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LDA - Data analysis workflow

MS data

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

s Ratga | g e

Results export

xlsx, txt, mzTab,
png, svg

Statistical
analysis

v

. . .
>
Mass lists » Quantitation
F ragn ientation rules
g 1 G g ey
| re—T
e 25 ou
show
—— poren
o st of B i o st |t o
2 e e e S Data QuantFile Progress
e T Data20150309_Ex1_pos-015_Ex1_._|Ex1_pos.xlsx Quantifying TG 50:0 (7/78)
Data20150309_Ex1_pos-014_Ex1_._|Ex1_pos.xlsx
Data20150309_Ex1_pos-016_Ex1_..|Ex1_pos.xisx
| |Data20150309_Ex1_pos-018_Ex1_.. Ex1_posxlsx

| |Data20150309_Ex1_pos-017_Ex1_..|Ex1_pos.xlsx

Quantifying Data20150309_Ex1_pos-015_Ex1_Qtrap_pos_45.chrom with Ex1_pos.xlsx ,E

< testals [Compatibility Mode] - Excel

INSERT  PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW
<10 ~| A A B Wrap Text General -
B I U- &- erge 8 Center - &7 5 5 3 3 Conditior
- Formattin
Font 5 Alignment a Number a
A1 - %
A B c D E F G H | J K
il -
2  area[AU] 46:0 48:0 48:1 48:2 48:3 48:4 50:0 50:1 50:2
37 a4 Value 4205745 33165939 67125359 67944462 26433601 7922222 53685938 7.93E+08 9.95E+08
47 3 Value 0 38078296 161E+08 1.91E+08 67920033 18047560 £8574859 142E+09 176E+09
s 36 Value 0 24585303 1.16E+08 1.34E+08 43267073 13206193 33242346 9.42E+08 120E+09
6 37 Value 0 3574343 14220103 19810777 B774378 5305055 2211651 1.02E+08 182E+08
77 38 Value 0 1975171 7131852 10704365 4109845 3611575 1571441 63002104 1.15E+08
3’ 39 Value 0 4421406 17366632 26298800 12849396 10367266 2885523 1.34E+08 254E+08
97 40 Value 0 75490844 192E+08 4.77E+08 6.07E+08 6.85E+08 44075006 1.75E+09 345E+09
0w M Value 0 51632425 135E+08 3.30E+08 4.69E+08  5E+08 31699190 1.34E+09 249E+09
1l a2 Value 0 43110038 1.25E+08 2.62E+08 3.86E+08 3.96E+06 24116508 1.04E+09 205E+09
12
13
"
TAG ® <

READY  CALCULATE

Leonida Lamp & Jiirgen Hartler

BMSS & BSPR Workshop - Lipid Data Analyzer

2



LDA - MS data conversion

(LDA internal format for
efficient data access)
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LDA - Data analysis workflow
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LDA setup

| £ Lipid Data Analyzer 2.8.0 FT settings
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LDA - Data analysis workflow
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LDA - Start batch quantitation

| £ Lipid Data Analyzer 2.10.1 OrbiTrap_velos_pro settings +30 -30 2 2024 - Jargen Hartler, Andreas Ziegl, Gerhard G Thallinger, Lecnida M Lamp - GMNU GPL v3 licen... — O x

[ Quantitation |* Batch Quantitation | Statistical Analysis | Display Results | Settings | License | Help | About |

Folder with raw file(s): |C:ﬁ.d ata\BM33\brain\positive | Select
Folder with mass list or RT-DB file(s): |C:1.d ata'\BM33\quant | Select

Time before tol.: | 5 min Time after tol.: 5| min Rel. base-peak cutoff: EI.1| o RT-shift: 0.0/ min
Isotopic quantitation of 2| isotopes where 1| isotopic peak(s) have to match
Find molecules where retention time is unknown Processors for gquantitation: | 7

[ Start Quantitation ]
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LDA - Start batch quantitation

| £ Lipid Data Analyzer 2.10.1  OrbiTrap_velos_pro settings +50 -50 2 2024 - ldrgen Hartler, Andreas Ziegl, Gerhard G Thallinger, Leenida M Lamp - GMNU GPL w3 licen... — O >

| Quantitation |* Batch Quantitation | Statistical Analysis | Display Results | Settings | License | Help | About |

[£) Error >

Your GPU is not ready for CUDA! The calculation will continue without GPU assistance.

