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EPA’s National Center for 
Computational Toxicology (NCCT)

• ToxCast (EPA) & Tox21 (Multi-Agency)
 screening >3800 (ToxCast) to >10K (Tox21) environmentally 

relevant chemicals across 10’s to 100’s of HTS assays
• ACToR, ExpoCast, CPCat, ToxRef DB

 meshed CAS lists, product-use database, exposure models, 
guideline animal toxicity study reference DB

• Public-facing, web-dashboards (ToxCast, EDSP, …)
 facilitate access to & utility of EPA data



Current NCCT activities

• Building a new cheminformatics architecture and public-
facing chemical dashboard

• Aiming to be the host for curated chemistry across EPA

• Integrating NCCT and agency resources –both internal 
and external

• Designing tools and “services” to underpin other EPA 
research efforts
– Predictive modeling
– Read-across
– Non-targeted screening (linking to analytical data)
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Why build yet another public chemistry 
database and web-interface?



Improve chemistry linkages across 
EPA  Resources 

• NCCT ToxCast / EDSP Dashboards
• NCCT ACToR, ExpoCast, CPCat
• EPA Chemical Safety & Sustainability (CSS) research
• EPA Substance Registry System (SRS)
• EPA Integrated Risk Information System (IRIS)
• EPA Office of Pesticides (Inerts, Active Ingredients)
• EPA Endocrine Disruption Screening Program (EDSP)
• EPA Office of Water’s Chemical Contaminants List
• EPA Office of Pollution Prevention & Toxics ChemView
• EPA EcoTox, WebICE, etc.
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Lots of CAS-name lists !!



Using Chemistry to improve linkages 
across EPA  Resources 

5

Exact name/CAS 
match only
Exact name/CAS 
match only



Using Chemistry to improve linkages 
across EPA  Resources 
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Using Chemistry to improve linkages 
across EPA  Resources 
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Using Chemistry to improve linkages 
across EPA  Resources 
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EPA ACToR – CAS List Meshing
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• Structures retrieved from DSSTox by 
CAS, if available, by PubChem, if not 

• No curation, same data quality as public 
sources

• Original DSSTox (25K)  ACToR (500K)

• Structures retrieved from DSSTox by 
CAS, if available, by PubChem, if not 

• No curation, same data quality as public 
sources

• Original DSSTox (25K)  ACToR (500K)



 Focus on environmental chemicals

 Focus on data quality

 Better support EPA research & chemical 
regulatory programs

Why build yet another public chemistry 
database and web-interface?



DSSTox Update
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DSSTox_v1 DSSTox_v2
 Convert DSSTox tables to MySQL
 Develop curation interface & 

cheminformatics workflow
 Expand chemical content 
 Web-services & Dashboard access

 Manually curated 25K substance 
records 

 EPA-focus, environmental tox datasets
 Emphasis on accurate CAS-name-

structure annotations 
 Public resource for high-quality 

structure-data files (SDF)

 Manually curated 25K substance 
records 

 EPA-focus, environmental tox datasets
 Emphasis on accurate CAS-name-

structure annotations 
 Public resource for high-quality 

structure-data files (SDF)



How did we go from 25K to 735K 
chemicals while addressing EPA’s 

needs & quality concerns?



Building DSSTox_v2

DSSTox_v1

~21K
~5K

1:1:1 CAS:name:structure
No conflicts 
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ChemIDPubChemEPA 
ACToR

EPA-
relevant 

lists

~735K ~150K

>1M

~54K

~310K ~625K ~5K~16K~33K~101KDSSTox QC 
Levels:

Public_Med
Public_High DSSTox_High

DSSTox_Low
Public_LowPublic_Untrusted
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Why the concerns for data quality?



Chemical errors associated with 
toxicity information (ACS, 2009)



ToxCast chemical x assay counts 
summary (Jan 2016)

• >4000 EPA chemicals x up 
to 800 assay endpoints

• >9000 Tox21 chemicals x 60 
or more assay endpoints

• >4000 EPA chemicals x up 
to 800 assay endpoints

• >9000 Tox21 chemicals x 60 
or more assay endpoints

What’s in the bottle?



