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LDA – Data analysis workflow

MS data
mzXML, AB Sciex Agilent, 
Bruker, Thermo, (Waters)

Mass lists

Parameters
Fragmentation rules

Quantitation Manual
correction

Statistical
analysis

Results export
xlsx, txt, mzTab,

png, svg
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LDA – MS data conversion

AB Sciex wiff Agilent .d Bruker .d Thermo .raw Waters .raw

msconvert
(integrated)

mzXML, mzML

WindowsMass++
(separate installation)

All platforms

chrom
(LDA internal format for 
efficient data access)

LDA
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LDA setup
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LDA – Data analysis workflow
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Copy mass list in quant directory
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LDA – Start batch quantitation
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LDA – Start batch quantitation
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Targeted vs untargeted MS data acquisition: differing MS/MS modes

Helmut H. et al. Lipidomics: Quest for Molecular Lipid Biomarkers in Cardiovascular Disease, Circulation: Cardiovascular Genetics 7, 6 (2014). https://doi.org/10.1161/CIRCGENETICS.114.000550

Fragmentation of 
selected precursor 
ions

Product ion scan

Precursor ion scan (PIS)

Neutral loss scan (NLS)

Selected/multiple reaction monitoring (SRM/MRM) - PRM

Precursor ions with 
a specified product 
ion

Precursor ions with 
a specified neutral-
loss fragment

Ions with a specified 
precursor / fragment 
m/z pair (transition)

Ion 
source

MS1
(mass analyzer)

Collision 
cell

MS2
(mass analyzer) Detector

• Data dependent acquisition (DDA): typically, the 4-10 
most abundant analytes are selected for 
fragmentation in one cycle

• Scanning for several precursors takes time → first 
analyzer is occupied → reduced sampling rates 
(inaccuracy in quantitation)

• Filters analytes of specific types → for investigation 
of certain analyte classes

• Analytes of low abundance are not missed
• Misses information of additional fragment ions

• Filters analytes of specific types → for investigation 
of certain analyte classes

• Analytes of low abundance are not missed
• Misses information of additional fragment ions

• Highly sensitive filter - for observing specific analytes
• Very low abundant molecules are detectable
• Misses information of additional fragment ions
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Targeted 

• Scope: Focus on a specific set of known compounds.

• Purpose: Hypothesis-driven, used for validating known 
metabolic processes and establishing baseline 
measurements.

• Quantification: Provides absolute quantification of selected 
compounds.

• Sample preparation: Requires specific extraction procedures 
for targeted compounds.

• MS data acquisition: MS/MS techniques such as precursor ion 
scan (PIS), neutral loss scan (NLS) and selected/multiple 
reaction monitoring (SRM/MRM)

• Data processing: Less complex due to the limited search 
space.

Untargeted 

• Scope: Global, large scale analysis of both, known and 
unknown compounds in a sample.

• Purpose: Discovery-oriented, used for identifying new 
compounds, generating hypotheses, and biomarker discovery.

• Quantification: Provides qualitative identification and relative 
quantification of a wide range of compounds.

• Sample preparation: Requires global metabolite extraction 
procedures.

• MS data acquisition: DDA approaches (product ion scan)

• Data processing: More complex due to the large search space 
and the unknown complexity of the sample.

Targeted vs untargeted lipidomics: overview
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Guiding the choice of informatics software and tools for lipidomics research

Ni, Z., Wölk, M., Jukes, G. et al. Guiding the choice of informatics software and tools for lipidomics research applications. Nat Methods 20, 193–204 (2023). https://doi.org/10.1038/s41592-022-01710-0

1
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Guiding the choice of informatics software and tools for lipidomics research

Ni, Z., Wölk, M., Jukes, G. et al. Guiding the choice of informatics software and tools for lipidomics research applications. Nat Methods 20, 193–204 (2023). https://doi.org/10.1038/s41592-022-01710-0
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Guiding the choice of informatics software and tools for lipidomics research

Ni, Z., Wölk, M., Jukes, G. et al. Guiding the choice of informatics software and tools for lipidomics research applications. Nat Methods 20, 193–204 (2023). https://doi.org/10.1038/s41592-022-01710-0



Leonida Lamp & Jürgen Hartler BMSS & BSPR Workshop - Lipid Data Analyzer
14

Guiding the choice of informatics software and tools for lipidomics research

Ni, Z., Wölk, M., Jukes, G. et al. Guiding the choice of informatics software and tools for lipidomics research applications. Nat Methods 20, 193–204 (2023). https://doi.org/10.1038/s41592-022-01710-0

• Lipid identification

• Quantification

• Statistical analysis and visualization

=> For untargeted MS data!

1
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Automated data processing – What‘s going on?

