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Coming soon to a screen near you:
The CompTox Portal 
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Some History
Early Dashboard Applications
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The concept of DSSTox

• DSSTox was a concept in 2002
• Today it underpins the Dashboard
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GOAL: Link chemical structures to data for SAR
• First release of data files in 2004
• Focused on high impact sets of data

– Carcinogenic Potency Database
– Drinking water disinfection by-products
– EPA’s Integrated Risk Information System
– FDA’s Maximum Daily Dose dataset
– EPA’s Fat Head Minnow Toxicity dataset
– etc...

• Managed chemical registration for ToxCast/Tox21 
chemicals (our HTS screening research)

DSSTox Datafiles 2004



And then came Chris Grulke…
ChemReg registration for DSSTox
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Internal List Conflicts: ChemReg
List Curation



Chemical Collections (e.g. PCBs)



The CompTox Dashboard
General Overview and New Features 3.0

• Version 3.0 release, August 2018:
– New user interface design
– ~762,000 chemicals with related property data
– New searches – product and use categories, assays and genes
– More data – physchem, hazard data, bioactivity curves
– Expanded number of chemical lists to review
– Enhanced batch search capabilities
– New chemical lists added (including PFAS chemical lists)
– Handling of UVCB chemicals – many Markush

9



CompTox Dashboard
https://comptox.epa.gov/dashboard
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CompTox Dashboard
Chemicals
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CompTox Dashboard
Products and Use Categories
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CompTox Dashboard
Assays and Genes
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Detailed Chemical Pages
Redesign
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Physicochemical properties
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Detailed OPERA Prediction Reports
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Other Dashboard Predictions 

• Predictions and models expand outside of 
simply physicochemical and environmental 
fate and transport

• Examples
– Read-across for Toxicity Endpoints
– Quantitative Structure–Use Relationship (QSUR) models
– High-Throughput ToxicoKinetics (HTTK)
– Models based on high throughput bioactivity data
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GenRA (Generalised Read-Across)

Data gap analysis



Access to Chemical Hazard Data
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Hazard Data from “ToxVal_DB”

• ToxVal Database contains following data:
– 30,050 chemicals
– 772,721 toxicity values
– 29 sources of data
– 21,507 sub-sources
– 4585 journals cited
– 69,833 literature citations
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In Vitro Bioassay Screening 
ToxCast and Tox21 

21



In Vitro Bioassay Screening 
ToxCast and Tox21
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Sources of Exposure to Chemicals
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Sources of Exposure to Chemicals
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Identifiers to Support Searches
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Literature Searches and Links
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Literature Searches and Links
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How can we curate our data?

• Crowdsourcing is well proven nowadays
• Comments can be added at a record level 

• Submitted comments are reviewed by 
administrators and responded to
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Public Crowdsourced Comments
https://comptox.epa.gov/dashboard/comments/public_index
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MassBank/CompTox Curation of External Data
• A “nice” example: 4-4'-Bis(2sulfostyryl)biphenyl

Purchased: CAS: 27344-41-8
DTXSID6036467

Registered: CAS: 38775-22-3 (UFZ)
DTXSID7047017



Mass Spec Specific Functionality

• The ENTACT project has driven specific 
functionality Mass Spectrometry needs
– Specific searches within the dashboard
– Mappings between chemicals in the database
– Making use of specific representations for UVCBs
– Addition of specific lists of chemicals 
– Collaborative cross-linking between sites
– Research into best approaches for candidate ranking
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Mass and Formula Searches
Supporting Mass Spectrometry
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The Dashboard to Support 
MS-Analysis
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MS-Ready 
Structures
Underpin
Analysis 



Specific Data-Mappings 
“MS-Ready Structures”

37



Journal of Cheminformatics 

• Already through peer review
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MS-Ready Mappings 
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MS-Ready Mappings Set
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MS-Ready Mappings 

• Input Formula: C10H16N2O8 
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MS-Ready Mappings 

• Same Input Formula: C10H16N2O8 
• MS Ready Formula Search: 93 Chemicals 
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MS-Ready Mappings

• 93 chemicals returned in total
– Only 7 of the 93 are single component chemicals
– 3 are neutral compounds and 1 is charged
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Advanced Searches
Mass Search: Tile View
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Advanced Searches
Mass Search: Table View
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Batch Searching

• Singleton searches are useful but we work with 
thousands of chemicals!

• Typical questions
– What are the SMILES strings for a list of 1000 chemicals?
– Do any of this list of chemicals have XXX type of data?
– What are the predicted logP values for a list of chemicals?
– Can I get lists of predicted properties in Excel files? In SDF files?
– Can I get chemical lists in Excel files? In SDF files?
– What is the list of chemicals for the formula CxHyOz

– What is the list of chemicals for a mass +/- error
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Batch Searching
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Batch Searching
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Excel Output
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Searching batches 
Formula (or mass) searching
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Data Source Ranking for 
Identification in SSA/NTA
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• Mass and/or formula unknown to a 
researcher, contained within a 
reference database

• Most likely candidate chemicals 
have the most references/sources

C14H22N2O3
266.16304

Chemical 
Reference 
Database

Sorted 
candidate 
structures



Comparing Dashboard 
with ChemSpider

• On same 162 chemicals, 
Dashboard outperforms 
ChemSpider



Data Streams to Improve Identifications

• US EPA CompTox Dashboard Data Sources (DS)
• PubChem Data Source Count
• PubMed Reference Count
• Presence in STOFF-IDENT Database
• Predicted Environmental Media Occurrence
• CPDat Product Occurrence Count
• OPERA PhysChem Properties
• NORMAN Network Priority List



