TU

Grazm

Christoph Krettler, BSc

Identification of Galacto- and Oxidized
Lipids with Lipid Data Analyzer

MASTER’S THESIS
to achieve the university degree of
Diplom-Ingenieur

Master’s degree programme: Biomedical Engineering

submitted to

Graz University of Technology

Supervisor

Gerhard G. Thallinger, PhD

Institute of Neural Engineering

Graz, March 2020



AFFIDAVITH

I declare that I have authored this thesis independently, that I have not used other than the declared
sources/resources, and that I have explicitly indicated all material which has been quoted either
literally or by content from the sources used. The text document uploaded to TUGRAZonline is
identical to the present master’s thesis.

Graz,

Date Signature

IBeschluss der Curricula-Kommission fiir Bachelor-, Master- und Diplomstudien vom 10.11.2008; Genehmigung des
Senates am 1.12.2008

ii



Abstract

Life as we know it is not possible without lipids. Changes in lipid homeostasis can lead to various dis-
eases, raising the importance of reliable identification and measurement of lipids. For example, oxidized
lipids have been connected to age-related and chronic diseases, atherosclerosis, inflammation and immune
responses and galactolipids play important parts in structural integrity of plant membranes. Due to its
sensitivity, liquid chromatography coupled mass spectrometry (LC-MS) has become the de facto standard
in lipidomics research, leading to a rise in bioinformatics tools to analyze the recorded data. However, due
to the enormous diversity of lipids, most tools cover only a marginal range of lipid classes. In an effort to
reduce such a shortcoming, this work aims to extend the lipid species covered by the Lipid Data Analyzer
(LDA). Tools including LipidMatch, LipidMatch Flow and LPPtiger were used to survey lipids over a
total of four different datasets to get an overview of LDA implementation gaps. Appropriate mass lists
were generated for MS! identifications and the proprietary decision rulesets were extended for MS? iden-
tifications of important galactolipids and oxidized lipids, according to lipid species-specific fragmentation
patterns. Furthermore, LDA source code was extended to enable identification of (oxidatively) modified
fatty acyl chains. LDA now reliably identifies monogalactosyldiacylglycerol (MGDG), digalactosyldiacyl-
glycerol (DGDG), trigalactosyldiacylglycerol (TriGDG), tetragalactosyldiacylglycerol (TetraGDG) and
sulfoquinovosyldiacylglycerol (SQDG), as well as oxidatively modified versions of all thirty implemented
lipid classes with very low false positive rates. Comparison with LipidMatch, LipidMatch Flow and
LPPtiger showed that LDA has a better coverage of the newly implemented lipids, providing researches

with a powerful platform to elucidate diseases caused by perturbations in the oxidized lipidome.

Keywords: lipidomics, bioinformatics, oxidized lipids, galactolipids, mass spectrometry, cheminformat-
cs
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1 Introduction

1.1 Lipids

Being loosely defined as biomolecules that are soluble in nonpolar solvents [1], lipids form a diverse
group of organic compounds upon which life as we know it depends. Major functions of lipids include
membrane structural components, energy and heat sources as well as signaling processes [2]. The totality
of lipids in cells is called the lipidome. Diseases including diabetes, obesity, Alzheimer’s disease, liver
disease, hypertension and schizophrenia have been linked to perturbations in the lipidome [3|. Structural
diversity stems from various combinations of the two basic building blocks — ketoacyl groups and isoprene
groups 4] — as well as additional modifications, based upon which scientists categorize and classify lipids.
The LIPID MAPSg consortium [5-7] categorizes lipids in fatty acyls (figure , glycerophospholipids
(figure [1D)), sterol lipids (figure [Ld), saccharolipids (figure [1d), glycerolipids (figure [L€]), sphingolipids
(figure prenol lipids (figure and polyketides (figure Whereby each category is further divided
into classes and subclasses |7,|8]. The subclass of galactolipids, for example, comprises glycerolipids that
are attached to galactose moieties. The number of lipids in a cellular lipidome is estimated to be in
the tens of thousands to millions [9] depending on the level of structural resolution; the LipidHome
database [3] contains currently about 20 thousand lipid species (i.e. lipids where no structural resolution
on the composite fatty acids is available) and about 36 million different lipid molecular species (i.e. lipids
where structural resolution on the composite fatty acids is available). This already high number gets
diminished when considering isomers (i.e. lipids where structural resolution on the double bond position
of composite fatty acids is available) and oxidatively modified chains (i.e. lipids where the composite
fatty acids are oxidatively modified).
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Figure 1: Representative structures for each lipid class; adapted from [8]



1.2 Lipid Notation

The shorthand notation described by Liebisch et al. [10] is building upon the LIPID MAPSg, terminology.
For lipids where the specific fatty acids are unknown, the notation lipid class abbreviation followed by
number of C-atoms:number of double bonds is used (for example PC(36:6)). If the fatty acids linked
to the glycerol are known but the sn-position is unknown, the separator _ is used between the fatty
acids (for example PC(18:1_18:2)) and if the sn-position is known, the separator / is used (for example
PC(18:1/18:2)) [10]. For the annotation of mass spectra, a nomenclature for lipids and lipid fragments was
proposed by Pauling et al. [11]. Intact precursor ions are annotated based on the general agreement that
uncharged molecules are represented by the symbol M and that charged derivatives corresponding to loss
or gain of an adduct are denoted as [M-adduct]"®'¢¢ or [M+adduct]"®#¢  respectively. In case of lipids,
this convention is often adapted by substituting M with the shorthand notation for the lipid molecules (for
example [PC(34:1)+H] ™). Further, the authors propose a three-step procedure for shorthand notation of
lipid fragment ions [11]. The steps comprise:

1. Detected fragment ion m/z values are first recapitulated using mass-balanced chemical reactions
showing putative structures of both charged and neutral fragments

2. These fragments are then annotated using fragment type-specific annotation rules

3. Prioritizing the nomenclature to use for shorthand notation of detected fragment ion m/z values is
based on fragment type, charge and mass difference between charged fragments and composites of
neutral fragments

1.3 Lipid Analysis

The analysis of lipids has fascinated researches for many decades. Back when analysis was mostly re-
stricted to gas chromatography and thin-layer chromatography, large scale analysis had been very te-
dious |12]. Since then, breakthroughs in mass spectrometry (MS) technologies have led to an increase
in mass accuracy and resolution as well as advances in ionization modalities, allowing contemporary
lipidomics approaches to qualitatively and quantitatively analyze the entire complement of lipids in
biological samples [13], consequently empowering researches to determine structures, functions and inter-
actions of lipids as well as dynamics and changes of the entire lipidome.

Lipidomics approaches should adhere to rigorous protocols: Once obtained, the samples should be snap-
frozen and stored at ultra-low temperatures until use [14]. Sample preparation has a major impact both
on the quality as well as on the sample throughput in lipidomics, whereby different types of sample
matrices may require different types of sample preparation protocols |15]. Traditionally, isolation of
lipids has relied on extraction procedures established by Folch et al. [16] or Bligh and Dyer [17]; however,
the development of protocols using the less toxic methyl-tert-butyl ether (MTBE) are now providing an
alternative [18].

As stated before, mass spectrometry is the workhorse of lipidomics, whereby two different approaches
are widely used: Shotgun MS and MS coupled with chromatography. Hu and Zang [19] give an excel-
lent overview of mass spectrometry-based lipidomics. In case of shotgun MS, no previous separation is
performed and the lipid extract is directly infused into the mass spectrometer for analysis. It is less
time consuming, more convenient and reproducible than other methods. In contrast, chromatographic
coupled methods are necessary for extensive lipidomics analysis of complex biological samples — reducing
matrix effects, separating lipid isomers and enriching low-abundance lipid molecules. Commonly used
chromatographic methods are gas chromatography and ultra-high performance liquid chromatography.
State of the art technologies include high-resolution MS, which provides accurate mass values of lipid
molecules and their product ions, tandem mass spectrometry (MS?), which makes use of precursor ions,
product ions and neutral loss scans, and the soft ionization technique ESI [19)].

1.4 Galactolipids

Galactolipids are a part of the category of glycerolipids (figure , in which the lipid carries one or more
galactoses respectively, attached to diacylglycerol (DG) [20] at the sn-3 position via acetal linkage and
two fatty acyl groups attached to the sn-1 and sn-2 positions [21]. They are the most abundant lipids in
nature with monogalactosyldiacylglycerol (figure and digalactosyldiacylglycerol (DGDG) (figure
constituting about 75% of total membrane lipids in plants [22]. In case of sulfoquinovosyldiacylglycerol
(SQDG) (figure [2d)), the chemical structure is characterized by two nonpolar fatty acyl chains, with



various degrees of unsaturation, bonded to the glycerol backbone’s sn-1 and sn-2 positions, and a polar
head group represented by a sulfoquinovose molecule [23]. SQDGs are relatively abundant sulfolipids
specifically associated with photosynthetic membranes of higher plants, mosses, ferns, algae and most
photosynthetic bacteria [23}24]. The importance of galactolipids in green tissue is highlighted by the
fact that those plants are less dependent on the precious nutrient phosphate than other eukaryotes with
predominantly phospholipid-containing membranes [22]. In addition to galactoses, galactolipids may
comprise estolides, extending the class considerably [25]. As stated by Isbell [26], estolides are natural
and synthetic compounds derived from fats and oils. The estolide structure is identified by the secondary
ester linkage of one fatty acyl molecule to the alkyl backbone of another fatty acid fragment. The estolide
number (EN) is indicating the extent of oligomerization of the molecule. Estolides can be free acids, esters
or found within a triglyceride structure [26]. Examples of estolides of DGDG can be seen in figure
where one additional fatty acyl molecule is attached to DGDG (DGDG-EN1) and in figure [2f| where two
additional fatty acyl molecules are attached to DGDG (DGDG-EN2).
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Figure 2: Structures of important galactolipids; adapted from [25]

1.5 Oxidative Lipidomics

Present-day challenges in lipid research include the newly emerging field of oxidative lipidomics, where
lipids that were modified under oxidative stress - by a process called lipid peroxidation - are investigated.
It has become evident that these modifications of lipids are critical to a number of cellular functions and
disease states [27]. Up to now, analysis remains elusive due the vast scope of potential oxidized lipid
species, low abundances and scarcity of modification-specific studies of MS? fragmentation spectra.

1.5.1 Lipid Peroxidation

Lipid peroxidation is a complex mechanism which can be separated into three distinct phases: initiation,
propagation and termination [28]. Initiation is mediated either by free radicals that cause hydrogen ab-
straction, or by enzymes including lipoxygenases, cyclooxygenases, and various cytochromes |29], whereby
the non-enzymatic (autocatalytic) pathway is potentially more devastating [30]. During the next step,
propagation, the lipids themselves become radicals and mediate new peroxidation reactions and finally,
during termination, stable molecules are formed [28]. Due to the low C-H bonding energy adjacent to
double bonds, unsaturated fatty acids are major targets for modification under oxidative stress [31], and
the rate of oxidation depends on the degree of unsaturation (i.e rate increases with number of double
bonds) [32]. The reaction results in a wide range of oxidized products that depend on the nature of the
oxidant species; nitric oxide radicals for example, form nitrated lipids [31,/33]. Products can be further



divided into long-chain products, which are products that preserve the original chain length, truncated
products, formed by cleavage of fatty acyl chains [34] as well as full chain length products with rear-
rangements like cyclizations [35]. The oxidation of unsaturated fatty acids is accelerated by exposure
to light, as ultraviolet light irradiation can produce free radicals [28]. In biological systems, photooxi-
dation takes an important role in tissues like the retina, where light damage induces the peroxidation
reaction [36]. Lipid peroxidation following the free radical mechanism has been observed for free fatty
acids as well as esterified fatty acids [37,/38]. Prevalent oxidation moieties include oxo-, hydroxy- and
hydroperoxy-modifications, but many others are possible [31] (table .

Table 1: Common oxidation moieties

Prefix Structure
o
0XO- Y )LR
o
keto- o )LR
0
epoxy- e NR
R
furan- Zjo
OH
hydroxy- NN
o 0-0
epidioxy- . /\)\R
o)
carboxy- o P )
OOH
hydroperoxy- NN
R
cyclopentane-
sl oy
Br
bromo- R,)\R
cl
chloro- w )\R
Fi
fluoro- N
|
iodo- NN
. NO,
nitro- N

R - rest of the acyl chain; in case of esterified FA, esterified part
R’- rest of the acyl chain; non-esterified carboxy part

1.5.2 Oxidized Lipids

In plants, elevated levels of oxidized lipids are known to be connected to drought-induced leaf damage [39)],
photooxidative stress [40], metal-induced root damage [41], pathogen stress [42], and seed aging [30]. The
biological role of oxidized (phospho)lipids in mammals depends on the location and nature of changes [34],
but roles in age-related and chronic diseases [43], atherosclerosis [44], and inflammation and immune
response [45] are topics of research and mutagenic, carcinogenic and cytotoxic properties are thought to
be connected to elevated levels of oxidized lipids |46]. In addition, the presence of oxidized (phospho)lipids
in biological membranes induces changes in physical properties such as viscosity, which can have an impact
on the integrity of the membrane [34,47|, causing apoptotic events [34,48|. In foods, oxT'Gs are a major
cause of deterioration in quality and nutritive value [49].

At present, the number of oxidized lipids represented by entries in databases like LIPID MAPSg is
still marginal: Structures of only 47 oxidized phosphatidylcholines (0xPCs), 52 oxidized phosphatidyl-
ethanolamines (oxPEs), 36 oxidized phosphatidylserines (0xPSs), 36 oxidized phosphatidylinositols (ox-



PIs), 36 oxidized phosphatidylglycerols (oxPGs), 36 oxidized phosphatidic acids (oxPAs) and three
oxidized cardiolipins (oxCLs) are currently available. Oxidized galactolipids (oxGLs), triacylglycerols
(0xTGs), diacylglycerols (oxDGs) and other oxidized lipids, are currently not present.

Oxidized Phospholipids Analysis of the oxidation products of phospholipids is a more challenging
task than the analysis of corresponding parent phospholipids due to the complexity of the oxidation
products, the sensitivity of the methods, and instability of some of the oxidation products [50]. In
a study on phosphatidylcholines, lipid species were artificially oxidized in wvitro and analyzed by LC-
MS? analysis, as well as techniques for higher structural resolution [51]. In the study, the formation of
oxidized products resulted from the oxidation reaction of the sn-2 substituent as the sn-1 substituent
was a saturated fatty acid (saturated fatty acids remain unaffected during radical peroxidation reaction
due to the lack of allylic hydrogen atoms) [51]. Controlled oxidation studies with other PC species
have been conducted and came to similar conclusions [52-57], but have the same inherent limitation,
as they use PCs with saturated fatty acids at sn-1 position. Studies on in vitro phospholipid oxidation
have been conducted as well, with biological samples including humans [58] and mice [59], whereby the
oxidized phospholipids (oxPLs) couldn’t be structurally determined in the former study, because of the
low abundance of oxPLs generated by human platelets [58.[59], and about 20 molecular species of oxPLs
have been detected in the study on mice. Further, it has been shown that the high chemical stability of
oxidized short-chain aldehydes of PCs allow additional reactions with amino groups present in peptides,
proteins and PEs leading to even more complex products [34}/60].

Oxidized Triacylglycerols Oxidized triacylglycerols have been found to include hydroperoxides, hy-
droxides, epoxides, epidioxides, hydroperoxy-epidioxides hydroxyl-epidioxides, as well as mono-, bis- and
tris-hydroperoxides (hydroperoxide modifications on one, two and all three chains respectively) and keto-
derivatives [38].

1.5.3 Occurrence

Given that oxidized lipids often activate metabolic pathways, they are usually present in very low quan-
tities |29]. Analysis of low abundance oxidized lipids in the presence of high abundance non-oxidized
structural lipids is a daunting task [29], also, unlike oxidized fatty acids, oxidized lipids are hardly avail-
able commercially [30]. Still, a study on naturally aged wheat seeds found clear trends regarding the
number and abundance of oxidized lipids: Over all lipid species, they found a quite constant relation of
native to oxidized lipids: If there was a large number of TGs, there were also many oxTGs, and, vice
versa, a small number of lysophosphatidylglycerols (LPCs) coincided with a small number of oxLPCs [30].
More complex modifications are less frequent (i.e. 4 additional oxygen molecules) than less complex ones
(i.e. 1 additional oxygen molecule). Note that, while the results stem from naturally occurring in vivo
oxidation, the levels might not represent physiological conditions, as the seeds have been stored (partly
in bad condition) for 15 years. Another limiting factor is that some fatty acid hydroperoxides such as
18:2[00H] are not stable in vivo, but are the substrates of various enzymes like glutathione peroxidase
and phospholipase, and readily metabolized and excreted, meaning, that the amount of fatty acid hy-
droperoxides does not necessarily reflect the extent of lipid peroxidation [61H63]. Nonetheless, oxidative
lipidomics provides a platform for the identification of new (oxidized) lipid mediators and allows the
study of the underlying mechanism in lipid-mediated cellular signaling [29].

1.6 Bioinformatics Tools

One of many remaining challenges concerns the high-throughput annotation of the recorded MS-data.
While there are some high-quality bioinformatics tools available, many of them lack a convincing approach
to annotate a vast variety of lipids, while keeping false positives low and being adaptable to different
MS-platforms.

In light of other tools shortcomings, Lipid Data Analyzer (LDA) was developed, utilizing a novel 3D
algorithm. LDA employs decision rulesets to enable automated and reliable annotation of lipid species
and their molecular structures in high-throughput data from chromatography coupled tandem mass
spectrometry [64]. LDA uses a targeted approach: It first scans the MS! spectra searching only precursor
ions, previously defined in a mass list containing exact masses of the desired lipids. In a second step,
the MS? fragmentation patterns of the precursor ions are analyzed, whereby identification is done by
utilizing so-called decision rulesets. In LDA, identification is performed at different levels, the first being



by precursor mass only. Though, as lipids of completely different structures might have the same mass,
this method may lead to a high number of false positives, because no structural information can be
derived from the MS' identification. Here, the fragmentation patterns of the MS? spectra come into play,
whereby identification of headgroup, headgroup and fatty acyl constituents, and headgroup, fatty acyl
constituents and fatty acyl position may be possible.

In contrast to LDA, LipidMatch (LM), an automated workflow for rule-based lipid identification, is using
an untargeted approach, where the MS raw data is tested against the whole lipid fragmentation library
of the tool, containing the most comprehensive lipid fragmentation libraries of freely available software,
when ranked by the number of lipid types [65]. LipidMatch Flow (LMF) [66] builds upon LipidMatch
and adds automatized file conversation and peak-picking as well as blank filtering to it’s list of features.
All three tools tools allow user-generated rules, for coverage of additional lipids. While LDA provides a
built-in interface to edit the rules, saved as txt files, LipidMatch doesn’t provide an interface, and uses
csv files.

Another tool, LPPtiger, specializes in the analysis of oxidized lipids. It’s an open-source software tool
for identification of oxidized phospholipids (0xPL) from data-dependent LC-MS datasets and combines
three unique algorithms to predict oxidized lipidome, generate oxPL spectra libraries, and identify oxPLs
from tandem MS data using parallel processing and a multi-scoring identification workflow [67]. LPPtiger
relies on sample-specific phospholipid (PL) lipidome with a defined, discrete fatty acid composition [67],
to predict possible oxidized lipids and generate in silico spectra of oxidized lipids.

1.7 Motivation and Aims

The importance of qualitative and quantitative analysis of lipids is highlighted by considering the vast
implications a change in the lipidome can have. However, due to the enormous diversity of lipids, most
data analysis tools cover only a marginal range of lipid classes. In an effort to reduce this shortcoming,
this work extends the lipid species covered by Lipid Data Analyzer to galactolipids and oxidized lipids
by following the specific aims:

1. Analyzing datasets with LipidMatch, LipidMatch Flow and LPPtiger to get an overview of lipid
species in the datasets that are not implemented by Lipid Data Analyzer

2. Generating LDA appropriate mass lists for galacto- and oxidized lipids
Extending LDA decision ruleset to cover galacto- and oxidized lipids
Extending the LDA source code to allow identification of oxidatively modified fatty acyl chains

Analyzing datasets with the extended LDA version

A S

Comparison of LipidMatch-, LipidMatch Flow-, LPPtiger- and LDA results for galacto- and oxidized
lipids



2 Methods

2.1 Tools

MSConvertGui 3.0.1899.0 (part of the ProteoWizard package [68]) was used for conversion of raw data to
ms2, mzXML and mzML files. MZmine 2.23 [69] was used for generating a peak-area-list according to the
LipidMatch 2.0.2 [65] manual, with the help of the MZmine batch file included in the LipidMatch directory.
The files were then analyzed using the LipidMatch R script [70]. LipidMatch Flow [66}/71] 0.0.2 was used
to analyze the raw files utilizing its automated workflow, with an additional built-in blank filtering step.
The mass list for Lipid Data Analyzer 2.6.3_3 [64] was generated using R 3.3.3 |72] in RStudio 1.1.383 [73]
with the packages XLConnect [74], janitor [75], plyr [76], pracma [77] and data.table [78]. LipidPioneer
1.0 [79] was used to partly verify the correct masses. SeeMS 3.0.18264.0 (part of the ProteoWizard
package [68]) was used to verify LipidMatch identifications. DRAWBOARDpdf 5.8.210.0 [80] was used
to manually annotate spectra when needed. Eclipse IDE 4.11.0 was used to edit the LDA’s Java source
code. LPPtiger (hotfix2019-version) [67] was used to benchmark LDA’s results of oxidized datasets.

2.2 Datasets

Dataset 1: Mouse Liver As the first dataset, a total of 28 files from three biological samples in-
cluding files 020_liver2-1_Orbitrap_HCD_pos to 036_liver2-3-Orbitrap_HCD_pos (positive ion mode) and
020_liver2-1_Orbitrap_HCD_neg to 036 liver2-3_Orbitrap_-HCD_neg (negative ion mode) were taken from
a biological study on mouse liver [64] with the MetaboLights identifier MTBLS396 [81]. Here, chromato-
graphic separation of lipids was performed on a Waters BEH C8 column (Waters Corporation, Milford,
MA, USA), thermostated to 50 °C in a Dionex Ultimate XRS UHPLC system, and the used mass spec-
trometer was an Orbitrap Velos operated in HCD mode. The positive data has about 5500 and the
negative data about 5900 scans per file.

Dataset 2: Ryegrass Leaves Files 20130726_NP+ve_003.raw to 20130726_NP+ve_016.raw were
taken from a large-scale metabolomics study on ryegrass [82], with the MetaboLights identifier MT-
BLS66 for positive mode [83|. The MetaboLights identifier for the negative mode data is MTBLS68, here
files 20130729_NP-ve_003.raw to 20130729_NP-ve_003.raw were taken for the analysis [84]. In total 28
files from 13 biological samples were analyzed. The positive ion mode data has about 7200 MS scans
per file and the negative ion data about 7700 scans per file. The data was recorded with a Thermo
LC-MS system (Thermo Fisher Scientific, Waltham, MA, USA) consisting of an Accela 1250 quaternary
UHPLC pump, a PAL auto-sampler fitted with a 15,000 psi injection valve (CTC Analytics AG., Zwin-
gen, Switzerland) a 20 nul injection loop, and a Q-Exactive Orbitrap mass spectrometer with electrospray
ionization.

Dataset 3: Oxidized PC Standard A single file originating from one sample (waters raw; negative
ion mode) was taken from a study on oxidized PC standards [67], which was kindly provided by Maria
Fedorova and Zhixu Ni. The investigated sample contained oxidized products of PC(16:0_18:1) and
PC(16:0.18:2) that were manually verified. Here, an acquity UPLC M-class (Waters Corporation, Milford,
MA, USA) was coupled online to a Synapt G2-Si mass spectrometer equipped with an ESI source (Waters
Corporation, Milford, MA, USA). The data includes 3234 scans.

Dataset 4: Oxidized Wheat Seeds The raw data (81 files in mzXML format originating from 10
biological samples; positive ion mode) was taken from a study on oxidized wheat seeds [30] already
mentioned in section [[.5.2] and kindly provided by David Riewe. Analytes were separated by a 1290
UHPLC device (Agilent Technologies, Santa Clara, CA, USA) using a C8 reverse-phase column and mass
spectral analysis was conducted using a Bruker Maxis HD device upgraded with a Maxis II detector
(Bruker Corporation, Billerica, MA, USA). The scans per file range from about 1500 to 2000.



2.3 Analysis Settings

Dataset 1: Mouse Liver To analyze dataset 1, LDA was run with the settings Orbi-
trab_velos_pro_HCD, Fragmentation Selection 1: +25, and Fragmentation Selection 2: -50, while Lipid-
Match was operated with its standard settings. The LDA mass list in positive ion mode included the
classes TG, DG, PC, PE, PS, PI, LPC, LPE, LPS, SM, Cer, P-PC, P-PE, PG, MGMG, MGDG, DGMG,
DGDG, DGDG-EN1, DGDG-EN2, TriGDG, TetraGDG, SQMG and SQDG. The LDA mass list in nega-
tive ion mode included the classes PC, LPC, PE, LPE, PS, LPS, PI, PG, SM, Cer, P-PC, P-PE, MGMG,
MGDG, DGMG, DGDG, DGDG-EN1, DGDG-EN2, TriGDG, TetraGDG, SQMG and SQDG. All men-
tioned classes were covered from (10:0) to (24:6) per fatty acyl chain. An exemplary mass list for MGDG
can be seen in supplementary tables [SOS14] for positive ion mode and supplementary tables [SI5HS20] for
negative ion mode.

Dataset 2: Ryegrass Leaves For dataset 2, the settings Orbitrab_exactive, Fragmentation Selection
1: 25 and Fragmentation Selection 2: -30 were used for LDA analysis. LipidMatch was operated with
its standard settings. The LDA mass list for dataset 2 was the same as the one used for dataset 1.

Dataset 3: Oxidized PC Standard For LDA analysis the setting Orbitrab_velos_pro_HCD, nolnten-
sity with ms2PrecursorTolerance set to 0.1 proved to be the most reliable option, but is by no means
optimized for this dataset. A LDA mass list was generated for oxidation products between PC(34:0)
and PC(34:2) with up to three additional OH-modifications and up to two additional O-modifications
(supplementary table . For generating the in-silico oxidation in LPPtiger, all settings were used at
their maximum option (i.e. Owidation-level: 3, Max modification sites: 8, with OAP, OCP, Lyso OAP
and Lyso OCP as well as Prostanes boxes checked). For the identification itself, all standard settings
were kept as they were, except for Overall score filter which was set to >70%. In Lipid Match, Retention
Time Window was set to 0.6, ppm window to 200, Mass accuracy window to 0.2 and MS/MS Isolation
Window to 2.