OK

Folder with raw file(s): |C:*.data".Elrv1551brain*.pnsitiue | Select
Folder with mass list or RT-DB file(s): |C:1.dataﬁ.Elru1SSW.quant | Select
Time before tol.: lj min Time after tol.: lj min Rel. base-peak cutoff: J X RT-shift: @ min
|sotopic quantitation of Ij isotopes where Ij isotopic peak(s) have to match
Find molecules where retention time is unknown Processors for gquantitation: Ij
Start Quantitation
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Targeted vs untargeted MS data acquisition: differing MS/MS modes

MS1 Collision MS2
(mass analyzer) cell (mass analyzer)

Product ion scan . Data dependent acquisition (DDA): typically, the 4-10
: L ———— Fragmentation of most abundant analytes are selected for
[ .
() > ® 0 ¢ i ® fragmentation in one cycle
o v —— i‘i‘ . liil Rl §e|ected precursor +  Scanning for several precursors takes time — first
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Selected m/z Scanning (inaccuracy in quantitation)
Precursor ion scan (PIS)
_— , , . Filters analytes of specific types — for investigation

y th
v ® ... AA — 0‘: v & i :rse:g;ic;rd'%r;zcmct of certain analyte classes

v g . . . Analytes of low abundance are not missed

@ / —— ——— " . Misses information of additional fragment ions
AY O Scanning Selected m/z
Q."'AQ Neutral loss scan (NLS)
ﬁ Precursor ions with «  Filters analytes of specific types — for investigation
\ 06 . ) A > & < o . of certain analyte classes
$ ) A @ GA ¢ a specified neutral
v —— loss fragment . Analytes of low abundance are not missed
Scanning Scanning . Misses information of additional fragment ions

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

e ® ® o - ' lons with a specified «  Highly sensitive filter - for observing specific analytes

ove v =3 A4 a® precursor / fragment «  Very low abundant molecules are detectable

. é e 12 PAIF (fransition) «  Misses information of additional fragment ions
Selected m/z Selected m/z

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
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Targeted vs untargeted lipidomics: overview

Targeted Untargeted

* Scope: Focus on a specific set of known compounds. * Scope: Global, large scale analysis of both, known and
unknown compounds in a sample.

* Purpose: Hypothesis-driven, used for validating known * Purpose: Discovery-oriented, used for identifying new
metabolic processes and establishing baseline compounds, generating hypotheses, and biomarker discovery.
measurements.

* Quantification: Provides absolute quantification of selected * Quantification: Provides qualitative identification and relative
compounds. quantification of a wide range of compounds.

« Sample preparation: Requires specific extraction procedures ¢ Sample preparation: Requires global metabolite extraction
for targeted compounds. procedures.

« MS data acquisition: MS/MS techniques such as precursorion ¢ MS data acquisition: DDA approaches (product ion scan)
scan (PIS), neutral loss scan (NLS) and selected/multiple
reaction monitoring (SRM/MRM)

« Data processing: Less complex due to the limited search  Data processing: More complex due to the large search space
space. and the unknown complexity of the sample.
Leonida Lamp & Jiirgen Hartler BMSS & BSPR Workshop - Lipid Data Analyzer
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Guiding the choice of informatics software and tools for lipidomics research
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Guiding the choice of informatics software and tools for lipidomics research
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Guiding the choice of informatics software and tools for lipidomics research

MS based lipidomics data : LIPID MAPS®
acquisition

l o M5 Analysis

A;Jma’_@@(ed Lipid oriented

Identification

targeted gy
W dataset®  mm

Method design
and quantification

identification

o
[
ot
L
0
7}
G
Q
.
©
=
=
(=}
w

M5 based lipidomics data
acquisition

/ Quantification

Data deposition
(lipid 1Ds, relative and
absolute quantification)

|

— Y e

Software
guantification

A quantification

Stats analysis and
visualization

1

— ) +~—-

Lipid ID
/convmrcrs \
Z2 7.3
&

Ontology s - e Pathway and
®

enrichment analysis ° network solutions
L] View All Tools
v

Ni, Z., Wolk, 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

Data conversion
and integration

Data conversion
and integration

Leonida Lamp & Jiirgen Hartler BMSS & BSPR Workshop - Lipid Data Analyzer

13



Guiding the choice of informatics software and tools for lipidomics research
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Automated data processing - What‘s going on?