Tox Data & Use List Coverage of 
ToxCast Chemicals

• High frequency of ToxCast 
chemicals across multiple toxicity 
data & usage lists (x CAS)

• High frequency of ToxCast 
chemicals across multiple toxicity 
data & usage lists (x CAS)



ToxCast Chemical Library:
Quality Control Steps
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DSSTox chemical curation & registration

Analytical chemistry QC: 
ID, purity, stability, concentration

InChI Key checks: includes salt/hydrate form, stereo, 
stoichiometric complexes 

DSSTox QC levels 1&2 (highest quality manual curation) 

Structure normalization

Desalting, tautomer & functional group normalization, 
Optional: de‐duplicate, de‐stereo, remove metal‐containing compounds

1:1 CASRN‐name‐structure

Structure‐derived chemical descriptors, fragments & fingerprints for use in modeling

Computational processing

What’s in the bottle?



ToxCast Chemical Library:
Quality Control Steps
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What’s in the bottle?• 5% missing CAS or name, 1% missing both 
(structure only)

• Incidence/type of CAS-name conflicts from 
suppliers similar to that found in public lists

• 22% of supplier-provided structures 
conflicted with final DSSTox structure 
assignment after COA & curation review
 11% salt/hydrate discrepancies
 8% stereo/geometric isomer differences
 3% neither, suggest gross errors
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DSSTox_v2 CAS-Structure Sources: 
QC levels
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DSSTox_v2 Construction
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1) DSSTox_v1 (~22K)
 1:1 CAS-structure mappings
 Assign NOCAS_GSID 
 Related CAS & structure mappings (e.g., NOCAS, mixtures)

2) EPA SRS (~77K) 
 systematic name structure conversion
 internal CAS-structure conflicts (12.5%)
 ChemID conflicts (24% of 30K overlaps)
 DSSTox conflicts (8% of 6200 overlaps)  queue for curation

3) ChemID (~400K)
 internal CAS-structure conflicts (4.5%)
 PubChem conflicts (45% of 225K overlaps) … OUCH!!
 DSSTox conflicts (11% of 2300 overlaps)  queue for curation

4) And so on …

Data source load order:



DSSTox_v2 Totals
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e.g., structure mapping collision
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e.g., list curation problems

Functional 
Use DB: 

List of 176 CAS 
chemicals 
indicated for 
use as 
“Flame 
Retardants”

Raw file

9 invalid CAS 
(manual fix)

17 CAS, no 
name

10 duplicate 
names, 
different CAS

23 duplicate 
CAS, different 
names

Initial manual 
review, clean-up

152 cleaned 
list, no 
duplicates

121 CAS map 
to DSSTox_v2

32 CAS not 
found

store source CAS-names  
curator checks mapping

curator registers 32

15% CAS error or no name, 19% conflicts,18% CAS not found,
80% of cleaned list map to existing DSSTox_v2 content



e.g., non-targeted MS screening 
of environmental samples 

Valid CAS-substance?Valid CAS-substance?

Monoisotopic Mass

Formula

Parent structure
(no stereo, desalted)

 Resolve CAS-structure mappings for 
accurate data mapping

 Collapse sphere to collect all data at 
parent structure-formula level

DSSTox_v2 Database 
& Cheminformatics Layer

many:1

• Deleted CAS
• Invalid CAS
• Salt forms
• Complex forms
• Hydrate forms
• Approx mappings to mixtures
• Approx mappings to ill-

defined substances
• Stereoisomers
• Unresolved tautomers

CAS2 ?

CAS5 ?

CAS3 ?

CAS1 ?

CAS4 ?NOCAS?

Data1
Data2
Data3
Data4
Data5
Data6
Data7
Data8
Data9

CAS-Name-Structure “Sphere of Confusion”



ToxCast Chemical Library:
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What’s in the model?

