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Details on lipid identification and relative-quantification by LipidSearch (v4.2.23) software1,2

Manual curation criteria

• Mass accuracy (MS ≤ 5 ppm and MS/MS ≤ 5 ppm)

• Confirmation of lipid identifications with multiple ion adducts and their diagnostic fragment ions (lipid class-specific fragments and lipid

species-specific fragments) in both positive- and negative-ion mode3-5

• Fragmentation grade (identification level A, B and/or C)

• Base retention time window of lipid classes (as shown in ESM_1; Fig. S4)

• Isotopic profile and fatty acid distribution pattern

• Peak shape and quality

• Chromatographic peak integration and reassignment

• Fragmentation match score (m-score), c-score and t-score

• Area relative standard deviation (as shown in ESM_1; Fig. S3) and signal-to-noise ratio
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Acylcarnitines or Carnitine esters (AcCa)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adduct used for identification: [M+H]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M+H]+

Representation of acylcarnitines or carnitine esters (AcCa)

identification information obtained with LipidSearch

software

e.g. [AcCa(22:0)+H]+
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Lysophosphatidylcholine (LPC)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+H]+,

[M+Na]+ and [M+K]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M+H]+

Representation of lysophosphatidylcholine (LPC)

identification information obtained with LipidSearch

software

e.g. [LPC(16:0)+H]+
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Lysophosphatidylcholine (LPC)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adducts used for identification: [M+HCOO]−

and [M-CH3]
−

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M+HCOO]−

Representation of lysophosphatidylcholine (LPC)

identification information obtained with LipidSearch

software

e.g. [LPC(16:0)+HCOO]−
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Ceramides (Cer)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+H]+,

[M+H-H2O]+ and [M+H-2H2O]+

➢ Identification (fragmentation) grade: A , B and C

➢ Main ion adduct used for quantification: [M+H]+

Representation of ceramides (Cer) identification

information obtained with LipidSearch software

e.g. [Cer(d40:1)+H]+
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Ceramides (Cer)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adducts used for identification: [M+HCOO]−

and [M-H]−

➢ Identification (fragmentation) grade: A , B and C

➢ Main ion adduct used for quantification: [M+HCOO]−

Representation of ceramides (Cer) identification

information obtained with LipidSearch software

e.g. [Cer(d40:1)+HCOO]−
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Sphingomyelin (SM)

Information

➢ Ionization: Positive- and negative-ion mode

➢ Main ion adducts used for identification: [M+H]+,

[M+Na]+ and [M+HCOO]−

➢ Identification (fragmentation) grade: A , B and C

➢ Main ion adduct used for quantification: [M+H]+

Representation of sphingomyelin (SM) identification

information obtained with LipidSearch software

e.g. [SM(d40:1)+H]+
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Sphingosine (SPH)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+H]+ and

[M+H-H2O]+

➢ Identification (fragmentation) grade: A , B and C

➢ Main ion adduct used for quantification: [M+H]+

Representation of sphingosine (SPH) identification

information obtained with LipidSearch software

e.g. [SPH(d18:1)+H]+
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Diglyceride (DG)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+Na]+,

[M+NH4]
+, [M+H]+ and [M+K]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adducts used for quantification: [M+NH4]
+

and [M+Na]+

Representation of diglyceride (DG) identification

information obtained with LipidSearch software

e.g. [DG(34:0)+NH4]
+
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Diglyceride (DG)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+Na]+,

[M+NH4]
+, [M+H]+ and [M+K]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adducts used for quantification: [M+Na]+ and

[M+NH4]
+

Representation of diglyceride (DG) identification

information obtained with LipidSearch software

e.g. [DG(34:0)+Na]+
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Triglyceride (TG)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+NH4]
+,

[M+Na]+, [M+H]+ and [M+K]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M+NH4]
+

Representation of triglyceride (TG) identification

information obtained with LipidSearch software

e.g. [TG(54:4)+NH4]
+
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Phosphatidylcholine (PC)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+H]+,

[M+Na]+ and [M+K]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M+H]+

Representation of phosphatidylcholine (PC) identification

information obtained with LipidSearch software

e.g. [PC(32:1)+H]+
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Phosphatidylcholine (PC)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adducts used for identification: [M+HCOO]−

and [M-CH3]
−

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M+HCOO]−

Representation of phosphatidylcholine (PC) identification

information obtained with LipidSearch software

e.g. [PC(32:1)+HCOO]−

14



Lysophosphatidylethanolamine (LPE)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adduct used for identification: [M-H]−

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M-H]−

Representation of lysophosphatidylethanolamine (LPE)

identification information obtained with LipidSearch

software

e.g. [LPE(16:0)-H]−
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Lysophosphatidylethanolamine (LPE)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+H]+ and

[M+Na]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M+H]+

Representation of lysophosphatidylethanolamine (LPE)

identification information obtained with LipidSearch

software

e.g. [LPE(16:0)+H]+
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ObsMz Type It.(%) Frag. Delta(Da)

