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To the Editor: We formulated mass spectral fragmentations of lipids across 117 lipid subclasses and 

included ion mobility tandem mass spectrometry (MS/MS) to provide a comprehensive lipidome atlas 

with retention time, collision cross section, and MS/MS information. The all-in-one solution from import 

of raw MS data to export of a common output format (mztab-M) was packaged in MS-DIAL 4 

(http://prime.psc.riken.jp/) providing an enhanced standardized untargeted lipidomics procedure 

following lipidomics standards initiative (LSI) semi-quantitative definitions and shorthand notation 

system of lipid structures with a 1–2% estimated false discovery rate, which will contribute to harmonizing 

lipidomics data across laboratories to accelerate lipids research. 

Lipids play three important roles in biology: as cellular membranes, for energy storage and use, and 

as signaling molecules. Biological functions are largely driven by lipid structural diversity (>10,000)1. 

MS-based untargeted lipidomics exploits highly similar fragmentation patterns within each lipid subclass 

species, allowing for more comprehensive annotation compared to hydrophilic metabolites, natural 

products, or exposome studies2. Despite various lipid identification software tools3, numerous signals with 

statistical significance remain unidentified in lipidomic studies. Therefore, improved and systematic lipid 

annotation and quantification is needed that utilizes retention time (RT), collision cross section (CCS), 

m/z, isotopic ions, adduct information, and MS/MS fragmentations. Such standardization of lipidomics 

results increases confidence in lipid annotations, quantifications and lipid nomenclature. Moreover, an 

automated data processing workflow enables the scientific community to retrieve history logs and to 

accelerate transparent data science in lipidomics analyses5.   
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 Here, we developed a novel untargeted lipidomics platform, packaged in MS-DIAL 4 

(http://prime.psc.riken.jp/) and compliant with LSI, by processing 1,056 lipidomics samples across 81 

studies acquired on 10 independent liquid chromatography (LC)-MS platforms. Samples analyzed 

included human plasma, 19 mouse tissues, 4 mammalian cultured cell types, 9 algal species, and 3 plant 

species to increase coverage of lipid subclasses unique to various organisms (Fig. 1, Supplementary 

Table 1, and Supplementary Note 1). Data mining was conducted iteratively. First, lipids were 

quantified according to LSI guidelines (level 2 and 3 in https://lipidomics-standards-initiative.org/) using 
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the MS-DIAL “bootstrap” version6 (see Supplementary Methods). Next, unknown MS/MS spectra were 

elucidated by analyzing authentic standards, mining literature, or predicting the putative structure from 

fragment ion evidence. Upon formulating mass fragmentation for the representative lipid structure in both 

ESI(+)-MS/MS and ESI(−)-MS/MS spectra, we expanded the scheme to various acyl chain varieties, 

referencing the heuristic MS/MS spectra in MSP format to filter noisy spectra via a classical spectral 

similarity calculation7. An example of this process is shown for N-acyl glycylserine, which is unique to 

MS-DIAL libraries (Fig. 1). After confirming the scalability of lipid subclass-associated characteristic 

product ions and neutral losses across various acyl chain species, a decision tree algorithm yielded an 

appropriate lipid structure annotation based on the MS/MS spectrum8 (see additional details in 

Supplementary Methods and Supplementary Fig. 1). Finally, MS/MS spectral libraries and decision 

trees for 177 ionized forms of 117 lipid subclasses were integrated into MS-DIAL 4. The classifications 

followed the LipidMAPS9 definition and the structures are represented by a shorthand notation system10 

(Supplementary Figs. 2–7, Supplementary Table 2, and Supplementary Note 2): the specifications 

for the characters virgule “/”, underline “_”, semicolon “;”, rings/double bond equivalents, and atom 

strings such as “O-”, “N-”, and “P-” are fully detailed in Supplementary Note 2. Notably, these lipids 

were characterized in biological samples and formulated based on experimental data rather than in silico, 

with the coverage outperforming that of existing lipidomics software programs (Table 1, Supplementary 

Table 3, and Supplementary Methods): MS-DIAL 4 extended the number of lipid subclasses in the 

database to yield 3- and 1.5-fold coverage compared to that in the previous versions of MS-DIAL and 

other software programs, respectively. Moreover, MS-DIAL 4 access to decision tree annotation lacking 

in the prior versions provides appropriate structure representation of 117 lipid subclasses through fragment 

evidence for species-, molecular species-, and sn-position level annotations to unequivocally translate 

lipidomics data into biology for advancing biomarker and drug development and clinical application. 
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Overall, we profiled 8,051 unique lipids from 117 lipid subclasses, with 6,570 characterized at the 

molecular species level including confirmed acyl chain-specific fragments (Supplementary Table 4). All 

results including MS-DIAL source codes, mass spectral libraries, and semi-quantitative values defined as 

LSI level 2 or 3 are managed in our RIKEN PRIMe website (http://prime.psc.riken.jp/) (Supplementary 

Data 1), and all MS raw data is available at the DropMet section via the indices DM0022, DM0030, and 

DM0031.    

MS-DIAL 4 was validated using three LC-MS study subsets (Fig. 2). First, we processed NIST human 

plasma (SRM 1950) lipidomics data acquired on eight independent platforms with different extraction 
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methods, internal standards, and instruments including machines of Waters, SCIEX, Thermo Fisher, 

Bruker, and Agilent Technologies. We annotated 961 unique lipids in total at the molecular species level 

from the data of eight platforms, with the maximum, minimum, and average of annotated lipid counts 

among the platforms being 495, 118, and 318, respectively. This result indicated that lipid extraction 

procedures and MS machines substantively influence the annotations even with an identical data 

processing platform. Consensus values were estimated by the median of platform means and the sample 

coefficient of dispersion (COD) values as previously proposed for interlaboratory comparison11, 

considering 215 lipids annotated by at least five platforms that were quantified according to LSI level 2 

definition. Similar to previously reported amounts12, human plasma lipid concentration ranged from 100 

nM to 1 mM (Fig. 2a); the semi-quantitative values were also validated using LipidQC13 software 

(Supplementary Table 5). Among the plasma lipid species, 81% exhibited an estimated COD <40%, 

considered acceptable for quality control activities (Fig. 2b). Averaged CODs for LipidMAPS categories 

were 27% (FAs; n = 27), 27% (GLs; n = 89), 30% (GPs; n = 74), 23% (SPs; n = 15), and 17% (STs; n = 

10), indicating that MS-DIAL 4 automated quantification provides validated cross-laboratory lipidomics 

data under reverse-phase LC-MS conditions.  

Second, processing 850 files of 61 studies acquired in the same LC conditions resolved 4,303 lipids 

of 108 subclasses at the molecular species level (Fig. 2c and Supplementary Table 6). After tuning the 

RT prediction model providing <1.0 min error for 95% confidence interval (CI) for an external validation 

set (Fig. 2d), we estimated the false discovery rate (FDR) using the validation sets containing true 

positives of 12,798 and 10,600 and true negatives of 64,121 and 30,290 for positive and negative mode 

data, respectively (Supplementary Methods, Fig. 2e and Supplementary Data 2). Critically, true 

negatives denote uncharacterized MS/MS spectra in MS-DIAL 4, whereas true positives were created by 

MS specialists curating all annotatable MS/MS spectra at the molecular species level in 850 analysis files. 
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The evaluation set excluded lipid subclasses requiring distinct internal standard RTs such as free fatty acid 

