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Metabolomics is hard 

• Beer, run through a 

mass spectrometer 

• Blobs are molecules 

• Here there are ~4000 

blobs 

• What are they? 

• How do they differ 

across beers? 



Traditionally… 

Fragment spectrum 

• Mass is not enough to 

identify 

• So, we fragment 

• ~2000 unknown 

molecules are 

fragmented (black dots) 

• Query databases with 

fragment spectra 

• ~2% identified 



A data-centric approach 

• The strategy of ID from spectral databases is fundamentally limited (esp. for 

discovering new molecules) 

• The ~2000 fragment spectra in a dataset are not independent 

• Molecules are built from a library of building blocks 

• Parallels with collections of text documents 

• Lots of nice models exist for text 

 



Topic Modelling 

Can we use topic modelling to decompose fragment data into biochemically relevant topics? 



Yes…but why? 

• We know we cannot identify many molecules. 

• But we can identify many of the substructures. 

• An unknown molecule including a known substructure provides us with 

some useful information (better than nothing). 

• Spoiler: we found that by identifying ~30 substructures we knew something 

about 70% of the beer molecules. 

• C.f. documents: if we can identify a topic as ‘football’ we can annotate all 

documents including it as ‘football related’ 



Results taster 

M2M

19

M2M

58

Parent ions

Mass2Motifs

Parent ion 

containing 

M2M_19

Parent ion 

containing 

both M2Ms

Parent ion 

containing 

M2M_58

Annotated structural 

feature of M2M_19

Ferulic acid 

substructure

Annotated structural 

feature of M2M_58

Ethylphenol 

substructure

Parent ions Position of three parent ions in networks 

produced by the molecular networking tool

265.15

307.16
468.25498.26323.17

281.15

440.25 424.26 441.21

540.27

232.07

538.28

470.29
246.08

328.18

300.14

314.16

666.51514.32

484.31

180.13

121.07
166.10167.10

120.08

138.09

152.11

[C18H20N O4]+

Combination of M2Ms 

leads to putative annotation 

of Feruloyltyramine 

(314.1386 m/z)



What’s next? 

• Most researchers are interested in how the metabolome changes (e.g. case v 

control; drug 1 v drug 2; etc) 

• Traditionally done at the molecule level (for small subset that can be identified) 

• We can now do this at the substructure level by decomposing multiple samples 

with the same set of building blocks. 

• How does the prevalence of a particular building block vary… 

• C.f. Text: techniques have been developed to model how topics appear, 

disappear, and change over time (e.g. ‘Brexit’; ‘Fake News’; etc) 

 



Beer v urine 

• ~20 beers and ~20 urine samples analysed together 

• Perform PCA on the substructure prevalence 

 

Beer 

Urine 



Conclusions 

• Translating techniques from ‘rich’ areas (e.g. text) to ‘poor’ areas (e.g. 
metabolomics) has high potential. 

• IMO text modelling is particularly good for borrowing from as it is a) quite mature 
and b) used to fairly large datasets (i.e. they’ve found a happy medium between 
model complexity and computational feasibility). 

• It still takes a long time (18 months from start to publication) 

• Metabolomics is still hard but text approaches are helping… 
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