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Structures & Spectra

* Target list of interesting MS? spectra
* Requires expert knowledge
— Time-consuming
— Impossible to keep track of high-throughput

* Only small fraction of compounds has
associated reference spectrum

— Required for speed-up in re-identification
— Difficult to use for de novo identification
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Structures vs. Spectra Imbalance

Database Entries

ChemSpider (28M)

- — PubChem (26M)
\ MassBank (30k)

METLIN (54k)

- Millions vs. thousands, overlap unknown
- Spectrum queries not possible for
compound databases
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Observation vs. Prediction

 Observation: MassBank
— Search measured spectra with peak list
— Find compounds with matching/similar spectrum
— Few reliable results

* Prediction: MetFrag
— Combinatorial Fragmenter
— Generate fragments in silico, matches to peak list

— Uses compound databases,
many possible predicted results
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MetFusion = Observation,
Prediction & Similarity

 Combine results via chemical similarity
— Structural fingerprints
— Use each information (score)
— Avoid strict limits/thresholds

 Aim: improve identification

— Assume that correct compound is present in
compound database (larger coverage)

— Enhance MetFrag results with spectral data
— DOI 10.1002/jms.3123
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What is similar?

Chemical Similarity Spectral Similarity
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Similarity Measures

Chemical Similarity Spectral Similarity
e Tanimoto coefficient e Modified Cosine distance

matches properties e Matches peak masses &
intensities
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Results

* Test data set: 1099 spectra

— Secondary metabolites, drugs, toxins, ...
— 344 unique compounds
— Spectra from Hill et al., RIKEN & IPB

 Median rank of correct compound improved
— MetFrag: 28
— MetFusion: 7

» Works when informative spectra are present,
but also when there is loss of information
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MetFrag vs. MetFusion

Cumulative density for MetFrag (black)
and MetFusion (red)
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Example

Tripeptide Gly-Gly-His
269.2572 Da
QqQ spectrum from NIST

— Nominal masses, modified MetFrag parameters
— mzabs 0.1 da, mzppm 30ppm

No tri- or polypeptides present in MassBank
— But amino acids present
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Re-ranked Similarity Matrix
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Recent additions

 MassBank alternatives
— Metlin, 54.000 MS2 spectra
— GMD, 8.800 GC-MS spectra with R

e HMDB access pending
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InChlKey-based filtering

MetFrag candidate list often > 1000
Lots of stereoisomers per candidate
Results in clusters, valuable information scarce

Use connectivity information from first part of
InChlKey to retain only one representative per
candidate

Smaller list of candidates
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InChlKey

caffeine

* First part connectivity
* Second part stereochemistry

Ch= 1S CEHI0NA02/c1-10-4-8-6-5(10)7(1.3) 12{358( 14)1 1 (612 H, 1-3H3

Second block (8
First block (14 letters) letters). encodes Chaeacter indicat-
Encodes molecular stereochemistry ing the number

sholoton (connectivity) and Isotopes of protons :*:)
means neulrd

N\

InChiKey=RYYVLZVUVIJVGH-UHFFFAOYSA-N

Flag character (*S") indicates
standard InChiKey (produced from
standard InChl)

Flag character for
InChi version: “A”
for version 1

* Image taken from
http://www.iupac.org/publications/ci/2009/3105/iw6_inchi.htm
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Summary

Combine reference data & prediction
Improves rank of correct compound

Access multiple tools within one webpage
— SDF & XLS export

Available as web app
http://msbi.ipb-halle.de/MetFusion/
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