(FA), bile acids, and N-acyl ethanolamines. The minimum estimated FDR values were 1.61 and 1.57% in 

positive and negative sets at 0.75- and 1.00-min RT tolerances, respectively, maintaining an FDR <5% 

even without RT information. Our annotation was further evaluated using parallel accumulation-serial 

fragmentation (PASEF) data available at Bruker timsTOF Pro machine, providing four lipid 

physicochemical properties, i.e. RT, m/z, CCS, and MS/MS via LC-ion mobility data-dependent-MS/MS 

acquisition (LC-IM-DDA) (Fig. 2f, Supplementary Figs. 8 and 9)14. Notably, MS-DIAL 4 is the first 

vendor-free metabolomics and lipidomics software able to handle Bruker IM-DDA and Agilent- and 

Waters IM data-independent acquisition (DIA) with the support of IM chromatogram deconvolution. As 

IM-MS facilitates metabolite characterizations with the CCS information that constitutes an orthogonal 

physicochemical property from RT and m/z independent from mass or lipophilicity, the IM data support 

provides a more confident data processing platform for autonomous metabolomics and lipidomics. Using 

PASEF-based lipidomics data, we established a comprehensive CCS lipid library using a machine learning 

technique with 95% CI = 6.2 Å2 (Fig. 2g and Supplementary Table 7). We estimated FDR using the sets 

of true positives of 2,598 and 1,670 and true negatives of 30,131 and 20,737 in positive and negative ion 

mode data, respectively (Fig. 2h), yielding estimated FDRs of 2.82 and 2.22% at 5 and 2 Å2 tolerances, 

respectively, albeit 1.31 and 1.22% when including predicted RT information (Supplementary Fig. 10). 

The ultimate atlas of RT, CCS, and MS/MS for 600,737 lipid structures is packaged in MS-DIAL 4. 

Particularly, the CCS values were predicted using a training set of 3,570 lipid ions from 101 subclasses, 

outperforming previous CCS prediction studies for lipids15. MS-DIAL 4 now provides the most 

comprehensive resource containing the mass fragmentations for lipid subclasses and the first all-in-one 

solution for ion mobility centric metabolomics and lipidomics research. 
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Finally, our platform was showcased by illuminating common and specific mammalian tissue lipids 

to examine actual molecular structural diversity, evaluating 112 general and six special lipid subclasses 

containing very-long-chain polyunsaturated FAs16 (VLC-PUFAs) (Supplementary Fig. 11). Using 

hierarchical clustering analysis of species counts per lipid subclass, mouse feces, cultured cell, and mouse 

brain tissue lipidomes clearly segregated from those of other tissues, whereas human/mouse plasma, 

small/large intestine, muscle tissues (skeletal muscle and heart), and metabolic- and immune organs were 

clustered. In addition to the common lipid subclasses that were detected in most tissues and cells and also 

characterized in other software programs, our platform also revealed tissue-specific lipids. For example, 

numerous lipid subclasses were found to be unique to fecal matter, reflecting microbiome-specific lipids 

including e.g. N-acyl amides of FA ester of hydroxy FA (FAHFA) that interact with G-protein-coupled 

receptors17. Moreover, we annotated ether phosphatidylglycerol (ether PG), digalatosyl diacylglycerol 

(DGDG), its alkylacyl type, sulfonolipid (SL), phosphoinositol-ceramide (PI-Cer), acylsterol glycosides 

(AHexST), and diacylglyceryl glucuronide containing an additional O-acyl chain on the uronosyl moiety 

(ADGGA) in mouse feces, of unknown biological importance. Mouse brain tissue contained a hexosyl 

ceramide (AHexCer), containing an O-acyl hexosyl moiety, whose structure was putatively proposed by 

indirect evidence of fragment ion and RT behavior compared to the acyl chain positional isomer (HexCer-

EOS) with the additional acyl chain in the omega-O-acyl backbone (Supplementary Fig. 12). Skin and 

kidney samples contained various types of ceramides including the epidermal acyl ceramide (Cer-EOS, 

HexCer-EOS), and abundant di- and trihexosyl ceramides (Hex2Cer and Hex3Cer), respectively. Acylated 

sphingomyelin incorporating an O-acyl chain in the hydroxy moiety of the long-chain base (ASM) was 

detected in the kidney tissue and 3T3-L1 cells upon adipocyte-like differentiation. The testis and brain, in 

part, contained seminolipid (ether SMGDG), and the eye and testis, and adrenal gland tissues exhibited 

phosphatidylcholine (PC), Cer-NS, SM, cholesteryl ester (CE), DG, and triacylglycerol (TG) containing 
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VLC-PUFAs of 30:5, 30:6, 32:5, 32:6, 34:5, and 34:6 O-acyl or N-acyl chains. Thus, lipid structures may 

be specialized by the polar head moiety as well as the acyl chain quality, as previously proposed in 

mammalian ceramides18. Overall, our lipidomics platform encompassed 112 lipid subclasses in 

mammalian tissues and cells whereas five subclasses such as diacylglyceryl-3-O-

carboxyhydroxymethylcholine (DGCC) and diacylglyceryl trimethylhomoserine (DGTS) were only 

annotated in our algae data. However, such algal lipids are potentially also characterizable in human 

biospecimens such as periodontal plaque and fecal matter19, enhancing our understanding of human 

disease-associated lipid metabolism. Our lipidomics coverage thus outperforms existing reports and 

encompasses mammalian lipid diversity, highlighting the obvious advantage of the untargeted lipidomics 

approach with our computational MS platform.  

Our lipidomics platform facilitated the illumination of lipid diversity with a small false positive rate 

(<2% FDR) and will assist discovering new physiological roles and mechanisms of phenotype modulation, 

i.e., the quality of lipids in health and disease (“LipoQuality”)20; semi-quantitative values of lipids 

obtained in this study can also be investigated in the responsible database (http://lipidbank.jp/). Although 

several lipid subclasses including AHexCer, ADGGA, and ASM are characterized only through indirect 

MS data-based evidence (Supplementary Fig. 12), the information will facilitate annotation of unknown 

lipids whose structures will ultimately be confirmed by their authentic standards. Moreover, our study 

revealing structures of previously unknown lipids leads to next steps identifying lipid metabolisms by 

integrating other omics data with the characterization of lipid localizations through imaging MS, with 

computational MS for such an integrative analysis and databasing expected to be addressed in the future. 

Overall, MS-DIAL 4 enhances the standardized lipidomics procedure from import of raw LC-MS/MS and 

LC-IM-MS/MS data to mztab-M format export following LSI classification, nomenclature, and semi-
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quantitative definitions, thereby contributing to harmonizing lipidomics data across laboratories to 

accelerate lipids research. 
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Figure legends 

Fig. 1 │ Overview of MS-DIAL 4 development. Data for 1,056 datasets acquired using liquid 

chromatography-tandem mass spectrometry (LC-MS/MS) and LC-ion mobility (IM)-MS/MS for human, 

mouse, algae, and plant biological samples were processed to determine lipid subclass fragmentation 

patterns. The characterized lipids were stored in our lipidomics quant database; unknowns were elucidated 

after excluding potential different ionized forms of known metabolites, e.g. in source fragments and 

different adduct types. Following the elucidation of the potential structure by curating internal standard 

data, literature, and lipid-specific fragment ions, subclass specific mass fragmentation rules were 

formulated for both positive- and negative ion MS/MS spectra, and heuristic MSP spectral libraries were 

generated for various acyl chains by propagating the fragmentation knowledge. The decision tree 

algorithm to evaluate the existence of lipid subclass-associated fragment ions and acyl chains was coded 

to represent the lipid structure at the species (NAGlySer 32:0) or molecular species level (NAGlySer 15:0/17:0). 

Iteratively, the same data was reprocessed by the updated lipidomics workflow. Finally, the platform for 

characterizing 177 ionized forms of 117 lipid subclasses and handling any type of LC-(IM)-MS/MS data 

was released as the MS-DIAL 4 software.  