Dataset 4: Oxidized Wheat Seeds The setting Orbitrab_velos_pro_HCD, nolntensity proved to be
the most reliable option for LDA analysis, with ms2PrecursorTolerance set to the standard value of 0.01.
The LDA mass list was created from the identifications reported in the paper by Riewe et al. |30], thus
included 173 TG species, 87 DG species, seven MG species, seven PC species, ten PE species, seven PG
species, five PI species, 17 LPC species, seven LPE species, two LPG species, 29 DGDG species and 13
MGDG species. The full mass list can be seen in supplementary tables

2.4 Hardware Environment

All tasks including programming and analysis were conducted using the latest version of Microsoft Win-
dows 10 running on a Microsoft Surface Pro 8 device with a two core (1.7 GHz) Intel Core i7-4658U
CPU, 8GB of LPDDR3 RAM (1600 MHz) and an integrated Intel HD 5000 graphics card.



3 Results

As a starting point, dataset 1 was analyzed using an untargeted approach with the help of the LipidMatch
tool [65]. The workflow consists of converting the raw data files to ms2 and mzXML files with the help of
MSConvertGui, extracting a peak-area-list out of the mzXML files utilizing MZmine and a batch file con-
tained in the LipidMatch directory, and eventually processing of the peak-area-list and the ms2 files using
the LipidMatch R script. In the next step, interesting lipid subclasses included in the LipidMatch results
— but currently not covered by Lipid Data Analyzer — were chosen for further investigation. Subclasses
oxTG and DGDG were chosen for further work. For these classes, an R script was written, creating a
theoretical mass list of the precursor ions in LDA appropriate form. Sum formulas of headgroups were
deduced from structure drawings (see fig [2)) and partly verified with the LipidPioneer tool [79], whereby
the accurate masses for the atoms constituting the lipids were taken from an appropriate paper on atomic
weights [85]. In the course of the work, the subclasses MGDG, TriGDG, TetraGDG and SQDG as well
as MGMG, DGMG, SQMG and DGDG-EN1, DGDG-EN2, were also implemented. Extensive literature
research was conducted, to understand the MS? fragmentation patterns, which were consequently used
to formulate the rules. In the next step the dataset was analyzed using LDA with the new mass list and
extended ruleset. As no MS? patterns matched those for galactolipids, a second dataset was found by
searching the MetaboLights [86] repository, and was subsequently analyzed.

For the next phase, oxidative lipidomics was chosen as the topic of interest. Literature research led to an
understanding of the oxidation mechanism and the nature of the most widespread oxidation modifications,
and a concept for LDA analysis was developed. Ultimately, new mass lists were implemented both for
target lipids and their constituent fatty acyls and LDA source code was modified. To prove the validity
of the implementation, two new datasets were organized from research groups working on oxidized lipids
and a benchmark test with LPPtiger was conducted.

To standardize results for this report, a script was written to remove all non-MS? matches from LDA
results, another script was written that cleans the LipidMatch results to only show unique lipid species
confirmed by MS? (on fatty acyl level) and yet another script was written to summarize LDA results,
of all analyzed files, and clean them to only show unique lipid species confirmed by MS? (on fatty acyl
level). All of the scripts were implemented using R.

3.1 LipidMatch Results
3.1.1 Dataset 1 - Mouse Liver

LipidMatch identified a total of 186 different lipid species in dataset 1. The most frequently reported
class was TG with a total of 45 distinct annotations (see table[2)), where the [M+NH,]* adduct was more
often reported (45 times) than the [M+Na]t adduct (17 times). All mentioned species were identified by
precursor ion mass and confirmed by MS? fragmentation patterns including fatty acyl chain information
(fatty acyl level). The 115 identifications in positive ion mode, include the subclasses DG, LPC, LPE,
PC, PE, PEtOH, P-PC, SM and TG as well as Coenzyme Q9 (supplementary table . In negative
ion mode, LipidMatch identified 71 lipid species including Cer-NS, CL, LPC, LPE, oxPG, PC, PE, PI,
Plasmenyl-PE and PS (supplementary table . LipidMatch Flow analysis of the same dataset reported
a significantly lower number of lipids than LipidMatch: 85 in positive ion mode and 37 in negative ion
mode.



Table 2: Identified lipid classes by LipidMatch in dataset 1; LipidMatch Flow identifications inside round brackets

Lipid Class [ Adduct [ Unique Species per Adduct [ Unique Species
Cer-NS [M+HCO,] 1(0) 1(0)
CL [M-2H] 2 (0) 2 (0)
Co(Q9) [M+NH,] T 1 (0) 1 (0)
DG [M+NHg4] ™" 4 (3) 4 (3)
M+H]T 5 (4)
LPC [M+HCO,] 5 (4) 70)
M+H]T 1(1)
LPE NMH] 42) 4 (3)
oxPG [M-H] 1 (0) 1 (0)
[M+H]T 33 (21)
PC [M+4Na] ™ 11 (8) 35 (31)
[M+HCO,] 26 (16)
M+H]T 16 (12)
PE [M+Na] 1(1) 19 (17)
[M-H] 19 (9)
PEtOH [M+NH,] T 1 (0) 1 (0)
PI [M-H] 7 (3) 7 (3)
Plasmanyl-PC [M+H]" 2 (2) 2 (2)
Plasmenyl-PE [M-HJ 4(2) 4 (2)
M+H]T 0 (1)
PS M-H] 2 (1) 2(2)
SM [M+H]T 5 (1) 5 (1)
[M+Na] ™ 17 (32)
TG [1\4+N1—61l4]+ 45 (12) 45 (34)

3.1.2 Dataset 2 - Ryegrass Leaves

A total of 175 lipids were reported in dataset 2 by LipidMatch. LipidMatch Flow reported significantly
less lipids in both positive and negative ion mode (31 and 66 vs. 76 and 100, respectively), whereby some
species like AcCar were reported by LipidMatch but not LipidMatch Flow (table . The LipidMatch
identifications in positive ion mode included the subclasses AcCar, DG, DGDG, LPC, LPE, MG, MGDG,
oxLPC, oxTG, PA, PC, PE, PEtOH, PG, PS, So and TG (supplementary table . The analysis in
negative ion mode led to 101 identifications including the subclasses AcylGlcADG, Cer-AP, CL, DGDG,
FAHFA, HexCer-AP, LPA, LPC, LPE, MGDG, oxCL, oxPC, oxPE, oxPG, PA, PC, PE, PG, PI, PS and
SQDG (supplementary table [SG).
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Table 3: Identified lipid classes by LipidMatch in dataset 2; LipidMatch Flow identifications inside round brackets

Lipid Class ‘ Adduct ‘ Unique Species per Adduct ‘ Unique Species

AcCar M-+H]T 2 (0) 2 (0)

AcylGlcADG [M-H] 1(2) 1(2)

Cer-AP [M+HCO,] 5 (3) 5 (3)

CL [M-2H] 2 (1) 2 (1)

Co(Q9) MA4-NH,] T 1 (0) 1 (0)

DG M+4-NH,] " 7 (6) 7 (6)
[M+NH,4] " 2 (1)

DGDG M4 HCO,] 8 (5) 8 (5)

FAHFA [M-HJ 5 (1) 5 (1)

HexCer-AP | [M+HCO,] 4 (3) 4 (3)

LPA [M-HJ 3(2) 3(2)
[M+H]* 3 (3)

LPC IM+HCO,] 2 (2) 3(3)
[M+H] ™ 4 (3)

LPE ML) 3 (3) 4 (3)

MG [M+NH,] " 1(1) 1(1)
[M-+Na] " 4 (4)

MGDG [M-+NH4]* 2 (1) 7 (6)
[M+HCO,] 4 (3)

oxCL [M-2H]" 1 (0) 1 (0)
[M+H]™ 2 (0)

oxLPC [M4Na] * 1 (1) 2 (1)

oxPC [M+HCO,] 4 (1) 4 (1)

oxPE [M-H] 3 (3) 3(3)

oxPG [M-HJ 1 (1) 1 (1)

oxTG [M-+NH4] T 4 (2) 4 (2)
[M-+H] ™ 7 (0)

PA LH 119) 11 (9)
[M-+H] ™ 2 (0)

PC [M+HCO,]" 9 (5) 9 (5)
[M-+Na]* 1(1)
[M+H]™ 8 (1)

PE [M+Na]* 2 (1) 12 (8)
[M-H] 10 (8)

PEtOH [M-H| T 1(0) 1(0)
[M+H]™ 4 (2)

PG [M+NH,] " 3 (1) 14 (9)
[M-H] 13 (8)

PI [M-HJ 4 (2) 4 (2)
[M+H]™ 2 (0)

PS L 3 (1) 4 (1)

So [M+H]™ 2 (1) 2 (1)

SQDG [M-H] 4 (4) 4 (4)
M-+Na] ™ 15 (3)

TG [1[\/[+NH1]+ 15 El) 17.(3)
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3.1.3 Dataset 3 - Oxidized PC Standard

LipidMatch was able to identify three oxidized lipid species in dataset 3 (table 7 though it doesn’t
officially support Waters MS-systems. Here, one of the three identifications seems to be a false positive,
as the m/z value doesn’t match the molecule’s weight properly. As no blank files were present, the dataset
couldn’t be analyzed using LipidMatch Flow.

Table 4: Lipid molecular species identified in dataset 3 by LipidMatch; putative false positives are marked in
gray; species names adapted to LDA shorthand notation

Lipid Species Adduct Lipid Molecular Species
oxPC(34:2[OH]) oxPC(16:0-18:2[OH])
oxPC(34:1[OH]) [M+HCO2]" 0xPC(16:0-18:1[OH])
oxPC(34:2[30]) oxPC(16:0-18:2[30])

3.1.4 Dataset 4 - Oxidized Wheat Seeds

As LipidMatch only lists support for Thermo and Agilent MS-systems, it exited preemptively without
returning results, trying to analyze dataset 4 which was recorded using a Bruker instrument. LipidMatch
Flow couldn’t handle the dataset either, as no blank files were present.

3.2 LPPtiger Results

LPPtiger was used to benchmark LDA’s results of oxidized lipids and was consequently not used on
datasets 1 and 2, and instead only on datasets 3 and 4.

3.2.1 Dataset 3 - Oxidized PC Standard

With the preexisting knowledge of the sample containing PC(16:0/18:1) and PC(16:0/18:2), the sample
was analyzed using LPPtiger. The tool reported eight lipids in dataset 3 (table , with seven of the
identified lipids carrying oxidative modifications.

Table 5: Lipid molecular species identified in dataset 3 by LPPtiger; species names adapted to LDA shorthand
notation

Lipid Species Adduct Lipid Molecular Species
o0xPC(34:0[0]) oxP(C(16:0/18:0[0])
oxPC(34:0[0,0H]) oxPC(16:0/18:0[0,0H])
o0xPC(34:0[20H]) oxP(C(16:0/18:0[20H])
oxPC(34:1) _ oxPC(16:0/18:1)
oxPC(34:10)) IMFHCO:I" pe16:0/18:1]0])
oxPC(34:1[20]) oxPC(16:0/18:1[20))
0xPC(34:1[OH,00H]) oxP(C(16:0/18:1[OH,00H])
oxPC(34:2[0,00H]) oxPC(16:0/18:2]0,00H])

3.2.2 Dataset 4 - Oxidized Wheat Seeds

Dataset 4 couldn’t be analyzed by LPPtiger as it only works for data recorded in negative ion mode.

3.3 Generation of LDA Mass Lists

LDA uses Excel spreadsheets to define masses of molecules to be searched for in the MS! spectrum. A
valid mass list contains columns for name, double bonds and chemical formula as well as columns for each
possible adduct of the lipid subclass; each subclass is defined in a separate worksheet. In an optional
column, a retention time can be defined for the molecule. LDA uses separate mass lists for positive- and
negative ion mode respectively. Examples of mass lists can be found in section [5.2] In this project, an
R script was written, that creates an appropriate mass list for the new lipid subclasses. The masses for
atoms constituting the lipids were taken from an appropriate paper on atomic weights [85]. For lipid
species with a single chain, a minimum chain length of 6 carbon atoms was assumed. It was further
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assumed, that chains comprised of up to nine carbon atoms can have no double bonds (9:0), chains
comprised of ten or eleven carbon atoms can have one double bond (11:1), chains comprised of 12 to 15
carbon atoms can have up to 4 double bonds (15:4) and chains between 16 and 28 carbon atoms can
have up to 6 double bonds (28:6). For lipid species with two chains it was assumed that the two chains
together must be comprised of at least twenty carbon atoms (20:0). It was further assumed that following
species exist:

I (20:x) to (29:x) withx =1-4

) to (29:x)

IT (30:x) to (37:x) withx =1-8
IIT (38:x) to (39:x) with x =1 - 10
IV (40:x) to (48:x) with x =1 - 12

For lipid species with three chains it was assumed that the three chains together must be comprised of
at least twenty-eight carbon atoms (28:0). It was further assumed that following species exist:

I (28:x) to (29:x) withx =1-2

II (30:x) to (39:x) withx=1-4

IIT (40:x) to (47:x) withx=1-6

IV (48:x) to (49:x) withx =1-8

VI (54:x) to (57:x) withx =1 - 12

VII (58:x) to (59:x) with x =1- 14

VIII (60:x) to (63:x) withx =1 - 16

(28:x) )
(30:x) to (39:x)
(40:x) to (47:x)
(48:x) to (49:x)
V (50:x) to (53:x) with x = 1- 10
(54:x) to (57:x)
(58:x) to (59:x)
(60:x) to (63:x)
( )

IX (63:x) to (70:x) with x =1 - 18

Aforementioned assumptions were made as the same patterns are given in the mass list provided by the
developers of LDA, which was attached to dataset 1. The masses were than calculated by adding the
molecular weight of the respective headgroup atoms to the ones of the acyl chains, looping over each
possible fatty acyl chain and double bond combination.

3.3.1 Galactolipids

Table [6] shows the structural composition of the implemented galactolipids and their possible adducts.
For TriGDG and TetraGDG only ammonium adducts were reported in literature, but out of curiosity,
also masses for sodium, formate and acetate adducts were calculated. It was further assumed, that the
estolide- and MG-species can form the same adducts as their DG counterparts.
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Table 6: Galactolipids - structure and adducts

i

Lipid Class  Fatty Aclys Galactose Rings C-atoms O-atoms S-atoms H-atoms Adducts
[M+NH4]*, [M+Na]*, [M+Li]™ [9/25/87|88]
MGDG 2 1 chain-atoms + 9 10 0 C-atoms*2 - double-bonds*2 - 4 ; ]
[M-H]", [M4+CH3CO2]",[M+HCO2]" [89]
M+NH,4] ' [25], [M+Na]t, [M+Li]", [M+K]*" [87]
DGDG 2 2 chain-atoms + 15 15 0 C-atoms™*2 - double-bonds*2 - 6 [ " B I I 1" 1#7]
[M-H],[M+CH3CO2]",[M+HCO3]|" [89]
) [M+-NH4]*t [25], [M+Na]™
TriGDG 2 3 chain-atoms + 20 21 0 C-atoms*2 - double-bonds*2 - 8 ]
[N[—H]_7 [M+CH3002]_,[M+HCOQ]_
[M-+NH4] " [25], [M+Na]*
TetraGDG 2 4 chain-atoms + 27 25 0 C-atoms™*2 - double-bonds*2 - 10 ]
[M-H]", [M+CH3CO2]",[M+HCO2]
[M-H+Naz]* [90]
SQDG 2 1 chain-atoms + 9 12 1 C-atoms*2 - double-bonds*2 - 4 ]
[M-H] [23
[M4+NH4]*, [M+Na]*t, [M+Li]"
DGDG-EN1 3 2 chain-atoms + 15 15 0 C-atoms*2 - double-bonds*2 - 8
[M-H]", [M+CHsCO2]",[M+HCO2]
[M+NH,4]*, [M+Na]*, [M+Li]"
DGDG-EN2 4 2 chain-atoms + 15 15 0 C-atoms*2 - double-bonds*2 - 10
[M-H]", [M4+CH3CO2]",[M+HCO2]
[M+NH4] T, [M+Na]*, [M+Li]*
MGMG 1 1 chain-atoms + 9 9 0 C-atoms*2 - double-bonds*2 - 2
[M-H]E, [M+CH3002]>,[M+HCO2]_
[M+NH4]*, [M+Na]*t, [M+Li]*"
DGMG 1 2 chain-atoms + 15 14 0 C-atoms*2 - double-bonds*2 - 4
[M-H]", [M+CHsCO2]",[M+HCO2]
[M-H+Nao]*
SQMG 1 1 chain-atoms + 9 11 1 C-atoms*2 - double-bonds*2 - 2
[




3.3.2 Oxidized Lipids

New masses and chemical formulas for lipids with additional oxidative modifications are calculated on
the fly during analysis according to table 7]

Table 7: Oxidation moieties: Mass formulas

Modification Fatty Acyl (FA) Mass Formula
oxo-, keto-, epoxy-,furan- FA + O - Ho

hydroxy- FA + O

hydroperoxy- FA 4+ O2

bromo- FA + Br-H

chloro- FA + Cl-H

fluoro- FA + Fl-H

iodo- FA+1-H

nitro- FA + NO; - H

3.4 Extending LDA Rulesets

LDA uses simple text files for the formulation of the fragmentation rules. Each possible adduct defined in
the mass list needs its own rule file, in order to make a MS? identification possible. The file is structured
into four parts - GENERAL, HEAD, CHAINS and POSITION. The section GENERAL lists the amount
of chains and other properties used for the whole of the molecule. The sections HEAD and CHAINS are
further structured into a /JFRAGMENTS and a /INTENSITIES part. The /[FRAGMENTS part lists the
fragment ions used for the identification of the headgroup and of the fatty acyl chains respectively. The
IINTENSITIES part can be used to describe intensity relationships between different fragments. Each
fragment and intensity equation can be set as mandatory (or not), in order for an identification to be
made. Additionally, the option other is available for fragments, where fragments that are not supposed to
occur in the desired class can be defined, thus this option can be used to keep false positive identifications
lower. The last section POSITION can be used to define intensity relationships between chain fragments
in order to identify which chain belongs to which sn-position.

3.4.1 MGDG

Ammoniated Adduct Han [9] states, that in case of the ammoniated form of MGDG a complex
fragmentation pattern evolves, with ions of [M+NH4-NH3]" (denoted as NL_NHj) corresponding to
the loss of ammonia, [M+NH4-NH3-H2O]" (denoted as NL_NH3_H,0) denoting the sequential loss of
ammonia and water, as well as [M+NH,-NH;3-Hex|" (denoted as NL_NHg Hex) through the loss of
ammonia and the hexose ring, and [M+NH,-NH3-HyO-Hex]t (denoted as NL_NH3;_HpO_Hex) through
the loss of ammonia, water and the hexose ring. Further, two ions of [M+NH4-NH;-Hex-RyCOOH]™
(x=1,2) (denoted as NL_Carboxy_NHs_Hex) corresponding to the loss of ammonia, the hexose ring and
the respective fatty acid, are to be expected [9]. In the rule listed below, for the identification of the head
group only NL_NHg_H,O_Hex is mandatory, as the other fragments are low abundant. For identification
of the chains, NL_Carbory NHs;_Hex was used. The intensity equation is used to dismiss false positives,
when a very high abundant PC-head fragment is present.

MGDG_NH4.frag

[GENERAL]

Amount0fChains=2
ChainLibrary=fattyAcidChains.xlsx
CAtomsFromName=\D#*\d+:\d+
DoubleBondsFromName=\D*\d+:\d+

[HEAD]

!FRAGMENTS

Name=Precursor Formula=$PRECURSOR Charge=1 MSLevel=2 mandatory=false
Name=NL_NH3 Formula=$PRECURSOR-NH3 Charge=1 MSLevel=2 mandatory=false
Name=NL_NH3_H20 Formula=$PRECURSOR-NOH5 Charge=1 MSLevel=2 mandatory=false
Name=NL_NH3_Hex Formula=$PRECURSOR-C6H1305N Charge=1 MSLevel=2 mandatory=false
Name=NL_NH3_H20_Hex Formula=$PRECURSOR-C6H1506N Charge=1 MSLevel=2 mandatory=true

Name=PChead_184_wrong Formula=C5H15N04P Charge=1 MSLevel=2 mandatory=other
' INTENSITIES

Equation=PChead_184_wrong<0.5*$BASEPEAK mandatory=true

[CHAINS]
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'FRAGMENTS

Name=NL_Carboxy_NH3_Hex Formula=$PRECURSOR-$CHAIN-C6H1305N Charge=1 MSLevel=2 mandatory=true
Name=Carboxy_H20_0H Formula=$CHAIN-H302 Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_OH Formula=$CHAIN-OH Charge=1 MSLevel=2 mandatory=false
Name=Carboxy Formula=$CHAIN Charge=1 MSLevel=2 mandatory=false

Lithiated Adduct The lithiated form of MGDG yields comparatively simple fragmentation patterns,
consisting of low abundant ions corresponding to lithiated hexose (denoted as HexzLi) and two ions of
[M+Li-RxCOOH]* (x=1,2) (denoted as NL_Carbozy) through the loss of the respective fatty acids [9].
Consequently, the lithiated hexose ion was used for head group identification and the fatty acid loss for the
identification of the chains. The following code represents the rules for the identification of  MGDG+Li| T,
where the most important ones are colored in green.

MGDG_Li.frag

[GENERAL]

Amount0fChains=2
ChainLibrary=fattyAcidChains.xlsx
CAtomsFromName=\Dx\d+:\d+
DoubleBondsFromName=\D*\d+: \d+

[HEAD]

!FRAGMENTS

Name=Precursor Formula=$PRECURSOR Charge=1 MSLevel=2 mandatory=false
Name=HexLi Formula=C6H1005Li Charge=1 MSLevel=2 mandatory=true
[CHAINS]

'FRAGMENTS

Name=NL_Carboxy Formula=$PRECURSOR-$CHAIN  Charge=1 MSLevel=2 mandatory=true
Name=Carboxy_H20_0H Formula=$CHAIN-H302 Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_OH Formula=$CHAIN-OH Charge=1 MSLevel=2 mandatory=false

Sodiated Adduct The fragmentation patterns are analogous to the lithiated adduct where Li gets
substituted by Na [9]. It follows that the sodiated hexose ion (denoted as HexNa) was used for head
group identification. Additionally, experiments regarding regioisomerism of the sodiated form came to
the conclusion that the preferred fragmentation process is the loss of the acyl side chain from the sn-1
position compared to the one of the sn-2 position [91], with an intensity ratio of [M+Na-R;COOH]"
to [M+Na-RoCOOH]™ ranging between 1.9 and 3.2 [92]. The following code shows the additionally
formulated intensity rule for positional identification in green text.

MGDG_Na.frag

[GENERAL]

Amount0fChains=2
ChainLibrary=fattyAcidChains.xlsx
CAtomsFromName=\D*\d+: \d+
DoubleBondsFromName=\Dx*\d+:\d+
ChainCutoff=1%
RetentionTimeParallelSeries=true

[HEAD]

'FRAGMENTS

Name=Precursor Formula=$PRECURSOR Charge=1 MSLevel=2 mandatory=false
Name=HexNa Formula=C6H1005Na Charge=1 MSLevel=2 mandatory=true

[CHAINS]

'FRAGMENTS

Name=NL_Carboxy Formula=$PRECURSOR-$CHAIN  Charge=1 MSLevel=2 mandatory=true

Name=Carboxy_H20_0H Formula=$CHAIN-H302 Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_0H Formula=$CHAIN-OH Charge=1 MSLevel=2 mandatory=false
[POSITION]

!INTENSITIES

Equation=NL_Carboxy[1]>NL_Carboxy[2]*1.9 mandatory=false

Deprotonated Adduct The deprotonated adduct [M-H] forms prominent peaks at the masses
235.0818 (C9H1507) and 253.0923 (CoH170s) 93], corresponding to [Glycerol+Hex+H,O]" (denoted
as GlycerolHezH,0) and [Glycerol+Hex+H,05]" (denoted as GlycerolHexH,Oy) respectively. The frag-
ments [Glycerol+Hexo+H20]™ (denoted as GlycerolHexsHzO) and [Glycerol+Hexa+H405]" (denoted as
GlycerolHexgH; O2) were introduced as fragments of DGDG and used for filtering false positives via the
intensity rules.
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MGDG_-H.frag

[GENERAL]

Amount0fChains=2
ChainLibrary=fattyAcidChains.xlsx
CAtomsFromName=\D#*\d+:\d+
DoubleBondsFromName=\D*\d+: \d+
ChainCutoff=1%

[HEAD]

!FRAGMENTS

Name=Precursor Formula=$PRECURSOR Charge=1 MSLevel=2 mandatory=false
Name=GlycerolHexH20 Formula=C9H1507 Charge=1 MSLevel=2 mandatory=true
Name=GlycerolHexH402 Formula=C9H1708 Charge=1 MSLevel=2 mandatory=true
Name=GlycerolHex2H20 Formula=C15H25012 Charge=1 MSLevel=2 mandatory=other
Name=GlycerolHex2H402  Formula=C15H27013 Charge=1 MSLevel=2 mandatory=other
' INTENSITIES

Equation=GlycerolHex2H20*1.5<GlycerolHexH20 mandatory=true

Equation=GlycerolHex2H402%1.5<GlycerolHexH402 mandatory=true

[CHAINS]

!'FRAGMENTS

Name=NL_Carboxy Formula=$PRECURSOR-$CHAIN  Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_H20_0H Formula=$CHAIN-H302 Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_OH Formula=$CHAIN-OH Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_H Formula=$CHAIN-H Charge=1 MSLevel=2 mandatory=true

Formate and Acetate Adducts For formate [M+HCO3]" and acetate [M+CH3CO2]™ adducts the
same fragmentation rules as for the deprotonated adduct were assumed.

3.4.2 DGDG

Ammoniated Adduct The fragmentation patterns of the ammoniated adduct of DGDGs were re-
ported as having two low abundant ions of [M+NH4-NHj3-Hex|" (denoted as NL_NHg_Hex) and [M+NH,-
NH3-Hex-H2O] " (denoted as NL_NH3_HpO_Hex), as well as two fragment ions of [M+NH,-NH;-Hexo] ™t
(denoted as NL_NHj_Hezs) and [M+NH,-NH;-Hexo-H5O| " (denoted as NL_NH3_HyO_Hexy), and ions
corresponding to [Glycerol+ RxCOOH-H,O]* (x=1,2) (denoted as CarbozyGlycerol_H0) [925]. In light
of this, NL_NHs_H»,O_Hex, was set as being mandatory for head group identification and CarboxyG-
lyerol_H, O was used for identification of the fatty acyl chains, as can be seen in the following code.