• Tropsha et al., “Trust but verify”
• QSAR “cleaning” of structures 

for use in modeling

• Tropsha et al., “Trust but verify”
• QSAR “cleaning” of structures 

for use in modeling



KNIME structure-“cleaning” workflow
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Indigo

 Combine community approaches to structure processing
 Develop a flexible workflow to be used by EPA and shared publicly
 Process DSSTox files to create “QSAR-ready” structures

Publicly available cheminformatics 
toolkits in KNIME:

Slide courtesy of K. Mansouri

https://www.knime.org/knime

 Parse SDF, remove fragments
 Explicit hydrogen removed
 Dearomatization
 Removal of chirality info, isotopes and 

pseudo-atoms
 Aromatization + add explicit hydrogen 

atoms
 Standardize Nitro groups
 Other tautomerize/mesomerization
 Neutralize (when possible)

 Parse SDF, remove fragments
 Explicit hydrogen removed
 Dearomatization
 Removal of chirality info, isotopes and 

pseudo-atoms
 Aromatization + add explicit hydrogen 

atoms
 Standardize Nitro groups
 Other tautomerize/mesomerization
 Neutralize (when possible)



DSSTox Chemical Registration Tool



DSSTox List Curation Tool

Conflicts binned to facilitate curationConflicts binned to facilitate curation



Chemical 
Inventories & 
Data Sources

(DSSTox/ 
ACTOR)

DSSTox 
Chemical 
Structures

DSSTox 
Chemical 

IDs

Chemistry Foundation to Support 
Multiple NCCT & EPA Projects
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EPA SRS
(TSCA, EcoTox)

EDSP21

ToxCast/Tox21

CPCAT

ToxRef
1:1 mapping 
CAS:Name:structure

Quality scores

>700K substances

“Chemical 
Safety & 

Sustainability” 
(CSS) Public 

Web-
accessible 

Dashboards

Knowledge-
informed features 

& chemotypes

ToxCast/Tox21   
High-throughput 

screening (HTS) 
projects

CAS look-up
List curation tools

Chemical search by 
CAS-names
SMILES
Structures

Structure file 
downloads

PK/ADME model 
inputs & outputs

Structure “cleaning”
SAR-ready structure files

Structure-based predictions
Similarity searching

Fingerprints, feature sets

QSAR models; 
phys-chem properties

Phys-chem calc & 
measured properties



Building the Chemistry 
Software Architecture

External ServicesExternal Services
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iCSS Chemistry Dashboard

33

• Web interface supporting EPA’s Chemical Safety 
& Sustainability research (iCSS)

• To be released April 2016
• Will provide public access to DSSTox db
• Initially name/ID-based searching only …but



Componentizing API for Resolving 
Chemical Names/IDs

• Look familiar?
– ChemSpider, PubChem, ChEMBL, NCI Resolver …

• ONE reusable EPA component API that searches for Names 
and CAS Registry Numbers…

• … and SMILES, and InChIKeys, and recognizes invalid CAS 
Numbers, and converts SMILES when they aren’t in DB, etc. 
etc. 
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iCSS Chemistry Dashboard
Releasing in April 2016
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Formerly DSSTox GSID, new unique 
public substance ID, essential for 
RDF/semantic web applications



Build once, use many times
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• Componentizing functionality for reuse
• Adopting a common development framework



Synonym Sourcing & Chemical 
Name Searching

• Entering high-low quality chemical name synonyms for 
DSSTox (NO COLLISIONS ALLOWED!)

• 500,000 “synonyms” (names + IDs) loaded and growing
– DSSTox historical resources (Done)
– ChemID-Plus (Done)
– CAS Common Chemistry (Done)
– ChEBI (to come)
– ChemSpider Validated Synonyms (to come) 

• “Caffeine Fix” (used by ChemSpider & others) for partial & 
fuzzy name searching 
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Where are we now?

• Public iCSS Chemistry Dashboard to be released 
April 2016

• DSSTox External IDs created for RDF linkages 
wherever DSSTox content is used publicly

e.g. Atrazine: 
– DTXSID9020112 (DTXSID.cksum.0.GSID)

• Curation continues…
– Prioritized EPA and ACToR lists

• Coming over next year:
– Structure/substructure/similarity searching
– List searching, structure downloads
– Expanded webservices, open data & APIs
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How can others contribute & 
benefit?

• Chemically indexed content is crucial!

• Encourage use of DSSTox content, chemical list 
registration tool, and use of quality metrics for 
chemical annotations of data

• Greater linkages, use of web-services, standardized 
chemistry resources, cheminformatics

• But chemical indexing, linkages, and annotations are 
NOT enough 

 Quality of chemical-data annotations needs to 
be improved!!!
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A possible future for EPA …
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NCCT Contributors to DSSTox & Chemistry Dashboard