 

Fig. 2 │ Evaluations for quantification, annotation, and scalability in MS-DIAL 4. a, The 

concentrations of 215 lipid molecules quantified by the internal standards having the same polar head 

moiety were separately described in each lipid subclass (CE, cholesteryl ester; Cer-NS, ceramide 

containing sphingosine and normal fatty acid; DG, diacylglycerol; FA, free fatty acid; LPC, 

lysophosphatidylcholine; LPE, lysophosphatidylethanolamine; PC, phosphatidylcholine; PC-O, alkylacyl 

PC; PE, phosphatidylethanolamine; PE-P, plasmenyl PE; PI, phosphatidylinositol; SM, sphingomyelin; 

TG, triacylglycerol). Lipid concentrations in human plasma were obtained across five or more platforms. 
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The concentration was represented by the log 10 transformed value of the median value of platform means. 

b, The coefficient of dispersion values were calculated to evaluate the lipid concentration consensus 

among platforms. c, Retention time (RT) and m/z values of 4,303 lipids of 108 lipid subclasses resolved 

by the molecular species level, including positive- and negative ion mode results. d, Experimental- and 

predicted RT values by our machine learning method for training-, test-, and external validation sets. R-

square, root mean squared error (RMSE), 95% confidence interval (95% CI), and 99% CI are shown. e, 

Using the set of true positives and true negatives for liquid chromatography-tandem mass spectrometry 

(LC-MS/MS) lipidomics data, the accuracy, precision, recall, specificity, and false discovery rate (FDR) 

of our annotation workflow were evaluated with various RT tolerance settings for positive (top)- and 

negative (bottom) ion modes. f, Collision cross section (CCS) and m/z values of 3,570 molecules of 101 

lipid subclasses resolved by molecular species level, including the positive- and negative ion mode results. 

g, Experimental- and predicted CCS values by our machine learning method for training and test sets. R-

square, RMSE, 95% CI, and 99% CI are shown. h, Using the set of true positives and true negatives for 

LC-IM-MS/MS lipidomics data, the accuracies and FDR as in (e) were evaluated for various CCS 

tolerances with 1.5 min RT tolerance.  
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Table 

Table 1 | Comparison of MS-DIAL 4 with other lipidomics software tools.  

Software name
Peak

detection

Peak

alignment

Ion mobility

data support

MS/MS similarity

calculation

Decision tree

annotation*

Supported

lipid subclasses**

MS-DIAL 4 Yes Yes Yes Yes Yes 143 (117)

MS-DIAL 3 Yes Yes No Yes No 52 (52)

LipiDex No No No Yes No 62 (39)

LipidMatch-2.0.2 No No No No Yes 90 (58)

LIQUID_v7.4.6988 Yes No No Yes No 96 (31)

LipidHunter2 Yes No No Yes No 14 (14)

Greazy No No No Yes No 35 (23)

MZmine2 2.51 Yes Yes No Yes No 31 (15)  

The evaluated tool name, version, and the function/utility existence for peak detection/picking, peak 

alignment/data integration, and tandem mass spectrometry (MS/MS) annotation method are listed, along 

with the count of annotatable lipid subclasses by the default library.  

*Provides appropriate structure representation of lipids by fragment evidence for species level, molecular 

species level, sn-position level, and full structure level annotations. **Count of annotatable lipid 

subclasses (count of lipid subclasses characterized in this study). For other tools, the annotatable counts 

were determined by checking supported lipid subclasses in the respective databases. 
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+

SM 18:1;2O/16:0; [M+CH3COO]-; m/z 761.581 Hybrid scoring for MS/MS characterization

Using the best hit as the representative lipid annotation

NL of CH3COO + CH3

NL of fatty acyl chain
PO3-

C4H11NO4P-

Precursor m
/z

Query for m/z 761.582

Yes

Go to
next query

SM 34:1;2O

No

Yes No

NL of CH3COO + CH3 (>80%)
C4H11NO4P- (>1%)

Ions for SM class?

NL of fatty acyl chain (>0.1%)
Ions for acyl chains?

SM 34:1;2O

SM 18:1;2O/16:0

Spectrum A

Spectrum B

a = ( 0, 400, 1000, 200, 0, 700, 300, 300)
b = ( 100, 0, 1000, 0, 100, 0, 400, 300)

a’ = ( 0, 1000, 0, 300, 300)

b’ = ( 100, 1000, 100, 400, 300)

MS/MS similarity calculation Decision tree diagnostics
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ESI(+)-MS/MS for Fatty Acyls [FA]: CAR, NAGly, NAGlySer, NAOrn, NAE
NAGly 15:0/16:0 as [M+NH4]+

237.221

C15H30

C14H29

NL of 15:0 Acyl
 and H2O 

Glycine

[M+H]+
NL of
 GlycineH2O loss

NAGlySer 15:0/16:0 as [M+NH4]+

399.285

106.050

C15H30

C14H29

Serine [M-H2O+H]+
H2O loss

NL of Serine

NL of 
15:0 Acyl

NAOrn 15:0/17:0 as [M+H]+

C16H32

C14H29

Ornithine - H2O

383.327

NL of 15:0 Acyl
 and H2O
NL of 15:0 Acyl
 and 2H2O

17:0+O Acyl -H2O

CAR 18:1 as [M]+

C17H33

NAE 20:4 as [M+H]+

C19H31
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ESI(-)-MS/MS for Fatty Acyls [FA]: FA, FAHFA, NAGly, NAGlySer
FA 18:1 as [M-H]-

(Only precursor ion is 
observed)

FAHFA 16:0/18:1 as [M-H]-

NL of 16:0 Acyl and H2O

16:0 FA

NAGly 15:0/16:0 as [M-H]-

266.248

C15H30

C14H29

NL of CO215:0 FA

Glycine

NL of 15:0 Acyl
 and H2O

NAGlySer 15:0/17:0 as [M-H]-

349.286 411.286

C16H32

C14H29

15:0 FA
NL of 15:0 Acyl
 and H2O

C16H31

-

-
C16H31
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ESI(+)-MS/MS for Glycerolipids [GL]: ADGGA, DGGA, SQDG, MGDG, Ether MGDG, DGDG, LDGCC, DGCC, LDGTS
ADGGA (O-16:0)16:0_18:2 as [M+NH4]+

C15H31
C15H31C17H31

+ C15H31
337.273

18:2 DMAG
16:0 DMAG

DGGA 16:0_18:2 as [M+NH4]+

337.274

C15H31

C17H31

NL of C6H10O7
(and NH4+ adduct)

18:2 DMAG
16:0 DMAG

DGDG 16:0_18:1 as [M+NH4]+

339.313

C17H33
C15H31

18:1 DMAG16:1 DMAG

132.102

LDGCC 16:0 as [M+H]+

C15H31

DGCC 16:0_18:1 as [M+H]+

516.390
498.379

490.374

132.102

C15H31

C17H33

NL of 18:1 Acyl

NL of 16:0 Acyl
H2O loss

LDGTS 18:1 as [M+H]+

C17H33

SQDG 16:0_18:1 as [M+NH4]+

339.289

595.530

C17H33

C15H31

NL of C6H10O7S

18:1 DMAG16:0 DMAG

(and NH4+ adduct)

MGDG 16:0_18:1 as [M+NH4]+

339.313

C17H33

C15H31

16:0 DMAG
18:1 DMAG

NL of C6H11O6
(and NH4+ adduct)

MGDG O-16:0_16:0 as [M+NH4]+

C15H31

C16H33

16:0 DMAG

NL of C6H11O6
(and NH4+ adduct)
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ESI(+)-MS/MS for Glycerolipids [GL]: DGTS, MG, DG, Ether DG, TG, Ether TG
DGTS 16:0_18:1 as [M+H]+