DGDG_NH4.frag

[GENERAL]

Amount0fChains=2
ChainLibrary=fattyAcidChains.xlsx
CAtomsFromName=\D*\d+: \d+
DoubleBondsFromName=\D*\d+: \d+

[HEAD]

'FRAGMENTS

Name=Precursor Formula=$PRECURSOR Charge=1 MSLevel=2 mandatory=false
Name=NL_NH3_Hex Formula=$PRECURSOR-C6H1305N Charge=1 MSLevel=2 mandatory=false
Name=NL_NH3_H20_Hex Formula=$PRECURSOR-C6H1506N Charge=1 MSLevel=2 mandatory=false
Name=NL_NH3_Hex2 Formula=$PRECURSOR-C12H23010N  Charge=1 MSLevel=2 mandatory=false
Name=NL_NH3_H20_Hex2 Formula=$PRECURSOR-C12H25011N Charge=1 MSLevel=2 mandatory=true
[CHAINS]

!FRAGMENTS

Name=CarboxyGlycerol H20 Formula=$CHAIN+C3H50 Charge=1 MSLevel=2 mandatory=true
Name=Carboxy_H20_0H Formula=$CHAIN-H302 Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_0H Formula=$CHAIN-OH Charge=1 MSLevel=2 mandatory=false

Lithiated Adduct For the lithiated adduct of DGDG, fragment ions of [M+Li-Hexo]™ (denoted
as NL_Hezxs) corresponding to the neutral loss of the di-hexose moiety, one or two ions of [M+Li-
RxCOOH]| " (x=1,2) (denoted as NL_Carboxy) corresponding to the loss of the respective fatty acid and
one or two ions of [M+Li-Hex-RyCOOH]|* (x=1,2) (denoted as NL_Carbozy-Hez) corresponding to the
sequential loss of hexose and respective fatty acid as well as a cluster of lithiated hexose derivatives —
[Li+Hex]" (denoted as HezLi), [Li+Hexs]t (denoted as HezsLi) and [Li+Hexs+Glyceride]t — have been
observed @ﬂ Consequently, the fragments HexoLi and NL_Hez have been chosen for identification of the
headgroup, as seen in the following code. The fragments NL_Carbory and NL_Carboxy_Hex have been
chosen for the identification of fatty acyl chains. (For the Na adduct, these rules have been the most
robust, while testing — and the DGDG adducts of Na yield the same fragmentation patterns as the Li
adducts).
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[GENERAL]
Amount0fChains=2

ChainLibrary=fattyAcidChains.xlsx

CAtomsFromName=\D#*\d+:\d+

DoubleBondsFromName=\D*\d+: \d+

DGDG_Li.frag

[HEAD]

'FRAGMENTS

Name=Precursor Formula=$PRECURSOR Charge=1 MSLevel=2 mandatory=false
Name=HexLi Formula=C6H1005Li Charge=1 MSLevel=2 mandatory=false
Name=Hex2Li Formula=C12H20010Li Charge=1 MSLevel=2 mandatory=true
Name=NL_Hex Formula=$PRECURSOR-C6H1005 Charge=1 MSLevel=2 mandatory=true
Name=NL_Hex2 Formula=$PRECURSOR-C12H20010 Charge=1 MSLevel=2 mandatory=false
[CHAINS]

'FRAGMENTS

Name=NL_Carboxy Formula=$PRECURSOR-$CHAIN Charge=1 MSLevel=2 mandatory=true
Name=NL_Carboxy_Hex Formula=$PRECURSOR-$CHAIN-C6H1005 Charge=1 MSLevel=2 mandatory=true
Name=Carboxy_H20_0H Formula=$CHAIN-H302 Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_OH Formula=$CHAIN-OH Charge=1 MSLevel=2 mandatory=false

Sodiated Adduct The sodiated adduct leads to the same fragmentation patterns as the lithiated
adduct, where Li is substituted by Na. Additionally, studies concerning the sn-position of the acyl chains
came to the conclusion that the loss of the chain at the sn-1 position is the preferred process, with
intensity ratios of [M+Na-R;COOH]* to [M+Na-Ro,COOH]* ranging between 1.6 and 3.7 [92]. The
intensity rule is shown in green text in the following code.

DGDG_Na.frag

[GENERAL]

Amount0fChains=2
ChainLibrary=fattyAcidChains.xlsx
CAtomsFromName=\D*\d+:\d+

DoubleBondsFromName=\D*\d+: \d+

[HEAD]

!FRAGMENTS

Name=Precursor Formula=$PRECURSOR Charge=1 MSLevel=2 mandatory=false
Name=HexNa Formula=C6H1005Na Charge=1 MSLevel=2 mandatory=false
Name=Hex2Na Formula=C12H20010Na Charge=1 MSLevel=2 mandatory=true
Name=NL_Hex Formula=$PRECURSOR-C6H1005 Charge=1 MSLevel=2 mandatory=true
Name=NL_Hex2 Formula=$PRECURSOR-C12H20010 Charge=1 MSLevel=2 mandatory=false
[CHAINS]

'FRAGMENTS

Name=NL_Carboxy Formula=$PRECURSOR-$CHAIN Charge=1 MSLevel=2 mandatory=true
Name=NL_Carboxy_Hex Formula=$PRECURSOR-$CHAIN-C6H1005 Charge=1 MSLevel=2 mandatory=true
Name=Carboxy_H20_0H Formula=$CHAIN-H302 Charge=1 MSLevel=2 mandatory=false

Formula=$CHAIN-OH
Formula=$CHAIN
Formula=$CHAIN+C3H50

Name=Carboxy_0H
Name=Carboxy
Name=CarboxyGlycerol _H20

Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false

[POSITION]
'INTENSITIES
Equation=NL_Carboxy[1]>NL_Carboxy[2]*1.6 mandatory=true

Potassium Adduct To implement the potassium adduct of DGDG, first the chemical element K had
to be added to the elementconfig.xml file of LDA which can be found in the tools’ root directory. The
following code shows how the element was added. The used information was taken from a paper on

atomic weights [85].

<?xml version="1.0" encoding="UTF-8"7>

<configurations>
<config id="default">
<elements>
<element symbol="K" valency="1">
<isotope mass="38.9637069" abund="0.9329" />
<isotope mass="39.96399867" abund="0.0001" />
<isotope mass="40.96182597" abund="0.0673" />
</element>
</elements>
</config>
</configurations>

The fragmentation process of the potassium adduct isn’t well understood, but yields fragment
ions of [M+K-RxCOOH]*(x=1,2) (denoted as NL_Carbory) and [M+K-R;COOH-CH,]" (denoted as
NL_Carbozy-CHy) @, As Lipid Data Analyzer didn’t provide an option for chain fragments that are
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only mandatory for one of the chains, both fragments were declared to be mandatory for an identification;
declaring the NL_Carboxy-CH, fragment as not mandatory, would have led to too many false positive

identifications.

[GENERAL]

Amount0fChains=2
ChainLibrary=fattyAcidChains.xlsx
CAtomsFromName=\D*\d+: \d+
DoubleBondsFromName=\Dx*\d+:\d+

[HEAD]

!FRAGMENTS

Name=Precursor Formula=$PRECURSOR Charge=1 MSLevel=2 mandatory=false
Name=HexK Formula=C6H1005K Charge=1 MSLevel=2 mandatory=false
Name=Hex2K Formula=C12H20010K Charge=1 MSLevel=2 mandatory=false
Name=NL_Hex Formula=$PRECURSOR-C6H1005 Charge=1 MSLevel=2 mandatory=false
[CHAINS]

'FRAGMENTS

Name=NL_Carboxy Formula=$PRECURSOR-$CHAIN Charge=1 MSLevel=2 mandatory=true
Name=NL_Carboxy_CH2 Formula=$PRECURSOR-$CHAIN-CH2 Charge=1 MSLevel=2 mandatory=true
Name=Carboxy_H20_0H Formula=$CHAIN-H302 Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_OH Formula=$CHAIN-OH Charge=1 MSLevel=2 mandatory=false

Deprotonated Adduct Analogously to the deprotonated adduct of MGDG, the deprotonated
adduct of DGDG yields fragment ions of [Glycerol+Hex-+HsO]" (denoted as GlycerolHexHyO) and
[Glycerol+Hex+H,0,]* (denoted as GlycerolHexH;0s) [93]. The fragments [Glycerol+Hex;+H,0]*
(denoted as GlycerolHezsHyO) and [Glycerol+Hexo+H,O]" (denoted as GlycerolHexzsH;Oz) were in-
troduced, as DGDG features a Hezs moiety, and declared to be mandatory for identification. Additionally,
possible [Glycerol+Hex3+H,O]* (denoted as GlycerolHexsH,O) and [Glycerol+Hexs +H4O2] " (denoted
as GlycerolHexsH, Oy) ions were assumed for TriGDG and used for filtering false positives via the intensity
rules. The ruleset for the deprotonated adduct is shown below.

DGDG_-H.frag

[GENERAL]

Amount0fChains=2
ChainLibrary=fattyAcidChains.xlsx
CAtomsFromName=\D*\d+: \d+
DoubleBondsFromName=\D*\d+: \d+

[HEAD]

'FRAGMENTS

Name=Precursor Formula=$PRECURSOR Charge=1 MSLevel=2 mandatory=false
Name=GlycerolHex2H20 Formula=C15H25012 Charge=1 MSLevel=2 mandatory=true
Name=GlycerolHex2H402 Formula=C15H27013 Charge=1 MSLevel=2 mandatory=true
Name=GlycerolHexH20 Formula=C9H1507 Charge=1 MSLevel=2 mandatory=false
Name=GlycerolHexH402 Formula=C9H1708 Charge=1 MSLevel=2 mandatory=false
Name=GlycerolHex3H20 Formula=C14H25012 Charge=1 MSLevel=2 mandatory=other
Name=GlycerolHex3H402 Formula=C14H27013 Charge=1 MSLevel=2 mandatory=other
I INTENSITIES

Equation=GlycerolHex3H20*1.5<GlycerolHex2H20 mandatory=true
Equation=GlycerolHex3H402%1.5<GlycerolHex2H402 mandatory=true

[CHAINS]

'FRAGMENTS

Name=NL_Carboxy Formula=$PRECURSOR-$CHAIN  Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_H20_0H Formula=$CHAIN-H302 Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_OH Formula=$CHAIN-OH Charge=1 MSLevel=2 mandatory=false
Name=Carboxy_H Formula=$CHAIN-H Charge=1 MSLevel=2 mandatory=true

Formate and Acetate Adducts For formate and acetate adducts of DGDG the same fragmentation
patterns as for the deprotonated adduct were assumed.

3.4.3 TriGDG

Ammoniated Adduct The ammoniated adduct of TriGDG yields fragment ions of [M+NH,-NH3-
Hexs) " (denoted as NL_NHs Hexs), [M+NH4-NH;-Hex3-H2O| " (denoted as NL_NH3_HpO_Hezs) and
[Glycerol+RxCOOH-H,0]* (x=1,2)(denoted as CarbozyGlycerol_Hz0) [9,25]. The resulting ruleset can
be seen below.
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[GENERAL]
Amount0fChains=2

ChainLibrary=fattyAcidChains.xlsx

CAtomsFromName=\D#*\d+:\d+
DoubleBondsFromName=\D*\d+: \d+

[HEAD]

!FRAGMENTS
Name=Precursor
Name=NL_NH3_Hex
Name=NL_NH3_H20_Hex
Name=NL_NH3_Hex2
Name=NL_NH3_H20_Hex2
Name=NL_NH3_Hex3
Name=NL_NH3_H20_Hex3

Formula=$PRECURSOR
Formula=$PRECURSOR-C6H1305N
Formula=$PRECURSOR-C6H1506N
Formula=$PRECURSOR-C12H23010N
Formula=$PRECURSOR-C12H25011N
Formula=$PRECURSOR-C18H33015N
Formula=$PRECURSOR-C18H35016N

TriGDG_NH4.frag

Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=true

Charge=1 MSLevel=2 mandatory=true

[CHAINS]

!FRAGMENTS
Name=NL_Carboxy_NH3_Hex
Name=CarboxyGlycerol H20
Name=Carboxy_H20_0H
Name=Carboxy_OH
Name=Carboxy

Formula=$PRECURSOR-$CHAIN-C6H1305N
Formula=$CHAIN+C3H50
Formula=$CHAIN-H302
Formula=$CHAIN-OH

Formula=$CHAIN

Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=true

Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false

Other Adducts The rules for all other adducts of TriGDG were assumed to be the same as for DGDG,
with the difference, that Hexs was substituted by Hezs in all mandatory fragments.

3.4.4 TetraGDG

Ammoniated Adduct Analogously to DGDG and TriGDG, the ammoniated adduct of TetraGDG
was observed to yield fragment ions of [M+NH4-NH;-Hex4| " (denoted as NL_NH3_Hez;), [M+NH4-NH;-
Hex4-H50]* (denoted as NL_NHs_Hp,O_Hez;) and [Glycerol+RxCOOH-H,;0]* (x=1,2)(denoted as Car-
boxyGlycerol_HzO) @, The following code shows the resulting rule file.

TetraGDG_NH4.frag

[GENERAL]

Amount0fChains=2
ChainLibrary=fattyAcidChains.xlsx
CAtomsFromName=\D*\d+:\d+
DoubleBondsFromName=\Dx*\d+:\d+

[HEAD]

'FRAGMENTS
Name=Precursor
Name=NL_NH3_Hex
Name=NL_NH3_H20_Hex

Formula=$PRECURSOR
Formula=$PRECURSOR-C6H1305N
Formula=$PRECURSOR-C6H1506N

Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false

Name=NL_NH3_Hex2
Name=NL_NH3_H20_Hex2
Name=NL_NH3_Hex3
Name=NL_NH3_H20_Hex3
Name=NL_NH3_Hex4
Name=NL_NH3_H20_Hex4

[CHAINS]
!FRAGMENTS

Formula=$PRECURSOR-C12H23010N
Formula=$PRECURSOR-C12H25011N
Formula=$PRECURSOR-C18H33015N
Formula=$PRECURSOR-C18H35016N
Formula=$PRECURSOR-C24H43020N
Formula=$PRECURSOR-C24H45021N

Charge=1 MSLevel=2
Charge=1 MSLevel=2
Charge=1 MSLevel=2
Charge=1 MSLevel=2
Charge=1 MSLevel=2
Charge=1 MSLevel=2

mandatory=false
mandatory=false
mandatory=false
mandatory=false
mandatory=true
mandatory=true

Name=NL_Carboxy_NH3_Hex
Name=CarboxyGlycerol_H20
Name=Carboxy_H20_0H
Name=Carboxy_OH
Name=Carboxy

Formula=$PRECURSOR-$CHAIN-C6H1305N
Formula=$CHAIN+C3H50
Formula=$CHAIN-H302
Formula=$CHAIN-OH

Formula=$CHAIN

Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=true

Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false
Charge=1 MSLevel=2 mandatory=false

Other Adducts The rules for all other adducts of TetraGDG were assumed to be the same as for
DGDG, with the difference, that Hexzs was substituted by Hez; in all mandatory fragments.
3.4.5 SQDG

Sodiated Adduct For SQDG precursor ions of [M-H+Nay]™ were observed, with fragment ions of [M-
H-+Nay-RyCOOH] " (x=1,2) (denoted as NL_Carbozy) and [M-H+Nay-R; COOH-R;COOH] ™ (denoted as
SQ_head) . Further, these adducts show an ion at [SO3Nas|™ as seen in the following code.
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[GENERAL]
Amount0fChains=2

ChainLibrary=fattyAcidChains.xlsx

CAtomsFromName=\D*\d+: \d+
DoubleBondsFromName=\D*\d+: \d+

[HEAD]
'FRAGMENTS
Name=Precursor
Name=SQ_head
Name=S03Na2

[CHAINS]
'FRAGMENTS
Name=Carboxy
Name=NL_Carboxy

Name=Carboxy_H20_0H

Name=Carboxy_0H

Formula=$PRECURSOR
Formula=C9H1508SNa2
Formula=S03Na2

Formula=$CHAIN
Formula=$PRECURSOR-$CHAIN
Formula=$CHAIN-H302
Formula=$CHAIN-OH

SQDG_-H+Na2.frag

Charge=1
Charge=1
Charge=1

Charge=1
Charge=1
Charge=1
Charge=1

MSLevel=2 mandatory=false
MSLevel=2 mandatory=true
MSLevel=2 mandatory=true

MSLevel=2 mandatory=false
MSLevel=2 mandatory=true

MSLevel=2 mandatory=false
MSLevel=2 mandatory=false

Deprotonated Adduct For the [M-H|" adduct an abundant dehydrosulfoglycosyl anion ([C¢HoO7S])
is observed in the fragmentation spectrum . A study on spinach observed a systematic prevalence
of fatty acid loss from the sn-1 position of glycerol and exploited this information for the regiochemical
sn-1/sn-2 assignment; the intensity ratios of [M-H-R;COOH] to [M-H-Ro,COOH]" was between 1.22 and
3.14 and was subsequently used as an intensity rule for positional identification, as seen in the code
below. Additionally, fragments of [SO3H]", [CH303S]", [C¢H503]", [C4H504S]", [C3H505S]", [C4H505S]

and [CgH;O¢S]™ are frequently observed [96].

[GENERAL]
Amount0fChains=2

ChainLibrary=fattyAcidChains.xlsx

CAtomsFromName=\D*\d+: \d+
DoubleBondsFromName=\Dx*\d+:\d+

[HEAD]
'FRAGMENTS
Name=Precursor

Name=Dehydrosulfoglycosyl

Name=S03H
Name=C6H706S
Name=C4H505S
Name=C3H505S
Name=C4H504S
Name=C6H503
Name=CH303S

[CHAINS]
!FRAGMENTS
Name=Carboxy
Name=NL_Carboxy

Name=Carboxy_H20_0H

Name=Carboxy_OH

[POSITION]
' INTENSITIES

Equation=NL_Carboxy[1]>NL_Carboxy[2]*1.22

Formula=$PRECURSOR
Formula=C6H907S
Formula=S03H
Formula=C6H706S
Formula=C4H505S
Formula=C3H505S
Formula=C4H504S
Formula=C6H503
Formula=CH303S

Formula=$CHAIN

Formula=$PRECURSOR-$CHAIN

Formula=$CHAIN-H302
Formula=$CHAIN-OH

mandatory=true

SQDG_-H.frag

Charge=1
Charge=1
Charge=1
Charge=1
Charge=1
Charge=1
Charge=1
Charge=1
Charge=1

Charge=1
Charge=1
Charge=1
Charge=1

MSLevel=2
MSLevel=2
MSLevel=2
MSLevel=2
MSLevel=2
MSLevel=2
MSLevel=2
MSLevel=2
MSLevel=2

MSLevel=2
MSLevel=2
MSLevel=2
MSLevel=2

mandatory=false
mandatory=true

mandatory=false
mandatory=false
mandatory=false
mandatory=false
mandatory=false
mandatory=false
mandatory=false

mandatory=false
mandatory=true

mandatory=false
mandatory=false

3.4.6 DGDG-Estolides

Rules for DGDG-estolides were formulated analogously to the rules for DGDG, with the only difference,
that one (DGDG-EN1) or two (DGDG-EN2) additional fatty acyl chains are attached to the DGDG

molecule.

3.4.7 Single Chain (MG) Galactolipid Species

The rules for MGMG, DGMG and SQMG were formulated analogously to the rules of MGDG, DGDG
and SQDG respectively. The only difference being that, instead of two fatty acyl chains these species

contain only one fatty acyl chain.

3.4.8 Oxidized Lipids

It was assumed that the MS? fragments of oxidized lipids are very similar to those of unmodified lipids.
However, it became evident that the intensity relationships for sn-positional identification of the [M-CHjs]
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adduct of oxPC proved unreliable and were consequently removed from the rule set. Other than that, no
new fragmentation rules were implemented for oxidized lipids.

3.5 Notation of Oxidized Lipids in LDA

As of now, notation guidelines for oxidized lipids are scarce and incomplete. Hence, many different ap-
proaches are being used [10,30167,97]. We settled on adding an oz-prefix to the lipid abbreviation to mark
oxidized classes. The shorthand notation of the modification (table])) is enclosed in square brackets and
written directly after the chain it concerns. Multiple modifications of different types are jointly enclosed
in square brackets and separated by a comma . For multiple modifications of the same type, their number
is simply added in front of the modification. Accordingly, the lipid oxMGDG(16:2[0,0H]_18:4[40H]) has
an additional O-atom and an additional OH-group on its 16:2 chain, and four additional OH-groups on
its 18:4 chain.

Table 8: Oxidation moieties: Shorthand notation used in LDA; gray symbols are not being used as of now, due
to notation ambiguities (see section for more details)

Modification  Shorthand Notation Modification Shorthand Notation

0XO- (0] hydroperoxy- OOH
keto- Ke cyclopentane- Cy
epoxy- EpO bromo- Br
furan- Fu chloro- Cl
hydroxy- OH fluoro- Fl
epidioxy- EpOO iodo- 1
carboxy- COOH nitro- NOg

3.6 Novel LDA Features

To allow LDA to identify fragments of oxidized lipids in MS? spectra, the list of white-listed fatty
acyls and the target mass list had to be extended and LDA source code had to be modified accord-
ingly. First, a new column ozidation-state was introduced in the fatty acids mass list in which the
respective chain-modification is listed as seen as in table 0] In the target mass list, the same column
ozidation-state was introduced (see table , to allow LDA to filter out combinations of fatty acids that
don’t have the same sum of modifications as the parent-molecule. To illustrate this point further, the
lipid species oxMGDG(36[0,0H]) could possibly be the molecular species oxMGDG(18:3[0])-18:3[OH]))
or the molecular species oxMGDG(18:3[0,0H]_18:3) but not oxMGDG(18:3[0,0H]_18:3[0,0H]). The
ox-prefix is programmatically added to the lipid whenever the respective ozidation-state cell isn’t
empty. The modifications and the corresponding compositional changes were defined in a modcon-
fig.xml file as seen below. LDA will then automatically calculate new masses and chemical formu-
las for all modifications listed in the oxzidation-state column. In the column itself, modifications
concerning the same molecule are divided by a comma and modifications concerning new molecules
are divided by a semicolon. For example, the entry ;OH;O0,0H;20H;30H;40H for oxMGDG(36:6)
will look for oxMGDG(36:6), oxMGDG(36:6[0H]), oxMGDG(36:6[0,0H]), oxMGDG(36:6[20H]),
oxMGDG(36:6[30H]) and oxMGDG(36:6[40H]). For the decision rules, the algorithm is first looking
for the respective oz-rule (for example, oxMGDG_NH/.frag.tzt), but will fall back to the standard-rule
(for example, MGDG_NHJ.frag.txt), if no oz-rule is available. The approach is backward compatible (i.e.
can be used with fatty acid mass lists and target mass lists without the ozidation-state column).
modconfig.xml

<?xml version="1.0" encoding="UTF-8"7>

<modificiations>

<modification symbol="OH">
<element name="0">+1</element>

</modification>

<modification symbol="0">
<element name="0">+1</element>
<element name="H">-2</element>

</modification>

<modification symbol="0OH">
<element name="0">+2</element>

</modification>

<modification symbol="N02">
<element name="0">+2</element>
<element name="N">+1</element>
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<element name="H">-1</element>

</modification>

<modification symbol="I">
<element name="I">+1</element>
<element name="H">-1</element>

</modification>

<modification symbol="C1">
<element name="Cl">+1</element>
<element name="H">-1</element>

</modification>

<modification symbol="Br">
<element name="Br'">+1</element>
<element name="H">-1</element>

</modification>

<modification symbol="F1">
<element name="F1">+1</element>
<element name="H">-1</element>

</modification>

<modification symbol="">

</modification>

</modificiations>

In the Statistical Analysis module of LDA, new check boxes Show MSn Only, Chain Evidence Only
and Combine Classes with oz-Classes have been introduced (supplementary figure . Show MSn Only
will lead to LDA displaying only identifications, with at least MS™ headgroup evidence. When Chain
Evidence Only is checked, MS" evidence for chains is needed too, to show the identification. Combine
Classes with oz-Classes will merge all classes with their respective oz-classes, allowing comparison of
abundances between the classes (supplementary figure [S4 vs. [S5)). The check boxes Show MSn Only and
Chain Evidence Only have been implemented in the Display Results section as well (supplementary figure
, where, when checked, MS™ evidence is needed in order to list the identification (supplementary figure
S2)

Table 9: Excerpt of the modified FA mass list

Name dbs C H O mass oxidation-state

2 0 2 4 2 60.021120547999999 ;OH;0O,0H;20H;30H;40H

3 0 3 6 2 74.036770582000003 ;OH;0,0H;20H;30H;40H

4 0 4 8 2 88.052420616000006 ;OH;O,0H;20H;30H;40H

5 0 5 10 2 102.06807070000001 ;OH;O,0H;20H;30H;40H

6 0 6 12 2 116.08372068399999 ;OH;O0,0H;20H;30H;40H

7 0 7 14 2 130.09937071799999 ;OH;O,0H;20H;30H;40H

8 0 8 16 2 144.11502075199999 ;OH;O,0H;20H;30H;40H

9 0 9 18 2 158.130670786 ;OH;0,0H;20H;30H;40H
10 0 10 20 2 172.14632082 ;OH;0,0H;20H;30H;40H
11 0o 11 22 2 186.161970854 ;OH;0O,0H;20H;30H;40H
12 0 12 24 2 200.17762088799998 ;OH;0,0H;20H;30H;40H
13 0 13 26 2 214.19327092199998 ;OH;0,0H;20H;30H;40H
14 0 14 28 2 228.20892095599999 ;OH;0,0H;20H;30H;40H
15 0 15 30 2 242.22457098999999 ;OH;0,0H;20H;30H;40H
16 0 16 32 2 256.24022102399999 ;OH;0,0H;20H;30H;40H
17 0 17 34 2 270.25587105800003 ;OH;O,0H;20H;30H;40H
18 0 18 36 2 284.271521092 ;OH;0,0H;20H;30H;40H
19 0 19 38 2 298.28717112599998 ;OH;0,0H;20H;30H;40H
20 0 20 40 2 312.30282116000001 ;OH;O,0H;20H;30H;40H
21 0 21 42 2 326.31847119399998 ;OH;0,0H;20H;30H;40H
23 0 23 46 2 354.34977126199999 ;OH;0,0H;20H;30H;40H
24 0 24 48 2 368.36542129599997 ;OH;0,0H;20H;30H;40H
25 0 25 50 2 382.38107133 ;OH;0,0H;20H;30H;40H
26 0 26 52 2 396.39672136399997 ;OH;0,0H;20H;30H;40H
27 0 27 54 2 410.412371398 ;OH;0,0H;20H;30H;40H
28 0 28 56 2 424.42802143199998 ;OH;0,0H;20H;30H;40H
29 0 29 58 2 438.44367146600001 ;OH;0,0H;20H;30H;40H
30 0 30 60 2 452.45932149999999 ;OH;0,0H;20H;30H;40H

23



Table 10: Excerpt of the modified target mass list for TGs; all three fatty acyl chains combined can carry a total
of 0-4 additional OH-groups

