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Abstract 
Lipidomics increasingly describes the quantification using mass 
spectrometry of all lipids present in a biological sample.  As the power 
of lipidomics protocols increase, thousands of lipid molecular species 
from multiple categories can now be profiled in a single experiment. 
 Observed changes due to biological differences often encompass 
large numbers of structurally-related lipids, with these being 
regulated by enzymes from well-known metabolic pathways.  As 
lipidomics datasets increase in complexity, the interpretation of their 
results becomes more challenging.  BioPAN addresses this by 
enabling the researcher to visualise quantitative lipidomics data in the 
context of known biosynthetic pathways.  BioPAN provides a list of 
genes, which could be involved in the activation or suppression of 
enzymes catalysing lipid metabolism in mammalian tissues.
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Introduction
Lipids (fats) are essential and diverse families of molecules 
that play structural, energy storage and signalling roles. They 
are connected through complex metabolic pathways, which 
comprise linked series of enzymatic reactions (several are  
outside cells, e.g. PLA2 isoforms, autotaxin). Thus, lipids can 
be substrates, products or intermediates. It has been estimated 
that there are approximately 3–5000 different lipid species in 
mammalian cells although the true number is still unknown and 
extremely difficult to reliably measure1,2. In recent years, great 
advances have been made in our ability to experimentally deter-
mine the elemental -

 
either tandem or high resolving power, interfaced with process-
ing pipelines such as Lipid Data Analyser (LDA), Lipid-
Finder, LipidHunter, MS-Dial, XCMS and many others makes 
it feasible to simultaneously monitor the dynamic changes in  
hundreds of lipid molecular species in biological samples3–7.

As the quantity and detail of quantitative lipid data continues 
to grow it has become considerably more challenging to inter-
pret the complex sets of changes within the lipidome8. Relevant  
biological perturbations usually happen not at the level of a sin-
gle lipid molecular species in isolation, but as broad sets of 
changes over entire lipid classes and subclasses9. For example, 
a group of phosphatidylcholines will tend to change together in 
the same direction, since they are being regulated by the same 
enzyme isoform(s). This introduces characteristic patterns in the 
data that can reveal important clues as to the underlying level of 
genetic and transcriptomic regulation. Consequently, there is a 
need for software tools to automate and facilitate biosynthetic 
pathway scale analyses with lipids grouped according to structural  
motifs. Nguyen et al. and Hann et al. described the analysis of 
quantitative lipidomics datasets at pathway levels10–12. Here, we 
have integrated the biosynthetic metabolic levels into BioPAN. 

So, BioPAN combines current knowledge of lipid metabolism 
with a statistical analysis functionality, by comparing two bio-
logical conditions to identify activated or suppressed pathways,  
and presents the results in an interactive graphical display. BioPAN 
works with data resolved to the level of individual lipid molecu-
lar species, but it can also aggregate results at the subclass level 
to simplify the interpretation. Mammalian reaction information 
is converted into a metabolic pathway within BioPAN, allow-
ing it to predict the most likely lipid transforming genes modu-
lated by an experiment, to provide direct biological insight and  
generate hypotheses that can be experimentally tested.

BioPAN is openly available on the LIPID MAPS® Lipidomics 
Gateway, at https://lipidmaps.org/biopan/. The tool is designed 
to allow users to upload and analyse their own data, and exam-
ple datasets are also provided for evaluation. BioPAN is fully 
integrated with LipidLynxX, allowing users to convert differ-
ent naming (short notation) conventions from diverse software 
inputs to be able to make it readable on BioPAN. Addition-
ally, LipidLynxX will convert lipid results with fatty acid posi-
tion, double bond location, and stereochemistry into a sum  
composition of carbon number and double bond equivalents. 
For example, DAG (16:0/20:1(Z11)), is converted by Lipid-
LynxX to DG 36:1. BioPAN offers a link with LIPID MAPS  
Structure Database (LMSD)9. So, BioPAN aids for automatic 
integration of lipid metabolism with lipid profiles, finding  
strong relationships between lipid substrates and lipid products 
catalysed by active or suppressed enzymes.

Methods
Implementation
The statistical model used in BioPAN was originally described 
by Nguyen et al.10. In brief, BioPAN uses data from replicated 
quantitative lipidomics experiments with two biological experi-
ments: a condition of interest (treated) and a control condition. 
BioPAN calculates statistical scores for all possible lipid path-
ways to predict which are active or suppressed in the treated  
samples compared to the control set.

The BioPAN workflow relies on the calculation of the Z-score, 
which considers the mean and the standard deviation of the 
experiment assuming a normally distributed data of lipid sub-
classes. A probability function (P) is computed and subtract-
ing from one to obtain Q, which in turn is the probability that a  
Z-score is due to chance. The Z-score is then used to predict 
whether a particular reaction is significantly (p < 0.05) chang-
ing between control and treated conditions. Z-scores for all 
reactions in a pathway are combined using a cumulative func-
tion (CDF) to give a global pathway Z-score. The set of equa-
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Figure 3. BioPAN fatty acids networks. FA graphs exported from BioPAN tool for the liver (A) and the cerebral cortex (B) of aged mice 
compared to young mice17. Green nodes correspond to active lipids and green shaded arrows to active pathways. Reactions with a positive 
Z score have green arrows while negative Z scores are coloured purple. Pathways options: aged condition of interest, young control 
condition, lipid type, active status, subclass level, reaction subset of lipid data, p value 0.05, and no paired-data.
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resolution of which seems to depend on the zoom status in the display window. Would it be 
possible to add an option to export as vector graphics, .svg for example?
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Suggestions:

With regards to the statistical model used by the software. Could the authors elaborate on 
whether correction for multiple testing is done for p-value calculations?

○

--> BioPAN does not correct for multiple testing as it calculates a Z-score to find stronger 
relationships within the data, hence higher Z-scores represent a more interesting result 
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