500.395
482.384

474.370

C15H31

C17H33

NL of 18:1 Acyl

NL of 16:0 AcylH2O loss

MG 18:0 as [M+NH4]+

C17H35

[M+H]+
H2O loss

359.339

DG 18:0_20:4 as [M+NH4]+

361.274

20:4 DMAG18:0 DMAG

C17H35

C19H31

DG O-16:0_18:1 as [M+NH4]+

C16H33

C17H33

18:1 DMAG

TG 16:0_18:2_22:6 as [M+NH4]+

623.504
647.504

903.744

C15H31

C17H31

C21H31

NL of 16:0 Acyl
 and H2O [M+H]+

NL of 22:6 Acyl
 and H2O

NL of 18:2 Acyl
 and H2O

TG 16:0_18:2_22:6 as [M+Na]+

669.486645.486

C15H31

C17H31

C21H31

NL of 16:0 Acyl and H2O

NL of 22:6 Acyl and H2O

NL of 18:2 Acyl and H2O

TG O-16:0_18:1_22:6 as [M+NH4]+

649.519

609.524

908.807

C16H31

C17H33

C21H31

NL of 18:1 Acyl
 and H2O

NL of 22:6 Acyl
 and H2O

NL of 16:0 Ether 

[M+H]+

TG O-18:0_16:0_22:6 as [M+Na]+

659.538

C18H35

C15H31

C21H31

NL of 22:6 Acyl and H2O 

NL of 16:0 Acyl
 and H2O 
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ESI(-)-MS/MS for Glycerolipids [GL]: ADGGA, DGGA, SQDG, MGDG, Ether MGDG, DGDG, Ether DGDG, Ether SMGDG

DGDG 16:0_18:1 as [M+CH3COO]-

281.248
379.127

C17H33
C15H31

16:0 FA

18:1 FA

H2O loss

DGDG O-18:2_16:0 as [M+CH3COO]-

663.396

C15H31

C18H33

16:0 FA
NL of 16:0 Acyl

MGDG 16:0_18:1 as [M+CH3COO]-

281.248

C15H31

C17H33

16:0 FA

18:1 FA

SQDG 16:0_16:0 as [M-H]-

255.232

C15H31

C15H31

16:0 FA
NL of 16:0 Acyl

 and H2O 
-

ADGGA 16:0_16:0_18:2 as [M-H]-

279.233

C15H31

C15H31 C17H31

18:2 FA

16:0 FA

DGGA 16:0_18:2 as [M-H]-

279.233

C15H31

C17H31

18:2 FA16:0 FA

MGDG O-16:0_18:1 as [M+CH3COO]-

C17H33

C16H33

NL of 18:1 Acyl
18:1 FA

SMGDG O-16:0_14:0 as [M-H]-

C13H27

C16H33

NL of 14:0 Acyl
 and H2O - -
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ESI(+)-MS/MS for Glycerophospholipids [GP]: BMP, CL, LPC, Ether LPC, LPE, Ether LPE,

PC 38:4 as [M+Na]+

R1

R2

NL of
 C5H14NO4P

NL of C3H9N+

PC 18:0_20:4 as [M+H]+

544.340
526.330

524.372

506.361

C17H35

C19H31

NL of 20:4 Acyl

NL of 18:0 Acyl
H2O loss

CL 34:1_36:3 as [M+NH4]+

601.519

36:3 DDAG34:1 DDAG

LPC 18:1 as [M+Na]+

C17H33

NL of C3H9N

LPC O-18:1 as [M+H]+

C18H35

LPE 18:1 as [M+H]+

C17H33

NL of C2H8NO4P

LPE O-18:1 as [M+H]+

C18H35

NL of C3H10NO5P

NL of C3H8NO4P

LPC 18:1/0:0 as [M+H]+

C17H33

BMP 18:1_22:4 as [M+NH4]+

389.305

C17H33

C21H35

22:4 DMAG18:1 DMAG

40:5 DDAG
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ESI(+)-MS/MS for Glycerophospholipids [GP]: Ether PC, PE, Ether PE_P, PG, PI, PS
PC O-38:4 as [M+H]+

R1

R2

PE 38:4 as [M+Na]+

649.517
747.494

R1

R2

NL of C2H8NO4P
NL of
 C2H5N

PE 18:0_20:4 as [M+H]+

287.237

C17H35

C19H31

NL of C2H8NO4P

20:4 Acyl18:0 Acyl

PE P-18:0_20:3 as [M+H]+

392.293

C18H35

C19H33

20:3 DMAG
18:1 Ether
 + C2H8NO3P

PS 38:4 as [M+Na]+

R1

R2

NL of C3H8NO6P

PS 18:0_20:4 as [M+H]+

546.283
528.272

526.315

C17H35

C19H31

NL of
 C3H8NO6P

NL of 20:4 Acyl
NL of 18:0 Acyl

H2O loss

PG 18:0_20:4 as [M+NH4]+

361.274

C17H35

C19H31

20:4 DMAG18:0 DMAG

PI 38:4 as [M+NH4]+

R1

R2

PI 38:4 as [M+Na]+

R1

R2

NL of C6H13O9P+Na

+ Na+

NL of 
C3H9O6P+NH3

NL of 
C6H14O9P+NH3
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ESI(+)-MS/MS for Glycerophospholipids [GP]: HBMP, Ether PE_O
PE O-16:0_18:1 as [M+H]+

2

C16H33

C17H33

NL of 
C2H8NO4P

18:1 Acyl

HBMP 18:1/16:1_18:1 as [M+NH4]+

311.258

C17H33

C17H33
C15H29

18:1 DMAG
16:1 DMAG

NL of 18:1 DMAG
 and H3PO4 and NH3
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ESI(-)-MS/MS for Glycerophospholipids [GP]: CL, MLCL, DLCL, LNAPE, LNAPS, LPA, LPC, Ether LPC, LPE

LNAPS 18:0/N-16:0 as [M-H]-

C17H35
C15H31

NL of 16:0 FA & serine

[M-H]-

18:0 LPA

LPE 18:1 as [M-H]-

2

C17H33

18:1 FA

CL 16:0_18:1_18:2_18:2 as [M-H]-

281.249

255.233 695.466

C15H31

C17H33

C17H31

C17H31

18:1 FA

18:2 FA16:0 FA

18:2 FA x 2
 + C3H6O4P

16:0 FA + 18:1 FA + C3H6O4P

LNAPE 16:0/N-18:2 as [M-H]-

476.278

C15H31

C17H31

NL of 16:0 Acyl
 and H2O

NL of 16:0 Acyl

16:0 FA

MLCL 16:0_16:0_16:0 as [M-H]-

C15H31

C15H31

C15H31

16:0 FA

16:0 FA x 2
 + C3H4O4P

16:0 FA + C3H6O5P

DLCL 16:0_18:2 as [M-H]-

433.236

C15H31

C17H31

18:2 LPA
16:0 LPA

LPA 16:0 as [M-H]-

C15H31

LPC 18:1 as [M+CH3COO]-

C17H35

LPC O-18:1 as [M+CH3COO]-

C18H35

NL of CH3+CH3COO

18:1 FA

NL of CH3+CH3COO
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ESI(-)-MS/MS for Glycerophospholipids [GP]: Ether LPE, LPG, Ether LPG, LPI, LPS, PA, PC, Ether PC, PE

