
Office of Research and Development
National Center for Computational Toxicology

EPA’s Computational Toxicology Program:  
Innovation Powered by Chemistry

This work was reviewed by EPA and approved for publication but does not necessarily reflect official Agency policy.

Ann Richard
National Center for Computational Toxicology

Office of Research & Development
richard.ann@epa.gov

SUNY Buffalo, Chemistry Dept. Seminar, March 7th, 2019

mailto:richard.ann@epa.gov


Similarity Indices
Haloacetic acids

Past & present research at EPA:

Elucidate Experiment
Alachlor
NitroPAHs

NHMs
HMs
MX, butanoic acids
Halopropanes
Halopropenes

Qualitative
SAR

Organophosphates

MCASE
SAR

TOPKAT

DEREK

ONCOLOGIC
Azodyes
PAHs
DBPs

HAs
alcohols
Paracetamols
HAPs

Molecular Modeling:
Key reaction steps

HAs
Haloorganics
HMs, NHMs
TCE
haloethylenes

(Q)SAR

DSSTox
Cheminformatics

ToxCast Chemotype 
Data-mining



#1:

“Asking the right questions takes as much skill as 
giving the right answers.”

- Robert Half
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Toxicity Prediction Problem

SAR
structure-activity

relationships
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similar molecules have similar activities 
(except when they don’t!)

Structure-Activity Relationship (SAR) postulate:
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Structure-Activity Relationships (SAR)

H3C

active inactive

Methyl group leads to loss of carcinogenic activity

Activity = f (Structure)
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SAR Generalization

PAHs

bay region

steric hindrance

H3C

Class

activating feature

modulating feature

Statistical association
Mechanistic hypothesis

active

inactive
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Mechanisms of Toxicity

phenomenological 
changes

Animal Bioassays

Chemical Biological
Endpoint

In Vitro Bioassays

disrupt 
normal cell 
function

Molecular level interactions

target site 
interaction
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Structure-Activity Relationships

Biological
Endpoint

Chemical

Similar chemicals
Relative properties
Common mechanism of action

Molecular
Interaction
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Typical (Q)SAR Paradigm

vapor pressure
Solubility
Henry’s const

log P(octanol/water)
acidity

electronic/ steric
3D properties
reactivity indicators
interaction energies 

Activity = Constant * Probsite * Probrxn
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Mech 1

Mech 2

Mech 3

Mech 5

Toxicity
Endpoint

Chemical
Structures

Mech 4
Biological attributesChemical reactivity 

Global vs. Local SAR models

SAR1

SAR2
SAR3

SAR4

SAR5

SAR



#2:
Biology is complicated and 
predicting chemical toxicity is hard
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EPA’s data islands … circa 2000
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Distributed structure-searchable toxicity (DSSTox) 
database network: A proposal. Richard, A.M., Williams, 
C.R. Mut. Res., 499:27-52, 2002.

Improving structure-linked access to publicly available 
chemical toxicity information. Richard, A.M., Williams, 
C.R., Cariello, N. Curr. Opinion Drug Devel Discov., 
5:136-143, 2002.

DSSTox Website launch: Improving public access to 
databases for building structure-toxicity prediction 
models. Richard, A.M. Preclinica, 2:103-108, 2004.

EPA’s DSSTox Public Website – Launched 2004 

• Focus on environmental 
chemicals & EPA lists

• Toxicity datasets for building 
SAR models

• High quality, manually curated 
data-structure associations

• Downloadable structure files
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~20K records

Limitation:
Too Small;

Accessibility

Data1 CAS1 Name1                 Structure1

Data2 CAS2 Name2 Structure1

Data3 CAS3 Name3                 Structure3

Data4 CAS4              Name4                 Structure4

List

~20K records

Limitation:
Too Small;

Accessibility

Data1 CAS1 Name1                 Structure1

Data2 CAS2 Name2 Structure1

Data3 CAS3 Name3                 Structure3

Data4 CAS4              Name4                 Structure4

List

Errors in Data-Structure Linkages
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Chemical Structure Searching of Biological 
Information on the Internet

Richard A.M., Gold, L.S., Nicklaus, M.C. (2006) Chemical structure indexing of toxicity data on the 
internet: Moving towards a flat world. Curr. Opinion Drug Disc. Develop., 9(3): 314-325.



#3:
Importance of data quality
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Big Problems in Toxicology

20

Need for better mechanistic data
- What is human relevance
- What is the Mode of Action (MOA)?
- What is the Adverse Outcome Pathway (AOP)?

