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Established 1958 by Kurth Mothes
Plant diversity, development and adaptation
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Metabolomics – The Pipeline
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What is Identification ??
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What is Identification ??

“Proposed minimum reporting standards for chemical analysis”
of the Chemical Analysis Working Group (CAWG)
of the Metabolomics Standards Initiative (MSI) for non-novel compounds

1 Identified compound:
retention time/index and mass spectrum, retention time and NMR spectrum, accurate mass and tandem MS, accurate
mass and isotope pattern, full 1H and/or 13C NMR, 2-D NMR spectra of in-house measured authentic reference
compound Optionally (esp. for unambiguous stereo configuration) selective solvent extraction, retention time, m/z,
photodiode array spectra, λmax and εmax , chemical derivatization, isotope labeling, 2D NMR, IR spectra, etc.

2 Putative compound:
without chemical reference standards, based upon physico-
chemical properties and/or spectral similarity with (public/com-
mercial) spectral libraries

3 Putative compound class
4 Unknown compounds – but can be differentiated and quantified
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And how confident are you ?

Emma Levels
1 The compound structure
2 (Few) Isomers
3 Compound class
4 Molecular formula
5 Accurate Mass
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Schymanski et al., Environmental Science & Technology (2014)



Identification with reference spectra: MassBank

http://www.massbank.jp/

Open Data, Open Consortium
IPB Halle first European server:
msbi.ipb-halle.de/MassBank/

≈ 4 275 compounds
with ≈27 500 MS2 spectra (6/2013)

Other (ESI) libraries:
Metlin
HMDB
MMCD
NIST
. . .
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Horai, H., et al. MassBank: a public repository for sharing mass spectral data for life sciences.
Journal of Mass Spectrometry (2010)

http://www.massbank.jp/
msbi.ipb-halle.de/MassBank/


Identification without reference spectra

Spectral libraries (even MassBank) inherently
incomplete
General purpose compound databases:

KEGG Compound: 14 067
PubChem: 27 million
ChemSpider: 25 million

Known molecular structures
But: no spectra search→ “known unknowns”

msbi.ipb-halle.de/MetFrag/ provides this search:
1 Search compound database for precursor mass
2 In-silico fragmentation of molecular structure
3 Score measured vs. “predicted” peaks
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Wolf, S., Schmidt, S., Müller-Hannemann, M., and Neumann, S.
In silico fragmentation for computer assisted identification of metabolite mass spectra. BMC Bioinf. (2010)
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Wolf, S., Schmidt, S., Müller-Hannemann, M., and Neumann, S.
In silico fragmentation for computer assisted identification of metabolite mass spectra. BMC Bioinf. (2010)
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MetFrag: an example

Search 290.08Da with 10ppm
14 KEGG hits
MetFrag takes ca. 10sec
Results ordered by score

Details / Fragment view
Excel/SDF download
Feedback form
Local version available
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Wolf, S., Schmidt, S., Müller-Hannemann, M., and Neumann, S.
In silico fragmentation for computer assisted identification of metabolite mass spectra. BMC Bioinf. (2010)
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Rest of the world

There are other tools for Metabolite annotation/identification,
incomplete list and some literature:
Since before 2010

ACD Fragmenter (ACD)
MassFrontier (HighChem), Grant et al. Anal. Chem (2008)

After 2010
MAGMa (Ridder et al.,) CASMI 2013
CFM (Allen et al.,) CASMI 2013
Rational Numbers (Sweeny et al.,) CASMI 2013
SIRIUS (Böcker et al.,)
MassFrontier (HighChem), (Viant et al.)
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Schymanski, E.L. and Neumann, S. CASMI: And the Winner is . . . Metabolites (2013) / Nishioka t al., Winners
of CASMI2013: Automated Tools and Challenge Data, J Mass Spectrometry (2014) / Böcker et al., J. Cheminf



Integrating MassBank & MetFrag ?

Both tools are great ! Both aid in identifying compounds:
MassBank: reference spectra

Actual, real measurements under real conditions
Limited coverage, metabolite you look for
is (almost) always missing
Results based on spectral similarity

MetFrag: large compound DB
Upstream exact mass or molecular formula search
But: A prediction is a prediction, nothing else
Molecular re-arrangements mostly ignored
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Integrating MassBank & MetFrag !