LDA core functions

LC-MS' data:
|dentification and quantitation of intact lipid species

MS" data:

Verification of lipid class and structural information
about the lipid molecular species

Leonida Lamp & Jiirgen Hartler BMSS & BSPR Workshop - Lipid Data Analyzer
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Challenges MS' - results of a triglyceride analysis

Stretch tirme Stretch it Stretch mfr ] Shorw Light ] Showy Testure ) Sslecisd 7] 20-Positon

b Units 5 AU &

VOG0

TS0 4

SOD00

2500040 -

a

TG56:2+2 G0 W -

TG 46:0
TG 48:0
TG 48:1
TG 48:2
TG 48:3
TG 48:4
TG 50:0
TG 50:1

TG56:2 +0

TG56:2 +1 |

TG 56:7
X G561 +0 TG 56:8
v D TG 56:9
s g O TG 56:10
- TGS61 +2 TG 56:11
TG 56:12
TG 58:0

TG56:2 +2 TG 58:1

TG36:1 +0 =

nnnnnnn

VAl Sav |

]

70 30 Tima £ min

TG 50:2
TG 50:3
TG 50:4
TG 50:5
TG 50:6
TG 52:0
TG 52:1
TG 52:2

TG 58:2
TG 58:3
TG 58:4
TG 58:5
TG 58:6
TG 58:7
TG 58:8
TG 58:9

TG 52:3
TG 52:4
TG 52:5
TG 52:6
TG 52:7
TG 52:8
TG 54:0
TG 54:1

TG 58:10
TG 58:11
TG 58:12
TG 58:13
TG 60:1

TG 60:2

TG 60:3
TG 60:4

TG 54:2
TG 54:3
TG 54:4
TG 54:5
TG 546
TG 54:7
TG 54:8
TG 54:9

TG 60:5
TG 60:6
TG 60:7
TG 60:8
TG 60:9
TG 60:10
TG 60:11
TG 60:12

TG 54:10
TG 56:0
TG 56:1
TG 56:2
TG 56:3
TG 56:4
TG 56:5
TG 56:6

TG 60:13
TG 60:14
TG 62:11
TG 62:12
TG 62:13
TG 62:14
TG 62:15

Leonida Lamp & Jiirgen Hartler

BMSS & BSPR Workshop - Lipid Data Analyzer

16



Challenges MS' - check of isotopic pattern

Algorithm:

1) Calculate isotopic distributions

2) Calculate peakintensities

3) Check if peak belongs to another isotope

4) Check if isotopic series is correct

Arb . Units £ Al

2000000
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1000000

SO0000

o

TG52:1+1

TG52:0 +2

mz=880.833D

TG52:1 +2

+ Gain

TG520+0  — -

A=257TeT @ 25.QI
= ==

10

=0 =0 Time f min
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Challenges MS' - closely eluting species

Arb Units £ AL
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+ Gain
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Challenges MS' - 3D algorithm

i B
lime TG56:6 +0
: TG56:7 +2
c
a d I ,,,,,,,,,,,,,,,,,,,,,,,,, o MEEREENEE
li)
L. J——— 1 W R— Bl
m/z
A , .
- Dynamic range: 108 LDA mzMine2
e Sensitivity 93.3% 86.1%
Sensitivity (unambiguous) 90.4% 63.0%
D
— T T Positive predictive value 99.1% 89.4%
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Challenges MS" - 3D algorithm - peak integration

not well-integrated

Leonida Lamp & Jiirgen Hartler BMSS & BSPR Workshop - Lipid Data Analyzer




Challenges MS" - 3D algorithm - peak integration

Check this for:

Stretch time_2.0] Strete int. 1.0] Stretch miz[ 1.0] [ Show Light [ Show Texture [ Selected [] 2D-Position | Update

Strong peak signal

=

Weak peak signal

Low m/z value

just the inner part has
been integrated

High m/z value

If the integration is not satisfactory:

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

Leonida Lamp & Jiirgen Hartler BMSS & BSPR Workshop - Lipid Data Analyzer
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Challenges MS' -isomeric/isobaric compounds