Too many chemicals to test with standard     
animal-based methods

–Cost, time, animal welfare 
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Future of Chemical Toxicity Testing

Cancer
ReproTox
DevTox
NeuroTox
PulmonaryTox
ImmunoToxBioinformatics/

Machine Learning

computational

HTS 
-omics

in vitro testing

$Thousands

+

EPAs Contribution:  The ToxCast Research Program



Drug Discovery

Chemical
Candidates,
Scaffolds,
Virtual libraries

Therapeutic
Endpoint

Chronic, Acute, Devel, 
Repro, Immuno, Neuro…tox

Chemical libraries
HTS screening
Bioprofiling
Chemical probes
Molecular profiling
Feature optimization
Cheminformatics
Chemogenomics
Systems biology
ADME

Toxicity 
Screening

Drugs, Industrial,
& Environmental

Chemicals

Polyfunctional

High dose
High specificity
High affinity

Polypharmacology

Low dose

Structure 
modification

Green 
chemistry Low specificity

Low affinity
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Human Relevance/ 
Cost/Complexity

Throughput/ 
Simplicity 

High-Throughput Screening Assays

10s-100s/yr

10s-100s/day

1000s/da
y

10,000s-
100,000s/da
y

LTS HTSMTS uHTS

batch testing of chemicals for pharmacological/toxicological endpoints 
using automated liquid handling, detectors, and data acquisition

Gene-expression
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24

ToxCast Assays
• Cell lines

– HepG2 human hepatoblastoma
– A549 human lung carcinoma
– HEK 293 human embryonic kidney

• Primary cells
– Human endothelial cells
– Human monocytes
– Human keratinocytes
– Human fibroblasts
– Human proximal tubule kidney cells
– Human small airway epithelial cells
– Rat hepatocytes
– Mouse embryonic stem cells (Sid Hunter)

• Biotransformation competent cells
– Primary rat hepatocytes
– Primary human hepatocytes

• Assay formats
– Cytotoxicity
– Reporter gene 
– Gene expression
– Biomarker production
– High-content imaging for cellular phenotype

• Protein families
– GPCR
– NR
– Kinase
– Phosphatase
– Protease
– Other enzyme
– Ion channel
– Transporter

• Assay formats
– Radioligand binding
– Enzyme activity
– Co-activator recruitment

Cellular Assays
Biochemical Assays

~1200 Total 
Endpoints

Primarily Human / Rodent
Exception: Zebrafish development (S. Padilla)
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ToxicityCell
Changes

Molecular
Targets

Tissues

Cellular
Networks

Cellular Systems
Tissue
Dose

Molecular
Pathways

Predicting Toxicity: Toxicologist perspective







Biochemical 
HTS

Cell-Based 
HTS

Complex 
Cellular and 

HCS HTS

Model 
Organism 

MTS


Virtual Tissues
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su
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implies biological similarity
limited to local chemistry

Structure similarity:

implies mechanistic similarity
can link diverse local 

chemistries to common 
biological activities

HTS bioactivity similarity:
C

he
m

ic
al

s

Assays
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Structure vs. Bioactivity Similarity
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Structures

In Vitro/HTS

In Vivo

Existing knowledge

Reactivity & toxicity-
informed 

features & local 
chemistry 
domains

Biologically-based QSAR 
& Cheminformatics

Curation, 
aggregation

Model mechanistically 
well-defined

toxicity endpoint

Data-mining

Adverse Outcomes:
> Pathways

> Genes
> Assays

+ Statistical
associations

Toxicity Prediction Challenge
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Chemical “probes” of biological activity

• Use existing knowledge & SAR to mine HTS data

• Use HTS data to inform & refine SAR models & approaches

• Use all of these data to improve ability to model toxicity

Chemicals

HTS-In vitro

ToxCast
Tox21
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Standards
Ontologies
Databases
Informatics
User-interfaces
Public access

Bioassay Data

ToxRef DB, NTP, IRIS, etc

ToxCast:  “Big Data” Informatics Challenges

Biochemical, Cell-based, …

HTS Data                  

Chemical Structures
N

N
NH

O

O

NH

O

CH3

CH3

O

N

O

S
Cl

Cl
Cl

Cl

Cl

O

O

OH
P

NH
O

S O
O

CH3

CH3

CH3

http://www.soapp.com/soapp/ct/workstation/features/piping_screen.htm
http://images.google.com/imgres?imgurl=http://www.slashfilm.com/wp/wp-content/images/rat6.jpg&imgrefurl=http://cookedart.blogspot.com/2007_05_01_archive.html&h=6182&w=4960&sz=3020&hl=en&start=8&tbnid=s1trQV8XrAIqDM:&tbnh=150&tbnw=120&prev=/images?q%3Drat%2Bclip%2Bart%26gbv%3D2%26hl%3Den
http://images.google.com/imgres?imgurl=http://static.flickr.com/28/49563237_b867154fcd_o.jpg&imgrefurl=http://www.squidoo.com/cuteanimal&h=680&w=907&sz=188&hl=en&start=16&tbnid=8y-dXQhfReAizM:&tbnh=110&tbnw=147&prev=/images?q%3Dhamster%2Bclip%2Bart%26gbv%3D2%26hl%3Den%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.biochem.wisc.edu/medialab/clipart/Mouse_white.gif&imgrefurl=http://www.biochem.wisc.edu/medialab/clipart.aspx&h=228&w=749&sz=25&hl=en&start=5&tbnid=Dtb0qx6A3oM7fM:&tbnh=43&tbnw=141&prev=/images?q%3Dmouse%2Bclip%2Bart%26gbv%3D2%26hl%3Den
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ACToR/InVitroDB