Spectral DB
(MassBank)

Spectral DB
(MassBank)

Query SpectrumQuery Spectrum

MetFusionMetFusion

Integrated Result List
of reranked
Candidates

Integrated Result List
of reranked
Candidates

Fragmenter
(MetFrag)

Fragmenter
(MetFrag)

Spectra
Matches

Spectra
Matches

Compound 
Candidates

Compound 
Candidates

MetFusion: Combine results:
Parallel queries
in MassBank and MetFrag
Pairwise chemical similarities
between result sets

Calculate integrated score
Major improvement of identification
power and accuracy
msbi.ipb-halle.de/MetFusion/
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Gerlich M., Neumann S., MetFusion: integration of compound identification strategies
Journal of Mass Spectrometry 48 (3), 291-298

msbi.ipb-halle.de/MetFusion/


Integrating MassBank + MetFrag: Chemical Similarity

Chemical similarity color-coded: high . . . medium . . . low
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Integrating MassBank + MetFrag: Chemical Similarity

Chemical similarity color-coded: high . . . medium . . . low
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MetFusion: Example Gly-Gly-His

Example: tripeptide Gly-Gly-His
Nominal mass spectrum
from NIST MS/MS library
PubChem: 211 candidates
MassBank: only His and Gly spectra
MetFrag: correct ranked 23rd
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Gerlich M., Neumann S., MetFusion: integration of compound identification strategies
Journal of Mass Spectrometry 48 (3), 291-298, 2013



MetFusion: Example Gly-Gly-His
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Gerlich M., Neumann S., MetFusion: integration of compound identification strategies
Journal of Mass Spectrometry 48 (3), 291-298, 2013



MetFusion: Example Gly-Gly-His

Spectrum Query Query Results Similarity Matrix Information

Original Similarity Matrix Reranked Similarity Matrix

MetFrag \
MassBank

Compounds
PB000422 KO003069 ZMS00008 KO002524 KO002220 KO004014 KO003029 WA001592 KO002385 PR101035 WA002641 CO000089 KO002305 WA001352 KO002539 WA002202 WA000950 WA001879 KO003053 KO003993 CO000415 WA0

22737823 0.161 0.272 0.223 0.273 0.223 0.323 0.101 0.22 0.099 0.122 0.156 0.257 0.323 0.217 0.228 0.313 0.173 0.341 0.285 0.088 0.351 0.

6857701 0.158 0.238 0.232 0.232 0.202 0.284 0.097 0.25 0.089 0.117 0.153 0.26 0.347 0.232 0.208 0.27 0.194 0.313 0.302 0.083 0.382 0.

11254204 0.159 0.255 0.22 0.249 0.207 0.292 0.091 0.215 0.096 0.11 0.158 0.272 0.351 0.21 0.229 0.301 0.17 0.317 0.278 0.094 0.377 0

21036327 0.164 0.228 0.288 0.226 0.2 0.281 0.102 0.243 0.095 0.141 0.156 0.226 0.329 0.254 0.2 0.261 0.204 0.314 0.246 0.08 0.334 0.

20977091 0.439 0.392 0.198 0.4 0.405 0.213 0.082 0.172 0.087 0.081 0.152 0.258 0.288 0.204 0.23 0.148 0.138 0.217 0.337 0.082 0.249 0

22368108 0.211 0.266 0.192 0.262 0.242 0.234 0.083 0.198 0.107 0.105 0.169 0.27 0.398 0.236 0.668 0.224 0.172 0.219 0.275 0.1 0.298 0.

18640023 0.179 0.216 0.228 0.204 0.193 0.218 0.092 0.19 0.077 0.122 0.168 0.264 0.296 0.272 0.201 0.213 0.2 0.235 0.242 0.086 0.286 0.

16678199 0.216 0.262 0.182 0.255 0.234 0.293 0.092 0.19 0.121 0.122 0.152 0.256 0.49 0.18 0.227 0.221 0.133 0.244 0.244 0.109 0.301 0.

11543578 0.186 0.285 0.227 0.268 0.23 0.262 0.096 0.191 0.086 0.098 0.149 0.271 0.364 0.201 0.228 0.25 0.163 0.31 0.281 0.089 0.335 0.

