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Outline for today

• Problem formulation 
oWhy is non-target HR-MS still so hard?

• Redefining our strategy – i.e. DIY Databases
oTake the “good bits” of databases, and ignore the rubble
o… in a way that keeps many players happy…

o… and updates as knowledge updates … 

• What’s next?



Metabolome/Exposome meets Environmental Cheminformatics

1 10 100 1000 10000  100000 1 million 1 billion chemicals …. …. ….

Schymanski et al. (2014) DOI: 10.1021/es4044374; Vermeulen et al. (2020) DOI: 10.1126/science.aay3164
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Identification Strategies and Confidence in NT-HRMS(/MS)
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Growth of Suspect Lists: e.g. NORMAN Suspect List Exchange
https://www.norman-network.com/nds/SLE/ https://zenodo.org/communities/norman-sle
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“Just” how many PFAS lists? 

https://comptox.epa.gov/dashboard/chemical_lists/?search=PFAS
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=105

https://comptox.epa.gov/dashboard/chemical_lists/?search=PFAS
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=105
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Key Challenge: MS and MS/MS alone is not enough!
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Key Challenge: MS and MS/MS alone is not enough!

MetFrag + PubChem + Formula Search + https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag


Status Quo in 2016: MetFrag Relaunched …

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., DOI: 10.1186/s13321-016-0115-9
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MetFragRL + PubChem + MS/MS + Metadata

• Adding literature, references & RT boosts to ~71 % rank 1!

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., DOI: 10.1186/s13321-016-0115-9
Schymanski, Kondic, Neumann, Thiessen, Zhang & Bolton (2021) J. Cheminf., DOI: 10.1186/s13321-021-00489-0

MetFragRL 2016
MS/MS only (n=473)

MetFragRL 2016
MS/MS + Metadata (n=1298)
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https://doi.org/10.1186/s13321-016-0115-9
https://doi.org/10.1186/s13321-021-00489-0


MetFragRL + PubChem + MS/MS + Metadata

MetFrag + PubChem + Formula + MoNA + SusDat + Pat + Refs + https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag

BUT …databases grow … ID performance drops 
… and run times rise … (a lot!) 

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag
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Problem: Exposomics “Chemical Space” is too big! 
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Can we break down                     into useful bits? 

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://pubchem.ncbi.nlm.nih.gov/compound/
Furathiocarb#section=Agrochemical-Information

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://pubchem.ncbi.nlm.nih.gov/compound/Furathiocarb#section=Agrochemical-Information


Introducing … 

~370,000 entries “small”

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://link.springer.com/article/10.1186/s13321-016-0115-9


Introducing … 

~370,000 entries “small”

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

Collapsed by InChIKey First Block (skeleton)
and by presence of annotation content

https://link.springer.com/article/10.1186/s13321-016-0115-9


MetFragRL + PubChemLite: tailor-made database + metadata

MetFrag+PubChemLite+Formula+MoNA+SusDat+Pat+Refs+Anno + https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag

PubChemLite v0.2.0

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag


How does PubChemLite perform?

• ~110 M => ~300 K … how does this influence performance?

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., DOI: 10.1186/s13321-016-0115-9
Schymanski, Kondic, Neumann, Thiessen, Zhang & Bolton (2021) J. Cheminf., DOI: 10.1186/s13321-021-00489-0

MetFragRL 2016
MS/MS only (n=473)
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Filling Gaps: Integrating NORMAN-SLE
https://www.norman-network.com/nds/SLE/ => https://pubchem.ncbi.nlm.nih.gov/source/23819

https://www.norman-network.com/nds/SLE/
https://pubchem.ncbi.nlm.nih.gov/source/23819


Filling Gaps: Integrating NORMAN-SLE
NORMAN-SLE Classification: https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101


Assessing the Missing Entries in 

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

PubChemLite tier0 18 Nov 2019
MS/MS, Ref, Patents, FPSum (n=977)

PubChemLite tier0 14 Jan 2020
MS/MS, Ref, Patents, Anno (n=977)
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Transformation Products: Filling the Data Gaps!