Name dbs C H O P N D mass(form[+NH4] name[NH4]) oxidation-state
28 0 31 58 6 0 O 544.45716515501204 ;OH;0,0H;20H;30H;40H
28 1 31 56 6 0 0 542.44151509061203 ;OH;0,0H;20H;30H;40H
28 2 31 54 6 0 0 540.42586502621202 ;OH;0,0H;20H;30H;40H
29 0 32 60 6 0 O 558.47281521941204 ;OH;0,0H;20H;30H;40H
29 1 32 58 6 0 0 556.45716515501204 ;OH;0,0H;20H;30H;40H
29 2 32 56 6 0 O 554.44151509061203 ;OH;0,0H;20H;30H;40H
30 0 33 62 6 0 O 572.48846528381205 ;OH;0,0H;20H;30H;40H
30 1 3 60 6 0 O 570.47281521941204 ;OH;0,0H;20H;30H;40H
30 2 33 58 6 0 O 568.45716515501204 ;OH;0,0H;20H;30H;40H
30 3 33 56 6 0 O 566.44151509061203 ;OH;0,0H;20H;30H;40H
30 4 33 54 6 0 O 564.42586502621202 ;OH;0,0H;20H;30H;40H
31 0 34 64 6 0 0 586.50411534821194  ;0H;0,0H;20H;30H;40H
31 1 34 62 6 0 0 584.48846528381205 ;OH;0,0H;20H;30H;40H
31 2 34 60 6 0 O 582.47281521941204 ;OH;0,0H;20H;30H;40H
31 3 34 58 6 0 0 580.45716515501204  :OH;0,0H;20H;30H;40H
31 4 34 5 6 0 O 578.44151509061203 ;OH;0,0H;20H;30H;40H
32 0 3 66 6 0 O 600.51976541261195 ;OH;0,0H;20H;30H;40H
32 1 3 64 6 0 0 598.50411534821194 :OH;0,0H;20H;30H;40H
32 2 3 62 6 0 O 596.48846528381205 ;OH;0,0H;20H;30H;40H
32 3 3 60 6 0 O 594.47281521941204 ;OH;0,0H;20H;30H;40H
32 4 35 58 6 0 0 592.45716515501204  :OH;0,0H;20H;30H;40H
33 0 36 68 6 0 O 614.53541547701195 ;OH;0,0H;20H;30H;40H
33 1 36 66 6 0 O 612.51976541261195 ;OH;0,0H;20H;30H;40H
33 2 3 64 6 0 0 610.50411534821194 :0H;0,0H;20H;30H;40H
33 3 36 62 6 0 O 608.48846528381205 ;OH;0,0H;20H;30H;40H
33 4 36 60 6 0 O 606.47281521941204 ;OH;0,0H;20H;30H;40H
34 0 37 70 6 0 0 628.55106554141196  :0H;0,0H;20H;30H;40H
34 1 37 68 6 0 O 626.53541547701195 ;OH;0,0H;20H;30H;40H
34 2 3T 66 6 0 O 624.51976541261195 ;OH;0,0H;20H;30H;40H

3.7 Lipid Data Analyzer Results
3.7.1 Dataset 1 - Mouse Liver

A total of 221 lipid species were identified by LDA in dataset 1. The most frequently reported class was
TG with a total of 43 identifications (table . With 43 reported [M+NH,|*™ adducts of TG, it was
more prevalent than the [M+Na]t adduct (12 identifications). In positive ion mode, LDA identified 109
different lipid species (supplementary table , including the subclasses DG, LPC, LPE, P-PE, PC,
PE and TG. In negative ion mode, 112 different lipid species were identified, whereby the subclasses Cer,
LPC, LPE, P-PE, PC, PE, PG, PI and PS were included (supplementary table [S36). All listed lipids
were identified on fatty acyl level.
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Table 11: Identified lipid classes by LDA in dataset 1

Lipid Class [ Adduct [ Unique Species per Adduct [ Unique Species

Cer [M+HCO3| 5 5
[M-+Na] ™ 7

bG [M4+-NH,]* 6 7
[M+H]T 6

LPC [M-CHj]" 4 10
[M+HCO,] 10
[M+H]* 1

LPE L 6 6
[M+H]* 2

P-PE NLH 5 8
[M+H]* 34

PC [M+Na]* 9 40
[M+HCO,] 38
[M-+H]T 16

PE [M+Na]* 1 24
[M-HJ 24

PG [M-H] 9 9

PI M-HJ 9 9

PS M-HJ 3 3
[M-+Na] 12

TG [MNH,]* 43 43

3.7.2 Dataset 2 - Ryegrass Leaves

In dataset 2, 113 lipid species have been identified by LDA. In positive ion mode, 54 different lipid species
were reported, spanning subclasses DG, DGDG, DGMG, LPC, MGDG, MGMG, PC, PE, PG, PI, TG
and TriGDG (supplementary table . In negative ion mode, 59 species were identified, including the
subclasses DGDG, LPC, LPE, MGDG, P-PE, PC, PE, PG, PI, PS, SQDG and SQMG (supplementary
table . All listed species, were confirmed by MS? fragmentation patterns on fatty acyl level.

MGDG Five different species of MGDG have been identified by Lipid Data Analyzer (table , with
adducts of [M+Na]*, [M+NHy]* or [M+HCO3|". Supplementary Figure [S6[ shows the spectrum of the
ammonium adduct of MGDG(36:6), where the fragment NL_NHs H»O_Hex was used for the headgroup
identification and two NL_Carbozy-NHg_Hex ions for chain identification. Additionally, Carbozy-OH and
Carboxy-He O-OH ions for chains (18:2), (18:3) and (18:4), further suggest a mix of MGDG(18:3/18:3)
and MGDG(18:2_18:4). In supplementary figure [S7|the spectrum for the sodium adduct of MGDG(36:6)
can be seen, with a fragment ion corresponding to HexNa, which was used for headgroup identification
and an ion for (NL_Carbozy) used for identification of the two (18:3) chains. The two ions Carbory-OH
and Carboxy-HyO_-OH further support the identification of the two chains being (18:3). The spectrum for
the [M+HCO,]" adduct of MGDG(36:6) (supplementary figure [S8)), shows the two ions GlycerolHezHzO
and GlycerolHexH; Oy needed for headgroup identification, and two Carboxy_H ions, corresponding to
chains (18:3).

DGDG For DGDG, LDA identified nine different species (table [12), with adducts of [M+Na]T,
[M+NH,]", [M+HCOs]", or [M-H]". The spectrum of the ammonium adduct of DGDG(36:6), as
seen as in supplementary figure [S9] shows characteristic headgroup fragment ions of NL_NHs_Hezy and
NL_NHj3_HyO_Hezy as well as fragment ions for chains of (18:2),(18:3) and (18:4), suggesting a mix of
DGDG(18:3/18:3) and DGDG(18:2_18:4). Supplementary Figure shows the spectrum of the sodium
adduct of DGDG(36:6), where the HezsNa ion was used for headgroup identification which is further
supported by a NL_Hex ion. Three other ions correspond to ions of the fatty acids, which were identi-
fied as (18:3). The spectrum of the deprotonated adduct of DGDG(36:6) can be seen in supplementary
figure where headgroup ions GlycerolHexH,O, GlycerolHexsHyO, GlycerolHexsH;Og and an Car-
boxy_H ion belonging to the fatty acid (18:3) can bee seen. The spectrum for the [M+HCO2]|™ adduct of
DGDG(35:6), shows the two characteristic headgroup ions GlycerolHexgHpO and GlycerolHexoH,; Oy as
well as Carbory_H ions suggesting two (18:3) chains. Two ions corresponding to GlycerolHexHpO and
GlycerolHexH,; Oy are present as well (supplementary figure .
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Table 12: Identified lipid classes by LDA in dataset 2

Lipid Class [ Adduct [ Unique Species per Adduct [ Unique Species

[M-+Na] " 7
DG (M NHJ* - 10
[M-HJ 1
[M+Na]* 3
DGEDG | i HCO. - 9 9
[M+NH,]™ 3
[M-+Na] T 1
DGMG [M+NH4] ™ 1 2
[M+HCO.] 2
[M+H]* 3
LPC | MgHCO, 3 3
LPE [M-HJ 3 3
[M-+Na] " 1
MGDG [M+NH4] " 3 5
[M+HCO,]" 4
[M+Na]™ 1
MGMG [M+NH4]* 1 1
[M+HCO2| 1
P-PE [M-H] 3 3
[M+H] ™ 4
M-+HCO-] 8
Pe [ [M+Na}+] 3 8
[M-CH:},]_ 1
[M-HJ 8
PE [M+H]* 4 8
[M+Na]* 1
[M-HJ 3
PG [M+H]* 3 6
[M-+Na]* 1
[M-HJ 5
P1 [M+H]* 2 5
PS M-HJ 5 5
SQDG M-HJ 4 4
SQMG [M-H] 1 1
M+Na|* 18
TG [1[\/[+NH1]+ 15 18
TriGDG [M+NH,] " 1 1

TriGDG  One [M+NH,]" adduct of TriGDG was identified by LDA in positive ion mode (table [12).
The spectrum of this ammoniated adduct of TriGDG(36:6) is shown in supplementary figure Tons
NL_NH3_Hexs and NL_NHg4_H,O_Hezxs identify the headgroup, whereby the other ions point to the fatty
acids (18:2),(18:3) and (18:4), suggesting a mix of TriGDG(18:3/18:3) and TriGDG(18:2_18:4).

SQDG For SQDG, LDA identified four different species in negative ion mode for the deprotonated
adduct (table . In supplementary figure the spectrum of the deprotonated adduct of SQDG(36:6)
is shown. The characteristic dehydrosulfoglycosyl ion was used for head group identification and the
NL_Carbozy ion to identify the chains (18:3).

MGMG LDA identified one MGMG species with [M+Na]™,[M+NH,]* and [M+HCO;]" adducts (table
. Supplementary Figure shows the spectrum of the ammonium adduct of MGMG(18:3), where the
headgroup specific ions NL_NHg_Hex and NL_NHs_HyO_Hezx as well as the fatty acid (18:3) specific ions
Carboxy_HyO_OH and Carboxy_OH can be seen. The spectrum of the sodiated adduct of MGDG(18:3)
shows an NL_Carbozy ion corresponding to the fatty acid chain (18:3) as well as the characteristic
headgroup fragment HezNa (supplementary figure . In supplementary ﬁgure the spectrum of the
[M+HCO;] adduct of MGMG(18:3) is shown, with the characteristic head group ions GlycerolHexzH,Og
and GlycerolHexH, O as well as the chain fragment ion Carbozy_H(18:3).
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DGMG Two DGMG species were identified by LDA including [M+Na| T, [M+NH4]" and [M+HCO,|
adducts (table . Supplementary Figure shows the ammonium adduct of DGMG(18:3) with ions
NL_NH3_H,O_Hezs and NL_NH3_Hex, identifying the headgroup and Carbory_OH and Carboxy_-H,O_-OH
ions used for identification of the chains (18:3). In supplementary figure the sodiated adduct of
DGMG(18:3) is shown. Here the ion HezpsNa and NL_Hez identify the headgroup and NL_Carbozy
identifies the chain (18:3). The spectrum of the [M+HCO;]" adduct of MGMG(18:3) is shown in supple-
mentary figure with the characteristic head group ions GlycerolHexH,; Oy and GlycerolHezH»O as
well as the chain fragment ion Carbozy-H(18:3).

SQMG LDA identified one SQMG species in negative ion mode (table . In the spectrum of the
deprotonated adduct of SQMG(18:3) the characteristic dehydrosulfoglycosyl ion can bee seen, as well as
an ion corresponding to [SO3] and other characteristic ions. The NL_Carbozy ion corresponds to the
fatty acid (18:3) (supplementary figure .

3.7.3 Dataset 3 - Oxidized PC Standard

For LDA analysis, a mass list was generated for oxidation products between PC(34:0) and PC(34:2)
with up to three additional OH-modifications and up to two additional O-modifications. LDA was able
to identify 19 lipid species in dataset 3 (table . After manual inspection of the MS? spectra, four
identifications were considered to be false positives, as only fragments of low abundance were annotated
and major fragments were left unannotated.

Table 13: Lipid molecular species identified in dataset 3 by LDA; putative false positives are marked in gray

Lipid Species Adduct Lipid Molecular Species
oxPC(34:0[OH]) [M+HCO2]"  oxPC(16:0_18:0[OH])

. [M-CHs] oxPC(16:0_18:0[20H])
oxPCELOROH]) 1\ HCOL  oxPC(16:0/18:020H])

. [M-CHs] PC(16:0/18:1)

PC(34:1) [M+HCO,]"  PC(16:0/18:1)

. [M-CHs] oxPC(16:0_18:1[OH])
oxPCELIOHD) 1\ HCOL  oxPC(16:0/18:1[OH])

) [M-CHs] oxPC(16:0.18:1[20])
oxPCEBLIROD I\ HCOL  oxPC(16:0/18:1[20])
oxPC(34:1[20H])  [M-CHs] oxPC(16:0_18:1[20H])

) M-CHs] oxPC(16:0-18:1[30H])
oxPCEA1BOH)) iy oo, oxPC(16:0,/18:1[30H])
PC(34:2) M+HCO,]” PC(16:1_18:1)

) [M-CHs] oxPC(16:0-18:2[OH))
oxPCB42[0H]) 1 HEO,1  oxPC(16:0/18:2(0H])

_ [M-CH,]" oxPC/(16:0_18:2[20H])
oxPCB42R0H]) 1\ OO, oxPC(16:0/18:2120H])

) [M-CHs] oxPC(16:0-18:2[30H])
oxPCEA2BOH]) 1\ HCOL  oxPC(16:0/18:2[30H])

3.7.4 Dataset 4 - Oxidized Wheat Seeds

With the help of an R script, an LDA target mass list was created directly out of the identifications
listed in the supplementary table of the paper by Riewe et al. [30] and subsequently, the data was an-
alyzed. The most frequently reported class was TG with a total of 133 identifications, 68 of which
were not oxidatively modified (table . The relative number of lipids identified shows a distinct pat-
tern: Non-oxidized species are most frequent and species get less frequent the more OH-modifications
they carry. The same pattern holds true for the abundances of reported lipids, as can bee seen for
DGDG (as DGDG(36:4) and oxDGDG(36:4[OH]) in supplementary figure [S34), and TG (as TG(54:7),
oxTG(54:7[OH], oxTG(54:7[20H] and oxTG(54:7[30H]) in supplementary figure [S35). The respective
spectra for those lipids can bee seen in supplementary figures and [S29] for DGDG and supplementary

figures and for TG.
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Table 14: Unique lipid species identified by LDA in dataset 4

Lipid Class Total OOH 1OH 2O0OH 3O0OH 4 O0OH

TG 133 68 41 14 8 2
DG 48 27 9 10 1 1
PC 2 2 0 0 0 0
PE 7 7 0 0 0 0
PI 5 5 0 0 0 0
MGDG 11 6 3 2 0 0
DGDG 27 20 3 4 0 0

3.8 Galactolipids - Comparison

Datasets 1 - Mouse Liver, 3 - Oxidized PC Standard and 4 - Oxidized Wheat Seeds As
galactolipids are only present in plants and some bacteria [22], no galactolipids were expected in datasets
1 and 3. LDA identified a total of 11 MGDG species and 27 DGDG species in dataset 4, whereby neither
LipidMatch nor LipidMatch Flow could handle this dataset.

Dataset 2 - Ryegrass Leaves Lipid Data Analyzer identified six species of MGDG, nine species of
DGDG, one species of TriGDG, four species of SQDG, one species of MGMG, two species of DGMG and
one species of SQMG. LipidMatch on the other hand identified seven species of MGDG, eight species
of DGDG, and four species of SQDG. Identification of TriGDG, MGMG, DGMG and SQMG was not
supported by LipidMatch at that time. Throughout both, positive and negative ion mode, LipidMatch
Flow reported less galactolipids than LDA and LipidMatch. A Venn diagram of the identified galactolipids
(molecular species plus adducts) by Lipid Data Analyzer, LipidMatch and LipidMatch Flow is shown in
figure [3| Table [15| shows an overview of the identified lipids by LDA, LipidMatch and LipidMatch Flow,
whereby supplementary tables [S41], [S42] and [S43] show a more in-depth comparison of the galactolipid
species identified by the three tools.

LM (37)

LDA (45)

Figure 3: Identified galactolipids - LDA vs. LipidMatch vs. LipidMatch Flow; out of a total of 56 identified lipid
molecular species with distinct adducts
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Table 15: Identified galactolipids in dataset 2; LDA vs. LipidMatch vs. LipidMatch Flow

Lipid Class [ Adduct [ Unique Identifications by LDA [ Unique Identifications by LM (LMF)

[M-H| 1 .
I [M4+Na]* 3 not implemented
[M-+HCO.| 9 8 (5)
[M-+NH4] ™" 3 2 (1)
[M+Na] ™ 1
DGMG [M-+NH4] " 1 not implemented
[M+HCO,]" 2
[M+Na]* 1 4 (4)
MGDG | [M+NH," 3 2 (1)
[M-+HCO.| 4 4 (3)
[M+Na] ™ 1
MGMG [M-+NH4] " 1 not implemented
[M+HCOQ]_ 1
SQDG [M-H]" 4 4 (4)
SQMG [M-H]" 1 not implemented
TriGDG [M+NH,| " 1 not implemented

3.8.1 Validation of LipidMatch-only Identifications

Eleven lipid molecular species were identified by LipidMatch but not by Lipid Data Analyzer caused
by various reasons (supplementary table . Two selected spectra of LipidMatch-only identifications
can be seen in the appendix. Supplementary Figure shows the spectrum in which LipidMatch iden-
tified [MGDG(28:3)+Na]. Here, the MS? identification was achieved by annotating the m/z values
519.2929 (denoted as NL_T1&Na) corresponding to the loss of one fatty acid and Na, 413.2153 (de-
noted as NL_T26Na) corresponding to the loss of the other fatty acid and Na, and 243.084 (denoted
as NL_T186T26Na) corresponding to the loss of both fatty acids and Na. In supplementary figure
the spectrum is shown, where LipidMatch identified [MGDG(36:7)+Na|™. The identification was
obtained by the m/z values 243.21 corresponding to the loss of both fatty acyl chains and Na (de-
noted as NL_T16T26Na), 517.28 corresponding to the loss of one fatty acyl chain and Na (denoted
as NL_T16Na), and 519.29 corresponding to the loss of the other fatty acyl chain and Na (denoted as
NL_T26Na). Most of the false positive identifications made by LipidMatch were filtered out by Lipid-
Match Flow.

3.9 Oxidized Lipids - Comparison

Dataset 1 - Mouse Liver and Dataset 2 Wheat Seeds As neither dataset 1 nor 2 explicitly
concern oxidized lipids, oxidative analysis with LDA or LPPtiger had been skipped for these datasets.

Dataset 3 - Oxidized PC Standard The [M-CHj3]" adduct was not implemented in the LPPtiger
version used in this work, but other than that, the identifications made by LPPtiger and LDA in dataset
3 are very similar (table . LDA identified 19 lipid species in dataset 3, whereby four of the identi-
fied lipids are thought to be false positives. LPPtiger and LipidMatch identified eight and three lipid
species respectively (table . One of the LipidMatch identifications is thought to be a false positive.
LipidMatch Flow couldn’t handle the dataset, as no blank files were present. Differences in reported
lipids at identical m/z values between LDA and LPPtiger are due to ambiguities in notation only, where
LPPtiger is sometimes able to rank modifications by their probability (due to so called fingerprint spec-
tra). Supplementary figure shows the MS? spectrum of oxPC(16:0/18:2[OH])+HCO>™ identified by
LDA and the identification at the same m/z value made by LPPtiger (as oxPC(16:0/18:1[0])) can be seen
in supplementary figure Again, the difference is only due to notation ambiguities. Supplementary
figure shows a MS? spectra of an adduct that has been missed by LPPtiger but was identified by
LDA.
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Table 16: Lipid molecular species identified in dataset 3 by LDA, LPPtiger and LipidMatch; putative false
positives are marked in gray; species names adapted to LDA shorthand notation

m/z  LDA LPPtiger LipidMatch Adduct
7445 PC(16:0/18:1)

758.5  oxPC(16:0_18:2[0H])
760.5  oxPC(16:0_18:1[0H])

772.5 oxPC(16:0-18:1[20])

TTAE oD ({E 16:0_18:2[20H]) adduct not implemented adduct not implemented [M-CHs]
776.5  oxPC(16:0_18:1]20H])

778.5 oxPC(16:0.18:0[20H])

790.5  oxPC(16:0_18:2[30H])

792.5  oxPC(16:0_18:1[30H])

8025 PC(16:118:1)

804.5 PC(16:0/18:1) PC(16:0/18:1)

818.5 oxPC(16:0/18:2[0H])  0xPC(16:0/18:1[0]) oxPC(16:0-18:2[OH])

820.5 oxPC(16:0/18:1[OH])  oxPC(16:0/18:0[0]) oxPC(16:0-18:1[OH))

822.6 oxPC(16:0_18:0[OH])

832.5 oxPC(16:0/18:1[20]) oxP(C(16:0/18:1[20]) [M+HCO2]
834.5  oxPC(16:0/18:2[20H])

836.5 oxP(C(16:0/18:0[0,0H])

838.5 oxPC(16:0/18:0[20H])  0xPC(16:0/18:0[20H])

850.5 oxPC(16:0/18:2[30H]) oxPC(16:0/18:2[0,00H]) oxPC(16:0.18:2[30])

852.5 oxPC(16:0/18:1[30H]) oxPC(16:0/18:1[OH,00H])

Dataset 4 - Oxidized Wheat Seeds As neither LPPtiger nor LipidMatch or LipidMatch Flow could
handle dataset 4, a comparison of lipids identified by LDA and the reported lipids in the original paper
by Riewe et al. [30] was conducted (table [17). Note, that lipids with different retention times are not
counted separately and lipids without MS? evidence to support chain identification are not listed. The
number of identifications per class by LDA resemble the ones made by Riewe et al. for DGDG, MGDG
and PI, but differ for other lipid classes. Patterns for the frequency of lipids vs. oxidized lipids (their
relative number) and their abundances are in agreement between LDA and Riewe et al.

Table 17: Unique lipid species identified by LDA vs. reported by Riewe et al.

LDA Riewe et al.
Lipid Class [ 0OH 10H 20H 3O0OH 4O0OH [ 0OH 10H 20H 3O0OH 4O0OH
TG 68 41 14 8 2 71 58 23 12 9
DG 27 9 10 1 1 35 17 18 11 6
MG 0 0 0 0 0 6 1 0 0 0
PC 2 0 0 0 0 3 1 0 2 1
PE 7 0 0 0 0 8 2 0 0 0
PG 0 0 0 0 0 7 0 0 0 0
PI 5 0 0 0 0 5 0 0 0 0
LPC 0 0 0 0 0 12 4 1 0 0
LPE 0 0 0 0 0 7 0 0 0 0
LPG 0 0 0 0 0 2 0 0 0 0
MGDG 6 3 2 0 0 6 4 3 0 0
DGDG 20 3 4 0 0 20 4 5 0 0
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4 Discussion

In this work, Lipid Data Analyzer [64] was extended to cover identification of galactolipids and oxidized
lipids. Novel rulesets were implemented to accomplish support for galactolipids. The reliability of these
rules was tested and a comparison with LipidMatch [65] and LipidMatch Flow [66] was conducted. The
new decision rules proved to be a reliable addition to LDA for the identification of MGDG, DGDG,
TriGDG, SQDG, MGMG and DGMG, as demonstrated with dataset 2. Further changes to mass lists,
FA lists and LDA source code allow analysis of lipids with oxidized fatty acyls. Two datasets with heavily
oxidized lipids were investigated and benchmarking the results with LPPtiger [67] proved the validity of
the implementation; LDA could even identify more oxidized lipids and handle more datasets.

4.1 Tools

New and changing technologies like data-independent acquisition modes of MS data (DIA/MSFE) and
different, non-standardized data formats make it hard to provide a one-fits-all solution for analyzing MS
lipidomics data. LipidMatch, LipidMatch Flow, LPPtiger and LDA are widely used lipidomics tools with
their individual strengths and weaknesses.

LipidMatch In general LipidMatch covers an extensive library of lipids, though TriGDG, TetraGDG,
MGMG, DGMG and SQMG are not supported. LipidMatch is implemented in R and in order to use the
script, first manual file conversion and peak-picking need to be performed. In contrast to an automated
workflow, this process introduces more possibilities to make a mistake while also rendering it tedious.
The script runs only on R version 3.3.3 and the provided batch file for MZmine works only under version
2.23. The verification of annotations is only possible via the resulting excel files and cannot be viewed
directly in a spectrum which makes it cumbersome. The libraries don’t support intensity relationships,
giving rise to possible false negatives. An additional downside of LipidMatch is the lack of official support
of data originating from MS-systems that are neither from Thermo nor Agilent. This might explain the
poor performance analyzing dataset 3 and that LipidMatch prematurely exited analyzing dataset 4.

LipidMatch Flow LipidMatch Flow makes the processing of raw files easier, as no manual file con-
versions and peak-picking are necessary. However, LipidMatch Flow works only if there are blank files
present in the study. Consequently, dataset 3 and 4 couldn’t be analyzed using LipidMatch Flow. In the
other datasets, LipidMatch Flow identified significantly less lipids than LipidMatch, although this could
be due to better false positive filtering.

LPPtiger LPPtiger uses a unique approach to analyze oxidized lipids. In order to use the tool, preex-
isting knowledge about the non-oxidized lipids in the sample is required. From this, the tool will derive
possible oxidized products and generate in silico spectra to check against the data. The user interface was
easy to understand and the results include the annotated spectra, making it easy to verify annotation.
A big drawback is that the tool currently only works for PLs and oxPLs in negative ion mode.

Lipid Data Analyzer The interface of LDA was easy to understand and intuitive to use. A built-in
user-interface makes creating new rules easy and verification of identifications is uncomplicated, as the
annotated spectrum can be viewed directly in LDA. The workflow itself is straight-forward as well, no
prior file conversions or peak-picking needs to be performed. In contrast to LipidMatch Flow, no blank
filtering can be performed, which would be an useful addition as it removes signals from non-biological
origins and reduces false positives [98].

4.2 Datasets

As galactolipids are prominent in plants and some bacteria [22], dataset 1 from murine liver was analyzed
but didn’t result in any MS? matches. To test the validity of the decision rules, a second dataset was
taken from a large-scale metabolomics study on ryegrass [82], found in the MetaboLights [86] repository.
In an attempt to get additional datasets, authors of some of the referenced papers were contacted:
Cornelia Herrfurth and Ivo Feussner [91] of the Department of Plant Biochemistry of the Georg August
University in Gottingen were very cooperative, but could unfortunately only provide MS! data. Even in
the MetaboLights repository it was hard to find studies with appropriate design (i.e. aimed at lipidomics),
method (i.e. LC-MS) and object (i.e. plants or bacteria). For oxidized lipids, two datasets with heavily
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oxidized lipids were found: Dataset 3 was taken from a study on oxidized PC standards [67], kindly
provided by Maria Fedorova and Zhixu Ni. Dataset 4 originated from a study on oxidized wheat seeds [30],
and was kindly provided by David Riewe.