LPI 18:1 as [M-H]-

315.049

C17H33

FA 18:1

LPS 18:0 as [M-H]-
C17H35

NL of
 C3H6NO2

PA 16:0_18:1 as [M-H]-

281.248

C17H33

C15H31

18:1 FA
16:0 FA

PE 18:0_20:4 as [M-H]-

303.232

2

C17H35
C19H31

20:4 FA

18:0 FA

2

-

LPG 18:1 as [M-H]-

C17H33

LPE O-18:1 (LPE P-18:0) as [M-H]-

2

C16H33

Phosphoethanolamine 18:1 Ether

LPG O-18:1 as [M-H]-
C18H35

18:1 Ether

PC 18:0_20:4 as [M+CH3COO]-

303.232

C17H35

C19H31

20:4 FA18:0 FA

PC O-18:0_20:4 as [M+CH3COO]-

C18H37

C19H31

20:4 FA

18:1 FA

NL of CH3+CH3COO

NL of CH3+CH3COO
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ESI(-)-MS/MS for Glycerophospholipids [GP]: Ether PE, PG, Ether PG, PI, Ether PI, PS, Ether PS, PMeOH, PEtOH

PEtOH 18:0_20:4 as [M-H]-

303.232

C19H31

C17H35 C2H5

20:4 FA
18:0 FA

C2H5-

PG O-18:1_16:0 as [M-H]-

283.264

C18H35

C15H31

16:0 FA

18:1 Ether + O

PG 18:0_20:4 as [M-H]-

303.232

C17H35

C19H31

18:0 FA

20:4 FA

PI O-16:0_20:4 as [M-H]-

303.232

C15H31

C19H31

20:4 FA

16:0 Ether + C3H5O4P

PI 18:0_20:4 as [M-H]-

303.232

C17H35

C19H31

18:0 FA 20:4 FA

PMeOH 16:0_18:2 as [M-H]-

279.233

C17H31

C15H31

18:2 FA
16:0 FA

PS 18:0_20:4 as [M-H]-

303.232

C17H35

C19H31

NL of C3H5NO2
18:0 FA 20:4 FA

PS O-16:0_22:6 as [M-H]-

395.257
327.232

C16H33

C21H31

NL of C3H5NO2

NL of 22:6 Acyl
 and H2O22:6 FA

PE O-16:0_18:1 as [M-H]-

2

C16H33

C17H33

NL of 18:1 Acyl

18:1 FA
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ESI(-)-MS/MS for Glycerophospholipids [GP]: OxPC, OxPE, Ether OxPE, OxPG, OxPI, OxPS, HBMP
PE 18:0_20:4;4O as [M-H]-

367.213
349.202

331.192

2

C17H35

C19H31O4

20:4 FA;4O

20:4 FA;4O - H2O

20:4 FA;4O - 2H2O18:0 FA

PS 18:0_20:4;4O as [M-H]-

367.213

349.202

331.192

C17H35

C19H31O4

NL of
 C3H6NO2

20:4;4O FA
20:4;4O FA - H2O

20:4;4O FA - 2H2O
18:0 FA

PI 18:0_20:4;4O as [M-H]-

283.264

367.213

349.202
331.192

297.038

932.526

C17H35

C19H31O4

18:0 FA

20:4;4O FA

20:4;4O FA - H2O
20:4;4O FA - 2H2O

PG 16:0_18:3;O as [M-H]-

293.212

275.202

C15H31

C17H29+O

18:3;O FA - H2O

18:3;O FA16:0 FA

PE O-16:0_22:6;O as [M-H]-

325.217

C16H33

C22H33O

22:6 FA ;O

22:6 FA;O
 - H2O

HBMP 16:0/16:0_18:2 as [M-H]-

279.233

C15H31

C17H31
C15H31

18:2 FA
16:0 FA

16:0 DMAG + H2PO3

PC 16:0_18:2;O as [M+CH3COO]-

295.228

C15H31

C17H31+O

18:2;O FA
16:0 FA

NL of CH3+CH3COO
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ESI(+)-MS/MS for Sphingolipids [SP]: Cer-AP, Cer-EOS, Cer-HDS, Cer-HS, Cer-NDS, Cer-NS, CerP, SM
(Cer-AP) Cer 18:1;3O/24:0;(2OH) as [M+H]+

316.285
682.634

646.613

C22H45

C13H25

NL of 2H2O
NL of H2O298.274

SPB 18:1;O3

SPB 18:1;O3 -H2O

SPB 18:1;O3
-3H2O

(Cer-EOS) Cer 18:1;2O/52:3 as [M+H]+

252.269 282.279
1069.029

C13H27

C51H97O2

NL of H2O

SPB 18:1;O2 -H2O

SPB 18:1;O2 -2H2O

SPB 18:1;O2 -CH4O2

(Cer-HDS) Cer 19:0;2O/17:0;O as [M+H]+

298.310268.300

C14H29

C16H33O

SPB 19:0;O2 -H2O

SPB 19:0;O2 -CH4O2

SPB 19:0;O2 -2H2O

(Cer-HS)  Cer 20:1;2O/24:0;O as [M+H]+

280.300 310.311

C23H47O
C15H31

SPB 20:1;O2 -H2OSPB 20:1;O2
-CH4O2

SPB 20:1;O2 -2H2O

(Cer-NDS) Cer 18:0;2O/26:0 as [M+H]+

254.284 284.295

C25H51

C13H27

NL of H2O
SPB 18:0;O2 -H2O

SPB 18:0;O2 -2H2O

SPB 18:0;O2
 -CH4O2

(Cer-NS) Cer 18:1;2O/24:0 as [M+H]+

282.279252.269

C23H47

C13H27

NL of H2OSPB 18:1;O2 -H2O
SPB 18:1;O2 -CH4O2

SPB 18:1;O2 -2H2O

CerP 18:1;2O/12:0 as [M+H]+

464.447
482.457

C11H23

C13H27

SPB 18:1;O2 -2H2O NL of H3PO4

H2O loss

SM 34:1;2O as [M+Na]+

502.498

R1

R2

NL of C5H14NO4P

NL of C3H9N
NL of C5H16NO5PNa

SM 18:1;2O/16:0 as [M+H]+

C15H31

C13H27

SPB 18:1;O2 -2H2O

280.264
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ESI(+)-MS/MS for Sphingolipids [SP]: SM+O, Sphinganine, Sphingosine, Phytosphingosine, HexCer-AP, 
HexCer-EOS, HexCer-HDS, HexCer-HS, HexCer-NDS

(HexCer-HDS) HexCer 18:0;2O/16:0;O as [M+H]+

718.582

254.284 284.295

C13H27

C15H31O

NL of
 C6H12O6

[M+H]+

H2O loss

SPB 18:0;O2
-H2O

SPB 18:0;O2 
-2H2O

SPB 18:0;O2 -CH4O2

 (HexCer-HS) HexCer 18:1;2O/24:1;O as [M+H]+

282.279252.269

646.614

C13H27

C23H47O

NL of H2O

NL of
 C6H10O5
 and H2OSPB 18:1;O2 -H2O

SPB 18:1;O2 -2H2O
SPB 18:1;O2 -CH4O2

(HexCer-NDS) HexCer 18:0;2O/22:0 as [M+H]+

284.295 606.619

C13H27

C21H43

NL of C6H10O5 and H2OSPB 18:0;O2 -H2O

SPB 18:0;O2 -2H2O

(PhytoSph) SPB 18:0;3O as [M+H]+

264.269

270.279

282.279
NL of 2H2O

NL of 3H2O
NL of CH4O2

NL of CH6O3

SM 34:1;3O as [M+H]+

R1

R2

(Sph) SPB 18:1;2O as [M+H]+

264.269

NL of 2H2O

NL of H2O

NL of CH4O2

(HexCer-AP) HexCer 18:0;3O/24:0;(2OH) as [M+H]+

684.650

264.265

318.300

300.290

C13H27

C21H43

NL of
 C6H10O5

NL of 
C6H10O5 and H2O

SPB 18:0;O3

SPB 18:0;O3 -H2O

SPB 18:0;O3
-3H2O

(DHSph) SPB 17:0;2O as [M+H]+

252.269

NL of H2O

NL of 2H2O

NL of CH4O2

(HexCer-EOS) HexCer 17:1;2O/52:4 as [M+H]+

C12H25

R2

R1

NL of C6H10O5 and H2O
NL of C6H10O5

SPB 17:1;O2 -H2O

SPB 17:1;O2 -CH4O2

SPB 17:1;O2 -2H2O
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ESI(+)-MS/MS for Sphingolipids [SP]: HexCer-NS, Hex2Cer, Hex3Cer, PI-Cer, SHexCer, SHexCer+O, SL, SL+O, GM3
(HexCer-NS) HexCer 18:1;2O/24:0 as [M+H]+

