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Digital Detective Work:
Connecting Cheminformatics, Mass Spectrometry 

and our Environment via Open Data
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Plus ECI-LSCB, NORMAN, PubChem, IPB, Eawag, UFZ and many other 

colleagues who contributed to our science over the years!

Talk available under DOI: 10.5281/zenodo.4266449

Open Data for Chemistry

https://www.rsc.org/events/detail/43179/open-data-for-chemistry
mailto:emma.schymanski@uni.lu
https://doi.org/10.5281/zenodo.4266449
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Source: https://en.wikipedia.org/wiki/File:EU-Luxembourg.svg
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https://en.wikipedia.org/wiki/File:EU-Luxembourg.svg


3

Environmental Cheminformatics

@ 

Luxembourg Centre for 

Systems Biomedicine

LCSB-ECI, June 2019/2020



4

Environmental Cheminformatics

@ 

Luxembourg Centre for 

Systems Biomedicine

LCSB-ECI, June 2019/2020



5

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

Our (Community) Challenge: Identifying Chemicals

Schymanski et al. (2014) DOI: 10.1021/es4044374; Vermeulen et al. (2020) DOI: 10.1126/science.aay3164

Sample

High resolution 

mass spectrometry

http://pubs.acs.org/doi/abs/10.1021/es4044374
http://science.sciencemag.org/content/367/6476/392
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Our Toolkit: Shinyscreen – Extracting Good MS Data

Anjana Elapavalore, Mira Narayanan, 

Todor Kondic, Jessy Krier,, 

Hiba Mohammed Taha.

https://git-r3lab.uni.lu/eci/shinyscreen

https://git-r3lab.uni.lu/eci/shinyscreen
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Our Toolkit: NORMAN-SLE: Capturing Expert Knowledge

https://www.norman-network.com/nds/SLE/

Large, merged / market lists

Intermediate lists / specialised collections

> 73 lists

> 144,980 substances

Medium lists Small, highly

specialized lists

https://www.norman-network.com/nds/SLE/


9

Our Toolkit: PubChem – Finding the “known unknowns”

Kim S, Chen J, Cheng T, et al. PubChem 2019 update: …. Nucleic Acids Res. 2019;47(D1):D1102–D1109. doi:10.1093/nar/gky1033

https://pubchem.ncbi.nlm.nih.gov/

https://doi.org/10.1093/nar/gky1033
https://pubchem.ncbi.nlm.nih.gov/
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Our Toolkit: MetFrag – Annotating/Identifying Masses

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

https://doi.org/10.1186/s13321-016-0115-9


11

MetFrag + PubChem + MS/MS only

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

5 ppm

0.001 Da

mz [M-H]-

213.9637

± 5 ppm

MS/MS

134.0054   339689

150.0001    77271

213.9607   632466

Status: 2010

Ranked Candidates

https://doi.org/10.1186/s13321-016-0115-9
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Challenge: MetFrag + PubChem + MS/MS only

Ruttkies et al. (2016) DOI: 10.1186/s13321-016-0115-9, Bolton & Schymanski (2020), DOI: 10.5281/zenodo.3611238 & in prep.

o MS/MS doesn’t provide sufficient information alone … 

MetFragRL, PubChem 2016

MS/MS only (n=473)

0 20 40 60 80 100%

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://doi.org/10.5281/zenodo.3611238
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MS/MS does not provide sufficient information alone…

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

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag
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MetFrag – MS/MS and MORE!

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

5 ppm

0.001 Da

mz [M-H]-

213.9637 or

PubChem± 5 ppm

RT: 4.54 min

355 InChI/RTs

References

Tox. Data

Data Sources

Exposure Info

MS-ready links  

Suspect Lists

MS/MS

134.0054   339689

150.0001    77271

213.9607   632466

Elements: C,N,S

S OO

OH

Status: 2016

https://doi.org/10.1186/s13321-016-0115-9
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MetFrag + PubChem + MS/MS + Metadata

Ruttkies et al. (2016) DOI: 10.1186/s13321-016-0115-9, Bolton & Schymanski (2020), DOI: 10.5281/zenodo.3611238 & in prep.

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

MetFragRL, PubChem 2016

MS/MS only (n=473)

MetFragRL, PubChem 2016

MS/MS + Metadata (n=1298)

0 20 40 60 80 100%

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://doi.org/10.5281/zenodo.3611238


16

Connecting multiple lines of evidence for identification

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

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300804&dsn=Eawag
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Connecting multiple lines of evidence for identification

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

Candidates with high information content

Candidates with low information content

Challenge: the growing number of candidates …

Need: wide coverage and high efficiency!

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

371,663 entries

The 111 million Challenge … 

Bolton, Schymanski, Kondic, Thiessen, Zhang (2020). PubChemLite for Exposomics (v 0.3.0) DOI: 10.5281/zenodo.4183801

111 million … OR …

the most relevant / annotated?

https://doi.org/10.5281/zenodo.4183801
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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
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How does PubChemLite perform?

Ruttkies et al. (2016) DOI: 10.1186/s13321-016-0115-9, Bolton & Schymanski (2020), DOI: 10.5281/zenodo.3611238 & in prep.

o 111 M => 300 K … how does this influence performance?