PC 34:4+0

PE37:4+0

. PC32:1+1

Bl
2.1 T
{ R AL

Arb.Unii..fD:ZEjs PC 34:4_+H I—
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1.0ES
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D T
20 Time ! min
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Challenges MS'- ECN model
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Fauland et al., 2011, J Lipid Res 52(12):2314-22
Ovcacikova, et al., 2016, J Chromatogr A 1450(12):76-85
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Challenges MS' - MS™ misses structural information

Pl 38:4

_ Pl 18:1/20:3 o Glycerol
sn-1 Fatty acid backbone
H30W\/\/\)L Polar head group
© HO OH
(0]
HiC o . o We do not know:
sn-2 Fatty acid \
O HO OH . oy
* Fatty acid composition
Pl 18:0/20:4 o
sn-1 Fatty acid Glycerol ..
H c/\/\/\/\/ny\/\/\/\)J\ Backb0n /et e group * Position of FAs
3 0 Len HO OH
e N N o 0 OH * Position of double bonds
: sn-2 Fatty acid nd
OH
Pl 20:4/18:0 o
sn-1 Fatty acid
H5C T o o o

sn-2 Fatty acid
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Challenges MS" - Introduction

Pl 38:4 — negative ion mode

ESI Full ms2 885.55@cid35.00 [185.00-900.00] 7
100 5 e 5,6: carboxylates of chains
: 2635 18:0/20:4 ’
%03 7,9: neutral loss of chain as fatty acid
503 8,10: neutral loss of chain as ketene
y 70 11 body
£ ol e 11,12: neutral loss of chain and head
T ] group
Z 50
F
40 .
e 8 « charge driven processes favor NL at sn-2
599.5
30- )
E 2972 0 60?4 « secondary fragmentation processes favor
20 e 3033 12 the formation of carboxylates of FA at sn-1
10: 439.3 10
259.3
E 619.5
0L . ‘ ] L . | | - o . | | ‘
200 300 400 500 600 700
m/z

Hsu FF and Turk J: Electrospray lonization 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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Challenges MS" - Introduction

MS? Pl 38:4
Head group P‘I/38:4
Chains Pl 20:4_18:
/l_ P
Position Pl 18:0\;20:4

Fragments (m/z) + Intensity
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Challenges MS" - MS" spectra may vary

At Units / AL Arb.Units / AU
2256
Orbitrap ~ QTRAP
75+ 751
HL-C arbosy (20:5
5241 261
50 50
ML-Ket-Head (20:4)
4193214
25+ ) 251
C"'z";;“’;:j'oj HL- g rbosey (15:0)
£ rﬁ. oy (20:9) ; L Vfﬁﬁq )
g rints NL-KepHead (12:0) 09 27
g lass B3 132
222 877 Q%B-Tﬂ .lﬂgﬁ 28463 45282 a7z =9ga32
0 | . i . . !
200 300 400 500 500 700 200 T miz 300 400 500 500 700 500 T miz
Arb.Units f AL HL-Carboey (2004 Arb.Units / AU Carbowmy (12:0)
521241 283 36
3256

100+

Orbitrap | QTRAP
CID 60% CID 60 eV

754
8317 244 04
ML-Ket-Head (20:4)
419,187
50 50
ML-Carboxa (20:4)
HL-Fgtene (20:4) 531 36
Carhosy (20:4) ge9.284 2313010 NL—Kitene (20
25+ 032178 - ; 25+ ’
240,959 | HL-E 2’ ;“;(13'03 HL-Ket-Head (20:4) Eredi
] o HL-KelHead (18:0) 41828 ML-Cdrb docy (12:0)
222,04 206961 208 HL-KRtene (12:0) 5o o5 2052 Laa5a4 HL-KefHead (12:00 HIERLES e (1500
259.21| 445 057 | 552{19819.356 ’ 26%3 .14 353.76 28 19.44 58432
oL Ly || . L. . . . 1 N N I 1 B T - - . .
200 200 400 500 BO00 700 200 miz 200 200 400 500 £O0 700 200 miz

A flexible solution is required
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Decision rule sets - fragments

Fragment:

Formula=C6H1209P

Placeholders:

Formula=$PRECURSOR-$CHAIN+H20

Reuse of definitions:

Formula3 NL—Ketene]CGH1206

Charge=1 MSLevel=2 mandatory=false

Charge=1 MSLevel=2 mandatory=false

Charge=1 MSLevel=2 mandatory=false

Leonida Lamp & Jiirgen Hartler
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Decision rule sets - intensities

