
Workshop, 18-19 Sept 2023
(presented remotely)

Slides available at DOI:
10.5281/zenodo.8302440

Integrating UVCBs and Related Data 
into Open Chemical Knowledgebases

Emma L. Schymanski, Anjana Elapavalore
Environmental Cheminformatics, Luxembourg Centre for 
Systems Biomedicine, University of Luxembourg
Contact: emma.schymanski@uni.lu Twitter: @ESchymanski

Evan E. Bolton, Qingliang Li, Paul A. Thiessen, 
Leonid Zaslavsky, Jian Zhang 
National Center for Biotechnology Information, National 
Library of Medicine, National Institutes of Health

Lai et al. (2022) ES&T. DOI: 
10.1021/acs.est.2c00321

https://doi.org/10.5281/zenodo.8302440
mailto:emma.schymanski@uni.lu
https://twitter.com/ESchymanski
https://doi.org/10.1021/acs.est.2c00321
https://doi.org/10.5281/zenodo.8302440


What are UVCBs? 

Lai et al. (2022) ES&T. DOI: 10.1021/acs.est.2c00321

Unknown or variable composition, complex reaction products, or biological materials
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https://doi.org/10.1021/acs.est.2c00321


Why are UVCBs Challenging? 

https://pubchem.ncbi.nlm.nih.gov/compound/Polyethylene%20Glycol%20300
https://pubchem.ncbi.nlm.nih.gov/compound/Ethylene%20Oxide#section=Other-Relationships
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https://pubchem.ncbi.nlm.nih.gov/compound/Polyethylene%20Glycol%20300
https://pubchem.ncbi.nlm.nih.gov/compound/Ethylene%20Oxide#section=Other-Relationships


Expert Knowledge: NORMAN Suspect List Exchange
https://www.norman-network.com/nds/SLE/
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Mohammed Taha et al. (2022) DOI: 10.1186/s12302-022-00680-6

https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/SLE/
https://doi.org/10.1186/s12302-022-00680-6


NORMAN Suspect List Exchange in PubChem

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
5

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


What is ? https://pubchem.ncbi.nlm.nih.gov/

V
UVCB

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


Recognising UVCBs & Automated Curation

• Substance name is the most widely available identifier of UVCBs 
across all databases1 => text-based recognition (aka “RegEx”)
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1Lai et al. (2022) ES&T. DOI: 10.1021/acs.est.2c00321. Datasets: FDA GSRS, US EPA TSCA, ECHA

Gather 
authoritative
UVCB names

~62,000 “UVCB concepts” 

~500,000 synonyms (names)

https://doi.org/10.1021/acs.est.2c00321
https://pubchem.ncbi.nlm.nih.gov/source/2322
https://pubchem.ncbi.nlm.nih.gov/source/11930
https://pubchem.ncbi.nlm.nih.gov/source/11946


Recognising UVCBs & Automated Curation

• Substance name is the most widely available identifier of UVCBs 
across all databases1 => text-based recognition (aka “RegEx”)

8
1Lai et al. (2022) ES&T. DOI: 10.1021/acs.est.2c00321. Datasets: FDA GSRS, US EPA TSCA, ECHA

Gather 
authoritative
UVCB names

Generate RegEx to recognise UVCBs
(excerpt from “c” to “d”)

https://doi.org/10.1021/acs.est.2c00321
https://pubchem.ncbi.nlm.nih.gov/source/2322
https://pubchem.ncbi.nlm.nih.gov/source/11930
https://pubchem.ncbi.nlm.nih.gov/source/11946


Recognising UVCBs & Automated Curation
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Gather 
authoritative
UVCB names

Generate RegEx to recognise UVCBs
(excerpt from “c” to “d”)

Validate on 
various datasets

UVCB datasets: FDA GSRS, US EPA TSCA, ECHA. Validation datasets: PubChemLite, NORMAN-SLE and PubChem

https://pubchem.ncbi.nlm.nih.gov/source/2322
https://pubchem.ncbi.nlm.nih.gov/source/11930
https://pubchem.ncbi.nlm.nih.gov/source/11946
https://doi.org/10.5281/zenodo.5995885
https://doi.org/10.1186/s12302-022-00680-6
https://pubchem.ncbi.nlm.nih.gov/


Recognising UVCBs & Automated Curation

10RegEx: https://gitlab.lcsb.uni.lu/eci/pubchem/-/tree/master/annotations/UVCBs/regex
UVCB datasets: FDA GSRS, US EPA TSCA, ECHA. Validation datasets: PubChemLite, NORMAN-SLE and PubChem.

