); MJC 
is supported by LipidMaps.

Declarations 

Competing interests No, I declare that the authors have no competing 
interests as defined by Springer, or other interests that might be per‑
ceived to influence the results and/or discussion reported in this paper.

Ethical approval The manuscript has not been submitted to another 
journal for simultaneous consideration. The manuscript is original and 
doesn’t re‑use of material already published, authors are committed 
to respect third parties rights such as copyright and/or moral rights.

Open Access This article is licensed under a Creative Commons Attri‑
bution 4.0 International License, which permits use, sharing, adapta‑
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Aimo, L., Liechti, R., Hyka‑Nouspikel, N., Niknejad, A., Gleizes, A., 
Götz, L., et al. (2015). The SwissLipids knowledgebase for lipid 
biology. Bioinformatics (Oxford, England), 31(17), 2860–2866.

Baba, T., Campbell, J. L., Le Blanc, J. C. Y., Baker, P. R. S., Hager, J. 
W., & Thomson, B. A. (2017). Development of a branched radio‑
frequency ion trap for electron based dissociation and related 
applications. Mass Spectrometry, 6, A0058–A0058. https:// doi. 
org/ 10. 5702/ masss pectr ometry. A0058

Bansal, P., Morgat, A., Axelsen, K. B., Muthukrishnan, V., Coudert, 
E., Aimo, L., et al. (2022). Rhea, the reaction knowledgebase in 
2022. Nucleic Acids Research, 50(D1), D693‑700.

Brown, S. H. J., Mitchell, T. W., & Blanksby, S. J. (2011). Analysis of 
unsaturated lipids by ozone‑induced dissociation. Biochimica et 
Biophysica Acta (BBA) - Molecular and Cell Biology of Lipids, 
1811, 807–817. https:// doi. org/ 10. 1016/j. bbalip. 2011. 04. 015

Chambers, J., Davies, M., Gaulton, A., Hersey, A., Velankar, S., Pet‑
ryszak, R., et al. (2013). UniChem: A unified chemical structure 
cross‑referencing and identifier tracking system. Journal of Chem-
informatics, 5(1), 3.

Coudert, E., Gehant, S., de Castro, E., Pozzato, M., Baratin, D., Neto, 
T., et al. (2023). Annotation of biologically relevant ligands in 
UniProtKB using ChEBI. Bioinformatics, 39, btac793. https:// doi. 
org/ 10. 1093/ bioin forma tics/ btac7 93

de Matos, P., Alcántara, R., Dekker, A., Ennis, M., Hastings, J., Haug, 
K., et al. (2010). Chemical entities of biological interest: An 
update. Nucleic Acids Research, 38(suppl_1), D249–D254.

Degtyarenko, K., de Matos, P., Ennis, M., Hastings, J., Zbinden, M., 
McNaught, A., et al. (2007). ChEBI: A database and ontology for 
chemical entities of biological interest. Nucleic Acids Research, 
36(Database), D344–D350.

Dhaked, D. K., Ihlenfeldt, W. D., Patel, H., Delannée, V., & Nicklaus, 
M. C. (2020). Toward a comprehensive treatment of tautomerism 
in chemoinformatics including in InChI V2. Journal of Chemical 
Information and Modeling, 60(3), 1253–1275.

Fahy, E., Subramaniam, S., Murphy, R. C., Nishijima, M., Raetz, C. R. 
H., Shimizu, T., et al. (2009). Update of the LIPID MAPS compre‑
hensive classification system for lipids. Journal of Lipid Research, 
50, S9–S14. https:// doi. org/ 10. 1194/ jlr. R8000 95‑ JLR200

Faulon, J.‑L., & Bender, A. (2010). Handbook of Chemoinformatics 
Algorithms, 0 ed. Chapman and Hall/CRC. https:// doi. org/ 10. 
1201/ 97814 20082 999

Gaud, C., Sousa, B. C., Nguyen, A., Fedorova, M., Ni, Z., O’Donnell, 
V. B., et al. (2021). BioPAN: A web‑based tool to explore mam‑
malian lipidome metabolic pathways on LIPID MAPS. F1000Re-
search, 10, 4. https:// doi. org/ 10. 12688/ f1000 resea rch. 28022.2

Hastings, J., Owen, G., Dekker, A., Ennis, M., Kale, N., Muth‑
ukrishnan, V., et al. (2016). ChEBI in 2016: Improved services 
and an expanding collection of metabolites. Nucleic Acids 
Research, 44(D1), D1214‑1219.

Heller, S. R., McNaught, A., Pletnev, I., Stein, S., & Tchekhovskoi, 
D. (2015). InChI, the IUPAC International Chemical Identifier. 
Journal of Cheminformatics, 7(1), 23.

Hill, D. P., Adams, N., Bada, M., Batchelor, C., Berardini, T. Z., Dietze, 
H., et al. (2013). Dovetailing biology and chemistry: Integrat‑
ing the Gene Ontology with the ChEBI chemical ontology. BMC 
Genomics, 14(1), 513.