Relative intensities:
Equation=Plhead-H20>2*Plhead mandatory=true

Placeholders:
Equation=Plhead-H20>0.1{$BASEPEAK | = mandatory=true

Positions:
Equation=NL-Ketend[2]*0.7>NL-Ketend[1] ~ mandatory=true

Leonida Lamp & Jiirgen Hartler BMSS & BSPR Workshop - Lipid Data Analyzer
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Decision rule sets - example for the lipid class PI

[GENERAL]

AmountOfChains=2
ChainlLibrary=fattyAcidChains.xlsx
CAtomsFromName=(\d+):\d+
DoubleBondsFromName=\d+:(\d+)
BasePeakCutoff=0.01%

[HEAD]

IFRAGMENTS

Name=Plhead Formula=C6H1209P Charge=1 MSLevel=2 mandatory=false
Name=Plhead+GlycFormula=C9H1409P Charge=1 MSLevel=2 mandatory=false
Name=Plhead-H20 Formula=C6H1008P Charge=1 MSLevel=2 mandatory=true
Name=Plhead-2H20 Formula=C6H807P Charge=1 MSLevel=2 mandatory=false

IINTENSITIES

Equation=Plhead-H20>2*Plhead mandatory=true

Equation=Plhead-H20>0.1*$BASEPEAKmandatory=true
Equation=Plhead-H20>Plhead-2H20 mandatory=true

Equation=Plhead+Glyc>2*Plhead mandatory=false

[CHAINS]

IFRAGMENTS

Name=Carboxy Formula=SCHAIN-H Charge=1 MSLevel=2 mandatory=true

Name=NL-Carboxy Formula=SPRECURSOR-SCHAIN Charge=1 MSLevel=2 mandatory=true

Name=NL-Ketene Formula=SPRECURSOR-SCHAIN+H20 Charge=1 MSLevel=2 mandatory=false
Name=NL-Ket-Head Formula=NL-Ketene-C6H1206 Charge=1 MSLevel=2 mandatory=false
IINTENSITIES

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

[POSITION]
IINTENSITIES
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
Leonida Lamp & Jiirgen Hartler BMSS & BSPR Workshop - Lipid Data Analyzer
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Decision rule sets - graphical user interface

[ Quantitation |* Batch Quantitation |  Statistical Analysis |  Display Results | Settings | License | Help |

|D:1.Experiment1xQTR.AP\negative\.-iS‘.DataEm 50105_Ex1_neg-015_Ex1_Qtrap_neg_45.chrom | Open Chrom
Start Display
|D:1.Experiment1xQTRAF“.negativeMﬂDataEm 50105_Ex1_neg-015_Ex1_Qtrap_neg_45_PC_PE.xlsx | Open Result
Results a
PE || | vipid crass PE 3
' MName Area Adduct -H =
e —— 26174300888/ § precyrsor 742.7592163085938 —
34.0_2755 3.23001472E8 bl
3412644 6.0476294E8| || General | Head Rules | Chain | Position |
36:0_2894 1.31709728E8 -
351 27.02 =~ 3650317E3 Name Formula Charge MS Level Mandatory =
360 2660 4837960 16E3 NL_Carboxy |SPRECURSOR-5CHAIN 1 |2 |ralse |+ =
36:4_24.94 6.7931456E8 Carboxy SCHAIN-H 1 I2 ltrue |+ H
NL_Ketene [SPRECURSOR-SCHAIN+H20 1 2 | fatse | =
x | | | |false |~ -
Arb Units / AL —
15000000 I
I O Raw
FEE @ Smiooth
10000000 =
=3.185e8 @ 25 69=1=2718 - Gain timin]: tfmazx):
e == J J
5000000
D T T T T T
o 10 20 30 a0 &0 Time/ min
; 77028 Tnant - 5
Atb.Units /AU I— o oo
Earbogy (15:0) — Prec: 742.0622
754 2eR.28 m m
+ (Zain () rel. Abund. |
501 £ - Gain () aps. Abuna.
ML_Ketene (13:2) F mzimin: majmas]:
2Bghead_196 2adlaz ML N2 b AT ) <= | == : :
-miz: 1.5] [Da] - 196,16 R 4B _ ]
+miz 25| [Da] update ol . . . . .
g - 200 300 400 &00 00 700 miz
L] Show MSn [] Show 2D-View Show Total Decision | Save Rules
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Decision rule sets - multiplexed spectra — co-eluting species

Arb. Units £ AL A
A=B.968eh @ 21 42=t=22.4

200000

Pl 36:3

. \
. ,_J’k .