- 113 regular expressions after PubChemLite and NORMAN-SLE 
validation

- Only 8 removed following validation on whole PubChem*

Expression Example - detected expression in bold, plus other matches
“ tree” Camphor tree whole                          (see next slides)
“chlorinated” 1-Propene, tetramer, chlorinated
C#-C# Regex Carboxylic acids, di-, C4-11 (see next slides)
“Amines” Amines, di-C14-18-alkylmethyl         (see next slides)

*fruit, mace, resin, rosin, shell, solvent, steroid, tannin

https://gitlab.lcsb.uni.lu/eci/pubchem/-/tree/master/annotations/UVCBs/regex
https://pubchem.ncbi.nlm.nih.gov/source/2322
https://pubchem.ncbi.nlm.nih.gov/source/11930
https://pubchem.ncbi.nlm.nih.gov/source/11946
https://doi.org/10.5281/zenodo.5995885
https://doi.org/10.1186/s12302-022-00680-6
https://pubchem.ncbi.nlm.nih.gov/


Variable: Connecting Chemicals & UVCBs (e.g. “C#-C# RegEx”)

• Homologous series are (relatively) easy to recognise and map up

• Many concepts had ≥1 “representative” already associated with them
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Expression Example - detected expression in bold, plus other matches
C#-C# Regex Carboxylic acids, di-, C4-11 (see next slides)
“Amines” Amines, di-C14-18-alkylmethyl         (see next slides)

https://github.com/adelenelai/onglai-classify-homologues
Lai et al. (2022) J Cheminform. 14:85. DOI: 10.1186/s13321-022-00663-y

https://github.com/adelenelai/onglai-classify-homologues
https://doi.org/10.1186/s13321-022-00663-y


• Quite a bit of (bio)hacking later …

12https://github.com/elixir-europe/biohackathon-projects-2022/tree/main/26/ & https://hackmd.io/CR8cv0XpSbOu_1j1oirNHQ
& https://gitlab.lcsb.uni.lu/eci/pubchem/-/tree/master/annotations/UVCBs/

Variable: Connecting Chemicals & UVCBs (e.g. “C#-C# RegEx”)

https://github.com/elixir-europe/biohackathon-projects-2022/tree/main/26/
https://hackmd.io/CR8cv0XpSbOu_1j1oirNHQ
https://gitlab.lcsb.uni.lu/eci/pubchem/-/tree/master/annotations/UVCBs/
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Variable: Connecting Chemicals & UVCBs (e.g. “C#-C# RegEx”)

https://pubchem.ncbi.nlm.nih.gov/compound/Carboxylic%20acids,%20di-,%20C4-11#section=U-S-Production

https://pubchem.ncbi.nlm.nih.gov/compound/Carboxylic%20acids,%20di-,%20C4-11#section=U-S-Production
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Variable: Connecting Chemicals & UVCBs (e.g. “C#-C# RegEx”)

https://pubchem.ncbi.nlm.nih.gov/compound/Amines,%20di-C14-18-alkylmethyl#section=Uses

https://pubchem.ncbi.nlm.nih.gov/compound/Amines,%20di-C14-18-alkylmethyl#section=Uses


https://pubchem.ncbi.nlm.nih.gov/#query=Camphor%20tree&tab=substance & https://pubchem.ncbi.nlm.nih.gov/taxonomy/13429
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Biological: Associating Biological Information & UVCBs
Expression Example - detected expression in bold, plus other matches
“ tree” Camphor tree whole                          (see next slides)

https://pubchem.ncbi.nlm.nih.gov/#query=Camphor%20tree&tab=substance
https://pubchem.ncbi.nlm.nih.gov/taxonomy/13429


https://pubchem.ncbi.nlm.nih.gov/taxonomy/
13429#section=Chemicals-and-Bioactivities & https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/blob/main/taxonomy/Camphor_tree/
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Biological: Extracting & Using Related Chemical Information
Expression Example - detected expression in bold, plus other matches
“ tree” Camphor tree whole                          (see next slides)