MetFragRL, PubChem 2016

MS/MS only (n=473)

MetFragRL, PubChem 2016

MS/MS + Metadata (n=1298)

MetFragRL, PubChemLite tier0

MS/MS, Ref, Patents, FPSum (n=1298)

MetFragRL, PubChemLite tier1

MS/MS, Ref, Patents, FPSum (n=1298)

0 20 40 60 80 100%

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://doi.org/10.5281/zenodo.3611238
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NORMAN Suspect List Exchange: Capturing Knowledge

Schymanski et al. (in prep.) https://www.norman-network.com/nds/SLE/

o https://www.norman-network.com/nds/SLE/

o https://zenodo.org/communities/norman-sle

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

Pharma

Priority Lists

CCS

Smoke

Dust

Water

Plastics

Surfactants

REACH

Toxins

NPS

>73 lists!

https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/SLE/
https://zenodo.org/communities/norman-sle
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
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NORMAN-SLE on Zenodo

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

https://zenodo.org/communities/norman-sle/
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NORMAN-SLE on PubChem

Huge thanks to Evan Bolton, Jian Zhang (Jeff), Paul Thiessen, Ben Shoemaker and the PubChem team for this!
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NORMAN-SLE on PubChem

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

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
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Missing Entries in PubChemLite

Ruttkies et al. (2016) DOI: 10.1186/s13321-016-0115-9, Bolton & Schymanski (2020), DOI: 10.5281/zenodo.3611238 & in prep.

o Assessing the missing entries … 

PubChemLite tier0 18 Nov 2019

MS/MS, Ref, Patents, FPSum (n=977)

PubChemLite tier0 14 Jan 2020

MS/MS, Ref, Patents, Anno (n=977)

0% 20 40 60 80 100

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://doi.org/10.5281/zenodo.3611238
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Transformation Products: Filling the Data Gaps!
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NORMAN-SLE on PubChem
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Missing Entries in PubChemLite

Ruttkies et al. (2016) DOI: 10.1186/s13321-016-0115-9, Bolton & Schymanski (2020), DOI: 10.5281/zenodo.3611238 & in prep.

o Assessing the missing entries … 

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

https://link.springer.com/article/10.1186/s13321-016-0115-9
https://doi.org/10.5281/zenodo.3611238
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“Real Life” Application

Jessy Krier (2020) Master’s Thesis, defended July 2020. Figure 34. 
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Suspect Screening for Lux-Relevant Pesticides

Jessy Krier (2020) Master’s Thesis, defended July 2020. Figure 8

Jessy Krier (2020) S69 | LUXPEST, Zenodo. http://doi.org/10.5281/zenodo.3862689

36 pesticides at Level 2a (MoNA>0.9)

http://doi.org/10.5281/zenodo.3862689
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Data-Driven TP/Metabolite Search

Jessy Krier (2020) Master’s Thesis, defended July 2020. Figure 8. 

36 pesticides at Level 2a (MoNA>0.9)
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Literature Mining for Metabolites / TPs – and Curation

https://www.simolecule.com/cdkdepict/depict.html

https://www.simolecule.com/cdkdepict/depict.html
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Living Data Connections

https://git-r3lab.uni.lu/eci/pubchem/

LCSB-ECI & PubChem Team. DOI 10.5281/zenodo.3890392

https://git-r3lab.uni.lu/eci/pubchem/
http://doi.org/10.5281/zenodo.3890392
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Pesticides & TPs over time (tent. IDs)

Jessy Krier (2020) Master’s Thesis, defended July 2020. Modified from Figure 33. 
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More Examples? Thirdhand Smoke (THS) in Dust

Schymanski, EL, Torres, S, & Ramirez, N. (2020). Thirdhand Smoke in House Dust. Zenodo. http://doi.org/10.5281/zenodo.3613472

+

http://doi.org/10.5281/zenodo.3613472
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New MetaData: Disease-Specific Reference Counts

Schymanski et al. DOI: 10.1039/C9EM00068B (Perspective) Environ. Sci.: Processes Impacts, 2020.

S37 LitMinedNeuro: DOI: 10.5281/zenodo.3242298

https://doi.org/10.1039/C9EM00068B
https://doi.org/10.1039/2050-7895/2013
http://doi.org/10.5281/zenodo.3242298
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Future Perspectives

ENTACT: Elin Ulrich et al. 2018, 

https://www.epa.gov/sites/production/files/2018-

06/documents/comptox_cop_6-28-18.pdf and

Ulrich, EM, et al. (2019) Anal Bioanal Chem. 

DOI: 10.1007/s00216-018-1435-6

Classification Figures: 

Anjana Elapavalore, ECI (Master’s thesis)

o Rapid classification / interpretation of large collections

#BioHackEU20

https://www.epa.gov/sites/production/files/2018-06/documents/comptox_cop_6-28-18.pdf
https://doi.org/10.1007/s00216-018-1435-6
https://twitter.com/search?q=%23BioHackEU20&src=typed_query
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Take Home Messages

o Challenge:

Increase % identified

Improve interpretation

More? Check out our presentations at: https://zenodo.org/communities/lcsb-eci/

https://zenodo.org/communities/lcsb-eci/
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Take Home Messages

o Challenge:

Increase % identified

Improve interpretation

o “Digital Detective Work” is …

o Capturing expert knowledge 

Machine and human readable

o Connecting this to environmental observations

o Identifying and closing knowledge gaps

o Supporting interpretation of complex data

More? Check out our presentations at: https://zenodo.org/communities/lcsb-eci/

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


40

Take Home Messages

o Challenge:

Increase % identified

Improve interpretation

o “Digital Detective Work” is …

o Capturing expert knowledge 

Machine and human readable

o Connecting this to environmental observations

o Identifying and closing knowledge gaps

o Supporting interpretation of complex data

o Finally … information in the public domain helps everybody

o You never know when it will help you 

More? Check out our presentations at: https://zenodo.org/communities/lcsb-eci/

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