55.0552 MS2 1.147

57.0709 MS2 9.491

69.0708 MS2 4.477

71.0864 MS2 10.618

79.0551 MS2 1.611

81.0707 MS2 15.508

83.0863 MS2 6.949

85.102 MS2 6.121

86.0972 MS2 1.401

91.0548 MS2 1.14

92.1468 MS2 2.722

93.0706 MS2 3.286 C7H9 0.0007

95.0862 MS2 17.492 C7H11 0.0007

97.1019 MS2 7.943 C7H13 0.0007

99.0811 MS2 1.155

107.0861 MS2 1.46 C8H11 0.0006

109.1018 MS2 10.269 C8H13 0.0006

111.1174 MS2 2.869 C8H15 0.0006

119.0862 MS2 1.047

121.1018 MS2 2.253 C9H13 0.0006

123.1172 MS2 8.486 C9H15 0.0004

133.1016 MS2 2.545

135.1172 MS2 2.476 C10H15 0.0004

137.1328 MS2 3.336 C10H17 0.0003

147.1172 MS2 1.258 C11H15 0.0003

149.1328 MS2 2.355 C11H17 0.0003

151.1485 MS2 2.341 C11H19 0.0004

161.1329 MS2 2.258 C12H17 0.0004

163.1485 MS2 1.28

175.1486 MS2 1.942 C13H19 0.0005

184.0737 MS2 30.077

245.2269 MS2 1.758

263.2376 MS2 6.749

267.2688 MS2 5.231

306.28 MS2 5.466

310.3115 MS2 1.585

337.2746 MS2 3.55 MG(18:2)-OH 0.0008

341.3056 MS2 3.444 MG(18:0)-OH 0.0006

603.5358 MS2 100 NL[PE] 0.0011

720.5909 MS2 2.228

744.5525 MS2 2.598 M+H -0.0013

745.5561 MS2 1.072

746.605 MS2 1.538

760.587 MS2 1.011

774.6012 MS2 1.306

Phosphatidylethanolamine (PE)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+H]+ and

[M+Na]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M+H]+

Representation of phosphatidylethanolamine (PE) identification

information obtained with LipidSearch software

e.g. [PE(36:2)+H]+

17



Phosphatidylethanolamine (PE)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adduct used for identification: [M-H]−

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M-H]−

Representation of phosphatidylethanolamine (PE)

identification information obtained with LipidSearch

software

e.g. [PE(36:2)-H]−
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ObsMz Type It.(%) Frag. Delta(Da)

55.0552 MS2 1.308

57.0345 MS2 1.18

57.0709 MS2 1.428

67.0551 MS2 3.905

69.0707 MS2 4.744

71.0864 MS2 1.462

72.0816 MS2 1.034

79.0551 MS2 1.282

81.0707 MS2 6.478

83.0862 MS2 4.832

92.1458 MS2 1.347

93.0706 MS2 2.643

95.0862 MS2 6.72 C7H11 0.0006

97.0654 MS2 1.085

97.1018 MS2 3.848 C7H13 0.0006

105.0704 MS2 1.191

107.0862 MS2 1.538 C8H11 0.0006

109.1017 MS2 5.017 C8H13 0.0005

111.1174 MS2 1.549 C8H15 0.0006

121.1016 MS2 3.011 C9H13 0.0004

123.1172 MS2 2.902 C9H15 0.0004

133.1014 MS2 1.043

135.1171 MS2 2.909 C10H15 0.0003

137.1328 MS2 1.088 C10H17 0.0003

147.1171 MS2 1.188 C11H15 0.0002

149.1328 MS2 2.24 C11H17 0.0004

161.1329 MS2 1.197 C12H17 0.0004

163.1483 MS2 1.804

184.0737 MS2 13.011

247.2427 MS2 1.124

263.2375 MS2 2.107

265.2532 MS2 2.25

337.2745 MS2 93.162 MG(18:2)-OH 0.0008

339.2902 MS2 100 MG(18:1)-OH 0.0008

601.5166 MS2 2.903 NL[PG,+NH4]+H -0.0025

Phosphatidylglycerol (PG)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+NH4]
+,

[M+H]+ and [M+Na]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M+NH4]
+

Representation of phosphatidylglycerol (PG) identification

information obtained with LipidSearch software

e.g. [PG(36:3)+NH4]
+
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Phosphatidylglycerol (PG)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adduct used for identification: [M-H]−

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M-H]−

Representation of phosphatidylglycerol (PG) identification

information obtained with LipidSearch software

e.g. [PG(36:3)-H]−
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Lysophosphatidylglycerol (LPG)

Information

➢ Ionization: Negative- and positive-ion mode

➢ Main ion adducts used for identification: [M-H]−,

[M+NH4]
+ and [M+H]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M-H]−

Representation of lysophosphatidylglycerol (LPG)

identification information obtained with LipidSearch

software

e.g. [LPG(18:1)-H]−
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Lysophosphatidylinositol (LPI)

