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Aims

Exchange ideas and strategies for identifying unknowns
between disciplines by:
IProviding a common MS dataset of unknowns
IAllowing a systematic, comparative evaluation of different
(automated or human) methods

Contest website:
http://www.casmi-contest.org/

Contest Categories
Four categories with two MS technologies:
ICategory 1: Best molecular formula, LC-HRMS/MS
ICategory 2: Best molecular structure, LC-HRMS/MS
ICategory 3: Best molecular formula, GC-MS
ICategory 4: Best molecular structure, GC-MS

Challenges and Solutions
30 challenges in total:
IPlant material (e.g. top right)

IEnvironmental samples
IReference standards (e.g. bottom right)

Categories 1 & 2: 14 challenges:
I6 microTOF ESI MS/MS
I8 Orbitrap ESI or APCI MS/MS
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I Ions included [M+H]+, [M−H]− and some tricky cases
Categories 3 & 4: 16 challenges (GC-MS)

Participation
Eight participants submitted entries:
IA total of 130 challenge submissions
ICategories 1 and 2 were most popular

Submissions
Entries submitted as tab-separated files with:
IMolecular formulas (Categories 1 and 3)
ISMILES or InChI structures (Categories 2 and 4)
IScores for each candidate formula/structure
I the higher the score the better!
Evaluation of submissions was fully automatic
http://casmi-contest.org/rules.shtml

Example Submissions Category 1

Challenge 1: Kanamycin A:

(a) Dunn et al.

Candidate Score
C18H36N4O11 1.00
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(b) Dührkop et al. (c) Shen et al.

Candidate Score
C19H32N8O7 1.36e+16
C22H38N4O4P2 5.20e+13
C18H36N4O11 1.46e+13
C17H30N11O6 1.49e+12
C20H43N2O5P3 1.08e+11
C20H41N2O7PS 8.02e+10

Candidate Score
C30H44O5 0.89
C23H44N6O5 0.58
C25H33O8 0.56
C18H36N4O11 0.20
C29H40O6 0.15

Automatic Evaluation Measures
Several evaluation measures were used:
(BC, EC, WC, TC = better, equal, worse, total candidates)
IAbsolute Rank: RankWorstCase = BC + EC
IRelative Rank: RRP = 1

2

(
1 − BC−WC

TC−1

)
INormalised Score: s̃j =

sj∑
i si

such that
∑

i s̃i = 1
IWeighted Relative Rank: wRRP = 1 −

∑
s̃i>s̃j

s̃i −
∑

s̃i=s̃j
s̃i

IStructural Similarity: Tanimoto similarity (TS) using CDK
fingerprints and Tanimoto distance

[301 638 742 743 930]; [638 743];TS = 0.4

The absolute rank was used to declare the winners
of CASMI 2012!

Category 1 - Best Molecular Formula
. . . and the LC-MS/MS winner is: Dunn et al.

Participant Entries Correct Avg. Avg. Avg.
Name Subm. (wins) Rank TC RRP
Dunn et al. 11 9(9) 1.11 1.4 0.500
Shen et al. 14 8(3) 2.88 11.1 0.719
Dührkop et al. 14 12(5) 5.75 134.7 0.883
Neumann et al. 14 12(NA) 4.83 1915 0.997
Meringer et al. 14 14(NA) 3.29 36.6 0.941

IMS, isotopes, MS/MS and manual interpretation yielded
best molecular formula results

Challenge 3 and Submissions
Automatic spectrum annotation
via SMILES, OpenBabel and R.
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Figure 1a: Annotated, merged ESI
negative MS/MS spectra of
glucolesquerellin

Figure 1b: Similarity calcula-
tions for Challenge 3
submissions

IHuge variety in number and closeness of entries
IFig. 1b: two participants had wrong molecular formula
ISimilarity allows assessment of “closeness”

Challenge 3: Most Similar Entries
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(b) TS=0.859
Dunn et al.
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(c) TS=0.289
Gerlich et al. CH3
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(d) TS=0.234
Shen et al.

(a) Solution
Ruttkies et al.

Figure 2: Most similar entries for Challenge 3.
IFig. 2b: substitution isomer of correct compound
IFig. 2c&d: entries had the incorrect formula and thus
different functional groups

Challenge 10 and Submissions
Automatic annotation of SMILES
via in silico fragmentation methods.
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Figure 3a: Annotated, merged ESI
positive MS/MS spectra of
1-aminoanthraquinone

Figure 3b: Similarity calcula-
tions for Challenge 10
submissions

Look at Figure 4 - which scenario is “more correct”?
ICorrect answer at Rank ≈ 60 or wrong isomer at Rank 1?

Challenge 10: Most Similar Entries
(b) TS=0.842
Dunn et al.
Shen et al.
Oberacher

(a) Solution
Ruttkies et al.
Gerlich et al.
Meringer et al.
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Figure 4: Most similar entries for Challenge 10.

IMost similar entry is a substitution isomer; present
in KEGG, MassBank
ICorrect identification very dependent on database

Category 2 - Best Molecular Structure
. . . and the LC-MS/MS winner is: Oberacher

Participant Entries Correct Avg. Avg. Avg.
Name Subm. (wins) Rank TC RRP
Dunn et al. 11 3(2) 5.7 4.7 0.556
Ruttkies et al. 14 14 319.7 1226.3 0.838
Shen et al. 14 4(2) 5.5 19.4 0.614
Gerlich et al. 14 14 305.4 2878.1 0.873
Oberacher 5 3(3) 1.0 1.2 −
Meringer et al. 6 6 29.2 258.5 0.551

ISpectral libraries best for molecule identification!
IMixed success with compound databases: lower
average ranks; more misses with smaller databases
IMore spectra are needed for public libraries!
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Dührkop, K.; Scheubert, K.; Böcker, S.
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CASMI Continues . . .
Look out for CASMI 2013/2014
ICoordinator: Prof. Takaaki Nishioka
ITeam: Mass Spectrometry Society of
Japan (MSSJ).

Participants welcome from all fields of
mass spectrometry
IAutomated approaches through to
expert, manual data evaluation
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