4.3 Notation

Even after immense efforts to create a more unified nomenclature (for example by the research team
behind LipidHome [3]), and owing to the vast number of lipid species, it’s often confusing to sift through
literature from different authors. This holds particularly true for more ”exotic” lipids. Examples be-
ing that the term glycerogalactolipids is mostly used synonymously with galactolipids or HexDAGs or
that different authors use DAG and TAG while others use DG and TG to denote diacylglycerides and
triacylglycerides respectively. To respect the citations, here, fatty acids and fatty acyls are mostly used
interchangeably, although they differ in one oxygen atom and one hydrogen atom. Furthermore, over-
reporting structural resolution of lipids seems to be a common problem (i.e. reporting the lipid with
structural details that are not conferred by fragmentation data) [65]. In this work, the denotation
TriGDG and TetraGDG were used, as proposed by Benning and Dérmann [22], whereby species with
additional estolides were denoted as, for example DGDG-EN1, leaning on the nomenclature according to
Isbell [26].

Oxidized Lipids Biochemists often use terms notating high structural resolution of the molecule, for
example 1-Palmitoyl-2-(9-keto-12-oxo-10-dodecenoic acid)-PC. It seems that using ox as a prefix has pre-
vailed for shorthand notation of lipid classes, e.g. 0xPC as used in the works of Reis et al. [31]. The short-
hand notation for fatty acyls with additional functional groups, whose positions are not known, according
to Liebisch et al. [10] is that functional groups are shown after the number of double bonds separated
by an underscore and followed by the number of groups if there are more than one. This could make for
some odd to read notation for molecular species of lipids in cases like oxTG(18:2_12:1_0_18:3_.0_OOH) or
0xPC(16:0-20:4_.0_OH_OOH). In LDA we settled for a more easy to read notation scheme, where the mod-
ifications are inside square brackets, like oxPC(28:1[20]) for MS! identifications and oxPC(16:0_12:1[20])
for MS? identifications. The two aforementioned lipid species in Liebisch et al. notation would thus
become oxTG(18:2.12:1[0]-18:3[0,00H]) and oxPC(16:0-20:4]0,0H,00H]) in LDA notation. Others
have been using this type of notation as well [97].

Ambiguity Oxo-, keto-, epoxy- and furan- modifications will not be discernible by typical mass-
spectrometry analysis, as they have the same masses, and oxo- (keto-, epoxy-, furan-) and hydroxy-
modifications differ only in two H-atoms, which could be interpreted as the mass difference of a single
double bond (e.g. 0xPC(34:1[OH]) has the same mass as oxPC(34:0[0])). A similar issue emerges when
the fatty acyl includes a hydroperoxy modification which has the same mass as an hydroxyl-hydroxy
modification, and when the chain includes epidioxide which has the same mass as an oxo-hydroxy mod-
ification (table . The ambiguity in notation is vast and gets more problematic the more oxidation
modifications a lipid carries (table . Taking an extreme case, oxT'G(54:6[40H]) has the exact same
mass as oxT'G(54:2[40]). An optimal notation scheme would take into account these ambiguities, as the
molecule’s structural resolution could otherwise be over-reported. Indeed, distinctions between several
modifications without proven, distinct fragmentation patterns would be misleading. Research concerning
these modification-specific patterns is scarce and needs ultra-high resolution data and high collision ener-
gies. For differentiation between modifications, loss of water (-H20), loss of hydrogen peroxide (-H302)
or combined loss of two or three water molecules, have been used to propose the presence of hydroxy,
peroxy and di-hydroxy or polyhydroxy groups in oxidized PCs [34L/99] and deoxygenation (-O) has been
observed for PCs with additional O-groups [100]. Separation by ion mobility mass spectrometry could
provide excellent resolution for differentiation of modifications. Additionally, investigation of elution pro-
files of oxidized lipids could lead to distinction between short- and long-chain peroxidation products and
modifications [51].
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Table 18: LC-MS notation ambiguities

Modification Incorrect Annotation Possible Workaround

oxo- [O] Ke|, [EpO], [Fu] or [+1db OH] -

[
keto- [Ke] [O], [EpO], [Fu] or [+1db OH] -
epoxy- [EpO] [0], [Ke], [Fu] or [+1db OH] -
furan- [Fu] [0], [Ke], [EpO] or [+1db OH] -
[-1db O], [-1db Ke], [-1db EpO] or  Look for additional hydroxy
hydroxy- [OH] [-1db Fu] fragments
[

- O,0H] and permutations due to
epidioxy- [EpOO] previous ambiguities )
[O,0H] and permutations due to Look for additional carboxy

carboxy- [COOH] previous ambiguities fragments

[20H] and permutations due to pre- Look for additional hy-

hyd - H . S
ydroperoxy- [OOH] vious ambiguities droperoxy fragments

cyclopentane- [Cy] + 1db -

Table 19: LC-MS notation ambiguities - examples

Chemical Formula Notation Chemical Formula Notation
oxPC(34:0[0]) oxPC(34:6[Ke,Fu])
0xPC(34:0[Ke)) oxPC(34:6[EpO,Fu])

CazHezOoNP oxPC(34:0[EpO)) oxPC(37:7[0,0H])
oxPC(34:1[OH]) oxPC(37:7[Ke,OH])
oxPC(34:6[20]) oxPC(37:7[EpO,OH])
oxPC(34:6[2Ke]) CazHes O10NP oxPC(37:7[Fu,OH))
0xPC(34:6[2EpO]) oxPC(37:7[COOH])

CazHgsO10NP 0xPC(34:6[0,Ke]) oxPC(37:7[Ep00))
oxPC(34:6]0,EpO]) oxPC(37:8[20H])
0xPC(34:6[0,Fu]) oxPC(37:8[00H])
oxPC(34:6[Ke,EpO])

4.4 Galactolipids

LDA and LipidMatch results concerning galactolipids are mostly in agreement, proving the validity of
the new decision rules. LipidMatch-only identifications mostly turned out as false positives and were not
reported by LipidMatch Flow. The reliability of the rules for TetraGDG, DGDG-EN1 and DGDG-EN2
remains to be seen, as no such species were detected by LDA in any of the datasets. For ammoniated
adducts of galactolipids (in positive ion mode), a low mass cluster of ions seems to be characteristic
(supplementary figure , which may stem from further breakdown of fatty acid residues. The same
cluster can’t be observed for the sodium adducts.

LipidMatch-only Identifications Supplementary Figure shows one spectrum in which Lipid-
Match identified [MGDG(10:0-18:3)4+Na]*. LDA did not report this lipid, because the fragment HezNa
corresponding to a m/z value 185.041 is missing from the spectrum. In supplementary figure the
spectrum is shown, in which LipidMatch identified [MGDG(18:3_18:4)+Na]*. Here, the identification was
made by ions of minute intensity, whereas highly abundant ions were left unannotated. Consequently,
the two lipid identifications are likely false positive identifications. In another case, where LipidMatch
identified [MGDG(16:0-18:3)+Na|*, the HezNa fragment was missing as well, so that LDA did not iden-
tify it, but this lipid molecular species was identified with a different adduct by LDA. In all other cases of
LipidMatch-only identifications, LDA did identify the same species, but not the same chain combination.
These LipidMatch identifications are highly unlikely as well, as the chain fragments are of very small
abundance. Most of the false positive identifications were filtered out during analysis with LipidMatch

Flow (544])).
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4.5 Oxidized Lipids

The scope of possible oxidized lipids is enormous as can be seen from the results of a study [51] on oxPCs
(table . It can be noticed, that the chains can carry more than one oxidative modification, and that
combinations of different oxidative modifications are possible. All the moieties shown in table [I] have
been observed in fatty acids esterified to phospholipids, where chlorinated and brominated species are
products of reactions with hypohalous acids [31]. Likewise, studies investigating oxTGs have shown a
broad variety of different oxidative modifications of fatty acyl chains (table .

Table 20: PCs and their oxidation products; adapted in LDA shorthand notation from [51]

Lipid
Molecular Species

Lipid
Molecular Species

Oxidation Product
Molecular Species
oxPC(16:0-5:0{OH])
oxPC(16:0-8:1[0])
oxPC(16:0_8:1[OH])

Oxidation Product
Molecular Species

oxPC(16:0-8:0[0])
0xP(C(16:0-9:0[0])
oxPC(16:0_12:1[0))
0xPC(16:012:1[20))
oxPC(16:0-12:1[OH])
PC(16:0_18:2) oxPC/(16:0_18:2[0))
0xPC/(16:0_18:2[0H])
0xP(C(16:0-18:2[O0H])
oxPC(16:0-18:2[OH,00H])
oxPC(16:0-18:2[30H])
0xPC(16:0_18:2[40H])

(

(
oxP(C(16:0-8:1[0,0H])
oxP(C(16:0-9:2[20])
oxP(C(16:0-11:2[20H])
oxP(C(16:0-13:3[OH])

o 0xPC(16:0_20:4[OH])
PC(16:0-20:4) oxP(C(16:0-20:4[O0H])
oxPC(16:0-20:4[200H])
0xP(C(16:0-20:4[300H])
oxP(C(16:0-20:4[OH,00H])
oxPC(16:0-20:4[OH,200H])
oxP(C(16:0-20:4[OH,300H])
oxP(C(16:0-20:4[0,0H,00H])
oxPC(16:0-20:2[Cy,0,20H])

Table 21: Excerpt of molecular species of oxT'G found in studies, adapted in LDA shorthand notation

Study

Oxidation Product
Molecular Species

Commercial sunflower seed oil, stored for three
month beyond the ”"best before” date, then kept
at 60°C for 18 days in open bottles [101]

oxTG(18:3.13:2[0,0H]_13:2]0,0H])
oxTG(22:013:2[20]_13:2[20))
oxTG(18:3.9:0[0]_18:3)
oxTG(18:3.13:2[20]_18:3)
oxTG(18:3.13:2[0,0H] _18:3)
oxTG(18:3[OH]_18:3.9:0[0])

oxTG(18:3.9:0[0]_18:3)

Commercial corn oil and sunflower seed oil, TGs
were purified by thin-layer chromatography and
oxidation was accelerated by adding tert-Butyl
hydroperoxide to the purified TGs [102]

oxTG(18:2.9:0[0]_18:2[O0H])
oxTG(18:2.12:1[0]_18:3[0,00H])
oxTG(18:1.18:2.12:1[30))

(
(
(
(
(
oxTG(18:3[0H]-9:0[0]9:0[O])
(
(
(
(
oxTG(18:1.12:1[0] 18:1[20])

Dataset 1 - Mouse Liver and Dataset 2 Wheat Seeds
oxidized lipids, hence, oxidative analysis with LDA had been skipped for these datasets.

Neither dataset 1 nor 2 explicitly concern
More impor-

tantly, analysis of these datasets with the vast mass lists needed for oxidized lipids wouldn’t be feasible
on the used desktop home computer.

Dataset 3 - Oxidized PC Standard In dataset 3, the identifications of LPPtiger and LDA are
very similar, though LDA covers more adducts. After the initial analysis as described in section [3.7.3
a full mass list of 0xPCs between oxPC(8:0) and oxPC(40:0) for up to four additional OH-groups was
generated and the dataset analyzed. During that analysis, many lipids were reported that turned out
to be false positives, and hence, they are not included here. Nonetheless, some promising looking spec-
tra for oxPC(33:2[20H]) (supplementary figure [S25), oxPC(33:2[30H]) (supplementary figure and
oxPC(33:4[30H]) (supplementary figure[S27) were annotated. The false positives can be clearly attributed
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to the inaccuracy of the data (masses differ up to 0.1Da) and non-optimized settings for handling the
data.

Even by utilizing modification specific fragmentation spectra, identification of functional groups in this
dataset remains difficult: Looking at, for example, the identification of PC(16:0/18:0[20H]) at m/z of
838.5 (table [16)), fragments for [M-(16:0)-O]" and [M-PChead60-(16:0)-O]" were found, pointing towards
an additional O-atom, whereby the identified fragments [18:2[20H]-H20]" and [18:2[20H]-H305] give
reason to suspect an additional OOH-group. In contrast, the reported 20H-group is improbable, as no
specific fragments were identified (like [M-H4O5]", [M-(16:0)-H4O5]" or [18:2[20H]-H405]"). Also, no [M-
O, [M-H2OJ or [M-H305] fragments were found, and all reported fragments are of very low abundance,
making classification almost impossible.

Dataset 4 - Oxidized Wheat Seeds The difference between identifications made by Riewe et al. and
by LDA stem either from stricter rules and mass tolerances used by LDA, or non-optimized parameters of
LDA’s 3D algorithm, or both. Either way, the disparity is not due to a problem with the implementation
that allows LDA to identify oxidized lipids. Quite the contrary, the analysis further proofs the concept:
The MS? spectra look promising and the abundance patterns match the findings of Riewe et. al [30]. The
target mass list for analysis was created directly out of the identifications listed in the original paper. A
more extensive mass list might have led to more identifications than in the original study by Riewe et al.,
but analysis wouldn’t have been feasible for all 81 raw files of the dataset.

4.6 Noisy Spectra

A couple of very noisy spectra (supplementary figure led to false positive identifications in dataset
3 by LDA. Further, it has been observed that NH, adducts of various lipid classes (MGDG, DGDG, TG,
possibly more) lead to a characteristic low mass cluster of fragments (supplementary figure [S39). During
analysis of oxidized lipids by LDA, sometimes, oxidized fragments were mistakenly annotated inside this
cluster, leading to false positive identifications. Adequate filtering algorithms might be developed to
reduce these types of misannotations.

4.7 Outlook

The scope of possibilities of oxidized fatty acyls and resulting lipids is enormous, but with this extension
of LDA, an important step towards high-throughput oxidative lipidomics was taken. Comparison with
other up to date lipidomics tools showed that LDA has a better coverage of the newly implemented lipids,
including galactolipids. This extended version of LDA provides researches with a powerful platform
to elucidate diseases caused by perturbations in the oxidized lipidome. Future versions of LDA could
implement modification-specific fragmentation spectra and (blank) filtering methods, offering yet another
layer of verification and false positive safeguarding respectively.
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5 Appendix

5.1 LipidMatch Results
5.1.1 LM - Dataset 1

Table S1: MS? confirmed lipids in dataset 1 (positive ion mode) by LipidMatch

Lipid Species Lipid Species Lipid Species Lipid Species
1 Co(Q9) 30 PC(35:1) 59 PE(40:5) 88 TG(52:1)
2 DG(34:2) 31 PC(35:3) 60 PE(38:5) 89 TG(51:3)
3 DG(36:3) 32 PC(38:4) 61 PE(40:7) 90 TG(54:7)
4 DG(36:2) 33 PC(40:6) 62 PE(36:3) 91 TG(51:2)
5 DG(36:4) 34 PC(38:3) 63 PEtOH(38:6) 92 TG(50:0)
6 LPC(18:1) 35 PC(36:1) 64 Plasmanyl-PC(34:1) 93 TG(56:6)
7 LPC(18:2) 36 PC(36:2) 65 Plasmanyl-PC(38:5) 94 TG(50:4)
8 LPC(20:3) 37  PC(40:5) 66  SM(42:2) 95 TG(56:9)
9 LPC(20:4) 38 PC(38:2) 67 SM(34:1) 96 TG(52:6)
10 LPC(22:6) 39 PC(40:4) 68  SM(40:1) 97  TG(53:3)
11 LPE(18:0) 40 PC(38:5) 69  SM(42:1) 98 TG(53:2)
12 PC(32:2) 41  PC(36:3) 70 SM(41:1) 99 TG(53:4)
13 PC(34:4) 42 PC(40:7) 71 TG(48:1) 100 TG(54:3)
14 PC(33:2) 43  PC(40:8) 72 TG(48:2) 101 TG(54:2)
15 PC(35:4) 44  PC(37:2) 73 TG(54:0) 102 TG(56:2)
16  PC(36:4) 45 PC(39:4) 74 TG(48:3) 103 TG(54:1)
17 PC(38:6) 46 PC(42:10) 75 TG(50:5) 104 TG(58:5)
18  PC(34:1) 47 PE(24:0) 76 TG(49:3) 105  TG(58:7)
19  PC(32:0) 48 PE(38:6) 77 TG(52:3) 106  TG(54:4)
20 PC(34:2) 49 PE(36:4) 78  TG(52:2) 107 TG(56:4)
21 PC(32:1) 50 PE(34:2) 79 TG(50:2) 108  TG(58:9)
22  PC(34:0) 51 PE(34:1) 80 TG(56:8) 109  TG(58:8)
23 PC(34:3) 52 PE(36:5) 81 TG(56:7) 110 TG(56:5)
24 PC(33:1) 53 PE(38:7) 82 TG(54:6) 111 TG(58:6)
25 PC(36:5) 54  PE(40:6) 83 TG(50:1) 112 TG(56:3)
26  PC(38:7) 55 PE(36:2) 84 TG(54:5) 113 TG(55:3)
27 PC(37:4) 56 PE(38:4) 85 TG(50:3) 114  TG(58:10)
28 PC(35:2) 57 PE(38:3) 86 TG(52:5) 115 TG(62:14)
29 PC(39:6) 58 PE(36:1) 87 TG(52:4)
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Table S2: MS? confirmed lipids in dataset 1 (negative ion mode) by LipidMatch

Lipid Species

Lipid Species

Lipid Species

Lipid Species

0 O U W

Cer-NS(42:2)
CL(78:25)
CL(74:22)
LPC(16:0)
LPC(18:0)
LPC(18:1)
LPC(18:2)
LPC(20:4)
LPE(16:0)
LPE(18:0)
LPE(18:1)
LPE(20:4)
oxPG(34:1)
PC(32:2)
PC

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

PC(32:0)

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

PC(40:8)

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

PE(38:5)
PE(40:6)
PE(40:7)
PE(36:3)
PI(36:4)
PI(34:2)
PI(37:4)
PI(38:4)
PI(38:3)
PI(38:5)
PI(36:3)
Plasmenyl-PE(36:4)
Plasmenyl-PE(38:4)
Plasmenyl-PE(38:5)
Plasmenyl-PE(38:6)
PS(40:6)
PS(38:4)
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5.1.2 LMF - Dataset 1

Table S3: MS? confirmed lipids in dataset 1 (positive ion mode) by LipidMatch Flow

Lipid Species Lipid Species Lipid Species Lipid Species
1 DG(34:2) 23 PC(38:4) 45 PE(384) 67 TG(56:5)
2 DG(36:3) 24 PC(40:6) 46 PE(36:1) 68 TG(52:3)
3 DG(36:4) 25 PC(36:1) 47 PE(38:5) 69 TG(52:4)
4 LPC(18:1) 26 PC(40:5) 48 PE(36:3) 70 TG(52:2)
5 LPC(18:2) 27 PC(36:2) 49  PE(40:7) 71 TG(52:1)
6 LPC(20:4) 28 PC(40:4) 50 Plasmenyl-PC(34:1) 72 TG(54:7)
7 LPC(22:6) 29 PC(38:3) 51 Plasmenyl-PC(38:5) 73 TG(51:2)
8 LPE(18:0) 30 PC(38:5) 52  PS(38:4) 74 TG(51:3)
9 PC(34:4) 31  PC(40:7) 53  SM(40:1) 75 TG(50:4)
10 PC(36:5) 32 PC(36:3) 54 TG(48:1) 76 TG(56:9)
11  PC(34:3) 33 PC(40:8) 55 TG(48:2) 77 TG(52:6)
12 PC(36:4) 34 PC(37:2) 56 TG(48:3) 78  TG(53:3)
13 PC(34:2) 35  PC(39:4) 57 TG(49:3) 79 TG(53:2)
14 PC(38:6) 36 PC(42:10) 58 TG(50:2) 80 TG(53:4)
15 PC(34:0) 37  PE(24:0) 59  TG(56:6) 81 TG(54:3)
16 PC(34:1) 38 PE(38:6) 60 TG(50:3) 82  TG(54:2)
17 PC(33:1) 39 PE(36:4) 61 TG(50:1) 83 TG(54:4)
18 PC(37:4) 40 PE(34:2) 62 TG(56:8) 84 TG(58:9)
19 PC(35:2) 41  PE(34:1) 63 TG(54:5) 85 TG(58:8)
20 PC(39:6) 42  PE(36:5) 64 TG(56:7) 86 TG(56:4)
21  PC(35:1) 43  PE(38:7) 65 TG(52:5) 87 TG(58:7)
22 PC(35:3) 44 PE(40:6) 66 TG(54:6)

Table S4: MS? confirmed lipids in dataset 1 (negative ion mode) by LipidMatch Flow

Lipid Species Lipid Species Lipid Species Lipid Species
1 LPC(16:0) 11 PC(34:3) 21 PC(37:2) 31 PE(38:4)
2 LPC(18:1) 12 PC(34:0) 22 PC(39:4) 32 PI(37:4)
3 LPC(18:2) 13 PC(38:7) 23 PE(38:6) 33  PI(38:3)
4 LPC(20:4) 14 PC(37:4) 24 PE(36:5) 34 PI(36:3)
5 LPE(18:1) 15 PC(35:2) 25 PE(34:3) 35 Plasmenyl-PE((38:4)
6 LPE(20:4) 16 PC(36:2) 26 PE(38:7) 36  Plasmenyl-PE((38:6)
7 PC(34:2) 17 PC(36:1) 27 PE(37:4) 37 PS(38:4)
8 PC(38:6) 18  PC(40:5) 28 PE(40:5)
9 PC(32:1) 19  PC(38:2) 29 PE(36:1)
10 PC(36:5) 20 PC(38:5) 30 PE(40:4)
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5.1.3 LM - Dataset 2

Table S5: MS? confirmed lipids in dataset 2 (positive ion mode) by LipidMatch

Lipid Species

Lipid Species

Lipid Species

Lipid Species

0~ O ULk W

AcCar(5:0)
AcCar(6:0)
Co(Q9)
DG(34:3)
DG(34:2)
DG(32:0)
DG (34:4)
DG(36:5)
DG (36:4)
DG/(36:6)
DGDG(34:3)
DGDG (36:6)
LPC(16:0)
LPC(18:2)
LPC(18:3)
LPE(16:0)
LPE(18:2)
LPE(18:3)
LPE(8:0)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

MG (18:3)

MGDG(28:3)
MGDG (34:3)
MGDG(36:6)
MGDG(36:4)
MGDG(36:7)

oxLPC(24:1[Ke,OH])

oxLPC(24:1[20])
oxTG(50:1[OH])
oxTG(52:2[OH])
0xTG (54:9[0H))
oxTG(52:2[20H])
PA(34:2)

PC(34:1)

PEtOH(40:6)
PG(26:1)

PG(34:2)
PG(34:3)
PG(34:4)
PG(36:7)
PS(42:3)
PS(40:3)

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

So(18:0)
So(18:1)
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Table S6: MS? confirmed lipids in dataset 2 (negative ion mode) by LipidMatch

Lipid Species

Lipid Species

Lipid Species

Lipid Species

0~ O U W

I I I N N T N R e e e R e e
U W N = O ©O0oO U W +—=O©

AcylGlcADG(52:5)
CerAP(42:2)
CerAP(42:1)
CerAP(40:1)
CerAP(42:0)
CerAP(43:1)
CL(70:2)
CL(70:4)
DGDG(34:3)
DGDG(34:2)
DGDG(34:4)
DGDG(34:1)
DGDG(35:3)
DGDG(36:6)
DGDG(36:3)
DGDG(36:4)
FAHFA (28:0)
FAHFA (27:3)
FAHFA (21:0)
FAHFA (36:5)
FAHFA (36:3)
HexCerAP(42:
HexCerAP(42:
HexCerAP(41:
(40:

HexCerAP

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

LPA(16:0)
LPA(18:0)
LPA(18:3)
LPC(16:0)
LPC(18:2)
LPE(16:0)
LPE(18:2)
LPE(18:3)

MGDG (34:3)
MGDG (34:2)
MGDG(34:4)
MGDG(36:6)
oxCL(74:8[OH])
0xPC(34:3[30])
oxPC(34:2[00H])
0xPC(29:2[COOH])
0xPC(36:6[30])
oxPE(34:3[30])
o0xPE(36:6[30])
oxPE(36:530])
oxPG(34:1]0))
PA(33:3)
PA(33:4)
PA(34:2)
PA(34:3)

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

PA(34:4)

76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

PE(36:6)

PI(34:3)
PI(34:2)
PI(36:5)
PI(36:4)
PS(36:5)
PS(36:4)
PS(40:3)

46



5.1.4 LMF - Dataset 2

Table S7: MS? confirmed lipids in dataset 2 (positive ion mode) by LipidMatch Flow

Lipid Species

Lipid Species

Lipid Species

Lipid Species

OO UL W N+

DG(34:3)
DG

DG(36:6)
DGDG(36:6)
LPC(16:0)

9
10
11
12
13
14
15
16

LPC(18:2)
LPC(18:3)
LPE(16:0)
LPE(18:2)
LPE(18:3)
MG(18:3)

MGDG (28:3)
MGDG (34:3)

17
18
19
20
21
22
23
24

MGDG (36:6)
MGDG(36:4)
MGDG(36:7)
oxLPC(24:1[20])
oxTG(50:1[OH])
oxTG (52:2[20H])
PC(34:3)
PE(34:3)

25
26
27
28
29
30
31

PE(36:3)
PG (26:1)
PG(34:4)
So(18:0)
TG(52:6)
TG(50:3)
TG(50:2)

Table S8: MS? confirmed lipids in dataset 2 (negative ion mode) by LipidMatch Flow

Lipid Species

Lipid Species

Lipid Species

Lipid Species

0~ Utk W

= e e e
N O ULk W N~ O ©

AcylGlcADG(52:5)
Cer-AP(42:2)
Cer-AP(42:1)
Cer-AP(43:1)
CL(70:4)
DGDG(34:3)
DGDG (34:4)
DGDG(34:1)
DGDG(35:3)
DGDG(36:6)
FAHFA (36:5)
HexCer-AP(42:2)
HexCer-AP(42:1)
HexCer-AP(41:1)
LPA(18:0)
LPA(18:3)
LPC(16:0)

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

LPC(18:2)
LPE(16:0)
LPE(18:2)
LPE(18:3)
MGDG (34:3)
MGDG(34:2)
MGDG(36:6)

PA(33:3)
PA(33:4)
PA(34:3)
PA(34:2)
PA(34:4)

oxPC(29:2[COOH])
oxPE(34:3[30])
oxPE(36:6[30])
o0xPE(36:5[30])
oxPG(34:3[0])

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

PA(36:5)

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

PG(36:7
PI(34:3)
PI(34:2)
PS(40:3)
SQDG(34:3
SQDG(32:0
SQDG(36:6
SQDG(36:3

Nt NN
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5.2 LDA Mass Lists

Dataset 1 and 2

Table S9: Mass list dataset 1 and 2 - MGDG positive ion mode (part 1/6)

mass(form[+NH4]

mass(form[+Na]

mass(form[+H]