Information

➢ Ionization: Negative- and positive-ion mode

➢ Main ion adducts used for identification: [M-H]−,

[M+H]+ and [M+NH4]
+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M-H]−

Representation of lysophosphatidylinositol (LPI)

identification information obtained with LipidSearch

software

e.g. [LPI(20:4)-H]−
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Phosphatidylinositol (PI)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adduct used for identification: [M-H]−

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M-H]−

Representation of phosphatidylinositol (PI) identification

information obtained with LipidSearch software

e.g. [PI(38:5)-H]−
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Phosphatidylinositol (PI)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+H]+,

[M+Na]+, [M+K]+ and [M+NH4]
+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M+NH4]
+

Representation of phosphatidylinositol (PI) identification

information obtained with LipidSearch software

e.g. [PI(38:5)+NH4]
+
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Lysophosphatidylserine (LPS)

Information

➢ Ionization: Negative- and positive-ion mode

➢ Main ion adducts used for identification: [M-H]−,

[M+H]+ and [M+NH4]
+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M-H]−

Representation of lysophosphatidylserine (LPS)

identification information obtained with LipidSearch

software

e.g. [LPS(22:6)-H]−

25



Phosphatidylserine (PS)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adduct used for identification: [M-H]−

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M-H]−

Representation of phosphatidylserine (PS) identification

information obtained with LipidSearch software

e.g. [PS(38:6)-H]−
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Phosphatidylserine (PS)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+H]+,

[M+NH4]
+ and [M+Na]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adducts used for quantification: [M+H]+ and

[M+NH4]
+

Representation of phosphatidylserine (PS) identification

information obtained with LipidSearch software

e.g. [PS(38:6)+H]+
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Cardiolipin (CL)

Information

➢ Ionization: Negative- and positive-ion mode

➢ Main ion adducts used for identification: [M-H]−, [M-

2H]− and [M+H]+

➢ Identification (fragmentation) grade: A and B

➢ Main ion adduct used for quantification: [M-H]−

Representation of cardiolipin (CL) identification

information obtained with LipidSearch software

e.g. [CL(70:7)-H]−
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Hexosylceramide (Hex1Cer)

Information

➢ Ionization: Positive- and negative-ion mode

➢ Main ion adducts used for identification: [M+H]+,

[M+H-H2O]+, [M+H-2H2O]+ and [M+HCOO]−

➢ Identification (fragmentation) grade: A , B and C

➢ Main ion adduct used for quantification: [M+H]+ and

[M+HCOO]−

Representation of hexosylceramide (Hex1Cer)

identification information obtained with LipidSearch

software

e.g. [Hex1Cer(d34:1)+H]+
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Hexosylceramide (Hex2Cer)

Information

➢ Ionization: Positive- and negative-ion mode

➢ Main ion adducts used for identification: [M+H]+,

[M+H-H2O]+, [M+H-2H2O]+ and [M+HCOO]−

➢ Identification (fragmentation) grade: A , B and C

➢ Main ion adduct used for quantification: [M+H]+ and

[M+HCOO]−

Representation of hexosylceramide (Hex2Cer)

identification information obtained with LipidSearch

software

e.g. [Hex2Cer(d42:2)+H]+

30



Cholesteryl esters and Cholesterol (ChE)

Information

➢ Ionization: Positive-ion mode

➢ Main ion adducts used for identification: [M+NH4]
+,

[M+H-H2O]+ and [M+H]+

➢ Identification (fragmentation) grade: A , B and C

➢ Main ion adducts used for quantification:

[M+NH4]
+ in the case of cholesteryl esters

[M+H-H2O]+ in the case of cholesterol

Representation of cholesteryl esters (ChE) identification

information obtained with LipidSearch software

e.g. [ChE(20:5)+NH4]
+
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Fatty acids (FA)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adduct used for identification: [M-H]−

➢ Identification (fragmentation) grade: A , B and C

➢ Note: A minimal number of free fatty acid species were

identified with very low confidence (doesn’t meet

filtering criteria including diagnostic fragment ions,

base retention time, etc.) and they were ignored for

further analysis
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Simple Glc series (CerG2GNAc1)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adduct used for identification: [M-H]−

➢ Identification (fragmentation) grade: A , B and C

➢ Note: A minimal number of CerG2GNAc1 species were

identified with very low confidence (no diagnostic

fragment ions) and they were ignored for further

analysis
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Lysodimethylphosphatidylethanolamine (LdMePE)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adduct used for identification: [M-H]−

➢ Identification (fragmentation) grade: A , B and C

➢ Note: LdMePE lipid species share the same retention

time and approximate equivalent abundance ratio values

with identical acyl-chain length of LPC species.

Possibly, in-source fragments [i.e., LPC-CH3] and they

were ignored for further analysis5
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Dimethylphosphatidylethanolamine (dMePE)

Information

➢ Ionization: Negative-ion mode

➢ Main ion adducts used for identification: [M-H]−

➢ Identification (fragmentation) grade: A , B and C

➢ Note: dMePE lipid species share the same retention

time and approximate equivalent abundance ratio values

with identical acyl-chain length of PC species. Possibly,

in-source fragments [i.e., PC-CH3] and they were

ignored for further analysis5

35