18640022 0.186 0.218 0.227 0.208 0.197 0.226 0.087 0.204 0.091 0.117 0.156 0.241 0.282 0.277 0.202 0.215 0.199 0.244 0.232 0.089 0.282 0

10400872 0.186 0.234 0.17 0.217 0.208 0.256 0.077 0.179 0.115 0.096 0.145 0.279 0.397 0.169 0.192 0.187 0.124 0.233 0.252 0.106 0.337 0.

3066705 0.202 0.261 0.192 0.254 0.233 0.242 0.099 0.184 0.102 0.114 0.162 0.259 0.393 0.23 0.604 0.237 0.17 0.227 0.27 0.1 0.309 0.

9903503 0.173 0.248 0.235 0.227 0.214 0.267 0.091 0.214 0.093 0.113 0.175 0.244 0.326 0.252 0.213 0.264 0.209 0.267 0.256 0.084 0.348 0

23169721 0.493 0.534 0.254 0.588 0.509 0.241 0.095 0.196 0.096 0.115 0.158 0.238 0.268 0.192 0.233 0.208 0.195 0.304 0.621 0.081 0.262 0.

10967535 0.155 0.249 0.253 0.245 0.205 0.289 0.096 0.233 0.102 0.115 0.161 0.269 0.345 0.226 0.239 0.321 0.207 0.305 0.281 0.096 0.389 0.

22119780 0.445 0.577 0.268 0.626 0.561 0.279 0.083 0.232 0.108 0.122 0.163 0.261 0.284 0.208 0.234 0.214 0.194 0.343 0.628 0.088 0.289 0

13273149 0.201 0.256 0.184 0.247 0.228 0.226 0.092 0.191 0.098 0.112 0.163 0.263 0.394 0.23 0.699 0.232 0.164 0.217 0.263 0.097 0.291 0.

22395807 0.178 0.276 0.232 0.241 0.23 0.236 0.106 0.199 0.081 0.128 0.175 0.175 0.207 0.198 0.166 0.19 0.225 0.325 0.245 0.081 0.217 0.

914895 0.211 0.257 0.206 0.249 0.238 0.215 0.102 0.18 0.108 0.093 0.154 0.235 0.328 0.233 0.455 0.199 0.163 0.202 0.257 0.095 0.258 0.

11594200 0.195 0.214 0.143 0.196 0.201 0.19 0.082 0.127 0.097 0.107 0.146 0.178 0.35 0.155 0.234 0.162 0.105 0.175 0.2 0.095 0.239 0.

1 2 3 4 5 6 7 8 9

211 candidates found, displaying 20 candidates from 1 to 20. Page 1 / 11

Spectrum Query Query Results Similarity Matrix Information

MetFusion Cluster Fragmenter List Database List Unused Database Entries

Export results into Excel file:

MetFusion - Tanimoto Clustering Ranking

Port
Name

Record ID Compound Name Exact Mass Structure Score
Integration

Score
Fragments

MetFrag 9835143
(2S)-2-[[(2S)-2,4-diamino-
4-oxobutanoyl]amino]-3-(1H-imidazol-
5-yl)propanoic acid

C
10

H
15

N
5
O

4

269.112

0.61

Peaks
explained:
26

1.643
Compute
Fragments

MetFrag 100097
2-[[2-[(2-
aminoacetyl)amino]acetyl]amino]-3-(1H-
imidazol-5-yl)propanoic acid

C
10

H
15

N
5
O

4

269.112

0.577

Peaks
explained:
26

1.506
Compute
Fragments

MetFrag 21117473
2-[bis(2-aminoacetyl)amino]-3-(1H-
imidazol-5-yl)propanoic acid

C
10

H
15

N
5
O

4

269.112

0.364

Peaks
explained:
18

1.448
Compute
Fragments

MetFrag 22119780
2-amino-4-[(2-
aminoacetyl)amino]-5-(1H-imidazol-
5-yl)-3-oxopentanoic acid

C
10

H
15

N
5
O

4

269.112

0.653

Peaks
explained:
30

1.124
Compute
Fragments

Spectrum Query Query Results Similarity Matrix Information

Original Similarity Matrix Reranked Similarity Matrix

MetFrag \
MassBank

Compounds
PB000422 KO003069 ZMS00008 KO002524 KO002220 KO004014 KO003029 WA001592 KO002385 PR101035 WA002641 CO000089 KO002305 WA001352 KO002539 WA002202 WA000950 WA001879 KO003053 KO003993 CO000415 WA0

9835143 0.549 0.792 0.262 0.823 0.696 0.266 0.104 0.201 0.115 0.11 0.158 0.239 0.277 0.217 0.225 0.212 0.193 0.322 0.644 0.084 0.26 0.

