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Lipids in Life
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Lipids as Biomarkers

Alzheimer's association
Cholesteryl esters



Lipids as Biomarkers

Alzheimer's association
Phospholipid panel



Challenges of Lipids

Biochemically diverse
Poor separation in chromatography
Require +/- ionization for full fragmentations

No genome template
No ‘database search’ equivalent
Genome models poorly predict lipid species



Challenges of Lipid Spectra

Few peaks
Low intensity peaks



Challenges of Lipid Spectra

Co-elution of isomers



Challenges of Lipid Spectra

Diagnostic peaks differ by class

m/z 184

NL 141

NL 241

phosphatidylcholine
(16:0/20:4)

phosphatidylethanolamine
(16:0/20:4)

phosphatidylinositol
(16:0/16:0)



Informatics for Lipidomics

How to assist in manual annotation
Graphical display, support software

How to replace manual annotation 
False discovery estimation



Capturing the Typical

diacyl-Phosphatidylcholine

Fragment ion C H N O P
C5H15O4NP 5 15 1 4 1
[DAG] X+3 2(X+3)-3-2Y 0 4 0
loss of ketene (1) X+8 2(X+8)+3-2Y 1 7 1
loss of ketene (2) X+8 2(X+8)+3-2Y 1 7 1
loss of fatty acid (1) X+8 2(X+8)+1-2Y 1 6 1
loss of fatty acid (2) X+8 2(X+8)+1-2Y 1 6 1



Multiple Metrics



Liquid

Scores MS/MS spectra
Expected fragmentation pattern and intensity

Precursor XIC
Precursor isotopic envelope
Customizable database





Scoring MS/MS spectra

Learning and using expected fragments
Probability of peak at intensity

Fragment ion High Mid Low NOT
Diagnostic 1.0 0 0 0
[DAG] 0.1 0.1 0.7 0.1
loss of ketene 0.1 0.3 0.5 0.1
loss of fatty acid 0.0 0.1 0.8 0.1

Probability table



Future Scoring

Bayesian probability
Probability of peak 1 given observation of peak2

Peak1 Peak2 P(p1|p2)

Hi Hi 0.1

Mid Hi 0.2

Low Hi 0.6

NOT Hi 0.1



Future Scoring

Scaling Intensity (single dominant peak)



False Discovery Estimation

Decoy based
Create unrealistic molecules in database



Good Decoy

True Negative == False Positive
(adapted from Peptide Prophet)



Separating Target and Decoy

Red (TP)
Blue (TN)

Multiple dimension = SVM



Lipid Decoys

Non uniform score for lipid classes
Bin scoring by classes

Good Decoy Bad Decoy



Future FDR

Creating a unified score across classes
Making decoys have equal quality

IM-MS as a metric
MS1 only approaches?
MS2 DIA
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