Name —dbs G H O o[NHA)) name[Na)) name[H])

20 0 29 54 10 580.4055235 585.360919 563.3789744
20 1 20 52 10 578.3308734 583.345269 561.3633243
20 2 29 50 10 576.3742234 581.3296180 559.3476743
20 3 29 48 10 574.3585733 579.3139688 557.3320242
20 4 20 46 10 5723420232 577.2083188 555.3163741
21 0 30 56 10 594.4211736 599.3765691 577.3946245
21 1 30 54 10 592.4055235 597.360919 575.3789744
21 2 30 52 10 590.3808734 595.345269 573.3633243
21 330 50 10 588.3742234 593.3296189 571.3476743
21 4 30 48 10 586.3585733 591.3130688 560.3320242
22 0 31 58 10 608.4368236 613.3922192 591.4102745
22 1 31 56 10 606.4211736 611.3765691 580.3946245
22 2 31 54 10 6044055235 609.360919 587.3780744
22 3 31 52 10 602.3808734 607.345269 585.3633243
22 4 31 50 10 600.3742234 605.3206189 583.3476743
23 0 32 60 10 6224524737 627.4078692 605.4250246
23 1 32 58 10 620.4368236 625.3922192 603.4102745
23 2 32 56 10 6184211736 623.3765691 601.3946245
23 3 32 54 10 616.4055235 621.360919 599.3780744
23 4 32 52 10 614.3808734 619.345269 597.3633243
2 0 33 62 10 6364681238 641.4235193 619.4415747
24 1 33 60 10 634.4524737 630.4078602 617.4250246
24 2 33 58 10 632.4368236 637.3922192 615.4102745
24 3 33 56 10 630.4211736 635.3765691 613.3946245
24 4 33 54 10 6284055235 633.360919 611.3780744
25 0 34 64 10 650.4837738 655.4301603 633.4572247
25 1 34 62 10 648.4681238 653.4235103 6314415747
25 2 34 60 10 646.4524737 651.4078602 620.4250246
25 3 34 58 10 644.4368236 649.3922192 627.4102745
25 4 34 56 10 642.4211736 647.3765691 625.3946245
26 0 35 66 10 664.4994239 660.4548194 647.4728748
26 1 35 64 10 662.4837738 667.4391603 645.4572247
26 2 35 62 10 660.4681238 665.4235193 643.4415747
26 335 60 10 6584524737 663.4078602 641.4250246
26 4 35 58 10 656.4368236 661.3922192 630.4102745
27 0 36 68 10 678.5150739 683.4704695 661.4885248
o7 1 36 66 10 676.4994239 681.4548194 659.4728748
o7 9 36 64 10 674.4837738 679.4301603 657.4572247
27 3 36 62 10 672.4681238 677.4235193 655.4415747
o7 4 36 60 10 6704524737 675.4078602 653.4250246
28 0 37 70 10 692.530724 697.4861195 675.5041749
28 1 37 68 10 690.5150739 695.4704695 673.4885248
28 2 37 66 10 688.4994239 693.4548194 6714728748
28 3 37 64 10 686.4837738 691.4391603 669.4572247
28 4 37 62 10 684.4681238 689.4235193 667.4415747
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Table S10: Mass list dataset 1 and 2 - MGDG positive ion mode (part 2/6)

Name

dbs

C

H

0]

mass(form[+NH4]

mass(form[+Na]

mass(form[+H]

name[NH4]) name[Na]) name[H])

29 0 38 72 10 706.5463741 711.5017696 689.519825

29 1 38 70 10 704.530724 709.4861195 687.5041749
29 2 38 68 10 702.5150739 707.4704695 685.4885248
29 3 38 66 10 700.4994239 705.4548194 683.4728748
29 4 38 64 10 698.4837738 703.4391693 681.4572247
30 0 39 74 10 720.5620241 725.5174197 703.535475

30 1 39 72 10 718.5463741 723.5017696 701.519825

30 2 39 70 10 716.530724 721.4861195 699.5041749
30 3 39 68 10 714.5150739 719.4704695 697.4885248
30 4 39 66 10 712.4994239 717.4548194 695.4728748
30 5 39 64 10 710.4837738 715.4391693 693.4572247
30 6 39 62 10 708.4681238 713.4235193 691.4415747
30 7 39 60 10 706.4524737 711.4078692 689.4259246
30 8 39 58 10 704.4368236 709.3922192 687.4102745
31 0 40 76 10 734.5776742 739.5330697 717.5511251
31 1 40 74 10 732.5620241 737.5174197 715.535475

31 2 40 72 10 730.5463741 735.5017696 713.519825

31 3 40 70 10 728.530724 733.4861195 711.5041749
31 4 40 68 10 726.5150739 731.4704695 709.4885248
31 5 40 66 10 724.4994239 729.4548194 707.4728748
31 6 40 64 10 722.4837738 727.4391693 705.4572247
31 7 40 62 10 720.4681238 725.4235193 703.4415747
31 8 40 60 10 718.4524737 723.4078692 701.4259246
32 0 41 78 10 748.5933243 753.5487198 731.5667752
32 1 41 76 10 746.5776742 751.5330697 729.5511251
32 2 41 74 10 744.5620241 749.5174197 727.535475

32 3 41 72 10 742.5463741 747.5017696 725.519825

32 4 41 70 10 740.530724 745.4861195 723.5041749
32 5 41 68 10 738.5150739 743.4704695 721.4885248
32 6 41 66 10 736.4994239 741.4548194 719.4728748
32 7 41 64 10 734.4837738 739.4391693 717.4572247
32 8 41 62 10 732.4681238 737.4235193 715.4415747
33 0 42 80 10 762.6089743 767.5643699 745.5824252
33 1 42 78 10 760.5933243 765.5487198 743.5667752
33 2 42 76 10 758.5776742 763.5330697 741.5511251
33 3 42 74 10 756.5620241 761.5174197 739.535475

33 4 42 72 10 754.5463741 759.5017696 737.519825

33 5 42 70 10 752.530724 757.4861195 735.5041749
33 6 42 68 10 750.5150739 755.4704695 733.4885248
33 7 42 66 10 748.4994239 753.4548194 731.4728748
33 8 42 64 10 746.4837738 751.4391693 729.4572247
34 0 43 82 10 776.6246244 781.5800199 759.5980753
34 1 43 80 10 774.6089743 779.5643699 757.5824252
34 2 43 78 10 772.5933243 777.5487198 755.5667752
34 3 43 76 10 770.5776742 775.5330697 753.5511251
34 4 43 74 10 768.5620241 773.5174197 751.535475

34 5 43 72 10 766.5463741 771.5017696 749.519825

34 6 43 70 10 764.530724 769.4861195 747.5041749
34 7 43 68 10 762.5150739 767.4704695 745.4885248
34 8 43 66 10 760.4994239 765.4548194 743.4728748
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Table S11: Mass list dataset 1 and 2 - MGDG positive ion mode (part 3/6)

mass(form[+NH4]

mass(form[+Na]

mass(form[+H]

Name dbs CH O name[NH4]) name|[Nal) name[H])

35 0 44 84 10 790.6402745 795.59567 773.6137254
35 1 44 82 10 788.6246244 793.5800199 771.5980753
35 2 44 80 10 786.6089743 791.5643699 769.5824252
35 3 44 78 10 784.5933243 789.5487198 767.5667752
35 4 44 76 10 782.5776742 787.5330697 765.5511251
35 5 44 74 10 780.5620241 785.5174197 763.535475
35 6 44 72 10 778.5463741 783.5017696 761.519825
35 7 44 70 10 776.530724 781.4861195 759.5041749
35 8 44 68 10 774.5150739 779.4704695 757.4885248
36 0 45 86 10 804.6559245 809.61132 787.6293754
36 1 45 84 10 802.6402745 807.59567 785.6137254
36 2 45 82 10 800.6246244 805.5800199 783.5980753
36 3 45 80 10 798.6089743 803.5643699 781.5824252
36 4 45 78 10 796.5933243 801.5487198 779.5667752
36 5 45 76 10 794.5776742 799.5330697 777.5511251
36 6 45 74 10 792.5620241 797.5174197 775.535475
36 7 45 72 10 790.5463741 795.5017696 773.519825
36 8 45 70 10 788.530724 793.4861195 771.5041749
37 0 46 88 10 818.6715746 823.6269701 801.6450255
37 1 46 86 10 816.6559245 821.61132 799.6293754
37 2 46 84 10 814.6402745 819.59567 797.6137254
37 3 46 82 10 812.6246244 817.5800199 795.5980753
37 4 46 80 10 810.6089743 815.5643699 793.5824252
37 5 46 78 10 808.5933243 813.5487198 791.5667752
37 6 46 76 10 806.5776742 811.5330697 789.5511251
37 7 46 74 10 804.5620241 809.5174197 787.535475
37 8 46 72 10 802.5463741 807.5017696 785.519825
38 0 47 90 10 832.6872246 837.6426202 815.6606755
38 1 47 88 10 830.6715746 835.6269701 813.6450255
38 2 47 86 10 828.6559245 833.61132 811.6293754
38 3 47 84 10 826.6402745 831.59567 809.6137254
38 4 47 82 10  824.6246244 829.5800199 807.5980753
38 5 47 80 10 822.6089743 827.5643699 805.5824252
38 6 47 78 10 820.5933243 825.5487198 803.5667752
38 7 47 76 10 818.5776742 823.5330697 801.5511251
38 8 47 74 10 816.5620241 821.5174197 799.535475
38 9 47 72 10 814.5463741 819.5017696 797.519825
38 10 47 70 10 812.530724 817.4861195 795.5041749
39 0 48 92 10 846.7028747 851.6582702 829.6763256
39 1 48 90 10 844.6872246 849.6426202 827.6606755
39 2 48 88 10 842.6715746 847.6269701 825.6450255
39 3 48 86 10 840.6559245 845.61132 823.6293754
39 4 48 84 10 838.6402745 843.59567 821.6137254
39 5 48 82 10 836.6246244 841.5800199 819.5980753
39 6 48 80 10 834.6089743 839.5643699 817.5824252
39 7 48 78 10 832.5933243 837.5487198 815.5667752
39 8 48 76 10 830.5776742 835.5330697 813.5511251
39 9 48 74 10 828.5620241 833.5174197 811.535475
39 10 48 72 10 826.5463741 831.5017696 809.519825
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Table S12: Mass list dataset 1 and 2 - MGDG positive ion mode (part 4/6)

mass(form[+NH4]

mass(form[+Na]

mass(form[+H]

Name dbs  C H © name[NH4]) name[Na]) name[H])

40 0 49 94 10 860.7185248 865.6739203 843.6919757
40 1 49 92 10  858.7028747 863.6582702 841.6763256
40 2 49 90 10 856.6872246 861.6426202 839.6606755
40 3 49 88 10 854.6715746 859.6269701 837.6450255
40 4 49 86 10  852.6559245 857.61132 835.6293754
40 5 49 84 10 850.6402745 855.59567 833.6137254
40 6 49 82 10 848.6246244 853.5800199 831.5980753
40 7 49 80 10  846.6089743 851.5643699 829.5824252
40 8 49 78 10 844.5933243 849.5487198 827.5667752
40 9 49 76 10 842.5776742 847.5330697 825.5511251
40 10 49 T4 10 840.5620241 845.5174197 823.535475
40 11 49 72 10 838.5463741 843.5017696 821.519825
40 12 49 70 10 836.530724 841.4861195 819.5041749
41 0 50 96 10 874.7341748 879.6895704 857.7076257
41 1 50 94 10 872.7185248 877.6739203 855.6919757
41 2 50 92 10 870.7028747 875.6582702 853.6763256
41 3 50 90 10 868.6872246 873.6426202 851.6606755
41 4 50 88 10 866.6715746 871.6269701 849.6450255
41 5 50 86 10 864.6559245 869.61132 847.6293754
41 6 50 84 10 862.6402745 867.59567 845.6137254
41 7 50 82 10 860.6246244 865.5800199 843.5980753
41 8 50 80 10 858.6089743 863.5643699 841.5824252
41 9 50 78 10 856.5933243 861.5487198 839.5667752
41 10 50 76 10 854.5776742 859.5330697 837.5511251
41 11 50 74 10 852.5620241 857.5174197 835.535475
41 12 50 72 10 850.5463741 855.5017696 833.519825
42 0 51 98 10 888.7498249 893.7052204 871.7232758
42 1 51 96 10 886.7341748 891.6895704 869.7076257
42 2 51 94 10 884.7185248 889.6739203 867.6919757
42 3 51 92 10 882.7028747 887.6582702 865.6763256
42 4 51 90 10  880.6872246 885.6426202 863.6606755
42 5 51 88 10 878.6715746 883.6269701 861.6450255
42 6 51 86 10 876.6559245 881.61132 859.6293754
42 7 51 84 10 874.6402745 879.59567 857.6137254
42 8 51 82 10 872.6246244 877.5800199 855.5980753
42 9 51 80 10 870.6089743 875.5643699 853.5824252
42 10 51 78 10  868.5933243 873.5487198 851.5667752
42 11 51 76 10 866.5776742 871.5330697 849.5511251
42 12 51 74 10 864.5620241 869.5174197 847.535475
43 0 52 100 10 902.765475 907.7208705 885.7389259
43 1 52 98 10 900.7498249 905.7052204 883.7232758
43 2 52 96 10 898.7341748 903.6895704 881.7076257
43 3 52 94 10  896.7185248 901.6739203 879.6919757
43 4 52 92 10 894.7028747 899.6582702 877.6763256
43 5 52 90 10 892.6872246 897.6426202 875.6606755
43 6 52 88 10 890.6715746 895.6269701 873.6450255
43 7 52 86 10  888.6559245 893.61132 871.6293754
43 8 52 84 10 886.6402745 891.59567 869.6137254
43 9 52 82 10 884.6246244 889.5800199 867.5980753
43 10 52 80 10 882.6089743 887.5643699 865.5824252
43 11 52 78 10 880.5933243 885.5487198 863.5667752
43 12 52 76 10 878.5776742 883.5330697 861.5511251
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Table S13: Mass list dataset 1 and 2 - MGDG positive ion mode (part 5/6)

mass(form[+NH4]

mass(form[+Na]

mass(form[+H]

Name dbs  C H © name[NH4]) name[Na]) name[H])

44 0 53 102 10 916.781125 921.7365206 899.7545759
44 1 53 100 10 914.765475 919.7208705 897.7389259
44 2 53 98 10 912.7498249 917.7052204 895.7232758
44 3 53 96 10 910.7341748 915.6895704 893.7076257
44 4 53 94 10 908.7185248 913.6739203 891.6919757
44 5 53 92 10 906.7028747 911.6582702 889.6763256
44 6 53 90 10 904.6872246 909.6426202 887.6606755
44 7 53 88 10 902.6715746 907.6269701 885.6450255
44 8 53 86 10 900.6559245 905.61132 883.6293754
44 9 53 84 10 898.6402745 903.59567 881.6137254
44 10 53 82 10  896.6246244 901.5800199 879.5980753
44 11 53 80 10 894.6089743 899.5643699 877.5824252
44 12 53 78 10 892.5933243 897.5487198 875.5667752
45 0 54 104 10 930.7967751 935.7521706 913.770226
45 1 54 102 10 928.781125 933.7365206 911.7545759
45 2 54 100 10 926.765475 931.7208705 909.7389259
45 3 54 98 10 924.7498249 929.7052204 907.7232758
45 4 54 96 10 922.7341748 927.6895704 905.7076257
45 5 54 94 10 920.7185248 925.6739203 903.6919757
45 6 54 92 10 918.7028747 923.6582702 901.6763256
45 7 54 90 10 916.6872246 921.6426202 899.6606755
45 8 54 88 10 914.6715746 919.6269701 897.6450255
45 9 54 86 10 912.6559245 917.61132 895.6293754
45 10 54 84 10 910.6402745 915.59567 893.6137254
45 11 54 82 10 908.6246244 913.5800199 891.5980753
45 12 54 80 10  906.6089743 911.5643699 889.5824252
46 0 55 106 10 944.8124252 949.7678207 927.7858761
46 1 55 104 10 942.7967751 947.7521706 925.770226
46 2 55 102 10 940.781125 945.7365206 923.7545759
46 3 55 100 10 938.765475 943.7208705 921.7389259
46 4 55 98 10 936.7498249 941.7052204 919.7232758
46 5 55 96 10 934.7341748 939.6895704 917.7076257
46 6 55 94 10 932.7185248 937.6739203 915.6919757
46 7 55 92 10 930.7028747 935.6582702 913.6763256
46 8 55 90 10 928.6872246 933.6426202 911.6606755
46 9 55 88 10 926.6715746 931.6269701 909.6450255
46 10 55 86 10 924.6559245 929.61132 907.6293754
46 11 55 84 10 922.6402745 927.59567 905.6137254
46 12 55 82 10 920.6246244 925.5800199 903.5980753
47 0 56 108 10 958.8280752 963.7834707 941.8015261
47 1 56 106 10 956.8124252 961.7678207 939.7858761
47 2 56 104 10 954.7967751 959.7521706 937.770226
47 3 56 102 10 952.781125 957.7365206 935.7545759
47 4 56 100 10 950.765475 955.7208705 933.7389259
47 5 56 98 10 948.7498249 953.7052204 931.7232758
47 6 56 96 10 946.7341748 951.6895704 929.7076257
47 7 56 94 10 944.7185248 949.6739203 927.6919757
47 8 56 92 10 942.7028747 947.6582702 925.6763256
47 9 56 90 10 940.6872246 945.6426202 923.6606755
47 10 56 88 10 938.6715746 943.6269701 921.6450255
47 11 56 86 10 936.6559245 941.61132 919.6293754
47 12 56 84 10 934.6402745 939.59567 917.6137254
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Table S14: Mass list dataset 1 and 2 - MGDG positive ion mode (part 6/6)

mass(form[+NH4|

mass(form[+Na]

mass(form[+H]

Name —dbs G H O e NH4)) name[Na)) name[H])

48 0 57 110 10 972.8437253 977.7991208 955.8171762

48 1 57 108 10 970.8280752 975.7834707 953.8015261

48 2 57 106 10 968.8124252 973.7678207 951.7858761

48 3 57 104 10 966.7967751 971.7521706 949.770226

48 4 57 102 10 964.781125 969.7365206 947.7545759

48 5 57 100 10 962.765475 967.7208705 945.7389259

48 6 57 98 10  960.7498249 965.7052204 943.7232758

48 7 57 96 10 958.7341748 963.6895704 941.7076257

48 8 57 94 10  956.7185248 961.6739203 939.6919757

48 9 57 92 10  954.7028747 959.6582702 937.6763256

48 10 57 90 10  952.6872246 957.6426202 935.6606755

48 11 57 88 10  950.6715746 955.6269701 933.6450255

48 12 57 86 10  948.6559245 953.61132 931.6293754

Table S15: Mass list dataset 1 and 2 - MGDG negative ion mode (part 1/6)
mass(form[+C2H302] mass(form[+HCOO] mass(form[-H

Name dbs CH O name([CQHgOQ]) ] name([HCO[OD | name([—H}) -
20 0 29 54 10 621.3855509 607.3699008 561.3644215
20 1 29 52 10 619.3699008 605.3542507 559.3487714
20 2 29 50 10 617.3542507 603.3386007 557.3331214
20 3 29 48 10 615.3386007 601.3229506 555.3174713
20 4 29 46 10 613.3229506 599.3073005 553.3018212
21 0 30 56 10 635.4012009 621.3855509 575.3800716
21 1 30 54 10 633.3855509 619.3699008 573.3644215
21 2 30 52 10 631.3699008 617.3542507 571.3487714
21 3 30 50 10 629.3542507 615.3386007 569.3331214
21 4 30 48 10 627.3386007 613.3229506 567.3174713
22 0 31 58 10 649.416851 635.4012009 589.3957216
22 1 31 56 10 647.4012009 633.3855509 587.3800716
22 2 31 54 10 645.3855509 631.3699008 585.3644215
22 3 31 52 10 643.3699008 629.3542507 583.3487714
22 4 31 50 10 641.3542507 627.3386007 581.3331214
23 0 32 60 10 663.4325011 649.416851 603.4113717
23 1 32 58 10 661.416851 647.4012009 601.3957216
23 2 32 56 10 659.4012009 645.3855509 599.3800716
23 3 32 54 10 657.3855509 643.3699008 597.3644215
23 4 32 52 10 655.3699008 641.3542507 595.3487714
24 0 33 62 10 677.4481511 663.4325011 617.4270217
24 1 33 60 10 675.4325011 661.416851 615.4113717
24 2 33 58 10 673.416851 659.4012009 613.3957216
24 3 33 56 10 671.4012009 657.3855509 611.3800716
24 4 33 54 10 669.3855509 655.3699008 609.3644215
25 0 34 64 10 691.4638012 677.4481511 631.4426718
25 1 34 62 10 689.4481511 675.4325011 629.4270217
25 2 34 60 10 687.4325011 673.416851 627.4113717
25 3 34 58 10 685.416851 671.4012009 625.3957216
25 4 34 56 10 683.4012009 669.3855509 623.3800716
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Table S16: Mass list dataset 1 and 2 - MGDG negative ion mode (part 2/6)

mass(form[+C2H302]

mass(form[+HCOO]

mass(form[-H]

Name —dbs CH 0 c2m302) name[HCOO)) name|-H])
26 0 35 66 10 705.4794512 691.4638012 645.4583219
26 1 35 64 10 703.4638012 689.4481511 643.4426718
26 2 35 62 10 701.4481511 687.4325011 641.4270217
26 3 35 60 10 699.4325011 685.416851 639.4113717
26 4 35 58 10 697.416851 683.4012009 637.3957216
27 0 36 68 10 719.4951013 705.4794512 659.4739719
27 1 36 66 10 717.4794512 703.4638012 657.4583219
27 2 36 64 10 715.4638012 701.4481511 655.4426718
27 3 36 62 10 713.4481511 699.4325011 653.4270217
27 4 36 60 10 711.4325011 697.416851 651.4113717
28 0 37 70 10 733.5107514 719.4951013 673.489622
28 1 37 68 10 731.4951013 717.4794512 671.4739719
28 2 37 66 10 729.4794512 715.4638012 669.4583219
28 3 37 64 10 727.4638012 713.4481511 667.4426718
28 4 37 62 10 725.4481511 711.4325011 665.4270217
29 0 38 72 10 747.5264014 733.5107514 687.5052721
29 1 38 70 10 745.5107514 731.4951013 685.489622
29 2 38 68 10 743.4951013 729.4794512 683.4739719
29 3 38 66 10 741.4794512 727.4638012 681.4583219
29 4 38 64 10 739.4638012 725.4481511 679.4426718
30 0 39 74 10 761.5420515 747.5264014 701.5209221
30 1 39 72 10 759.5264014 745.5107514 699.5052721
30 2 39 70 10 757.5107514 743.4951013 697.489622
30 3 39 68 10 755.4951013 741.4794512 695.4739719
30 4 39 66 10 753.4794512 739.4638012 693.4583219
30 5 39 64 10 751.4638012 737.4481511 691.4426718
30 6 39 62 10 749.4481511 735.4325011 689.4270217
30 7 39 60 10 747.4325011 733.416851 687.4113717
30 8 39 58 10 745.416851 731.4012009 685.3957216
31 0 40 76 10 775.5577016 761.5420515 715.5365722
31 1 40 74 10 773.5420515 759.5264014 713.5209221
31 2 40 72 10 771.5264014 757.5107514 711.5052721
31 3 40 70 10 769.5107514 755.4951013 709.489622
31 4 40 68 10 767.4951013 753.4794512 707.4739719
31 5 40 66 10 765.4794512 751.4638012 705.4583219
31 6 40 64 10 763.4638012 749.4481511 703.4426718
31 7 40 62 10 761.4481511 747.4325011 701.4270217
31 8 40 60 10 759.4325011 745.416851 699.4113717
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Table S17: Mass list dataset 1 and 2 - MGDG negative ion mode (part 3/6)

mass(form[+C2H302]

mass(form[+HCOO)]

mass(form|[-H]

Name dbs CH O name[C2H302]) name[HCOO]) namel-H])
32 0 41 78 10 789.5733516 775.5577016 729.5522223
32 1 41 76 10 787.5577016 773.5420515 727.5365722
32 2 41 74 10 785.5420515 771.5264014 725.5209221
32 3 41 72 10 783.5264014 769.5107514 723.5052721
32 4 41 70 10 781.5107514 767.4951013 721.489622
32 5 41 68 10 779.4951013 765.4794512 719.4739719
32 6 41 66 10 777.4794512 763.4638012 717.4583219
32 7 41 64 10 775.4638012 761.4481511 715.4426718
32 8 41 62 10 773.4481511 759.4325011 713.4270217
33 0 42 80 10 803.5890017 789.5733516 743.5678723
33 1 42 78 10 801.5733516 787.5577016 741.5522223
33 2 42 76 10 799.5577016 785.5420515 739.5365722
33 3 42 74 10 797.5420515 783.5264014 737.5209221
33 4 42 72 10 795.5264014 781.5107514 735.5052721
33 5 42 70 10 793.5107514 779.4951013 733.489622
33 6 42 68 10 791.4951013 777.4794512 731.4739719
33 7 42 66 10 789.4794512 775.4638012 729.4583219
33 8 42 64 10 787.4638012 773.4481511 727.4426718
34 0 43 82 10 817.6046518 803.5890017 757.5835224
34 1 43 80 10 815.5890017 801.5733516 755.5678723
34 2 43 78 10 813.5733516 799.5577016 753.5522223
34 3 43 76 10 811.5577016 797.5420515 751.5365722
34 4 43 74 10 809.5420515 795.5264014 749.5209221
34 5 43 72 10 807.5264014 793.5107514 747.5052721
34 6 43 70 10 805.5107514 791.4951013 745.489622
34 7 43 68 10 803.4951013 789.4794512 743.4739719
34 8 43 66 10 801.4794512 787.4638012 741.4583219
35 0 44 84 10 831.6203018 817.6046518 771.5991725
35 1 44 82 10 829.6046518 815.5890017 769.5835224
35 2 44 80 10 827.5890017 813.5733516 767.5678723
35 3 44 78 10 825.5733516 811.5577016 765.5522223
35 4 44 76 10 823.5577016 809.5420515 763.5365722
35 5 44 74 10 821.5420515 807.5264014 761.5209221
35 6 44 72 10 819.5264014 805.5107514 759.5052721
35 7 44 70 10 817.5107514 803.4951013 757.489622
35 8 44 68 10 815.4951013 801.4794512 755.4739719
36 0 45 86 10 845.6359519 831.6203018 785.6148225
36 1 45 84 10 843.6203018 829.6046518 783.5991725
36 2 45 82 10 841.6046518 827.5890017 781.5835224
36 3 45 80 10 839.5890017 825.5733516 779.5678723
36 4 45 78 10 837.5733516 823.5577016 777.5522223
36 5 45 76 10 835.5577016 821.5420515 775.5365722
36 6 45 74 10 833.5420515 819.5264014 773.5209221
36 7 45 72 10 831.5264014 817.5107514 771.5052721
36 8 45 70 10 829.5107514 815.4951013 769.489622
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Table S18: Mass list dataset 1 and 2 - MGDG negative ion mode (part 4/6)

mass(form[+C2H302]

mass(form[+HCOO]

mass(form|[-H]