Automated extraction & 
formatting for workflows

(e.g. RMarkdown)

https://pubchem.ncbi.nlm.nih.gov/taxonomy/13429#section=Chemicals-and-Bioactivities
https://pubchem.ncbi.nlm.nih.gov/taxonomy/13429#section=Chemicals-and-Bioactivities
https://gitlab.lcsb.uni.lu/eci/pubchem-docs/-/blob/main/taxonomy/Camphor_tree/


Challenges / Perspectives – Example of PCBs

• Authoritative names don’t match with “our” community names
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https://pubchem.ncbi.nlm.n
ih.gov/classification/#hid=1
05&search=Polychlorinate
d%20biphenyl%20(PCB)%
20collection&view=tree

https://pubchem.ncbi.nlm.nih.gov/#query=PCBs&tab=pubmed

“NORMANUVCBs”
being born at the 
NORMAN GA, 
Dec. 2022

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=105&search=Polychlorinated%20biphenyl%20(PCB)%20collection&view=tree
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=105&search=Polychlorinated%20biphenyl%20(PCB)%20collection&view=tree
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=105&search=Polychlorinated%20biphenyl%20(PCB)%20collection&view=tree
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=105&search=Polychlorinated%20biphenyl%20(PCB)%20collection&view=tree
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=105&search=Polychlorinated%20biphenyl%20(PCB)%20collection&view=tree
https://pubchem.ncbi.nlm.nih.gov/#query=PCBs&tab=pubmed


NORMAN-UVCBs & UVCB Template (a little complex!)

• Adding more UVCB data with FAIR templates & open license

Schymanski & Bolton (2021) FAIR Chemical Structures. J. Cheminform. DOI: 10.1186/s13321-021-00520-4

Schymanski, Bolton & Singh (2022) NORMANUVCB (S103.0.1.1) Zenodo. DOI:10.5281/zenodo.7584082
Schymanski & Bolton (2022) FAIR-ifying the Exposome Journal: DOI: 10.1093/exposome/osab006 18

https://doi.org/10.1186/s13321-021-00520-4
https://doi.org/10.5281/zenodo.7584082
https://doi.org/10.1093/exposome/osab006
https://ftp.ncbi.nlm.nih.gov/pubchem/Other/Submissions/


NORMAN-UVCBs & Polychlorinated Biphenyls
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https://pubchem.ncbi.nlm.nih.gov/compound/Polychlorinated%20Biphenyls#section=Related-Records&fullscreen=true

https://pubchem.ncbi.nlm.nih.gov/compound/Polychlorinated%20Biphenyls#section=Related-Records&fullscreen=true


NORMAN-UVCBs & Polychlorinated Biphenyls

20https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://pubchem.ncbi.nlm.nih.gov/compound/Polychlorinated%20Biphenyls#section=Related-Records&fullscreen=true

https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://pubchem.ncbi.nlm.nih.gov/compound/Polychlorinated%20Biphenyls#section=Related-Records&fullscreen=true
https://gitlab.lcsb.uni.lu/eci/chemicalstripes


Take home messages
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• Text-based curation to recognise UVCBs

• Algorithms can support cross-linking Variable cases

• Biological cases leverage other disciplines

• Adding in NORMAN Network UVCB data case by case

• We would be happy to work with HESI on the Tier 0 Database! 
• Emma: emma.schymanski@uni.lu or @ESchymanski

PubChem: pubchem-help@ncbi.nlm.nih.gov or @pubchem

mailto:emma.schymanski@uni.lu
https://twitter.com/ESchymanski
mailto:pubchem-help@ncbi.nlm.nih.gov
https://twitter.com/pubchem


Today’s slides:
DOI: 10.5281/zenodo.8302440

Email: emma.schymanski@uni.lu
pubchem-help@ncbi.nlm.nih.gov

Twitter: @ESchymanski, @EvanBolton
@pubchem
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