100097 0.595 0.674 0.22 0.769 0.747 0.229 0.109 0.191 0.116 0.094 0.152 0.232 0.263 0.205 0.215 0.167 0.186 0.314 0.653 0.09 0.228 0.

21117473 0.602 0.668 0.215 0.78 0.758 0.226 0.116 0.169 0.108 0.099 0.154 0.209 0.253 0.204 0.22 0.166 0.183 0.288 0.581 0.076 0.212 0.

22119780 0.445 0.577 0.268 0.626 0.561 0.279 0.083 0.232 0.108 0.122 0.163 0.261 0.284 0.208 0.234 0.214 0.194 0.343 0.628 0.088 0.289 0

97396 0.466 0.602 0.206 0.646 0.601 0.231 0.087 0.192 0.112 0.097 0.158 0.247 0.262 0.186 0.231 0.174 0.187 0.313 0.736 0.087 0.249 0.

23169721 0.493 0.534 0.254 0.588 0.509 0.241 0.095 0.196 0.096 0.115 0.158 0.238 0.268 0.192 0.233 0.208 0.195 0.304 0.621 0.081 0.262 0.

9860193 0.493 0.565 0.254 0.627 0.528 0.23 0.104 0.181 0.104 0.109 0.155 0.233 0.277 0.21 0.233 0.211 0.195 0.306 0.594 0.086 0.256 0.

273340 0.509 0.513 0.213 0.543 0.519 0.205 0.092 0.178 0.104 0.083 0.145 0.243 0.251 0.175 0.224 0.161 0.179 0.316 0.676 0.085 0.219 0.

19789290 0.546 0.481 0.252 0.514 0.475 0.23 0.077 0.207 0.097 0.132 0.15 0.218 0.263 0.18 0.198 0.174 0.164 0.271 0.461 0.088 0.231 0.

20977091 0.439 0.392 0.198 0.4 0.405 0.213 0.082 0.172 0.087 0.081 0.152 0.258 0.288 0.204 0.23 0.148 0.138 0.217 0.337 0.082 0.249 0

22737823 0.161 0.272 0.223 0.273 0.223 0.323 0.101 0.22 0.099 0.122 0.156 0.257 0.323 0.217 0.228 0.313 0.173 0.341 0.285 0.088 0.351 0.

6857701 0.158 0.238 0.232 0.232 0.202 0.284 0.097 0.25 0.089 0.117 0.153 0.26 0.347 0.232 0.208 0.27 0.194 0.313 0.302 0.083 0.382 0.

21036327 0.164 0.228 0.288 0.226 0.2 0.281 0.102 0.243 0.095 0.141 0.156 0.226 0.329 0.254 0.2 0.261 0.204 0.314 0.246 0.08 0.334 0.

11254204 0.159 0.255 0.22 0.249 0.207 0.292 0.091 0.215 0.096 0.11 0.158 0.272 0.351 0.21 0.229 0.301 0.17 0.317 0.278 0.094 0.377 0

22368108 0.211 0.266 0.192 0.262 0.242 0.234 0.083 0.198 0.107 0.105 0.169 0.27 0.398 0.236 0.668 0.224 0.172 0.219 0.275 0.1 0.298 0.

10967535 0.155 0.249 0.253 0.245 0.205 0.289 0.096 0.233 0.102 0.115 0.161 0.269 0.345 0.226 0.239 0.321 0.207 0.305 0.281 0.096 0.389 0.

11543578 0.186 0.285 0.227 0.268 0.23 0.262 0.096 0.191 0.086 0.098 0.149 0.271 0.364 0.201 0.228 0.25 0.163 0.31 0.281 0.089 0.335 0.

16678199 0.216 0.262 0.182 0.255 0.234 0.293 0.092 0.19 0.121 0.122 0.152 0.256 0.49 0.18 0.227 0.221 0.133 0.244 0.244 0.109 0.301 0.

