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1. Target analysis 

  few metabolites 

2. Metabolite profiling 

 some selected metabolites  

3. Metabolomics 

  all metabolites 

 

 

 

Metabolic fingerprinting 

  classifying samples 
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Biology Chemistry 
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How do we measure the metabolome? 
Compound-centric platforms 

Targeted and untargeted metabolomics 
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Chemistry 

UPLC-QTOF MS/MS   secondary metabolites  
UPLC-QTRAP MS/MS    
    
oxylipids, anthocyanins, flavonoids, pigments 
acylcarnitines,  folates, glucuronidated & glycosylated 
aglycones 

Twister-GC-TOF   
volatiles 
terpenes, alkanes, 
FFA,  benzenes 

nanoESI  FTICR MS/MS polar & neutral lipids 
UPLC-TOF, QTOF MS/MS  
  phosphatidylcholines,  -serines,  

   -ethanolamines,  -inositols, ceramides,  
                  sphingomyelins, plasmalogens, triglycerides 

GCxGC-TOF 
GC-QTOF MS/MS 
primary small metabolites 
 
sugars, HO-acids, FFA, amino acids,  
sterols, phosphates, aromatics 

pyGC-MS  
polymers 
lignin, hemicellulose 
complex lipids 

UC Davis Metabolomics Facility 
3,500 sq.ft.   7 GC-MS, 8 LC-MS     (TOFs, QTOF, FTMS, QQQ, Q, ion traps)    ~33 staff 
key card secured entrances, password-protected data 
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Chemistry Pitfall 1: 

Robustness and repeatability 
(a) Missing values due to inadequate software (e.g. XCMS2), U Michigan 
(b)  
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Chemistry Pitfall 1: 

Robustness and repeatability 
(a) Missing values due to inadequate software (e.g. XCMS2), U Michigan 
(b) Drifts and jumps in instrument sensitivity (UC Davis) 

CSH-QTOF MS 
pos ESI 

CSH-QTOF MS 
neg ESI 

GC-TOF MS  
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Chemistry Pitfall 1: 

Robustness and repeatability 
(a) Missing values due to inadequate software (e.g. XCMS2), U Michigan 
(b) Drifts and jumps in instrument sensitivity (UC Davis) 
(c) Different molecular adduct intensities across sequences (UC Davis) 

[M+NH4]+ 

[M+Na]+ 

[M+NH4]+ 

[M+Na]+ 

[M+NH4]+ 

[M+Na]+ 
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Pitfall 2: 
Data processing 

(a) Peak finding - What is a true peak? Exclusion, inclusion criteria? 
(b) Peak quantification – EIC, MS/MS, dTIC 
(c) Selectivity – validation? 

Kovats retention index 
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Chemistry Pitfall 2: 
Accurate mass is not sufficient 

A single 
peak? 

m/z 876.804 
ESI(+) 

MS/MS spectrum (25 eV) 

Two compounds! 
 
TAG(16:0/18:1/18:1) 
(major) 
 
TAG(16:0/18:0/18:2) 
(minor) 

[M+NH4]+ 

575.501 579.536 

603.536 

876.804 

 273 
 C16:0 

 299 
 C(18:1) 

 297 
 C(18:2) 

 301 
 C18:0 
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Chemistry Pitfall 2: 

Accurate mass is not sufficient 

A single 
peak? 
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Informatics 

Pitfall 3: 
Statistics 

Supervised tools can generate ‘significant’ biomarkers 
from random noise data 

‘Left to our own devices, ...we are all too good at picking out non-existent 
patterns that happen to suit our purposes’      (Efron and Tibshirani, 1993) 
 

unsupervised supervised 
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>2,000 Ret.index based EI spectra 
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Compound ID 
at NIH West Coast Metabolomics Center, UC Davis 
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BinBase >150m experimental MS 

aliphatics 

aromatics 

terpenes 

artifacts 

FAMEs 
carboxylic acids 

vocBinBase   

BMC Bioinformatics (2011) 12: 321 

SetupX &miniX 

Pacific Symp. Biocomp. (2007) 12, 169-180 

plant 

human 
animal 
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LipidBlast 200,000 MSMS 