282.279252.269 632.635 794.687

C13H27

C23H47

NL of H2O

NL of C6H10O5
 and H2O

SPB 18:1;O2
 -CH4O2

SPB 18:1;O2 -H2O

SPB 18:1;O2
-2H2O

Hex2Cer 18:1;2O/16:0 as [M+H]+

700.572282.279252.269

Hex-Hex

C15H31

C13H27

NL of C6H10O5

NL of C12H20O10

SPB 18:1;O2
 -2H2O

SPB 18:1;O2
 -H2O

SPB 18:1;O2
-CH4O2

Hex3Cer 18:1;2O/16:0; [M+H]+

282.279252.269

Hex-Hex-Hex

C15H31

C13H27

NL of C6H12O6

NL of C12H22O11

SPB 18:1;O2
 -2H2O

SPB 18:1;O2
 -H2O

SPB 18:1;O2 
-CH4O2

NL of
 C18H32O16

PI-Cer 34:0;3O as [M+H]+

R1

R2

NL of C6H13O9P

SHexCer 18:1;2O/18:0 as [M+H]+

282.279252.269

C17H35
C13H27

NL of H2SO4
 and C6H10O5

NL of H2SO4
SPB 18:1;O2

-H2O

SPB 18:1;O2 -2H2O

SPB 18:1;O2
-CH4O2

SHexCer 18:1;2O/18:0;O as [M+H]+

282.279252.269

564.535
824.555

C17H35O
C13H27

NL of H2SO4

NL of H2SO4
 and C6H10O5

SPB 18:1;O2 -H2O

SPB 18:1;O2 -2H2O

SPB 18:1;O2 -CH4O2

SL 18:0;O/15:0 as [M+NH4]+

590.481

366.267

352.252

334.241

C14H29

C14H29

H2O loss

NL of 
(SPB 18:0;O -C2H8N)

NL of 15:0 Acyl 

H2O loss

607.508

SL 17:0;O/16:1;O as [M+H]+

604.461

C13H27

C15H29O

16:1;O Acyl

NL of
 16:1+O Acyl and H2O

GM3 18:1;2O/18:0 as [M+NH4]+

282.279
264.269 1198.779

C17H35

C13H27

NL of H2ONL of 
SPB 18:1;O2 -H2O

SPB 18:1 -2H2O
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ESI(+)-MS/MS for Sphingolipids [SP]: AHexCer, ASM

AHexCer (O-16:0)18:1;2O/22:0;O as [M+H]+

282.280239.237

C15H31

C13H27

C21H43+O

NL of 16:0 Acyl
and C6H10O5

H2O lossSPB 18:1;O2 - H2O

SPB 18:1;O2 - C2H5N

(ASM) SM 34:1;2O(FA 18:0) as [M+H]+

R1

R2

C17H35

NL of 18:0 Acyl
and H2O 
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ESI(-)-MS/MS for Sphingolipids [SP]: Cer-ADS, Cer-AS, Cer-BDS, Cer-BS, Cer-AP, Cer-HS, Cer-EOS, Cer-EODS, Cer-EBDS

(Cer-AP) Cer 18:0;3O/20:0;(2OH) as [M+CH3COO]-

281.285

C13H27

C17H35

20:0;O Acyl
 + C3H5NO

20:0;O Acyl + O

20:0;O Acyl - CH2O

(Cer-HS) Cer 18:1;2O/22:0;O as [M+CH3COO]-

606.583

C13H27

C21H43O

NL of
 CH2ONL of CH4O222:0 Acyl + C2H3N

SPB 18:1;O2 - C2H7NO

(Cer-EOS) Cer 18:1;2O/32:0;O(FA 18:2) as [M+CH3COO]-

C13H27

C17H31

NL of 18:2 FA32:0 Acyl amide
 (without 18:2 FA)

18:2 FA

(Cer-EODS) Cer 18:0;2O/16:0;O(FA 15:0) as [M-H]-

C13H27

n

R1

15:0 FA
NL of 15:0 Acyl 

(Cer-EBDS) Cer 18:0;2O/17:0;(3OH)(FA 15:0) as [M+CH3COO]-

C13H27

C14H29

15:0 FA
SPB 18:0;O2 +C2H2O

C14H29

(Cer-ADS) Cer 18:0;2O/16:0;(2OH) as [M+CH3COO]-

522.489

253.217

300.291
282.280

239.238

C13H27

C13H27

NL of 2H2O

NL of CH4O2

SPB 18:0;O2

16:0;O Acyl - 2H

16:0;O Acyl - CH2O

SPB 18:0;O2 -H2O

SPB 18:0;O2 - C2H7NO

(Cer-AS) Cer 18:1;2O/16:0;(2OH) as [M+CH3COO]-

534.489
253.217

237.222

280.265

C13H27

C13H27

NL of H2O

NL of CH4O2SPB 18:1;O2 - C2H7NO
16:0;O Acyl - CH2O

SPB 18:1;O2 - H2O
16:0;O Acyl - 2H

(Cer-BDS) Cer 18:0;2O/16:0;(3OH) as [M-H]-

310.275

C13H27

C13H27

SPB 18:0;O2 + C2H2O

SPB 18:0;O2
 - C2H7NO

SPB 18:0;O2 + C2H2O
 - CH4O

SPB 18:0;O2

(Cer-BS) Cer 16:1;2O/24:0;(3OH) as [M-H]-

282.244

C11H23

C21H43

SPB 16:1;O2 + C2H2O
SPB 16:1;O2
 - C2H7NO
SPB 16:1;O2 + C2H2O

 - CH2O
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ESI(-)-MS/MS for Sphingolipids [SP]: Cer-NDS, Cer-NP, Cer-NS, CerP, SM, SM+O, HexCer-AP, HexCer-EOS, HexCer-HDS

(Cer-NP) Cer 18:0;3O/16:0 as [M+CH3COO]-

254.248

267.232

310.274

C13H27

C15H31

NL of 2H2O NL of H2O

16:0 Acyl
 + C3H5NO

SPB 18:0;O3 -CH7NO
16:0 Acyl amide

(Cer-NS) Cer 18:1;2O/16:0 as [M+CH3COO]-

518.494

C13H27

C15H31

NL of H2ONL of CH2O
16:0 Acyl + C2H3N

SPB 18:1;O2 -C2H7NO
16:0 Acyl -2H

CerP 18:1;2O/12:0 as [M-H]-

378.241

96.969

560.408

C11H23

C13H27

NL of 12:0 Acyl

H2O loss [M-H]-

-

-

(HexCer-AP) HexCer 18:0;3O/16:0;(2OH) as [M+CH3COO]-

225.222
271.228

C13H27

C17H35

NL of
 C6H10O5

16:0 Acyl +C3H5NO

16:0 Acyl + O

16:0 Acyl
 -CH2O

(HexCer-HDS) HexCer 34:0;3O as [M+CH3COO]-

R1

R2

NL of C6H10O5

SM 34:1;3O as [M+CH3COO]-

R1

R2

(HexCer-EOS) HexCer 18:1;2O/32:0;O(FA 18:2) as [M+CH3COO]-

938.803776.750494.494

C13H27

C17H31

NL of 18:2 FANL of 18:2 FA
 and C6H10O5

18:2 FA

32:0
 Acyl amide

(Cer-NDS) Cer 18:0;2O/16:0 as [M+CH3COO]-

237.246 490.499

C13H27

C15H31

NL of CH4O
NL of CH4O2

16:0 Acyl
 + C2H3N

SPB 18:0;O2 -C2H7NO
16:0 Acyl -2H

SM 18:1;2O/20:0 as [M+CH3COO]-

NL of CH3COO+CH3

NL of CH3 and 20:0 Acyl

C13H27

C19H39
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ESI(-)-MS/MS for Sphingolipids [SP]: HexCer-HS, HexCer-NDS, HexCer-NS, 
Hex2Cer, Hex3Cer, PE-Cer, PE-Cer+O, PI-Cer, GM3
(HexCer-HS) HexCer 16:1;2O/26:1;O as[M+CH3COO]-

