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DSSTox Substances & Assays
Summary activities
Chemical data & Source link-outs
Publication of ToxRefDB, ToxCast & Tox21 

substances & summary assay results

Accurate chemical structure 
annotation, and the integrity and 
comparability of chemical information 
associated with bioassay and toxicity 
data, are essential for building 
cheminformatics capabilities in support 
of improved toxicity prediction models.  
The information takes two substantially 
different forms:

Generic chemical annotation
Chemical sample tracking

The DSSTox project is creating a high 
quality, computable, public toxico-
cheminformatics foundation for use in 
building structure-activity and data 
mining capabilities.  Within NCCT, 
DSSTox provides primary support of 
ToxCast and Tox21 test programs 
through chemical sample tracking and 
QC, linked to generic chemical 
inventories.  In addition, publicly 
available, extensible feature-based 
classifiers are being developed for use 
in model development.  These 
activities are in support of the broad 
questions:

What are key requirements for building 
a public toxico-cheminformatics
capability?

What are chemical structure-based 
determinants of toxicological activity?

DSSTox & Chemical Information Technologies in Support of Toxicity Prediction
Ann Richard1, Maritja Wolf2, Matthew Martin1, David Reif1, Richard Judson1

1U.S EPA, ORD, Computational Toxicology Research Program; 2Lockheed Martin – Contractor to the US EPA

Research Goals

Methods/Approach

Impact and Outcomes

Results & Conclusions

To create a high quality public toxico-
cheminformatics foundation to facilitate 
exploration of the structural basis for 
toxicological activity outcomes.

To build structure-based linkages of 
toxicological inventories to and from 
EPA and external Internet 
data/application resources.  

To set high standards for chemical 
reporting and representation in 
association with new testing programs, 
ToxCast and Tox21.

To encourage use of reactivity and 
feature-based chemical classifier 
representations, in conjunction with 
HTS assay data, to build new 
capabilities for predictive toxicology.  
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DSSTox files & activity representations used in 
SAR models, public database efforts (ToxML), 
and major on-line cheminformatics resources 
(ACToR, PubChem, ChemSpider)

DSSTox structure annotation of public 
repositories of microarray experiments enhancing 
access & utility; experiments can be located from 
within PubChem 

DSSTox setting standards for public reporting of 
structures & chemical information associated with 
toxicology; promoting basic QC requirements & 
public chemical registry

Providing high quality chemical information QC 
and cheminformatics support for ToxCast/Tox21 
projects; engaging external partners in donating 
properties, data, feature-based methods

New DSSTox inventory/data files include:
>> Chemical-treatment experiments for public 

microarray databases GEO and ArrayExpress
>> KIERBL: Laws et al ER binding study

Expanded linkages to external resources; 
standardized activity score & outcome for 
DSSTox summary activity “assays” in PubChem; 
full incorporation of structure content in ACToR 

DSSTox indexing of NTP & FDA CFSAN 
chronic, genetox, developmental databases; 
ToxML DevNeurotox, ILSI DevTox workgroups

High quality chemical annotation & QC, 
bridging generic and chemical sample levels for 
ToxRef, ToxCast & Tox21 projects

Expand DSSTox file offerings for new public 
toxicity datasets, chemical inventories and 
summary toxicity bioassay results from:
>> ToxRefDB, NTP, FDA CFSAN, literature

Create publishing forum for SAR modeling 
contributions to ToxCast/Tox21 efforts:
>>  descriptors, classifiers, chemical 

features, rxn features, tox alerts & predictions

Provide cheminformatics support to ToxCast/ 
Tox21 for building toxicity prediction models

Chemical Name

Science Question

e.g., Public Developmental Toxicity Database:  
Chemical Structure Overlaps (Singh et al, 2009)

CFSAN

Future Directions

Public Chemical Registry: ToxML DevNeuroTox, 
ILSI DevTox, FDA/CFSAN

Combined data files (EPA, FDA, NTP …)
Public feature-based classifiers & approaches
Publishing forum for public contributions to 

ToxCast/Tox21 (calculated properties, classifiers)

Reactivity-based 
chemical features

COA Checks & Analytical QCCOA Checks & Analytical QC

Bottle Table
Bottle code
DSSTox_RID
Chemical Name
Supplier
Catalog No ... Solution Table

Bottle code
Solution ID
MW
Concentration …

QC Table
Bottle code
Method
Purity %
Purity Bin …

ToxCast/Tox21 
Chemical 

Sample Tracking 
Database

ToxCast/Tox21 
Chemical 

Sample Tracking 
Database

ToxCast/Tox21 
Chemical 
Registry

ToxMinerToxMiner

>300 – 1000 chemicals,
>400 assays

>8000 chemicals,
<100 assays
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Linkage 
to HTS 
Assay 

Results

Activities
IC 50

ToxCast & Tox21 High-Throughput Screening 
& Prioritization Research Programs
ToxCast & Tox21 High-Throughput Screening 
& Prioritization Research Programs

CAS 
SMILES

InChI / Structure
Substance details

Chemical Source
Lot/Batch, COA

Solubility
Purity & Stability

EPA ACToR : Where are the data?

OH
Cl

NH2NH

N

N

N
P

NH
O

S O
ONN N

Cl

N N
O

O

NHS

What chemicals do 
we want to test?What chemicals 

can we test?

What data representations & 
resources are needed to support 
SAR & toxicity prediction efforts?

Public Files & Structure-
based

Linkages

What chemicals 
did we test?

What 
chemical 

did we 
test?

Name, MW, structure accurate
Correct salt, hydrate, isomer form
Purity <90%
Evidence for decomposition
Low solubility, hydrolysis
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External Partners

>15K High Interest

Chemical 
Procurement

OH
Cl

NH2NH

N

N

N
P

NH
O

S O
ONN N

Cl

N N
O

O

NHS

Cl

Cl

O

O

OH

OH

Cl

NH2NH

N

N

N

P
NHO

S O
O

NN N

Cl

N

OH

O

O

Cl

F

FF
N

+

O

O
-

N
O

O

NHS

Cheminformatics
Support

Minimal overlap in 
chemical space

Use greater generality & overlap in chemical 
feature space for building SAR associations

>250 Inventories
>500K chemicals
Tox data categories

How do we incorporate SAR 
concepts into ToxCast & Tox21?

DSSTox_CID
DSSTox_Generic_SID
DSSTox_RID
DSSTox_FileID

DSSTox Standard Chemical Fields
MolWeight, Formula
SMILES, Parent_SMILES
IUPAC, InChI, InChIKEY

TestSubstance_ChemicalName
TestSubstance_CASRN
TestSubtance_Description
ChemicalNote

STRUCTURE
STRUCTURE_Shown
TestedForm
ChemicalType
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>500 chemicals

COA Table
Bottle code
Name
Purity %
Lot No …

DSSTox 
Chemical 

Annotation
& QC

14 Published Data Files
>15K substances
>10K structures

Chemical 
Sample Details

Recommendations for 
improved standards of 
chemical reporting in 
toxicology journals

J. Gasteiger, 
C. Yang
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Recent Additions:
GEO & ArrayExpress Microarray
KIERBL (ER Ki binding)
ToxCast, NTPBSI Updates

Chemical 
Nomination Lists

DSSTox RID Table
RID
CID, Generic SID
Chemical Name, CAS
Structure ….

http://www.epa.gov/ncct/dsstox

ToxCast

Toxicology literature
Public databases 

Cheminformatics resources
Toxicity Experiments

Tox21

ToxRefDB
Generic Chemical
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In vivo Endpoints
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