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://link.springer.com/article/10.1186/s13321-016-0115-9


Transformation Products: Filling the Data Gaps!

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://link.springer.com/article/10.1186/s13321-016-0115-9


Assessing the Missing Entries in 
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PubChemLite tier0 18 Nov 2019
MS/MS, Ref, Patents, FPSum (n=977)

PubChemLite tier0 14 Jan 2020
MS/MS, Ref, Patents, Anno (n=977)

PubChemLite tier0 22 May 2020
MS/MS, Ref, Patents, Anno (n=977)

PubChemLite tier0 12 Jun 2020
MS/MS, Ref, Patents, Anno (n=977)

0% 20 40 60 80 100
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“Circle of Data”: Literature Mining for Metabolites / TPs 

Krier et al (in prep.) & Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://link.springer.com/article/10.1186/s13321-016-0115-9


“Living data connections”

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9
https://git-r3lab.uni.lu/eci/pubchem/
LCSB-ECI & PubChem Team. DOI 10.5281/zenodo.3890392

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://git-r3lab.uni.lu/eci/pubchem/
http://doi.org/10.5281/zenodo.3890392


Examples: Pesticides & Metabolites in Luxembourg

Jessy Krier (2020) Master’s Thesis, defended July 2020. Figure 8 & Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689

http://doi.org/10.5281/zenodo.3862689
https://www.metabolomics2021.org/


Influence of the Annotation Content in 

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

https://link.springer.com/article/10.1186/s13321-016-0115-9


Influence of the Annotation Content in 

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9
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https://link.springer.com/article/10.1186/s13321-016-0115-9
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“   … plus CCSbase!

Ross, D. H., Cho, J. H. & Xu, L. Anal. Chem. (2020). DOI: 10.1021/acs.analchem.9b05772.

https://pubs.acs.org/doi/10.1021/acs.analchem.9b05772


“   … plus CCSbase!

Ross, D. H., Cho, J. H. & Xu, L. Anal. Chem. (2020). DOI: 10.1021/acs.analchem.9b05772.
LCSB-ECI, PubChem Team, Xu Lab CCSbase team. (2021). DOI: 10.5281/zenodo.4456208

https://pubs.acs.org/doi/10.1021/acs.analchem.9b05772
http://doi.org/10.5281/zenodo.4456208


“   … plus CCSbase!

Ross, D. H., Cho, J. H. & Xu, L. Anal. Chem. (2020). DOI: 10.1021/acs.analchem.9b05772.
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=106

https://pubs.acs.org/doi/10.1021/acs.analchem.9b05772
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=106


“   … plus CCSbase!

Ross, D. H., Cho, J. H. & Xu, L. Anal. Chem. (2020). DOI: 10.1021/acs.analchem.9b05772.
Schymanski et al. (2021) JCheminform. DOI: 10.1186/s13321-016-0115-9

https://pubs.acs.org/doi/10.1021/acs.analchem.9b05772
https://link.springer.com/article/10.1186/s13321-016-0115-9


“Take home” Messages

• Time will tell if                                      is useful
oUsers and feedback welcome!

• Annotation content is extremely powerful
oAny category in the PubChem TOC can be added
o (and new versions can be created)

• Coupling of experimental evidence is underway…

• … hopefully making NTS & HR-MS/MS & exposomics a little easier!



Thank you!
emma.schymanski@uni.lu and @Eschymanski

PCL+CCS: 10.5281/zenodo.4456208 
https://git-r3lab.uni.lu/eci/pubchem 

https://zenodo.org/communities/norman-sle
https://zenodo.org/communities/lcsb-eci/

https://wwwen.uni.lu/lcsb/research/
environmental_cheminformatics/
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