Name — dbs CH 0 [c2m302) name[HCOO)) name|-H])
37 0 46 88 10 859.651602 845.6359519 799.6304726
37 1 46 86 10 857.6359519 843.6203018 797.6148225
37 2 46 84 10 855.6203018 841.6046518 795.5991725
37 3 46 82 10 853.6046518 839.5890017 793.5835224
37 4 46 80 10 851.5890017 837.5733516 791.5678723
37 5 46 78 10 849.5733516 835.5577016 789.5522223
37 6 46 76 10 847.5577016 833.5420515 787.5365722
37 7 46 74 10 845.5420515 831.5264014 785.5209221
37 8 46 72 10 843.5264014 829.5107514 783.5052721
38 0 47 90 10 873.667252 859.651602 813.6461226
38 1 47 88 10 871.651602 857.6359519 811.6304726
38 2 47 86 10 869.6359519 855.6203018 809.6148225
38 3 47 84 10 867.6203018 853.6046518 807.5991725
38 4 47 82 10 865.6046518 851.5890017 805.5835224
38 5 47 80 10 863.5890017 849.5733516 803.5678723
38 6 47 78 10 861.5733516 847.5577016 801.5522223
38 7 47 76 10 859.5577016 845.5420515 799.5365722
38 8 47 74 10 857.5420515 843.5264014 797.5209221
38 9 47 72 10 855.5264014 841.5107514 795.5052721
38 10 47 70 10 853.5107514 839.4951013 793.489622
39 0 48 92 10 887.6829021 873.667252 827.6617727
39 1 48 90 10 885.667252 871.651602 825.6461226
39 2 48 88 10 883.651602 869.6359519 823.6304726
39 3 48 86 10 881.6359519 867.6203018 821.6148225
39 4 48 84 10 879.6203018 865.6046518 819.5991725
39 5 48 82 10 877.6046518 863.5890017 817.5835224
39 6 48 80 10 875.5890017 861.5733516 815.5678723
39 7 48 78 10 873.5733516 859.5577016 813.5522223
39 8 48 76 10 871.5577016 857.5420515 811.5365722
39 9 48 74 10 869.5420515 855.5264014 809.5209221
39 10 48 72 10 867.5264014 853.5107514 807.5052721
40 0 49 94 10 901.6985521 887.6829021 841.6774228
40 1 49 92 10 899.6829021 885.667252 839.6617727
40 2 49 90 10 897.667252 883.651602 837.6461226
40 3 49 88 10 895.651602 881.6359519 835.6304726
40 4 49 86 10 893.6359519 879.6203018 833.6148225
40 5 49 84 10 891.6203018 877.6046518 831.5991725
40 6 49 82 10 889.6046518 875.5890017 829.5835224
40 7 49 80 10 887.5890017 873.5733516 827.5678723
40 8 49 78 10 885.5733516 871.5577016 825.5522223
40 9 49 76 10 883.5577016 869.5420515 823.5365722
40 10 49 74 10 881.5420515 867.5264014 821.5209221
40 11 49 72 10 879.5264014 865.5107514 819.5052721
40 12 49 70 10 &877.5107514 863.4951013 817.489622
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Table S19: Mass list dataset 1 and 2 - MGDG negative ion mode (part 5/6)

mass(form[+C2H302]

mass(form[+HCOOQ]

mass(form[-H]

Name dbs C H © name[C2H302]) name[HCOO]) namel[-H])
41 0 50 96 10  915.7142022 901.6985521 855.6930728
41 1 50 94 10 913.6985521 899.6829021 853.6774228
41 2 50 92 10  911.6829021 897.667252 851.6617727
41 3 50 90 10 909.667252 895.651602 849.6461226
41 4 50 88 10 907.651602 893.6359519 847.6304726
41 5 50 86 10  905.6359519 891.6203018 845.6148225
41 6 50 84 10  903.6203018 889.6046518 843.5991725
41 7 50 82 10 901.6046518 887.5890017 841.5835224
41 8 50 80 10 899.5890017 885.5733516 839.5678723
41 9 50 78 10 897.5733516 883.5577016 837.5522223
41 10 50 76 10  895.5577016 881.5420515 835.5365722
41 11 50 74 10 893.5420515 879.5264014 833.5209221
41 12 50 72 10  891.5264014 877.5107514 831.5052721
42 0 51 98 10 929.7298523 915.7142022 869.7087229
42 1 51 96 10 927.7142022 913.6985521 867.6930728
42 2 51 94 10 925.6985521 911.6829021 865.6774228
42 3 51 92 10 923.6829021 909.667252 863.6617727
42 4 51 90 10  921.667252 907.651602 861.6461226
42 5 51 88 10  919.651602 905.6359519 859.6304726
42 6 51 86 10 917.6359519 903.6203018 857.6148225
42 7 51 84 10 915.6203018 901.6046518 855.5991725
42 8 51 82 10 913.6046518 899.5890017 853.5835224
42 9 51 80 10 911.5890017 897.5733516 851.5678723
42 10 51 78 10 909.5733516 895.5577016 849.5522223
42 11 51 76 10  907.5577016 893.5420515 847.5365722
42 12 51 74 10  905.5420515 891.5264014 845.5209221
43 0 52 100 10 943.7455023 929.7298523 883.724373
43 1 52 98 10 941.7298523 927.7142022 881.7087229
43 2 52 96 10 939.7142022 925.6985521 879.6930728
43 3 52 94 10 937.6985521 923.6829021 877.6774228
43 4 52 92 10 935.6829021 921.667252 875.6617727
43 5 52 90 10 933.667252 919.651602 873.6461226
43 6 52 88 10 931.651602 917.6359519 871.6304726
43 7 52 86 10 929.6359519 915.6203018 869.6148225
43 8 52 84 10  927.6203018 913.6046518 867.5991725
43 9 52 82 10  925.6046518 911.5890017 865.5835224
43 10 52 80 10 923.5890017 909.5733516 863.5678723
43 11 52 78 10 921.5733516 907.5577016 861.5522223
43 12 52 76 10 919.5577016 905.5420515 859.5365722
44 0 53 102 10 957.7611524 943.7455023 897.740023
44 1 53 100 10 955.7455023 941.7298523 895.724373
44 2 53 98 10 953.7298523 939.7142022 893.7087229
44 3 53 96 10  951.7142022 937.6985521 891.6930728
44 4 53 94 10 949.6985521 935.6829021 889.6774228
44 5 53 92 10 947.6829021 933.667252 887.6617727
44 6 53 90 10  945.667252 931.651602 885.6461226
44 7 53 88 10 943.651602 929.6359519 883.6304726
44 8 53 86 10  941.6359519 927.6203018 881.6148225
44 9 53 &84 10 939.6203018 925.6046518 879.5991725
44 10 53 82 10 937.6046518 923.5890017 877.5835224
44 11 53 80 10 935.5890017 921.5733516 875.5678723
44 12 53 78 10 933.5733516 919.5577016 873.5522223
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Table S20: Mass list dataset 1 and 2 - MGDG negative ion mode (part 6/6)

mass(form[+C2H302] mass(form[+HCOO] mass(form[-H]

Name dbs C H © name[C2H302]) name[HCOO]) namel[-H])
45 0 54 104 10 971.7768025 957.7611524 911.7556731
45 1 54 102 10 969.7611524 955.7455023 909.740023
45 2 54 100 10 967.7455023 953.7298523 907.724373
45 3 54 98 10 965.7298523 951.7142022 905.7087229
45 4 54 96 10 963.7142022 949.6985521 903.6930728
45 5 54 94 10  961.6985521 947.6829021 901.6774228
45 6 54 92 10 959.6829021 945.667252 899.6617727
45 7 54 90 10  957.667252 943.651602 897.6461226
45 8 54 88 10 955.651602 941.6359519 895.6304726
45 9 54 86 10 953.6359519 939.6203018 893.6148225
45 10 54 84 10  951.6203018 937.6046518 891.5991725
45 11 54 82 10  949.6046518 935.5890017 889.5835224
45 12 54 80 10 947.5890017 933.5733516 887.5678723
46 0 55 106 10 985.7924525 971.7768025 925.7713232
46 1 55 104 10 983.7768025 969.7611524 923.7556731
46 2 55 102 10 981.7611524 967.7455023 921.740023
46 3 55 100 10 979.7455023 965.7298523 919.724373
46 4 55 98 10  977.7298523 963.7142022 917.7087229
46 5 55 96 10 975.7142022 961.6985521 915.6930728
46 6 55 94 10 973.6985521 959.6829021 913.6774228
46 7 55 92 10 971.6829021 957.667252 911.6617727
46 8 55 90 10 969.667252 955.651602 909.6461226
46 9 55 88 10 967.651602 953.6359519 907.6304726
46 10 55 86 10  965.6359519 951.6203018 905.6148225
46 11 55 84 10  963.6203018 949.6046518 903.5991725
46 12 55 82 10 961.6046518 947.5890017 901.5835224
47 0 56 108 10 999.8081026 985.7924525 939.7869732
47 1 56 106 10 997.7924525 983.7768025 937.7713232
47 2 56 104 10 995.7768025 981.7611524 935.7556731
47 3 56 102 10 993.7611524 979.7455023 933.740023
47 4 56 100 10 991.7455023 977.7298523 931.724373
47 5 56 98 10 989.7298523 975.7142022 929.7087229
47 6 56 96 10 987.7142022 973.6985521 927.6930728
47 7 56 94 10 985.6985521 971.6829021 925.6774228
47 8 56 92 10 983.6829021 969.667252 923.6617727
47 9 56 90 10 981.667252 967.651602 921.6461226
47 10 56 88 10 979.651602 965.6359519 919.6304726
47 11 56 86 10 977.6359519 963.6203018 917.6148225
47 12 56 84 10 975.6203018 961.6046518 915.5991725
48 0 57 110 10 1013.823753 999.8081026 953.8026233
48 1 57 108 10 1011.808103 997.7924525 951.7869732
48 2 57 106 10 1009.792453 995.7768025 949.7713232
48 3 57 104 10 1007.776802 993.7611524 947.7556731
48 4 57 102 10 1005.761152 991.7455023 945.740023
48 5 57 100 10 1003.745502 989.7298523 943.724373
48 6 57 98 10 1001.729852 987.7142022 941.7087229
48 7 57 96 10 999.7142022 985.6985521 939.6930728
48 8 57 94 10 997.6985521 983.6829021 937.6774228
48 9 57 92 10 995.6829021 981.667252 935.6617727
48 10 57 90 10 993.667252 979.651602 933.6461226
48 11 57 88 10 991.651602 977.6359519 931.6304726
48 12 57 86 10 989.6359519 975.6203018 929.6148225
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Dataset 3

Table S21: Mass list dataset 3 - PC negative ion mode

mass(form[+HCOO]

mass(form[-CH3]

Name dbs C H O P name[HCOO)) name|-CH3]) oxidation-state
34 0 42 84 8 1 806.5916675 746.5705335 ;OH;20H;30H;0;20
34 1 42 82 8 1 804.5760145 744.5548843 ;OH;20H;30H;0;20
34 2 42 80 8 1 802.5603621 742.5392396 ;OH;20H;30H;0;20
Dataset 4
Table S22: Mass list dataset 4 - TG positive ion mode (part 1/2)
Name dbs C H O mass(form[+NH4] name[NH4]) oxidation-state

44 3 47 84 6 762.6617131 OH

44 4 47 82 6 760.6460631 OH

46 2 49 90 6 792.7086633

46 3 49 8 6 790.6930133 ;OH

46 4 49 86 6 788.6773632 ;OH;20H

46 5 49 84 6 786.6617131

48 0 51 98 6 824.7712636  ;OH

48 1 51 96 6 822.7556135 ;OH

48 2 31 94 6 820.7399634 ;OH

48 3 51 92 6 818.7243134 ;OH

48 4 51 90 6 816.7086633

48 5 51 88 6 814.6930133 OH

50 0 53 102 6 852.8025637

50 1 53 100 6 850.7869136  ;OH;20H;30H

50 2 33 98 6 848.7712636  ;OH;20H

50 3 53 96 6 846.7556135 ;OH;20H

50 4 53 94 6 844.7399634 ;OH;20H

50 5 93 92 6 842.7243134 ;OH

50 6 53 90 6 840.7086633 ;OH

50 7 53 8 6 838.6930133 ;OH

52 0 55 106 6 880.8338638

52 1 55 104 6 878.8182138

52 2 55 102 6 876.8025637 ;OH;20H;30H;40H

52 3 55 100 6 874.7869136  ;OH;20H;30H

52 4 55 98 6 872.7712636  ;OH;20H;30H;40H

52 5 55 96 6 870.7556135 ;OH;20H;30H;40H

52 6 55 94 6 868.7399634 ;OH;20H;30H;40H

52 7 55 92 6 866.7243134 ;OH;20H
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Table S23: Mass list dataset 4 - TG positive ion mode (part 2/2)

Name dbs C H O mass(form[+NH4] name[NH4]) oxidation-state
54 0 57 110 6 908.8651640
54 1 57 108 6 906.8495139 ;OH
54 2 57 106 6 904.8338638 ;OH;20H
54 3 57 104 6 902.8182138 ;OH;20H
54 4 57 102 6 900.8025637 ;OH;20H
54 5 57 100 6 898.7869136 ;OH;20H;30H;40H
54 6 57 98 6 896.7712636  :OH;20H;30H;40H
54 7 57 9% 6 894.7556135 ;OH;20H;30H;40H
54 8 57 94 6 892.7399634 ;OH;20H;30H;40H
54 9 57 92 6 890.7243134 ;OH;20H;30H
56 0 59 114 6 936.8964641 ;OH
56 1 59 112 6 934.8808140
56 2 59 110 6 932.8651640 ;OH
56 3 59 108 6 930.8495139 ;OH
56 4 59 106 6 928.8338638 ;OH
56 5 59 104 6 926.8182138 ;OH;20H
56 6 59 102 6 924.8025637 ;OH
56 7 59 100 6 922.7869136 ;OH
56 8 59 98 6 920.7712636 ;OH
58 0 61 118 6 964.9277642 ;OH
58 1 61 116 6 962.9121141
58 2 61 114 6 960.8964641 ;OH
58 3 61 112 6 958.8808140 ;OH
58 4 61 110 6 956.8651640 ;OH;40H
58 5 61 108 6 954.8495139 ;OH
58 6 61 106 ©6 952.8338638 ;OH;20H
58 7 61 104 6 950.8182138 OH
60 0 63 122 6 992.9590643 OH
60 1 63 120 6 990.9434143
60 2 63 118 6 988.9277642 ;OH
60 3 63 116 6 986.9121141 ;OH
60 4 63 114 6 984.8964641 ;OH
60 5 63 112 6 982.8808140 ;OH
60 6 63 110 6 980.8651640 ;OH
60 7 63 108 6 978.8495139 ;OH
60 9 63 104 6 974.8182138 OH
62 1 65 124 6 1018.9747144
62 2 65 122 6 1016.9590643
62 3 65 120 6 1014.9434143 ;OH;20H
62 4 65 118 6 1012.9277642 ;OH
62 5 65 116 6 1010.9121141 ;OH
62 6 65 114 6 1008.8964641
64 2 67 126 6 1044.9903645
64 3 67 124 6 1042.9747144
64 4 67 122 6 1040.9590643 ;OH
64 5 67 120 6 1038.9434143
64 6 67 118 6 1036.9277642
66 3 69 128 6 1071.0060145
66 4 69 126 6 1068.9903645 ;20H;30H
66 5 69 124 6 1066.9747144
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Table S24: Mass list dataset 4 - DG positive ion mode

Name dbs C H O mass(form{+NH4] name[NH4]) oxidation-state
30 3 33 58 5 552.4633477 40H
30 5 33 54 5 548.4320475 30H
32 0 35 68 5 586.5415980
32 1 35 66 5 584.5259479 ;OH
32 2 35 64 5 582.5102979 ;OH
34 0 37 72 5 614.5728981 ;20H
34 1 37 70 5 612.5572481 ;OH;20H;30H
34 2 37 68 5 610.5415980 ;OH:20H:30H
34 3 37 66 5 608.5259479 ;OH;20H;30H
34 4 37 64 5 606.5102979 ;OH;20H
34 5 37 62 5 604.4946478 30H
36 0 39 76 5 642.6041983
36 1 39 74 5 640.5885482 ;20H
36 2 39 72 5 638.5728981 ;OH:20H;30H;40H
36 3 39 70 5 636.5572481 ;OH;20H;30H;40H
36 4 39 68 5 634.5415980 ;OH;20H;30H;40H
36 5 39 66 5 632.5259479 ;OH;20H;30H
36 6 39 64 5 630.5102979 ;OH;20H
36 8 39 60 5 626.4789977 ;30H
38 0 41 80 5 670.6354984
38 1 41 78 5 668.6198483 ;20H
38 2 41 76 5 666.6041983 ;20H
38 3 41 74 5 664.5885482 ;OH
38 4 41 72 5 662.5728981 ;OH
38 5 41 70 5 660.5572481 OH
40 0 43 &4 5 698.6667985 ;OH
40 1 43 82 5 696.6511484 20H
40 2 43 80 5 694.6354984 ;OH
40 3 43 78 5 692.6198483
40 4 43 76 5 690.6041983 ;40H
42 0 45 88 5 726.6980986
42 1 45 &6 5 724.6824486
42 2 45 84 5 722.6667985 ;40H
42 3 45 82 5 720.6511484 ;20H
42 4 45 80 5 718.6354984 20H
42 5 45 78 5 716.6198483 30H
44 0 47 92 5 754.7293988
44 1 47 90 5 752.7137487
44 2 47 88 5 750.6980986
44 3 47 86 5 748.6824486
44 4 47 84 5 746.6667985 20H
44 5 47 82 5 744.6511484 ;OH;20H
44 6 47 80 5 742.6354984
Table S25: Mass list dataset 4 - PC positive ion mode
Name dbs C H O N P mass(form[+H] name[H]) oxidation-state
34 4 42 76 8 1 1 754.5392285
36 3 44 82 8 1 1 784.5861787 ;30H
36 4 44 80 8 1 1 782.5705286 ;30H;40OH
36 6 44 76 8 1 1 778.5392285 OH




Table S26: Mass list dataset 4 - DGDG positive ion mode

Name dbs C H O mass(form[+NH4] name[NH4]|) oxidation-state
32 0 47 88 15 910.6472449
32 1 47 8 15 908.6315948
32 2 47 84 15 906.6159447
34 0 49 92 15 938.6785450
34 1 49 90 15 936.6628949 ;20H
34 2 49 88 15 934.6472449 ;20H
34 3 49 8 15 932.6315948 ;OH
34 4 49 84 15 930.6159447
36 2 51 92 15 962.6785450 ;OH;20H
36 3 51 90 15 960.6628949 ;20H
36 4 51 88 15 958.6472449 ;OH;20H
36 5 51 8 15 956.6315948 ;OH
36 6 51 84 15 954.6159447
38 2 53 96 15 990.7098451
38 3 53 94 15 988.6941950
38 4 53 92 15 986.6785450
38 5 53 90 15 984.6628949
42 2 57 104 15 1046.7724454
42 3 57 102 15 1044.7567953
44 2 59 108 15 1074.8037455
Table S27: Mass list dataset 4 - PE positive ion mode
Name dbs C H O N P mass(form[+H] name[H]) oxidation-state
34 13 76 8 1 1 718.5392285
34 2 3 7™ 8 1 1 716.5235784
34 3 3 72 8 1 1 714.5079284
36 2 41 78 8 1 1 744.5548786
36 3 41 7% 8 1 1 742.5392285
36 4 41 7 8 1 1 740.5235784 ;OH
36 5 41 72 8 1 1 738.5079284 ;OH
36 6 41 70 8 1 1 736.4922783
Table S28: Mass list dataset 4 - PI positive ion mode
Name dbs C H O P mass(form[+NH4] name[NH4]) oxidation-state
34 2 43 79 13 1 852.5607518
34 3 43 77 13 1 850.5451018
36 2 45 83 13 1 880.5920519
36 3 45 81 13 1 878.5764019
36 4 45 79 13 1 876.5607518
Table S29: Mass list dataset 4 - LPC positive ion mode
Name dbs C H O N P mass(form[+H] name[H]) oxidation-state
14 0 22 46 7 1 1 468.3095629
16 0 24 5 7 1 1 496.3408631 ;OH
16 1 24 48 7 1 1 494.3252130
18 0 26 54 7 1 1 524.3721632
18 1 26 52 7 1 1 522.3565131 ;OH
18 2 2 50 7 1 1 520.3408631 ;OH;20H
18 3 26 48 7 1 1 518.3252130 ;OH
20 0 28 58 7 1 1 552.4034633
20 1 28 56 7 1 1 550.3878133
20 2 28 54 7 1 1 548.3721632
22 0 3 62 7 1 1 580.4347634
22 1 30 60 7 1 1 578.4191134
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Table S30: Mass list dataset 4 - LPE positive ion mode

Name dbs C H O N P mass(form[+H] name[H]) oxidation-state
16 0 21 4 7 1 1 454.2939129
18 0 23 48 7 1 1 482.3252130
18 1 23 46 7 1 1 480.3095629
18 2 23 4 7 1 1 478.2939129
18 3 23 42 7 1 1 476.2782628
20 0 25 52 7 1 1 510.3565131
20 2 25 48 7 1 1 506.3252130
Table S31: Mass list dataset 4 - PG positive ion mode
Name dbs C H O P mass(form{+NH4] name[NH4]) oxidation-state
34 1 40 77 10 1 766.5603579
34 2 40 75 10 1 764.5447078
34 3 40 73 10 1 762.5290578
36 2 42 79 10 1 792.5760079
36 3 42 77 10 1 790.5603579
36 4 42 75 10 1 788.5447078
36 5 42 73 10 1 786.5290578
Table S32: Mass list dataset 4 - LPG positive ion mode
Name dbs C H O P mass(form[+H] name[H|]) oxidation-state
16 0 22 45 9 1 485.2884931
18 2 24 45 9 1 509.2884931
Table S33: Mass list dataset 4 - MGDG positive ion mode
Name dbs C H O mass(form[+H] name[H]) oxidation-state
34 2 43 78 10 772.5944214
36 2 45 82 10 800.6257216
36 3 45 80 10 798.6100715 ;OH;20H
36 4 45 78 10 796.5944214 ;OH;20H
36 5 45 76 10 794.5787714 ;OH;20H
36 6 45 74 10 792.5631213 ;OH
Table S34: Mass list dataset 4 - MG positive ion mode
Name dbs C H O mass(form[+H] name[H]) oxidation-state
16 0 19 38 4 331.2853833
18 0 21 42 4 359.3166834
18 1 21 40 4 357.3010334
18 2 21 38 4 355.2853833
18 3 21 36 4 353.2697332 ;OH
18 4 21 34 4 351.2540832
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5.3 Novel LDA Features
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Figure S1: Screenshot of LDA; new view modes
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Figure S2: Screenshot of LDA; new view modes: example
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Figure S3: Screenshot of LDA; new options for statistics module
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Figure S4: Screenshot of LDA; statistics module: classes and ox-classes separate
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Figure S5: Screenshot of LDA; statistics module: classes and ox-classes combined



5.4 Lipid Data Analyzer Results
5.4.1 Dataset 1

Table S35: MS? confirmed lipids in dataset 1 (positive ion mode) by Lipid Data Analyzer

Lipid Species Lipid Species Lipid Species Lipid Species
1 DG(34:1) 29 PC(35:3) 57 PE(36:4) 85 TG(53:3)
2 DG(34:2) 30 PC(36:1) 58 PE(36:5) 86  TG(53:4)
3 DG(36:2) 31 PC(36:2) 59 PE(38:3) 87 TG(54:0)
4 DG(36:3) 32 PC(36:3) 60 PE(38:4) 88 TG(54:1)
5 DG(36:4) 33 PC(3614) 61 PE(38:5) 89  TG(54:2)
6 DG(38:5) 34  PC(36:5) 62 PE(38:6) 90 TG(54:3)
7 DG(38:6) 35 PC(37:2) 63 PE(38:7) 91 TG(54:4)
8 LPC(16:0) 36 PC(37:4) 64 PE(40:5) 92 TG(54:5)
9 LPC(18:0) 37 PC(38:2) 65 PE(40:6) 93 TG(54:6)
10 LPC(18:1) 38 PC(38:3) 66 PE(40:7) 94 TG(54:7)
11 LPC(18:2) 39 PC(38:4) 67 TG(48:1) 95  TG(55:3)
12 LPC(20:4) 40 PC(38:5) 68 TG(48:2) 96 TG(56:3)
13 LPC(22:6) 41 PC(38:6) 69 TG(48:3) 97  TG(56:4)
14 LPE(18:0) 42 PC(38:7) 70 TG(50:0) 98  TG(56:5)
15 P-PE(36:4) 43  PC(39:4) 71 TG(50:1) 99 TG(56:6)
16 P-PE(38:4) 44  PC(39:6) 72 TG(50:2) 100  TG(56:7)
17 PC(32:0) 45  PC(40:4) 73 TG(50:3) 101 TG(56:8)
18  PC(32:1) 46  PC(40:5) 75 TG(50:5) 102 TG(56:9)
19 PC(32:2) 47  PC(40:6) 76 TG(51:2) 103 TG(58:10)
20 PC(33:1) 48 PC(40:7) 77 TG(51:3) 104  TG(58:5)
21  PC(33:2) 49 PC(40:8) 78  TG(52:1) 105 TG(58:6)
22 PC(34:0) 50 PC(42:10) 79 TG(52:2) 106 TG(58:7)
23 PC(34:1) 51 PE(24:0) 80 TG(52:3) 107 TG(58:8)
24 PC(34:2) 52 PE(34:1) 81 TG(52:4) 108  TG(58:9)
25  PC(34:3) 53  PE(34:2) 82  TG(52:5) 109  TG(62:14)
26 PC(34:4) 54  PE(36:1) 83  TG(52:6)
27 PC(35:1) 55  PE(36:2) 84 TG(53:2)
28 PC(35:2) 56 PE(36:3) 74 TG(50:4)
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Table S36: MS? confirmed lipids in dataset 1 (negative ion mode) by Lipid Data Analyzer