C11H23

C24H47O

NL of C6H10O5
26:1;O Acylamide -2H

(HexCer-NDS) HexCer 18:0;2O/16:0 as [M+CH3COO]-

280.264
237.246 239.238

C13H27

C15H31

NL of
 C6H10O5SPB 18:0;O2

 -C2H7NO

16:0 Acyl
 +C2H5N

16:0 Acyl -2H

(HexCer-NS) HexCer 18:1;2O/20:0 as [M+CH3COO]-

336.327237.222
293.309

C13H27

C19H39

NL of
 C6H10O5

20:0 Acyl -2H

20:0 Acyl
 +C2H5N

SPB 18:1;O2 -C2H7NO

Hex2Cer 34:1;2O as [M+CH3COO]-

R1

R2

Hex-Hex

NL of C6H10O5

NL of C12H20O10

Hex3Cer 42:1;2O as [M+CH3COO]-

972.736

R1

R2

Hex-Hex-Hex

NL of C6H10O5

NL of C12H20O10

NL of C18H30O15

PI-Cer 18:0;2O/16:0;O as [M-H]-

634.482

C15H31O

C14H29

NL of 16:0;O Acyl

NL of inositol

GM3 34:1;2O as [M-H]-

R1

R2

PE-Cer 18:1;2O/18:0 as [M-H]-

C15H29

C17H35

NL of 18:0 Acyl

-

PE-Cer 18:0;2O/17:0;O as [M-H]-

2

C15H31

C16H33O

NL of 17:0 Acyl;O

Phosphoethanolamine
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ESI(-)-MS/MS for Sphingolipids [SP]: AHexCer, ASM, SHexCer, SHexCer+O, SL, SL+O
AHexCer (O-16:0)18:1;2O/22:0;O as [M+CH3COO]-

636.594

780.636

C15H31

C13H27

C21H43+O

NL of (SPB 18:1;O2 -C2H7NO)
NL of 16:0 Acyl

NL of (SPB 18:1;O2 -C2H7NO) and H2O
NL of 16:0 Acyl and H2O

NL of 16:0 Acyl
 and C6H10O5

16:0 FA

SHexCer 38:1;2O as [M-H]-

R1

R2

-

SL 18:0;O/16:1;O as [M-H]-

C14H29

C15H29+O

NL of 16:1 Acyl;O
-

SHexCer 42:2;3O as [M-H]-

R2

R1

-

SL 18:0;O/16:0 as [M-H]-

364.253

C14H29

C15H31

NL of 16:0 Acyl
-

(ASM) SM 34:1;2O(FA 18:0) as [M+CH3COO]-

R1

R2

C17H35

NL of CH318:0 FA 

NL of 
 18:0 Acyl and H2O

(and CH3COO- adduct)
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ESI(+)-MS/MS for Sterol Lipids [SL]: Cholesterol, CE, SHex, BRSE, CASE, SISE, DCAE, STSE, AHexCS

(SISE) SE 29:1/18:1 as [M+NH4]+

C17H33

ST 29:1

(DCAE) SE 24:1;O3/18:1 as [M+NH4]+

C17H33

ST 24:1;2O

Cholesterol as [M-H2O+H]+

 Cholesterol - H2O

CE 18:1 as [M+NH4]+

C17H33

(CASE) SE 28:1/18:1 as [M+NH4]+

C17H33

ST 28:1

(BRSE) SE 28:2/22:6 as [M+NH4]+

C21H31

ST 28:2

(AHexCS) ST 27:1;O;Hex;FA 16:0 as [M+NH4]+

C15H31 

(STSE) SE 29:2/18:2 as [M+NH4]+

ST 29:2 

C17H31

(SHex) ST 29:2;O;Hex as [M+NH4]+

ST 29:2
 ST 27:1

 ST 27:1
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ESI(+)-MS/MS for Sterol Lipids [SL]: AHexCAS, AHexSIS, AHexSTS, Vitamin D

(AHexSIS) ST 29:1;O;Hex;FA 18:1 as [M+NH4]+

C17H33

ST 29:1

(Vitamin D) Calcidiol as [M+H]+

383.331

401.341

NL of 2H2O

NL of H2O [M+H]+

(AHexCAS) ST 28:1;O;Hex;FA 18:2 as [M+NH4]+

C17H31

ST 28:1

(AHexSTS) ST 29:2;O;Hex;FA 16:0 as [M+NH4]+

C15H31

ST 29:2
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ESI(-)-MS/MS for Sterol Lipids [SL]: SSulfate, BASulfate, DCAE, SHex, AHexCS, AHexCAS, AHexSIS, AHexBRS, AHexSTS
(SSulfate) ST 27:1;O;S as [M-H]-

Cholesterol Sulfate

Sulfate

(BASulfate) ST 24:1;O5;S as [M-H]-

-

(DCAE) SE 24:1;O3/18:1 as [M-H]-

C17H33

18:1 FA NL of 18:1 Acyl and H2O

(AHexCAS) ST 28:1;O;Hex;FA 18:1 as [M+CH3COO]-

C17H33

18:1 FA

(AHexSIS) ST 29:1;O;Hex;FA 18:1 as [M+CH3COO]-

C17H33

18:1 FA

(AHexCS) ST 27:1;O;Hex;FA 18:1 as [M+CH3COO]-

C17H33 

18:1 FA

(SHex) ST 29:2;O;Hex as [M+CH3COO]-

(AHexBRS) ST 28:2;O;Hex;FA 16:0 as [M+CH3COO]-

16:0 FA

C15H31

(AHexSTS) ST 29:2;O;Hex;FA 16:0 [M+CH3COO]-

C15H31

16:0 FA

Hex (C6H11O6-)
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ESI(-)-MS/MS for Sterol Lipids [SL]: Bile acids (e.g. glycine or taurin conjugate)
(GDCA) ST 24:1;O3;G as [M-H]- (TLCA) ST 24:1;O2;T as [M-H]-

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted February 12, 2020. ; https://doi.org/10.1101/2020.02.11.944900doi: bioRxiv preprint 

https://doi.org/10.1101/2020.02.11.944900
http://creativecommons.org/licenses/by-nc-nd/4.0/


ESI(+) and ESI(-)-MS/MS for Prenol Lipids [PL]: CoQ, VAE, Vitamin E
CoQ10 as [M+H]+ VAE 18:0 as [M+Na]+

C17H35

Characteristic 
fragment
 (C9H11+)

(Vitamin E) Tocopherol as [M+CH3COO]-

+
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Retention time = 0.0 s

Mobility [1/K0]

(400 - 800 scans)

Retention time = 0.5 s Retention time = 1,200 s

Mobility [1/K0]

(400 - 800 scans)

Mobility [1/K0]

(400 - 800 scans)