I:l T T
0 10 20 20

Aurbr Units ¢ ALA NL-C arb ooy (203
£53.270

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

> int(18:1 frags) + 5 int(18:2 frags) > int(16:0 frags) + 5 int(20:3 frags)

- = 48.9% =51.1%

ML-Ket-Head (20:3)
391.18

a0 50 Time ¢ min

50
MNU-C arbrosoy (1227
Carbosy (1607 570.274
265125
' C arkusy (20:3)
25 240 02 %05.1?2 HLtket-Head (15:2] K L- K etel] ki f@rbgea (16:0)
S 417171 571315503275
Hpckete md ez
zezon4)  Tarboo AR ML-J<et-Head (16:0) 57|:/_m o
270 155 49 2280 i [ TF2 515
#% | 02| S .2|42 544 295‘ 595.|3 fO7 G622 |
u] | ] . ] , -
200 400 00 00 FO0 200 miz
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Decision rule sets - mixed MS1 peaks

One MS' peak containing PC 17:0/14:1
______andPE16:0/18:1

2 spectra at different time points

L
¥
F
4
i
ia
=
! 1

50

607.508
00
P C t 681533 ' P E t iy 881.472
100 spectrum . spectrum
- 557.440

50

25 665

535.546 Carbosxy_Ethanol ami mas8:d)(16685 504
415330 ABATER l B17 .63 og, {74905
o |
miz 280 3do ad0 500 &00 700 miz

0,

fraction

ﬂPE

fraction
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Decision rule sets - retention time filtering

P| - f Qi r Batch Qi i r i Analysis Display Results Settings License | Help
Name &rea ‘E\I\pidamicslu182\2014021B\neg\03D_Liver1 chrom
i " - i ) ‘E\I\pidnmicslu152\2014021E\neg\ﬂ3nfLiver17Negjlxlsx
S5 W ULUS ST T, R It 5 i _ g
341 22.94 247872.06 — = : s ol el ] e
34:2_21.10 9884033.0 o QQNSTE ‘\f;fmmﬁ
34:3 1932 109547 71 342_21.10 9884033.0)
WIS Y- WY 343_19.32 10984771
o/ - 36027 10 11818.652
e AT SO7T 5T 361 2542 205189.34
—= 362_23.71 42027450
O 35RE5Rh 363_2191 9531610.0
355054 EEETWETT 364 2128 5.9093216E7|
36:0_27.10 11618.652 32&;522 19?9259793225
361_25.42 205189.34 - - = : -
36:2_2371 4202745.0 = s . Updele
36:3_21.91 9531510.0 3852078 1733835 2 '
= 387_18.28 49494346
364 2128 6.9093216E7 4032753 21323122
IS8 4557938 eI e
S OL S -\JDU.JIC"J-:“I' i 2T HEG155E AthIitstAU ,7
ST _Juw B3-Etd :g::g;g: 335;33;3 A=4.283e7 @17.73<1=22.91 —
382_26.69 87467266 4072130 22700 M| oo = -
L ! - (@) Smeotn
383 2455 1.9793998E7 1000000 ~Gain | i max]
38.3_25.44 4379639.0 “can
38:4_23.87 4722667B84E8 =[[=
385 2185 3.7818B4E7 o - = o e T T
3855_2'3.23 478383.06 b Unite 7 A0 WL Eabon G0 —
38:6_2078 1733835.2 100 ——
38.7_18.28 4949.4348 +Gain
SEE—ls00 e ade s - Gain
= Spect.: 1015
*9'8—59'9'5_—9'5'9'5'8'3 75 << | == | RT: 2133
_,:_n:f\_n-il._a‘_e cnc-ilﬁ.m:\n 4L Prec: 959‘
40:3_27.53 213231.22 NLKetHead 20:4) o
40:4_ 3542 13057111 - © a0 s
: Carbosy (160 mz{min]: mzjmax]
4—0:4_25.25 9478562 i T oxl
405 2401 7201856 sty 20 M 2O
40:5_24.85 362183.88 R o1 222
405_2335 19639189 N PGS oL T L KetHead (18:0)
407_21.39 224789.45 R h s - Ligien )
= = ﬂ [Da] | 5d.129 ﬁ 4997 20 7ﬁ ‘ 10,229
:ru.u_r:r =] i b | [] Show MSn Show 2D-View o = L i - = i L e =0 &
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Decision rule sets — performance (high resolution Orbitrap)