Lipid Species Lipid Species Lipid Species Lipid Species
1 Cer(16:0) 29 P-PE(42:6) 57  PC(38:5) 85 PE(39:4)
2 Cer(22:0) 30 PC(32:0) 58  PC(38:6) 86  PE(39:6)
3 Cer(23:0) 31 PC(32:1) 59 PC(38:7) 87 PE(40:4)
4 Cer(24:0) 32 PC(32:2) 60 PC(39:4) 88 PE(40:5)
5 Cer(24:1) 33 PC(33:2) 61 PC(39:6) 89 PE(40:6)
6 LPC(16:0) 34 PC(34:0) 62 PC(40:4) 90 PE(40:7)
7 LPC(16:1) 35  PC(34:1) 63 PC(40:5) 91 PE(40:8)
8 LPC(17:0) 36 PC(34:2) 64 PC(40:6) 92 PG(34:2)
9 LPC(18:0) 37 PC(34:3) 65 PC(40:7) 93  PG(36:3)
10 LPC(18:1) 38 PC(34:4) 66 PC(40:8) 94  PG(36:4)
11 LPC(18:2) 39 PC(35:2) 67 PC(42:10) 95 PG(38:6)
12 LPC(20:3) 40 PC(35:3) 68 PE(24:0) 96 PG(40:7)
13 LPC(20:4) 41 PC(35:4) 69 PE(34:1) 97 PG(40:8)
14 LPC(22:5) 42 PC(36:0) 70  PE(34:2) 98  PG(42:10)
15 LPC(22:6) 43  PC(36:1) 71  PE(34:3) 99 PG(44:11)
16 LPE(16:0) 44 PC(36:2) 72 PE(36:1) 100 PG(44:12)
17 LPE(18:0) 45  PC(36:3) 73 PE(36:2) 101 PI(34:2)
18 LPE(18:1) 46 PC(36:4) 74 PE(36:3) 102 PI(36:3)
19 LPE(18:2) A7 PC(36:5) 75  PE(36:4) 103 PI(36:4)
20 LPE(20:4) 48 PC(36:6) 76 PE(36:5) 104 PI(37:4)
21 LPE(22:6) 49 PC(37:1) 77 PE(37:4) 105 PI(38:3)
22 P-PE(36:4) 50 PC(37:2) 78 PE(38:1) 106 PI(38:4)
23 P-PE(38:4) 51 PC(37:4) 79  PE(38:2) 107 PI(38:5)
24 P-PE(38:5) 52  PC(37:6) 80 PE(38:3) 108  PI(38:6)
25 P-PE(38:6) 53 PC(38:1) 81 PE(38:4) 109  PI(40:6)
26 P-PE(40:4) 54 PC(38:2) 82 PE(38:5) 110 PS(38:4)
27 P-PE(40:5) 55 PC(38:3) 83 PE(38:6) 111 PS(38:6)
28  P-PE(40:6) 56 PC(38:4) 84 PE(38:7) 112 PS(40:6)
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5.4.2 Dataset 2

Table S37: MS? confirmed lipids in dataset 2 (positive ion mode) by Lipid Data Analyzer

Lipid Species

Lipid Species

Lipid Species

Lipid Species

00~ O Ui WN -

— = = e
= wWw N = O ©

DG(32:0)

DG(44:6)

DGDG(34:2)
DGDG(34:3)
DGDG(36:6)
DGMG(18:3)

15
16
17
18
19
20
21
22
23
24
25
26
27
28

LPC(16:0)
LPC(18:2)
LPC(18:3)
MGDG (34:3
MGDG(36:5
MGDG(36:6
MGMG(18:3

=

29
30
31
32
33
34
35
36
37
38
39
40
41
42

PE(36:3)
PE(36:5)
PG(34:3)
PG(34:4)
PG(36:7)
PI(34:2)

PI(34:3)

43
44
45
46
47
48
49
50
51
52
53
54

Table S38: MS? confirmed lipids in dataset 2 (negative ion mode) by Lipid Data Analyzer

Lipid Species

Lipid Species

Lipid Species

Lipid Species

0 O Tk Wi

= = = e
ULk W N~ O O

DGDG (34:1)
DGDG(34:2)
DGDG(34:3)
DGDG (34:4)
DGDG(35:3)
DGDG(35:6)
DGDG(36:3)
DGDG(36:4)
DGDG(36:6)
DGMG(16:0)
DGMG(18:3)
LPC(16:0)
LPC(18:2)
LPC(18:3)
LPE(16:0)

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

LPE(18:2)
LPE(18:3)
MGDG (34:3)
MGDG (34:4)
MGDG(35:6)
MGDG(36:6)
MGMG(18:3)
P-PE(36:6)
P-PE(38:7)
P-PE(38:8)
PC(33:4)

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

PC(36:4)

PG(36:6
PI(34:2)

46
47
48
49
50
51
52
53
54
55
56
57
58
59

PI(34:3)
PI(36:4)
PI(36:5)
PI1(36:6)
PS(31:1)
PS(33:3)
PS(36:4)
PS(36:5)
PS(40:3)
SQDG(32:0)
SQDG(34:3)
SQDG(36:3)
SQDG(36:6)
SQMG(18:3)
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5.4.3 Dataset 4

Table S39: MS? confirmed lipids in dataset 4 (positive ion mode) by Lipid Data Analyzer (part 1/2)

Lipid Species

Lipid Species

Lipid Species

0~ O Ui WN -

SR R WL W LW W W W WWWNDNDNDDNDNDNDNDNDNDN = = e e e
N~ OO UERE WNFROOWWTDDU R WNDRFE O OO Uk W~ OO

DG (32:0)
DG(32:1)
DG(32:2)
DG (34:0)
DG(34:1)
0xDG(34:1[20H])
oxDG(34:1[OH])
DG(34:2)
0xDG(34:2[20H])
oxDG(34:2[OH])
DG(34:3)
0xDG(34:3[20H])
oxDG(34:3[30H])
o0xDG(34:3[OH])
DG(34:4)
oxDG(34:4[20H])
0xDG(34:4[OH])
DG(36:0)
DG(36:1)
oxDG(36:1[20H])
DG(36:2)
oxDG(36:2[20H])
oxDG(36:2[40H])
oxDG(36:2[0OH])
DG(36:3)
oxDG(36:3[20H])
0xDG(36:3[OH])
DG(36:4)
oxDG(36:4[20H])
oxDG(36:4]OH])
DG(36:5)
0xDG(36:5[OH])
DG(36:6)
oxDG(36:6[20H])
0xDG(36:6]OH])
DG(38:0)

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84

DG(42:1)
DG(42:2)
DG(42:3)
DG (44:0)
DG(44:2)
0xDG(44:4[20H])
DGDG(32:0)
DGDG (32:1)
DGDG(32:2)
DGDG(34:0)
DGDG(34:1)
0xDGDG (34:120H]))
DGDG(34:2)
oxDGDG(34:2[20H])
0xDGDG (34:2[0OH])
DGDG(34:3)
oxDGDG(34:3[OH])
DGDG (34:4)
DGDG(36:2)
DGDG(36:3)
0xDGDG (36:3[20H]))
oxDGDG(36:3[OH])
DGDG(36:4)
oxDGDG(36:4[20H])
oxDGDG(36:4[30H])
oxDGDG(36:4[OH])
DGDG(36:5)
oxDGDG(36:5[OH])
DGDG(36:6)
0xDGDG (36:6[0OH])
DGDG(38:2)
DGDG(38:3)
DGDG(38:4)
DGDG(38:5)

(

(

(

DGDG (42:2)
DGDG (42:3)
DGDG (44:2)
MGDG (34:2)
oxMGDG(34:2[0H])
MGDG(36:2)
MGDG(36:3)
oxMGDG (36:3[20H])

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

MGDG(36:4)
oxMGDG(36:4[20H])
oxMGDG(36:4[OH])
MGDG (36:5)
oxMGDG(36:5[0OH])
MGDG (36:6)
oxMGDG(36:6]{OH])
PC(32:0)

PC(32:1)

PC(34:1)

PC(34:2)
oxPC(34:2[20H])
PC(34:3)
oxPC(34:3[OH])
PC(36:1)

PC(36:2)

PC(36:3)
oxPC(36:3[OH])
PC(36:4)
oxPC(36:4[20H)])
0xPC(36:4]0H))
PC(36:5)
oxPC(36:5[20H])
oxPC(36:5[OH])
PC(36:6)

PC(38:3

PC(38:4

)
)
2)
:3)
%2)
:3)
4)
:5)
PE(36:6)

PI(34:1)

oxTCX444K)HD

72



Table S40: MS? confirmed lipids in dataset 4 (positive ion mode) by Lipid Data Analyzer (part 2/2)

Lipid Species

Lipid Species

Lipid Species

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

TG(46:2)
TG(46:3)
oxTG(46:3[OH])
TG(46:4)

0xTG (46:4[20H])
oxTG(46:4[OH])
TG(46:5)
TG(48:0)
oxTG(48:0[OH])
TG(48:1)
oxTG(48:1[OH])
TG(48:2)
oxTG(48:2[OH])
TG(48:3)
TG(48:4)
oxTG(48:5[0H])
TG(50:0)
TG(50:1)
oxTG(50:1[20H])
0xTG(50:1[OH])
TG(50:2)
oxTG(50:2[20H])
0xTG(50:2[0OH])
TG(50:3)
oxTG(50:3[20H])
oxTG(50:3[OH])
TG(50:4)
oxTG(50:4[OH])
TG(50:5)
oxTG(50:5[OH])
TG(50:6)
oxTG(50:7[OH])
TG(52:0)
TG(52:1)
TG(52:2)
oxTG(52:2[OH])
TG(52:3)
oxTG(52:3[20H])
oxTG(52:3[OH])
TG(52:4)
oxTG(52:4]20H])
oxTG(52:4[30H])
oxTG(52:4[OH])
TG(52:5)

171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214

oxTG(52:5[20H])
oxTG(52:5[30H])
oxTG(52:5[OH])
TG(52:6)

oxTG (52:6[20H])
oxTG(52:630H])
oxTG(52:6[40H])
oxTG(52:6[0OH])
TG(52:7)
oxTG(52:7[OH])
TG (54:0)
TG(54:1)
oxTG(54:1[OH])
TG(54:2)
TG(54:3)
oxTG(54:3[OH])
TG(54:4)
oxTG(54:4[20H])
oxTG(54:4[OH])
TG(54:5)
oxTG(54:5[20H])
oxTG(54:5[30H])
oxTG (54:5[0H]))

TG (54:6)
oxTG(54:6[20H])
oxTG (54:6[30H])
oxTG(54:6[40H])
oxTG(54:6[OH])
TG(54:7)

oxTG(54:7[20H])
oxTG(54:7[30H])
oxTG (54:7[OH]))
TG(54:8)
oxTG(54:8[20H])
oxTG(54 8[30H])
oxTG(54:8[OH])
oxTG(54:9[20H])
oxTG(54:9[30H])
oxTG(54:9[OH])
TG(56:0)
TG(56:1)
TG(56:2)
TG(56:3)
oxTG(56:3[OH])

215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258

TG(56:4)
0x TG (56:4[OH])
TG(56:5)
oxTG(56:5[0OH])
TG(56:6)
oxTG(56:6[OH])
TG(56:7)
TG(56:8)
TG(58:0)
TG(58:1)
TG(58:2)
oxTG(58:2[OH])
TG(58:3)
oxTG(58:3[OH])
oxTG(58:4[OH])
TG(58:5)
oxTG(58:5[0H])
TG(58:6)
oxTG(58:6[OH])
oxTG(58:7[OH])
TG(60:1)
TG(60:2)
TG(60:3)
TG(60:4)
oxTG(60:4[OH])
TG(60:5)
oxTG(60:5[0OH])
TG(60:6)
oxTG(60:6[OH])
TG(62:1)
TG(62:2)
TG(62:3)
TG(62:4)
TG(62:5)
oxTG(62:5[0H))
TG (62:6)
G(64:2)
G(64:3)
G(64:4)
G(64:5)
TG (64:6)
G(66:3)
G(66:4)
G(66:5)

73
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5.4.4 Dataset 2: Selected Spectra
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Figure S6: MS? spectrum of MGDG(36:6)4+NH4™; reported by LDA in dataset 2 file 20130726_NP+ve_014.raw (positive ion mode)
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Figure S7: MS? spectrum of MGDG (36:6)4-Na™; reported by LDA in dataset 2 file 20180726_NP+ve_014.raw (positive ion mode)
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Figure S8: MS? spectrum of MGDG (36:6)4+HCOs"; reported by LDA in dataset 2 file 20130729_NP-ve_003.raw (negative ion mode)
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Figure S9: MS? spectrum of DGDG(36:6)+NH4"; reported by LDA in dataset 2 file 20130726_NP+ve_004.raw (positive ion mode)
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Figure S10: MS? spectrum of DGDG(36:6)+Na™ in positive ion mode; reported by LDA in dataset 2 file 20130726_NP+ve_005.7aw (positive ion mode)
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Figure S11: MS? spectrum of DGDG(36:6)-H; reported by LDA in dataset 2 file 20130729_NP-ve_007.raw (negative ion mode)
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Figure S12: MS? spectrum of DGDG(36:6)+HCO."; reported by LDA in dataset 2 file 20130729_NP-ve_003.raw (negative ion mode)
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Figure S13: MS? spectrum of TriGDG(36:6)+NH,™; reported by LDA in dataset 2 file 20130726_NP+ve_005.raw (positive ion mode)
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Figure S14: MS? spectrum of SQDG(36:6)-H"; reported by LDA in dataset 2 file 20130729_NP-ve_003.raw (negative ion mode)
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Figure S15: MS? spectrum of MGMG (18:3)4+-NH,™; reported by LDA in dataset 2 file 20130726_NP+ve_009.raw (positive ion mode)
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Figure S16: MS? spectrum of MGMG (18:3)4+-Na™; reported by LDA in dataset 2 file 20130726_NP+ve_009.raw (positive ion mode)
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Figure S17: MS? spectrum of MGMG(18:3)+HCO."; reported by LDA in dataset 2 file 20130729_NP-ve_003.raw (negative ion mode)
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Figure S18: MS? spectrum of DGMG(18:3)+NH4™; reported by LDA in dataset 2 file 20130726_NP+ve_009.raw (positive ion mode)
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Figure S19:

MS? spectrum of DGMG(18:3)4+Na™; reported by LDA in dataset 2 file 20130726_NP+ve_009.raw (positive ion mode)
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Figure S20: MS? spectrum of DGMG(18:3)+HCO:"; reported by LDA in dataset 2 file 20130729_NP-ve_003.raw (negative ion mode)
Precursor
577.266
100
75
50
Dehydrosulfoglycosy!
225.007

25

S0 C4H505S

: / o SO NL_Carboxy(18:3)

80964 13035 CeH503 CHPRDE 985 C6H706S - zagl:aoo);i

94.979 125.023 1482985 ‘ 206.996
0 | [ L | 1 1 |' . . .
100 200 300 400 500 600 m/z

Figure S21: MS? spectrum of SQMG (18:3)-H"; reported by LDA in dataset 2 file 20130729_NP-ve_015.raw (negative ion mode)



c8

5.4.5 Dataset 3: Selected Spectra
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Figure $22: MS? spectrum of oxPC(34:2[OH))+HCO,; reported by LDA in dataset 3 file 180816_02PC_10ng.mzXML (negative ion mode)
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Figure $23: MS? spectrum of oxPC(34:1[0])4+HCO,; reported by LPPtiger in dataset 3 file 180816_0xPC-10ng.mzXML (negative ion mode)
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Figure S24: MS? spectrum of oxPC(34:2[0H])-CH3"; reported by LDA in dataset 3 file 180816_0xzPC_10ng.mzXML (negative ion mode)
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Figure $25: MS? spectrum of oxPC(33:2[20H])+HCO:"; reported by LDA in dataset 3 file 180816_0oxPC_10ng.mzXML (negative ion mode)



78

Relative abundance [%]

Relative abundance [%]

313.232

100
776.547
75
Carboxy(16:0)
255.23
50
NL W’gﬁ 60
25
256235 o, 30H)
NL_Ketene_head(17:2[30H]) %E 8
PChead_168 PChead 224 | 281.255 NL_Carboxy_hé8&302[30H]) 7
168.037 224.07 l 462.296
0. k. M lal I TR s jlm ' PRI B0 P ORI T TN Wi " Loil i i b L. TR i 1
200 400 600 800 1000 1200 miz
Figure $26: MS? spectrum of oxPC(33:2[30H])+HCO,"; reported by LDA in dataset 3 file 180816_0xPC_10ng.mzXML (negative ion mode)
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Figure S27: MS? spectrum of oxPC(33:4[30H])+HCO"; reported by LDA in dataset 3 file 180816_0xPC-10ng.mzXML (negative ion mode)
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5.4.6 Dataset 4: Selected Spectra
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Figure S28: MS? spectrum of DGDG(36:4)+NH4™; reported by LDA in dataset 4 file 20160223b6_2572.mzXML (positive ion mode)
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Figure $29: MS? spectrum of oxDGDG(36:4[OH])+NH4™; reported by LDA in dataset 4 file 20160223b6_2572.mzXML (positive ion mode)
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Figure $30: MS? spectrum of TG (54:7)+NH4T; reported by LDA in dataset 4 file 20160223b6_2572.m2XML (positive ion mode)
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Figure S31: MS? spectrum of oxTG(54:7[0H])4+NH4™; reported by LDA in dataset 4 file 20160223b6_2572.mzXML (positive ion mode)
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Figure $32: MS? spectrum of oxTG (54:7[20H])+NH4™; reported by LDA in dataset 4 file 20160223b6_2572.mzXML (positive ion mode)
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Figure $33: MS? spectrum of oxTG (54:7[30H])+NH4™; reported by LDA in dataset 4 file 20160223b6_2572.mzXML (positive ion mode)
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Figure S34: Abundances of DGDG(36:4) and oxDGDG(36:4[OH]); reported by LDA in dataset 4 file
20160223b6_2572.mzXML (positive ion mode)
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Figure S35: Abundances of TG(54:7), oxTG(54:7[OH]), oxTG(54:7[20H]) and oxTG(54:7[30H]); reported by
LDA in dataset 4 file 20160223b6_2572.mzXML (positive ion mode)



5.5 Galactolipids - Comparison

The following tables show a direct comparison between the galactolipids (molecular species) found by Lipid Data
Analyzer and LipidMatch, whereby cells with gray content refer to molecular species that were identified by
LipidMatch but not by LipidMatch Flow.

Table S41: Identified galactolipids in dataset 2: LDA vs. LipidMatch (part 1/3)

Lipid Species ‘ Adduct ‘ Lipid Data Analyzer ‘ LipidMatch
MGDG(28:3) | [M+Na]* - MGDG (10:0_18:3)
MGDG(34:2) | [M+HCO,]” | MGDG(16:0.18:2) | MGDG(16:0-18:2)
[M+NH4| " MGDG (16:0-18:3) -
. [M+Na]* - MGDG (16:0.18:3)
MGDG(34:3) ALAHCO, | MODG6:0.183) | MGDG(16:0.18:3)
2 - MGDG(16:1.18:2)
MGCDG(34:4) | [M+HCO,]” | MGDG(16:118:3) | MGDG(16:1 18:3)
MGDG(35:6) | [M+HCO,]" | MGDG(17:3_18:3) -
MGDG(18:2/18:2) | MGDG(18:2_18:2)
. +
MGDG(36:4) | [M-+NH,] MGDG(18:1.18:3) | MGDG(18:1.18:3)
MGDG(18:1-18:4) -
. +
MGDG(36:5) | [M-+NH,] MGDG (18:2.18:3)
MGDG(18:3/18:3) | MGDG(18:318:3)
+
MGDG(36:6) [M-+NH,] MGDG(18:2.18:4) | MGDG(18:2.18:4)
‘ [M+Na]*t MGDG(18:3/18:3) | MGDG(18:3.18:3)
.| MGDG(18:3/18:3) | MGDG(18:3.18:3)
[M+HCO:] ] MGDG (18:2_18:4)
MGDG(36:7) | [M-+Na|™ - MGCDG (18:3_18:4)

Table S42: Identified galactolipids in dataset 2: LDA vs. LipidMatch (part 2/3)

Lipid Species | Adduct | Lipid Data Analyzer |  LipidMatch
DGDG(34:1) | [M+HCO.] | DGDG(16:0-18:1) | DGDG(16:0-18:1)
[M+NH,]T DGDG(16:0_18:2) -
) [M+Na]* DGDG(16:0/18:2) not implemented
DGDG(34:2) [M+HCOs] | DGDG(16:0.18:2) | DGDG(16:0.18:2)
DGDG(16:0-18:3) DGDG(16:0-18:3)
+ ‘
DGDG(34:3) [M+NH,] - DGDG(16:1.18:2)
' (MLLHCO,] DGDG(16:0.18:3) | DGDG(16:0_18:3)
2 - DGDG(16:1.18:2)
DGDG(34:4) | [M+HCOs] | DGDG(16:1.18:3) | DGDG(16:1_18:3)
. ~ | DGDG(17:0.18:3) | DGDG(17:0_18:3)
DGDG(35:3) | IM+HCO]" | 171 18:2) DGDGUTL18:2)
DGDG(35:6) | [M+HCOs] | DGDG(17:3_18:3)
DGDG(18:118:2) | DGDG(18:1_18:2)
DGDG(36:3) | [M+HCOs] | DGDG(18:0.18:3) | DGDG(18:0.18:3)
DGDG(16:0-20:3)
. - DGDG(18 2.18:2) | DGDG(18:2.18:2)
DGDG(36:4) | IM+HCOI" | popaig 18:3) | DGDG(18:1 18:3)
DGDG(18:3/18:3) | DGDG(18:318:3)
[M+NH4] ™ DGDG(18:2.18:4)
. D(;D(,,(l 1:1.22:5)
DGDG(36:6) [M+Na]*™ DGDG(18:3/18:3) not implemented
[M-HJ DGDG(18:3/18:3) not implemented
[M+HCO,] | DGDG(18:3/18:3) | DGDG(18:3.18:3)
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Table S43: Identified galactolipids in dataset 2: LDA vs. LipidMatch (part 3/3)

Lipid Species ‘ Adduct ‘ Lipid Data Analyzer ‘ LipidMatch
, TriGDG(18:3/18:3) .
. +
TriGDG(36:6) | [M+NH4] TrGDG (18:2.18:4) not implemented
SQDG(32:0) [M-HJ SQDG(16:0/16:0) SQDG(16:0.16:0)
SQDG(34:3) [M-HJ SQDG(16:0/18:3) SQDG(16:0.18:3)
‘ ] SQDG(18:0/18:3) | SQDG(18:0- 18 3)
SQDG(36:3) [M-H] ) SQDG (16:0-20:3)
4 ] SQDG(18:3/18:3) | SQDG(18:3- 18 3)
SQDG(36:6) [M-H] - SQDG(16:1-20:5)
[M+Na] ™ MGMG(18:3)
MGMG(18:3) | [M+NH,]* MGMG(18:3) not implemented
[M+HCO,] MGMG(18:3)
DGMG(16:0) | [M+HCO,] DGMG(18:3) not implemented
[M+Na] ™ DGMG(18:3)
DGMG(18:3) | [M+NH,]* DGMG(18:3) not implemented
[M+HCO,] DGMG(18:3)
SQMG(18:3) [ [M-H] | SQMG(18:3) | not implemented
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5.5.1 LipidMatch-only Identifications

Table S44: LipidMatch-only identifications; a comment column provides further information for each lipid

Molecular Species Adduct ‘ Files Comment
[MGDG (10:0_18:3)+ Na]* 20130726 _NP+ve_xxx.raw LDA did not- iden'tify t‘his lipid Speci-es, because of missing Hex'Na fragm’er%t

xxx = 007-013 LipidMatch identification made by tiny abundances; also identified by LipidMatch Flow.
[MGDG(16:0.18:3)+Na* 20130726 _NP+ve_xxx.raw L].)A. identified lipid molecular .speci‘es, but no't 'With this adduct

xxx = 003-016 Missing HexNa fragment; also identified by LipidMatch Flow.

[MGDG(16:1_18:2)+HCO2|

20130729_NP-ve_xxx.raw
xxx = 004-007, 009-012, 015

LDA identified lipid species, but not this lipid molecular species (missing chain fragments)
LipidMatch identification made by tiny abundances; not identified by LipidMatch Flow.

[MGDG(18:2.18:4)+HCO,|

20130729_NP-ve_xxx.raw
xxx = 004-013, 015

LDA identified lipid species, but not this lipid molecular species (missing chain fragments)
LipidMatch identification made by tiny abundances; not identified by LipidMatch Flow.

[MGDG(18:3.18:4)+Na] "

20130726 _NP+ve_xxx.raw
xxx = 005-008, 010, 012, 013

LDA did not identify this lipid species, because of missing HexNa fragment
LipidMatch identification made by tiny abundances; also identified by LipidMatch Flow.

[DGDG(16:1.18:2)+NH,4]*

20130726_NP+ve_xxx.raw
xxx = 003-005, 013

LDA identified lipid species, but not this lipid molecular species (missing chain fragments)
LipidMatch identification made by tiny abundances; not identified by LipidMatch Flow.

[DGDG(16:1-18:2)+HCO,]

20130729_NP-ve_xxx.raw
xxx= 003, 004, 006, 008, 013, 014, 016

LDA identified lipid species, but not this lipid molecular species (missing chain fragments)
LipidMatch identification made by tiny abundances; not identified by LipidMatch Flow.

[DGDG(16:0-20:3)+HCO,]"

20130729_NP-ve_xxx.raw
xxx = 005-008, 009- 012, 014, 016

LDA identified lipid species, but not this lipid molecular species (missing chain fragments);
LipidMatch identification made by tiny abundances; not identified by LipidMatch Flow.

[DGDG(14:1.22:5)+NH,]*

20130726 _NP+ve_xxx.raw
xxx = 007, 013

LDA identified lipid species, but not this lipid molecular species (missing chain fragments)
LipidMatch identification made by tiny abundances; not identified by LipidMatch Flow.

[SQDG(16:0-20:3)-H]"

20130729_NP-ve_xxx.raw
xxx = 008, 009

LDA identified lipid species, but not this lipid molecular species (missing chain fragments)
LipidMatch identification made by tiny abundances; not identified by LipidMatch Flow.

[SQDG(16:1-20:5)-H]"

20130729_NP-ve_016.raw

LDA identified lipid species, but not this lipid molecular species (missing chain fragments)
LipidMatch identification made by tiny abundances; not identified by LipidMatch Flow.
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Figure $36: MS? spectrum of MGDG(10:0_18:3)+Na™; reported by LM and LMF in dataset 2 file 20130726_NP+ve_007.raw (negative ion mode)
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Figure S37: MS? spectrum of MGDG(18:3.18:4)+Na™; reported by LM and LMF in dataset 2 file 20130726_NP+ve_007.raw (negative ion mode)
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Figure S38: Very noisy spectrum: false positive identification; reported by LDA in dataset 3 file 180816_0zPC_10ng.mzXML (negative ion mode)
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Figure S39: Zoomed low mass cluster observed in NH4" adducts of various lipid classes; dataset 2 file 20130726_NP+ve_009.raw (positive ion mode)
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