LC-MS1 data:
Identification and quantitation of intact lipid species 

MSn data:
Verification of lipid class and structural information 
about the lipid molecular species

LDA core functions
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Challenges MS1 – results of a triglyceride analysis
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Challenges MS1 – check of isotopic pattern

TG52:0 +0

TG52:0 +1

TG52:0 +2

TG52:1 +2

TG52:1 +1

TG52:1 +2

TG52:0 +0

TG52:1 +3

Algorithm:

1) Calculate isotopic distributions

2) Calculate peak intensities

3) Check if peak belongs to another isotope

4) Check if isotopic series is correct

3)

4)
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Challenges MS1 – closely eluting species
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Challenges MS1 – 3D algorithm

TG52:1 +1

TG56:6 +0

Dynamic range: 106 LDA mzMine2

Sensitivity 93.3% 86.1%

Sensitivity (unambiguous) 90.4% 63.0%

Positive predictive value 99.1% 89.4%

TG56:7 +2
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Challenges MS1 – 3D algorithm – peak integration

TG52:0 +2

TG56:6 +0

TG56:7 +2

not well-integrated
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high-res

just the inner part has
been integrated

Challenges MS1 – 3D algorithm – peak integration

TG52:0 +2

TG56:6 +0

TG56:7 +2

Check this for:

• Strong peak signal

• Weak peak signal

• Low m/z value

• High m/z value

If the integration is not satisfactory:

Get in touch with us!
We will optimize the settings for you



Leonida Lamp & Jürgen Hartler BMSS & BSPR Workshop - Lipid Data Analyzer
22

Challenges MS1 – isomeric/isobaric compounds
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Challenges MS1 – ECN model

TG52:0 +2

TG56:6 +0

TG56:7 +2

Fauland et al., 2011,  J Lipid Res 52(12):2314-22

Ovcacikova, et al., 2016,  J Chromatogr A 1450(12):76-85

Increasing
C number

Increasing
retention time

Increasing 
DB number

Decreasing
retention time
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Challenges MS1 – MS1 misses structural information

PI 38:4

We do not know:

• Fatty acid composition

• Position of FAs

• Position of double bonds
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/

Challenges MSn – Introduction

PI 38:4 – negative ion mode
1-4: head group

1

2

3

4

PI 5 : carboxylates of chains5

12

9

10

18:0
9: neutral loss of chain as  fatty acid

10: neutral loss of chain as ketene 
body 

12: neutral loss of chain and head 
group 

6

11

7

8

,6

7,

8,

11,

20:4

• charge driven processes favor NL at sn-2

• secondary fragmentation processes favor 
the formation of carboxylates of FA at sn-1

Hsu FF and Turk J: Electrospray Ionization with Low-Energy Collisionally Activated Dissociation Tandem Mass Spectrometry of Complex Lipids: Structural Characterization and Mechanisms of Fragmentation. In 
Modern Methods for Lipid Analysis by Liquid Chromatography-Mass Spectrometry and Related Techniques. Edited by Byrdwell WC. Champaign, IL: American Oil Chemists Society Press; 2005:61-179.
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PI 38:4MS1

Head group PI 38:4


Chains PI 20:4_18:0

Position PI 18:0/20:4

Fragments (m/z) + Intensity

 



Challenges MSn – Introduction
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Challenges MSn – MSn spectra may vary

A flexible solution is required

Orbitrap 
CID 60%

Orbitrap
CID 30%

QTRAP 
CID 30 eV

QTRAP 
CID 60 eV
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Decision rule sets - fragments

Fragment:
Name=PIhead Formula=C6H12O9P Charge=1 MSLevel=2 mandatory=false

Placeholders:
Name=NL-Ketene Formula=$PRECURSOR-$CHAIN+H2O Charge=1 MSLevel=2 mandatory=false

Reuse of definitions:
Name=NL-Ket-Head Formula=NL-Ketene-C6H12O6 Charge=1 MSLevel=2 mandatory=false
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Decision rule sets - intensities

Relative intensities:
Equation=PIhead-H2O>2*PIhead mandatory=true

Placeholders:
Equation=PIhead-H2O>0.1*$BASEPEAK mandatory=true

Positions:
Equation=NL-Ketene[2]*0.7>NL-Ketene[1] mandatory=true
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Decision rule sets - example for the lipid class PI

[GENERAL]
AmountOfChains=2
ChainLibrary=fattyAcidChains.xlsx
CAtomsFromName=(\d+):\d+
DoubleBondsFromName=\d+:(\d+)
BasePeakCutoff=0.01%

[HEAD]
!FRAGMENTS
Name=PIhead Formula=C6H12O9P Charge=1 MSLevel=2 mandatory=false
Name=PIhead+GlycFormula=C9H14O9P Charge=1 MSLevel=2 mandatory=false
Name=PIhead-H2O Formula=C6H10O8P Charge=1 MSLevel=2 mandatory=true
Name=PIhead-2H2O Formula=C6H8O7P Charge=1 MSLevel=2 mandatory=false

!INTENSITIES
Equation=PIhead-H2O>2*PIhead mandatory=true
Equation=PIhead-H2O>0.1*$BASEPEAKmandatory=true
Equation=PIhead-H2O>PIhead-2H2O mandatory=true
Equation=PIhead+Glyc>2*PIhead mandatory=false