positive ion mode

Total lipid species

Total lipid molecular

identified in all species identified in all
quintuplicates: 1077 quintuplicates: 3567
LDA, LB 450 LB 10 LDA LB 450 LB 10
Sensitivity (%) 97 36 85 80 15 57
PPV (%)® 97 91 70 92 91 58
negative ion mode Total lipid species Total lipid molecular
identified in all species identified in all
quintuplicates: 573 quintuplicates: 899
LDA, LB 450 LB 10 LDA LB 450 LB 10
Sensitivity (%) 95 37 96 88 26 83
PPV (%)P 99 95 74 96 96 69

2 Sensitivity: percent of total species identified;

Kind T, et al., Nature Methods, 2013
® Positive predictive value: percent of correct identifications.

Hartler J, et al., Nature Methods, 2017
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LDA quantitation - overview

For each peak For each lipid class
O> MS' peak .| Isotopic pattern
integration i check > O> Retention time filtering
no MS" spectra ¥
present?
4 Input ) 4 )
y ves
e MSdata .
« Mass list > no Mixed Output
« Parameters spectra?
* Decisionrules | ves

MS1 peak splitting

\1'_,

Lipid annotation at the
respective level of structural
resolution

\ 4
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LDA - Data analysis workflow

MS data

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

Statistical
analysis

Results export

xlsx, txt, mzTab,
png, svg

v

gt | Sy Leese o

. . .
»
Mass lists *  Quantitation
Fragmentation rules
‘ =
| Sl 7 swew 20w
R st |
o mamanae| o o Tt Y., T i
e o bo oy Data Quant-File Progress
duton |1 Data20150309_Ex1_pos-015_Ex1___ [Ex1_posxlsx Quantifying TG 50:0 (7/78)
Data20150309_Ex1_pos-014_Ex1_..|Ex1_pos.xisx
Data20150309_Ex1_pos-016_Ex1_..|Ex1_pos.xisx
| |Data20150309_Ex1_pos-018_Ex1_.. Ex1_posxlsx
| |Data20150309_Ex1_pos-017_Ex1_..|Ex1_pos.xlsx

Quantifying Data20150309_Ex1_pos-015_Ex1_Qtrap_pos_45.chrom with Ex1_pos.xlsx ,E

< testals [Compatibility Mode] - Excel

INSERT  PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW
<10 ~| A A B Wrap Text General -
B I U- &- erge 8 Center - &7 5 5 3 3 Conditior
- Formattin
Font 5 Alignment a Number a
A1 - #
A B c D E F G H | J K
il -
2  area[AU] 46:0 48:0 48:1 48:2 48:3 48:4 50:0 50:1 50:2
37 a4 Value 4205745 33165939 67125359 67944462 26433601 7922222 53685938 7.93E+08 9.95E+08
47 3 Value 0 38078296 161E+08 1.91E+08 67920033 18047560 £8574859 142E+09 176E+09
s 36 Value 0 24585303 1.16E+08 1.34E+08 43267073 13206193 33242346 9.42E+08 120E+09
6 37 Value 0 3574343 14220103 19810777 B774378 5305055 2211651 1.02E+08 182E+08
77 38 Value 0 1975171 7131852 10704365 4109845 3611575 1571441 63002104 1.15E+08
3’ 39 Value 0 4421406 17366632 26298800 12849396 10367266 2885523 1.34E+08 254E+08
97 40 Value 0 75490844 192E+08 4.77E+08 6.07E+08 6.85E+08 44075006 1.75E+09 345E+09
0w M Value 0 51632425 135E+08 3.30E+08 4.69E+08  5E+08 31699190 1.34E+09 249E+09
1l a2 Value 0 43110038 1.25E+08 2.62E+08 3.86E+08 3.96E+06 24116508 1.04E+09 205E+09
12
13
"
TAG ® <

READY  CALCULATE
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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

Leonida Lamp & Jiirgen Hartler BMSS & BSPR Workshop - Lipid Data Analyzer
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Exercise 1 - Find the false positives — PC fragmentation