Koelmel, J. P., Ulmer, C. Z., Jones, C. M., Yost, R. A., & Bowden, 
J. A. (2017). Common cases of improper lipid annotation using 
high‑resolution tandem mass spectrometry data and correspond‑
ing limitations in biological interpretation. Biochimica Et Bio-
physica Acta (BBA) - Molecular and Cell Biology of Lipids, 
1862(8), 766–770.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5702/massspectrometry.A0058
https://doi.org/10.5702/massspectrometry.A0058
https://doi.org/10.1016/j.bbalip.2011.04.015
https://doi.org/10.1093/bioinformatics/btac793
https://doi.org/10.1093/bioinformatics/btac793
https://doi.org/10.1194/jlr.R800095-JLR200
https://doi.org/10.1201/9781420082999
https://doi.org/10.1201/9781420082999
https://doi.org/10.12688/f1000research.28022.2


Challenges and perspectives for naming lipids in the context of lipidomics  Page 9 of 9    15 

Köfeler, H. C., Ahrends, R., Baker, E. S., Ekroos, K., Han, X., Hoff‑
mann, N., et al. (2021). Recommendations for good practice in 
MS‑based lipidomics. Journal of Lipid Research, 62, 100138. 
https:// doi. org/ 10. 1016/j. jlr. 2021. 100138

Köhler, N., Rose, T. D., Falk, L., & Pauling, J. K. (2021). Investigat‑
ing global lipidome alterations with the lipid network explorer. 
Metabolites, 11(8), 488.

Koistinen, V., Kärkkäinen, O., Keski‑Rahkonen, P., Tsugawa, H., 
Scalbert, A., Arita, M., et al. (2023). Towards a Rosetta stone 
for metabolomics: Recommendations to overcome inconsistent 
metabolite nomenclature. Nature Metabolism, 5, 351–354. https:// 
doi. org/ 10. 1038/ s42255‑ 023‑ 00757‑3

Kopczynski, D., Hoffmann, N., Peng, B., Liebisch, G., Spener, F., & 
Ahrends, R. (2022). Goslin 2.0 implements the recent lipid short‑
hand nomenclature for MS‑derived lipid structures. Analytical 
Chemistry, 94(16), 6097–6101.

Liebisch, G., Fahy, E., Aoki, J., Dennis, E. A., Durand, T., Ejsing, C. 
S., et al. (2020). Update on LIPID MAPS classification, nomen‑
clature, and shorthand notation for MS‑derived lipid structures. 
Journal of Lipid Research, 61(12), 1539–1555.

Liebisch, G., Vizcaíno, J. A., Köfeler, H., Trötzmüller, M., Griffiths, W. 
J., Schmitz, G., et al. (2013). Shorthand notation for lipid struc‑
tures derived from mass spectrometry. Journal of Lipid Research, 
54(6), 1523–1530.

McDonald, J. G., Ejsing, C. S., Kopczynski, D., Holčapek, M., Aoki, 
J., Arita, M., et al. (2022). Introducing the lipidomics minimal 
reporting checklist. Nature Metabolism, 4(9), 1086–1088.

Morgat, A., Lombardot, T., Coudert, E., Axelsen, K., Neto, T. B., 
Gehant, S., et al. (2020). Enzyme annotation in UniProtKB using 

Rhea. Bioinformatics, 36, 1896–1901. https:// doi. org/ 10. 1093/ 
bioin forma tics/ btz817

Ni, Z., & Fedorova, M. (2020). LipidLynxX: A data transfer hub to 
support integration of large scale lipidomics datasets (preprint). 
Bioinformatics. https:// doi. org/ 10. 1101/ 2020. 04. 09. 033894

Poupin, N., Vinson, F., Moreau, A., Batut, A., Chazalviel, M., Colsch, 
B., et al. (2020). Improving lipid mapping in genome scale meta‑
bolic networks using ontologies. Metabolomics, 16(4), 44.

Sud, M., Fahy, E., Cotter, D., Brown, A., Dennis, E. A., Glass, C. K., 
et al. (2007). LMSD: LIPID MAPS structure database. Nucleic 
Acids Research, 35, D527–D532.

UniProt Consortium. (2021). UniProt: The universal protein knowl‑
edgebase in 2021. Nucleic Acids Research, 49(D1), D480–D489.

Wishart, D. S., Guo, A., Oler, E., Wang, F., Anjum, A., Peters, H., 
et al. (2022). HMDB 5.0: The Human Metabolome Database for 
2022. Nucleic Acids Research, 50, D622–D631. https:// doi. org/ 
10. 1093/ nar/ gkab1 062

Witting, M. (2020). Suggestions for standardized identifiers for fatty 
acyl compounds in genome scale metabolic models and their 
application to the WormJam Caenorhabditis elegans model. 
Metabolites, 10(4), 130.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.jlr.2021.100138
https://doi.org/10.1038/s42255-023-00757-3
https://doi.org/10.1038/s42255-023-00757-3
https://doi.org/10.1093/bioinformatics/btz817
https://doi.org/10.1093/bioinformatics/btz817
https://doi.org/10.1101/2020.04.09.033894
https://doi.org/10.1093/nar/gkab1062
https://doi.org/10.1093/nar/gkab1062

	Challenges and perspectives for naming lipids in the context of lipidomics
	Abstract
	Introduction 
	Objectives 
	Methods & Results 
	Conclusion 

	1 Introduction
	2 Challenges for reporting of lipid identification
	2.1 One lipid, one name?
	2.2 Analytical power and structural resolution

	3 Which identifiers are available?
	3.1 Chemoinformatic identifiers
	3.2 Semantic identifiers

	4 Conversion of identifiers
	5 How to map lipids onto metabolic networks?
	6 Recommendations for the community
	Acknowledgements 
	References