3066705 0.202 0.261 0.192 0.254 0.233 0.242 0.099 0.184 0.102 0.114 0.162 0.259 0.393 0.23 0.604 0.237 0.17 0.227 0.27 0.1 0.309 0.

9903503 0.173 0.248 0.235 0.227 0.214 0.267 0.091 0.214 0.093 0.113 0.175 0.244 0.326 0.252 0.213 0.264 0.209 0.267 0.256 0.084 0.348 0

1 2 3 4 5 6 7 8 9

211 candidates found, displaying 20 candidates from 1 to 20. Page 1 / 11
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Gerlich M., Neumann S., MetFusion: integration of compound identification strategies
Journal of Mass Spectrometry 48 (3), 291-298, 2013



MetFusion: Evaluation

345 compounds, 89 to 837 Da
flavonoids, isoflavonoids, steroids, amino acids, carboxylic acids, polyketids,
prenol and sterol lipids, glucosides, drugs, toxins, alcohols, carbohydrates

1062 spectra from MassBank, all QTOF
Median 707 candidates from PubChem
Leave-some-out MassBank “pruning”:

Max. chemical similarity to MassBank

<0.7 <0.8 <0.9 <1

=1

MetFusion Rank

10 8 7 4

1
RRP

0.986 0.990 0.991 0.993

1
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Gerlich M., Neumann S., MetFusion: integration of compound identification strategies
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What is CASMI ?

We invited the experimental and computational mass spectrometry
community to participate in an open contest on the identification
of small molecules from mass spectrometry data:

Critical Assessment of Small Molecule Identification

www.casmi-contest.org

E. Schymanski, S. Neumann
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www.casmi-contest.org


CASMI as an exercise for post-processing analysis

Isoprothiolane

Challenge5.txt

30

0.
0

0.
2

0.
4

0.
6

0.
8
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2526 27 28 29 30 31 32 33 34
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O
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CASMI as an exercise for post-processing analysis

Tetrahydroalstonine

0.
0

0.
2

0.
4

0.
6

ES−category2−Challenge14.txt

12 345 678 91011 12 131415

Score >
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0.68
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0.69
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0.7
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0.71
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Score

7 1 2 8 9 6 3 4 5 22 10 39 12 13 19 20 30 11 24 21 23 25 32 29 15 34 38 16 17 14 18 26 28 33 27 31 35 40 36 37

O

Challenge14.txt

2
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CASMI as an exercise for post-processing analysis

Acetyl-Gln-Leu-amide

0.
0

0.
2

0.
4

0.
6

0.
8

ES−category2−Challenge3.txt
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KEGG extrapolation

The higher the similarity between an unknown and the reference
spectrum, the better the identification result.
⇒ How similar are compounds between MassBank and KEGG ?

Number of KEGG compounds for which a MassBank record with a chemical similarity
greater or equal the threshold exists:

Similarity >0.7 >0.8 >0.9 =1.0

KEGG Entries 5 513 4 068 2 690 1 470

MetFusion has median rank 7 on test data if reference spectra
with >0.9 chemical similarity are available. If that generalises to all
KEGG compounds, we expect for 1 345 metabolites rank 7 or better.

Gerlich M., S Neumann S., MetFusion: integration of compound identification strategies
Journal of Mass Spectrometry 48 (3), 291-298
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Outline

1 Identification of Molecules from LC-MS/MS

2 Critical Assessment of Small Molecule Identification

3 Summary & Outlook
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Summary

MetShot aproach
High-quality MS/MS spectra
Biologically relevant features
Signal processing with
XCMS and CAMERA

MS/MS Method
Generation
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Peak Table

Peaks of Interest
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Statistics CAMERA
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Metabolite identification
With reference spectra (MassBank)
With in silico tools (MetFrag)
With a combination thereof (MetFusion)

Spectral DB
(MassBank)

Spectral DB
(MassBank)

Query SpectrumQuery Spectrum

MetFusionMetFusion

Integrated Result List
of reranked
Candidates

Integrated Result List
of reranked
Candidates

Fragmenter
(MetFrag)

Fragmenter
(MetFrag)

Spectra
Matches

Spectra
Matches

Compound 
Candidates

Compound 
Candidates

CASMI 2012 – 2013 – 2014
Open contest for structure elucidation
Good results, but manual methods don’t scale
Becoming a regular contest series
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