PC [M+H]*

100

75
S
[0}
(8]
c
@
el
=
a
S 50l
[}
2
®
s
o

25

N SRRAB)
YD
0 . . . — , ,
200 300 400 500 600 700

Relative abundance [%)]

100

75

50

25

PC [M+Nal*

NL_Carbdxy_Betili fathatd@NE o))
439.246 47 848 31D

200

300

400 500 600 700 miz
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Exercise 1 - Find the false positives — PC fragmentation

PC [M+H]* PC [M+Na]*

dynamic exclusion of CID cell

A NL_Ketene(18:1) A
606.517

100, 100

75 754
] &
© o
5 NL_Carboxy(24:1) 5

T 50 504.465 S 50
2 2
z s
5 g

NL_Ketene(24:1)
25 422.309 25
. 8413/503
N@Qagggy 18@3‘5?541 794.95 NL_Carbaxly Heiiit(fntim@N6er)
i ) i | 439.246 47 84T 37
01— : N Al L, : L] \ 0 : : : , : : >
200 300 400 500 600 700 800 200 300 400 500 600 700 m/z
precursor: 870.695 Da
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Exercise 1-Find the false positives — PE fragmentation

PE [M+H]* PE [M+Nal*

A A
100 100
75 75
8 3
& &
2 2
§ 50 é 50
2 g
s 5
& &
25 25
NL_Ketene_Head(20:4) .
341.279 NL_Carboxy(20:4) NL_ NG oxih S banatasiasiies O)
| 464.224 | 443%45%198506.377
0 ; ; , ; ; ; — 0 ; ; ; ! ; .' ; | >
200 300 400 500 600 700 m/z 200 300 400 500 600 700 m/z
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Exercise 1-Find the false positives — PE fragmentation

P-PE [M+H]* P-PE [M+Na]*

\ plasmalogen(P-18:1) \
390.247
100] 100]
75 75
5 &
2 2
3 50 sn2(18:1) 2 5ol
e 339.277 2
i i
& &
25 25
plasmalogen_H3PO4(P-18:1) 1
292.305 N ?@5%"'3 epsoBs )
| 9268
0 T T T T T T > 0 T | T T - T Ly T >
200 300 400 500 600 700 m/z 200 300 400 500 600 700 m/z
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Exercise 1-Find the false positives

Your task:
PC [M+H]*

* 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 |

N CRERAB)
patterns 0 200 300 400 %%ﬁ?? I 600 700 miz
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False positives — cheat sheet

PC

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

39:10_21.17

44:5_28.17

RT wrong
RT wrong
MS1
MS1
PE 38:3_H
PE 39:5_H
MS1
PE42:1_H
PE42:2_H
MS1
MS1
MS1
MS1
MS1
MS1
MS1
MS1
MS1

PE

33:1_20:30
37:4_20:60
38:7_21:23
40:5_25.07
40:7_23:44
40:8_21.67
42:4 24.15
42:7_24.74
42:10_19.48
44:6_23.63
45:6_24.62
46.12_20.57

MS1
MS1
PE 36:4_Na
MS1
PE 38:4_Na
PE 38:5_Na
MS1
MS1
MS1
MS1
MS1
MS1

PE P-

34:1_22.25 Na
35:1_23.35_Na
35:3_21.89 Na
36:0_25.69_Na
36:1_24.37_Na
36:4_23.81_Na
37:4_22.43_Na
38:1_26.28_Na
38:4_25.76_Na
38:5_24.25_Na
38:7_22:25 H

39:6_24.06_H

39:7_23.28_Na
40:0_20.07_Na
40:1_27.38_Na
40:2_26.28 Na
40:3_25.07_Na
40:3_25.80_Na
40:4_23.50_Na
40:5_26.16_Na
40:7_20.77_Na
40:8_22.67_Na
40:8_22.67_H

42:3_26.56_H

42:5_27.61_Na
44:3_27.41_H

36:4_H
37:4_ H
MS1

RT wrong
38:4_H
MS1

MS1

RT wrong
MS1

MS1

MS1

MS1

MS1

MS1

MS1

RT wrong
MS1

RT wrong
MS1

MS1

MS1

MS1

MS1

MS1

MS1

MS1

TG

60:10_20.39

MS1
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