[CHAINS]
!FRAGMENTS
Name=Carboxy Formula=$CHAIN-H Charge=1 MSLevel=2 mandatory=true
Name=NL-Carboxy Formula=$PRECURSOR-$CHAIN Charge=1 MSLevel=2 mandatory=true
Name=NL-Ketene Formula=$PRECURSOR-$CHAIN+H2O Charge=1 MSLevel=2 mandatory=false
Name=NL-Ket-Head Formula=NL-Ketene-C6H12O6 Charge=1 MSLevel=2 mandatory=false

!INTENSITIES
Equation=NL-Carboxy>0.6*NL-Ketene mandatory=true

[POSITION]
!INTENSITIES
Equation=Carboxy[1]>Carboxy[2] mandatory=false
Equation=NL-Carboxy[2]*0.7>NL-Carboxy[1] mandatory=true
Equation=NL-Ketene[2]*0.7>NL-Ketene[1] mandatory=false
Equation=NL-Ket-Head[2]*0.9>NL-Ket-Head[1] mandatory=true
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Decision rule sets - graphical user interface
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Decision rule sets - multiplexed spectra – co-eluting species

PI 36:3

PI 18:1/18:2 PI 16:0/20:3

∑ int(18:1 frags) + ∑ int(18:2 frags) ∑ int(16:0 frags) + ∑ int(20:3 frags)

= 48.9% = 51.1%
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Decision rule sets - mixed MS1 peaks
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Decision rule sets - retention time filtering
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Decision rule sets – performance (high resolution Orbitrap)

Kind T, et al., Nature Methods, 2013
Hartler J, et al., Nature Methods, 2017

positive ion mode

negative ion mode
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LDA quantitation - overview

MS1 peak 
integration

Isotopic pattern 
check

MSn spectra 
present?

yes

Lipid annotation at the 
respective level of structural 

resolution

MS1 peak splitting

no

For each peak

Input
• MS data
• Mass list
• Parameters
• Decision rules

Mixed 
spectra?

yes

no

Retention time filtering

For each lipid class

Output
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LDA – Data analysis workflow

MS data
mzXML, AB Sciex Agilent, 
Bruker, Thermo, (Waters)

Mass lists

Parameters
Fragmentation rules

Quantitation Manual
correction

Statistical
analysis

Results export
xlsx, txt, mzTab,

png, svg
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Exercise 1 – Find the false positives

The LDA is a highly reliable solution

– nonetheless, false positives (FP) are reported with every
lipid annotation software

Your task:

• Find FP annotations in PC, PE and P-PE

• Make use of the ECN model (different adducts should elute at the same time)

• Make use of fragmentation patterns 
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Exercise 1 – Find the false positives – PC fragmentation

PC [M+H]+
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Exercise 1 – Find the false positives – PC fragmentation

PC [M+H]+ PC [M+Na]+
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dynamic exclusion of CID cell

precursor: 870.695 Da
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Exercise 1 – Find the false positives – PE fragmentation

PE [M+H]+ PE [M+Na]+
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Exercise 1 – Find the false positives – PE fragmentation

P-PE [M+H]+ P-PE [M+Na]+
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Exercise 1 – Find the false positives

Your task:

• Find FP annotations in PC, 
PE and P-PE

• Make use of the ECN model 
(different adducts should 
elute at the same time)

• Make use of fragmentation 
patterns 
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False positives – cheat sheet

PC

30:0_21.86 RT wrong
30:1_20.30 RT wrong
32:2_22.33 MS1
34:4_20.60 MS1
35:3_24.77 PE 38:3_H
36:5_22.00 PE 39:5_H
37:3_26.05 MS1
39:1_30.30 PE 42:1_H
39:2_28.48 PE 42:2_H
39:3_26.01 MS1
39:4_26.15 MS1
39:5_24.94 MS1
39:5_25.44 MS1
39:6_24.19 MS1
39:6_24.92 MS1
39:9_21.60 MS1
39:10_21.17 MS1
44:5_28.17 MS1

PE

33:1_20:30 MS1
37:4_20:60 MS1
38:7_21:23 PE 36:4_Na
40:5_25.07 MS1
40:7_23:44 PE 38:4_Na
40:8_21.67 PE 38:5_Na
42:4_24.15 MS1
42:7_24.74 MS1
42:10_19.48 MS1
44:6_23.63 MS1
45:6_24.62 MS1
46.12_20.57 MS1

PE P-
34:1_22.25_Na 36:4_H
35:1_23.35_Na 37:4_H
35:3_21.89_Na MS1
36:0_25.69_Na RT wrong
36:1_24.37_Na 38:4_H
36:4_23.81_Na MS1
37:4_22.43_Na MS1
38:1_26.28_Na RT wrong
38:4_25.76_Na MS1
38:5_24.25_Na MS1
38:7_22:25_H MS1
39:6_24.06_H MS1
39:7_23.28_Na MS1
40:0_20.07_Na MS1
40:1_27.38_Na MS1
40:2_26.28_Na RT wrong
40:3_25.07_Na MS1
40:3_25.80_Na RT wrong
40:4_23.50_Na MS1
40:5_26.16_Na MS1
40:7_20.77_Na MS1
40:8_22.67_Na MS1
40:8_22.67_H MS1
42:3_26.56_H MS1
42:5_27.61_Na MS1
44:3_27.41_H MS1

TG

60:10_20.39 MS1
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