MS1 or MS2 spectra MS1 or MS2 spectra MS1 or MS2 spectra

~1 GB

Retention time = 0.0 s Retention time = 0.5 s Retention time = 1,200 s

Mobility [1/K0]

(400 - 800 scans)

Mobility [1/K0]

(400 - 800 scans)

MS1 or MS2 spectra MS1 or MS2 spectra MS1 or MS2 spectra

~1 GB

Data retrieving becomes 1000 times fasterRetention time

(2000 - 4000 scans)

Accumulated MS1 spectra Retention time

(2000 - 4000 scans)

Accumulated MS2 spectra
Precursor m/z = 690.617

Precursor m/z = 902.573
Precursor m/z = 812.689

Precursor m/z = 848.769
Precursor m/z = 834.605

.d

.ibf
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Retention time (min): 2,000 ~ 4000 scans Mobility (1/K0): 400 ~ 800 scans

Io
n 

ab
un

da
nc

e

Io
n 

ab
un

da
nc

e

10 ~ 30 s: 20 ~ 60 scans 30 ~ 60 ms: 10 ~ 50 scans

Expand to mobility axis
(Accumulated: 

20 ~ 60 mobility scans)
MS/MS

MS/MS

Retention time (min)

m/z

Mobility (1/K0)

m/z

Peak property

Precursor m/z
Retention time

Mobility (1/K0, msec etc)

Collision Cross Section (Å²)
||

MS/MS (if assigned)

Data integration & Annotation
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Accuracy (%) Precision (%) Recall (%) Specificity (%) FDR (%)

ESI(+)-MS/MS: minimum 1.61 FDR (%) at 0.75 min tolerance

ESI(+)-IM-MS/MS: minimum 2.82 FDR (%) at 5 CCS tolerance with no RT info.

ESI(-)-IM-MS/MS: minimum 2.22 FDR (%) at 2 CCS tolerance with no RT info.

ESI(+)-IM-MS/MS: minimum 1.31 FDR (%) at 7 CCS tolerance with 1.5 RT tol.

ESI(-)-IM-MS/MS: minimum 1.22 FDR (%) at 3 CCS tolerance with 1.5 RT tol.

ESI(-)-MS/MS: minimum 1.61 FDR (%) at 0.75 min tolerance

a
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Human plasma

Fatty Acyls [FA]

Glycerophospholipids [GP]
Sterol Lipids [ST]

Sphingolipids [SP]Prenol Lipids [PR]
Lipids containing VLCPUFAGlycerolipids [GL]

Mouse plasma
Skin

Macrophage
White adipose

Eye
Pancreas

Brain
Large intestine
Small intestine

Kidney

Lung

Adrenal gland

Liver

Spleen
Brown adipose

Testis

Heart
Skeletal muscle

Feces

C2C12
3T3 L1

HEK293
HeLa

SHexCer
AHexCer

Brain

FA, CAR, LPC, LPE, LPG, LPS, LPI
PC, PE, PG, PS, PI, OxPLs, CL, Cholesterol

PC-O, PE-P, DG, TG, SM, 
Cer-NS, Cer-NDS, Cer-NP, Vitamins, CoQs 

Sterol sulfates
Bile acid, FAHFA

BMP, PMeOH
Feces, Intestines

N-acyl amides,  PG-O
ADGGA, DGDG

Sulfonolipids
AHexSTs,PI-Cer

Feces
MGDG, MGDG-O

Eye, Brain, Testis, Feces

Ceramides
Skin

Hex2Cer
ASM

Kidney
VLCPUFA

Eye, Testis
Semino lipid
Brain, Testis

Sterols
Adrenal gland

* * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * ***** * * * *

Count of molecules
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[M+H]+

m/z 184.073

m/z 795.674

16:0 acyl loss

Phosphocholine fragm
ent ion

[M-CH3]-

m/z 779.644

m/z 255.233

m/z 168.043

[M+CH3COO]-

168.035

FA 16:0
-

16:0 acyl loss
Sphingomyelin specific

phosphocholine fragment ion

AHexCer (O-16:0)18:1;2O/22:0;O

(ASM) SM 42:2;2O(FA 16:0)

ADGGA (O-16:0)16:0_18:2

ESI(+)-MS/MS

[M+H]+

282.294

239.237
1038.863

638.617

602.59

H2O loss

H2O loss
H2O loss

H2O loss

16:0 Hex
+

m/z 282.279

m/z 620.598

m/z 401.29

m/z 239.237

ESI(-)-MS/MS
[M-H]-

[M+CH3COO]-

798.646

636.588380.348 16:0 acyl loss

H2O loss

FA 16:0

FA 22:0+O
(rearranged fragment)
- H2O loss

Hex loss

-

m/z 255.233

m/z 780.636

m/z 636.594

m/z 380.353

m/z 575.503m/z 337.273

m/z 313.274 m/z 255.233

m/z 279.233

m/z 255.233
m/z 239.238

m/z 415.269

337.274

279.234

[M+H]+

Acyl 16:0
+

DMAG 16:0
+

DMAG 18:2
+

DDAG 34:2
+

NL of acyl 16:0+H2O
FA 16:0

-

FA 18:2
-

ESI(+)-MS/MS
ESI(-)-MS/MS

ESI(+)-MS/MS
ESI(-)-MS/MS
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m/z
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LC-MS/MS
Extraction Lipid

assigned?

Yes

No

Biological
samples

Data
processing

R
ea

na
ly

si
s 

by
 u

pd
at

ed
 a

nn
ot

at
io

n 
pi

pe
lin

e
Quant database Curating 

unknown spectra

Literature

Standards

Lipid fragment annotations

m/z 653.511 [M-H]-

NL of 15:0 FA

m/z 672.5521 [M+NH4]+

106.050

Serine
NL of Serine

NL of 15:0 FA

[M+H]+

15:0 FA

-
C16H31

349.286

UnknownNAGlySer 32:0

NAGlySer 32:0NAGlySer 15:0/17:0

Knowledge expansion
for various acyl chains

Query for m/z 672.552 in ESI(+)

Yes No

Yes No

Stored as MSP formatDecision tree diagnostics

NAGlySer 10:0/10:0
NAGlySer 10:0/11:0
NAGlySer 10:0/12:0
NAGlySer 10:0/12:1

NAME: NAGlySer 15:0/17:0
PRECURSORMZ: 672.5521
PRECURSORTYPE: [M+NH4]+
FORMULA: C37H70N2O7
SMILES: ..CC(=O)NCC(=O)NC..
INCHIKEY: LXDFIAPIXQCQPG..
RETENTIONTIME: 8.42
CCS: 265.893
COMPOUNDCLASS: NAGlySer
Num Peaks: 9
MS/MS information...

m/z 145.061 C5H9N2O3
+ (>5%)

NL of FA (>1%) and NAGly 17:0+ (>80%)

Lipid subclasses packaged in MS-DIAL 4
Category Fatty acyls

7
9

Glycerolipids
17
25

Glycerophospholipids
36
54

Prenol Lipids
3
3

Total
117
177

Sphingolipids
37
63

Sterol Lipids
17
23

Subclass
Adduct form

NAGlySer 15:0/17:0
Ester link to 17:0 acyl chain

Carbon=15, Double bond=0

Carbon=17, Double bond=0
Glycylserinen=7

n=6

OH

O
O

OO

O

HO

N
H

H
N

145.061
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ESI(+)-MS/MS: Min. 1.61 FDR (%) at 0.75 RT tol.

ESI(+)-IM-MS/MS: Min. 1.31 FDR (%) at 7 CCS tol.

ESI(-)-IM-MS/MS: Min. 1.22 FDR (%) at 3 CCS tol.

ESI(-)-MS/MS: Min. 1.57 FDR (%) at 1.0 RT tol.
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