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Status quo of identification approaches Introduction 

Target List Suspect List (no prior information) 

HPLC separation and HR-MS/MS 

TARGET  
ANALYSIS 
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SCREENING 

NON-TARGET 
SCREENING 

Targets found Suspects found Masses of interest 

(Molecular formula) 

DATABASE  
SEARCH 

STRUCTURE 
GENERATION 

Confirmation and quantification of compounds present 

Candidate selection (retention time, MS/MS, calculated properties)  



The Reference Standard Dilemma1 
…and why identification in the environment is such a challenge 

Source: Fenner et al. (2013) Science, 341(6147), 752-758;  1Moschet et al. (2013) Analytical Chemistry, 85(21) 10312-10320  
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Accessing Mass Spectral Information 

(Too) Many ways to access mass spectral information 
 

o Mass Spectral Libraries 
o Curated, reference standard spectra: NIST, Wiley, mzCloud, METLIN 
o User-defined personal libraries 

o Mass Spectral Repositories 
o User-contributed reference spectra: MassBank, HMDB, GOLM, GNPS 

o Literature sources 
o Contain reference standard and elucidated spectra, but: 

o Tend to be in paper form, not digital!!!!! 
 

o Great need to improve the accessibility of spectral information! 
 



Accessing Literature Spectra 

Adding literature spectra to  
www.massbank.eu/MassBank/  

Enable access and comparison 

Lara-Martin et al. EST. 2010, 44: 1670-1676 

39 literature spectra (so far) 

E. Schymanski, H. Singer, P. Longree, M. Loos, M. Ruff, M. Stravs, C. Ripolles Vidal & J. Hollender (2014) ES&T, 48(3), 1811-1819.  

http://www.massbank.eu/MassBank/


User Contribution of Spectra as Supporting Information 



User Contribution of Spectra as Supporting Information 



User Contribution of Spectra as Supporting Information 



Supporting Information in MassBank 
1H-BT 

Huntscha et al. 2014, ES&T, 48(8), 4435-4443. 





User Contribution of Spectra as Supporting Information 
What about the tentatively identified and unknown spectra? 

MS,  MS2,  RT,  Reference Std. 
Level 1:  Confirmed  structure 
 by reference standard 

Level 2:  Probable structure 
               a) by library spectrum match 
               b) by diagnostic evidence 

Level 3: Tentative candidate(s) 
 structure, substituent, class 

Level 4:  Unequivocal molecular formula 

Level 5: Exact mass of interest 

C6H5N3O4 

192.0757 
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MS,  MS2,  Library MS2 

MS,  MS2,  Exp. data 

MS,  MS2,  Exp. data 

MS isotope/adduct 

MS 

Example Minimum data requirements 
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Schymanski, Jeon, Gulde, Fenner, Ruff, Singer & Hollender (2014) ES&T, 48 (4), 2097-2098. DOI: 10.1021/es5002105 



Tentative and Unknown Spectra 
Need new ways to display the “uncertainty” correctly 

Molecular formula only 
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Not (yet) possible to display Markush structures 



Exchanging Tentative and Unknown Spectra 

 
o Need to be able to save and display “uncertain” structures 

o Possible in some applications; not universal 
 

o Need an InChI form to express “uncertain” structures1 
o InChI is main exchange form of batch database retrieval services 
o Not yet possible – working group founded to address this 

 
o Compromise: encouraging exchange vs. maintaining quality 

 
o Enter a new era of “crowdsourcing” or “social mass spectrometry”?2 

1Creek, Dunn, Fiehn, Griffin, Hall, Lei, Mistrik, Neumann, Schymanski, Sumner, Trengove & Wolfender,  
2014, Metabolomics, 10:350–353; DOI 10.1007/s11306-014-0656-8 

2Towards Open Access Mass Spectral Libraries Workshop, IMSC, Geneva, Aug. 2014. Hosts: Steve Stein & Enrico Davoli 



Summary: Towards Open Access Mass Spectral Libraries  
MassBank  NIST 

 
o Make MassBank spectra more accessible to more users 

o Download public dataset – but not much software uses MassBank format 
o NIST 

o MSP is a more “accepted” and used format 
o Already incorporated in many vendor software systems 
o A commercial, reference library – cannot accept distribute our spectra 
o BUT: can provide MassBank in NIST format for easy download 

o Cooperation with Steve Stein (NIST) at the IMSC, Geneva 
o “massbank_ei” – all EI spectra up to July 2012 
o “massbank_msms” – all MS/MS spectra up to July 2012  
o “massbank_eawag” – all Eawag spectra (basis for further collaboration) 

o Very easy install for NIST users! 



Summary: Towards Open Access Mass Spectral Libraries  
MassBank  NIST 



Summary: Towards Open Access Mass Spectral Libraries  
NIST14 and “SOS” (images c/o Manor Askenazi) 



Summary: Towards Open Access Mass Spectral Libraries  
NIST14 and “SOS” (images c/o Manor Askenazi) 



Summary: Towards Open Access Mass Spectral Libraries  
NIST14 and “SOS”  
(images c/o Manor Askenazi) 
 



Summary: Towards Open Access Mass Spectral Libraries  
NIST14 and “SOS” – Expert, Manual Co-Curation (images Manor Askenazi) 
 
 

Alternative “big data” approach 



Summary: Towards Open Access Mass Spectral Libraries  
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Quality levels: 
 Gold: approved users, synthetic compounds 
 Silver: published compounds 
 Bronze: everything else 

Summary: Towards Open Access Mass Spectral Libraries  
GNPS & Crowdsourcing Annotation of MS (c/o Nuno Bandeira) 

Public spectral libraries 
 Antibiotics and natural products 
 FDA approved drugs 
 Over 8,500 compound spectra 

 5,000 more running now 
 Dozens of curators 

 Gold, Silver & Bronze levels 
 Creating specialized communities 
 
Previously in natural products 
 Hardly any spectra publicly available 
 No available spectral libraries 

Since March 2014 
 

 Over 130 datasets,  
 >1,200 users 
 Data from 30+ countries 
 >400M spectra, 11,000+ 

runs, approaching 1 TB of 
data 



Summary: Towards Open Access Mass Spectral Libraries  
GNPS & Crowdsourcing Annotation of MS (c/o Nuno Bandeira) 
 



Summary: Towards Open Access Mass Spectral Libraries  
GNPS & Crowdsourcing - Email updates! (c/o Nuno Bandeira) 
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MS,  MS2,  RT,  Reference Std. 
Level 1:  Confirmed  structure 
 by reference standard 

Level 2:  Probable structure 
               a) by library spectrum match 
               b) by diagnostic evidence 

Level 3: Tentative candidate(s) 
 structure, substituent, class 

Level 4:  Unequivocal molecular formula 

Level 5: Exact mass of interest 
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Identification with (LC-HR)MS/MS – Confidence? 
Proposed levels for MS and MS/MS data 

Schymanski, Jeon, Gulde, Fenner, Ruff, Singer & Hollender (2014) ES&T, 48 (4), 2097-2098. DOI: 10.1021/es5002105 



MS,  MS2,  RT,  Reference Std. 
Level 1:  Confirmed  structure 
 by reference standard 
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Identification with (LC-HR)MS/MS – Confidence? 

Any questions? 

Schymanski, Jeon, Gulde, Fenner, Ruff, Singer & Hollender (2014) ES&T, 48 (4), 2097-2098. DOI: 10.1021/es5002105 
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