All available via Batch Search



Identification ranking: 1783 chemicals 
with multiple data streams

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝐷𝐷𝐷𝐷 + 𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃 + 𝑆𝑆𝑆𝑆𝑅𝑅𝑅𝑅 + 𝑆𝑆𝑆𝑆𝑀𝑀𝑀𝑀 + ⋯



Dashboard in NTA Workflows

Identification by Data 
Source Ranking

Retention Time 
Prediction

MS/MS Data and 
Fragmentation 
Prediction

Environmental Media 
Occurrence

Functional Use/Product 
Occurrence

CompTox
Dashboard



Work in Progress: Incorporating MS/MS 
data via the Dashboard

• MS/MS spectra prediction for ESI+, ESI-, and EI
• Predictions generated and stored for >700,000 

structures, to be accessible via Dashboard

57http://cfmid.wishartlab.com/
Allen, et al  2014, 2015, 2016 

http://cfmid.wishartlab.com/
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Evaluating on CASMI 2016

• Critical Assessment of Small Molecule Identification
– Training data= 312 peak lists (from 285 substances)

• 234 MS/MS in positive mode
• 58 in negative mode

– Challenge Data= 208 peak lists (from 188 substances)
• 127 in positive mode
• 81 in negative mode

• Precursor ion search window= 15 ppm
• Fragment ion match threshold= 0.02 Da
• Candidates limited to Dashboard results within precursor 

ion search window

http://www.casmi-contest.org/2016/index.shtml

http://www.casmi-contest.org/2016/index.shtml


Work in progress

8/20/18

# Identified % of Total
#1 Hits 89 43%
Top 5 154 74%
Top 10 174 84%
Top 20 190 91%

# Identified % of Total
#1 Hits 154 74%
Top 5 195 94%
Top 10 198 95%
Top 20 202 97%

CFM-ID only CFM-ID +DSSTox Data Sources

CASMI 2016 Contest Challenge Set (n=208)



Search Expt. vs. Predicted Spectra



Future Access via the Dashboard

• Manuscript in Preparation for Nature Scientific Data
• Data will be available for download with publication
• (NO timeline…)



Dashboard in NTA Workflows

Identification by Data 
Source Ranking

Retention Time 
Prediction

MS/MS Data and 
Fragmentation 
Prediction

Environmental Media 
Occurrence

Functional Use/Product 
Occurrence

CompTox
Dashboard

0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0
0

2 0 0

4 0 0

6 0 0

8 0 0

1 0 0 0

 

E x p e rim e n ta l R T I

P
re

d
ic

te
d

 R
T

I

Aalizadeh, et al



Future directions
Intuitive Visualization of Results 

𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑆𝑆𝑆𝑆𝐷𝐷𝐷𝐷 + 𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃 + 𝑆𝑆𝑆𝑆𝑅𝑅𝑅𝑅 + 𝑆𝑆𝑆𝑆𝑀𝑀𝑀𝑀 + ⋯



MetFrag Integration 
(more from Emma)
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Work in Progress

• For every chemical registered into DSSTox we 
need to:
– Generate QSAR-ready and MS-Ready forms
– Pass the QSAR-ready form through predictors

• OPERA PhysChem and Env. Fate and Transport
• TEST PhysChem and Toxicity Models
• Bioactivity models

– More prediction algorithms are in development

• All predictions should be service-based 

• We will deliver these services to users 
(eventually)
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Real-Time Predictions
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Real-Time Predictions
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API in development
Prototype services available
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https://comptox.epa.gov/dashboard/web-test/WS?smiles=CCO&method=hc



Future work

• Prototype asynchronous pipelining of data 
already developed – to be integrated

• First prototype of QSAR/MS-ready processing 
about to go into testing

• Future plans (no deadline)
– Batch processing of files to produce QSAR/MS-Ready (we 

encourage standard processes for QSAR modeling)
– Web service access to QSAR/MS-Ready file generation

70



A List of Lists of Chemicals
https://comptox.epa.gov/dashboard/chemical_lists
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Eleven PFAS Lists
http://comptox-prod.epa.gov/dashboard/chemical_lists 
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The OECD List of PFAS
http://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/
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The OECD List of PFAS
http://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/
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Downloadable Data 

75



Work in Progress

• CFM-ID
– Viewing and Downloading pre-predicted spectra
– Search spectra against the database

• MetFrag integration (beta already done)
• Investigating Retention Time Index 

Prediction for candidate ranking
• Structure/substructure/similarity search
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Predicted Mass Spectra
http://cfmid.wishartlab.com/

• MS/MS spectra prediction for ESI+, ESI-, and EI
• Predictions generated and stored for >700,000 

structures, to be accessible via Dashboard
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What structures are amenable to 
LC vs GC? Prediction models

• For many of our studies we would like to 
know whether chemicals are amenable to 
LC vs GC, +ve vs –ve ion etc?

• Public databases are being harvested in 
order to build training sets for prediction 
models and availability of public data
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pKa Prediction Model

• pKa prediction models based on Open Data 
Set of 8000 chemicals – acidic, basic and 
amphoteric chemicals

• pKa for prediction of LC/GC amenable??
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TRAINING TEST



Prototype Development
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Conclusion

• The CompTox Chemistry Dashboard provides 
access to data for ~762,000 chemicals

• High quality data from ongoing curation efforts
• An integration hub for multiple “modules”
• The dashboard serves many purposes but has 

functionality to support Mass Spectroscopy 
• MS-Ready processing of chemicals has high value

• With much work to do, we are well on the way…
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