CarniBlast 2,500 MSMS 
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Compound ID 
> 40m known structures (PubChem, ChemSpider) 

< 250k EI MS and <40k  MS/MS spectra (NIST, Metlin, MassBank) 
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Compound ID for unknowns 
assuming presence in PubChem 

Retrieve structures 
from PubChem 

Filter on substructure 
constraints 

Filter on chromatographic 
retention prediction 

Rank on similarity to  
predicted MS fragmentations 

Determine  
elemental formula 

2s 

295  296  297  298  
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Compound ID for unknowns 
isotope abundance filter is necessary 

Determine Elemental 
Formula Candidates 
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Informatics 

Compound ID for unknowns 
isotope abundance filter is necessary 

Determine Elemental 
Formula Candidates 
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Informatics 

Compound ID for unknowns 
isotope abundance filter is necessary 

Retrieve structures 
from PubChem 

Filter on substructure 
constraints 

Filter on chromatographic 
retention prediction 

Rank on similarity to  
predicted MS fragmentations 

Determine  
elemental formula 
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Informatics 

Compound ID for unknowns 
isotope abundance filter is necessary 

Retrieve structures 
from PubChem 

Filter on substructure 
constraints 

Filter on chromatographic 
retention prediction 

Rank on similarity to  
predicted MS fragmentations 

Determine  
elemental formula H3C

O

O

N
O

CH3

Si
CH3

CH3
CH3

Derivatization in GC-QTOF MS: 
number of acidic protons 
number of carbonyl groups 

- 1500 

- 1000 

- 500 

0 

11 1 3 5 7 9 
# acidic protons 

K
o

v
at

s 
R

I 
co

rr
ec

ti
o
n
 

17 



ch
em

in
fo

rm
at

ic
s 

Informatics 

Compound ID for unknowns 
isotope abundance filter is necessary 

Retrieve structures 
from PubChem 

Filter on substructure 
constraints 

Filter on chromatographic 
retention prediction 

Rank on similarity to  
predicted MS fragmentations 

Determine  
elemental formula 
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electron 
ionization 

methane 
chemical 
ionization 

isobutane 
chemical 
ionization 

[M-CH3]+ = 323.1863 Da 
-0.0015 Da error 

 [M+H-CH4]+ 

 [M+H-CH4-TMSOH]+ 

Identification of unknowns detected in 4 studies, 
all of them involved in type 2 diabetes / muscle 

mitochondria oxidation  
 
 

M+ = 338.2097 Da 
-0.0014 Da error 

Agilent 7200  
GC-QTOF 
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Identification of unknowns detected in 4 studies, 
all of them involved in type 2 diabetes / muscle 

mitochondria oxidation  
 
 

Agilent 7200  
GC-QTOF 

Informatics 
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Conclusions 
Informatics 

 West Coast Metabolomics Center is fully functional 
      
 Metabolomic data: high quality needed  
     (1) peak finding, quantitation 
     (2) missing values backfilling 
     (3) statistics overfitting 
 
 Compound identification in two ways 
    (1) de-replication using spectral libraries 
    (2) identification of unknowns by workflow 
          (a) elemental compositions 
          (b) substructure and retention constraints 
          (c) MS interpretation 
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 Cheminformatics: Gert Wohlgemuth, Tobias Kind 

 Mass spectrometry: Bill Wikoff, John Meissen, Kohey Takeuchi, Tomas Cajka 

  

  

   

 

 

Informatics 

European Union FP7 Health-2007-2.1.4.1 project 200327 
NIH R01 DK078328, R01 HD058556 
NIH  U24 DK097154 
NIH   P20 HL113452 
NSF MCB - 1139644  
 

 

Questions & Comments? 

Chemistry Biology 
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