Solution ID 
Plate ID

Plate Address ID

DSSTox RID Assay name
Assay details
Assay outcome

ChemTrack Database

DSSTox RID
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Solution ID ( QC ID)

Chemical structure - CID
Substance details - SID
Project inventory record - RID
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ToxCast/Tox21 Chemical Registry
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Chemical Sample Registration Workflow

EPA places 
chemical 
orders Procure 2x100mg 

compound in tared, 
barcoded vials

Store 
neat

Solubilize 
in DMSO+

Partition 
to Matrix 

racks

Solution 
Plates

Insoluble
Review COA

QC structure

Register in 
DSSTox 
Inventory

Register in 
Sample Tracking 

Database

X
Bottle IDs

Remove from 
DSSTox

Update

Solution IDs

Update

Assay
Providers

ACToR/
ToxMiner

NCGC
ToxCast

Plate Address

Plate ID

Assay Results

Analytical QC

Analytical QC
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Chemical Representations supporting 
Data Integration

Structure

Generic 
Substance

Test 
Sample

Chemical Name
CASRN

Supplier, Lot/Batch, 
physical description

Features
Properties

Chemotypes, fingerprints, 
phys-chem properties, ...

SMILES
InChI

Experimental
Endpoint Data

Public toxicity 
datasets

Structure searching 
& modeling

Chemical analogs, 
Read-across,
SAR modeling



ToxCast HTS data

34

• >4000 EPA chemicals x 
>1200 assay endpoints

• >9000 Tox21 chemicals x 
>1000 assay endpoints

Estimate > 4 million   chemical-
assay data points!!!



The ToxCast library: 
What’s in it and is it fit for the 

purpose it was designed?
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ToxCast Chemical Landscape

DOI: 10.1021/acs.chemrestox.6b00135

ChemResToxicol., 2016, 29, 1225−1251

Open Access Perspectives article and 
Supporting Info files available for free 
download at:
http://pubs.acs.org/doi/abs/10.1021/acs.chem
restox.6b00135

http://pubs.acs.org/doi/abs/10.1021/acs.chemrestox.6b00135
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ph1_v2, E1K reference chemicals

EPA ACToR
EPA DSSTox

EPA Program Offices
OECD, EU

Stakeholder Nominations

~19K~7K~4400

EPA’s Tox21/ToxCast Phase II Chemical Nominations (>100 lists)

Candidates for 
procurement

Able to procure

EPA Tox21

ph1v2
ph2 
E1K Donated chemicals (incl. 135 failed drugs)

37261860
NUMBER OF CHEMICALS

Complex mixtures, polymers
Ill-defined substances
No structure available
Insoluble (est. LogP)
Volatile (est. Vapor Pressure)
Too reactive, explosive
Inorganics, radioactive, etc.

38%

Unable to procure 
or cost prohibitive 

37%

DMSO insoluble
Volatile15%

Building EPA’s ToxCast library



ToxCast Chemical Coverage: 
Use, Exposure, Toxicity

Phase I:
Pesticides
In vivo-rich

Phase II (ph2,E1K):
In vivo-rich; donated failed drugs; 
EDSP21; high diversity, coverage 

of toxicity space

Phase III (ph3):
Toxicity reference chemicals; EDSP21; 
extend coverage of industrial chemicals

# lists /chemical15
10

5

Consumer Use 
Colorant 

Fragrance 
Personal Care 

Inert 
FDA EAFUS 
FDA GRAS 

EDSP21 
IRISTR 

Antimicrobial 
Pesticide 

Pharmaceutical 
FDAMDD drugs 

EPA_IUR 
NHANES 

Chem Industrial 
HPVCSI 

COSMOS 
NTPBSI 

CPDBAS 
TOXREF 
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ToxPrint inventory profile 
comparisons (scaled)

ChemResToxicol., 2016, 29, 1225−1251



Comparison to potential target inventories 
based on computed properties

ChemResToxicol., 2016, 29, 1225−1251



Solutions

Bottles

Supplier/Lot/Batch

Reported (actual) purity

DMSO Soluble (or not)

Supplier-provided info (or 
lack thereof)

Volatility 
(missing sample)

Valid Structures
Accurate substance annotation

CAS – Name - Structure

DSSTox Substance-
Structure DB

Chemical & Data Quality Issues

ToxCast & Tox21 
Sample Inventory DB

Solutions

Compound
Libraries

Bottles

Supplier/Lot/Batch

COA - method/purity

DMSO solubility

Supplier-provided info

Volatility

Stability, age of sample

Supplier lot/batch variability



ToxCast Chemical Library:
Quality Control Steps

0 2000 4000 6000 8000 10,000 12,000 14,000 16,000

Ph
ys

ic
al

 
Sa

m
pl

es

Numbers of Samples/Substances/Representations

G
en

er
ic

Su
bs

ta
nc

es
M

od
el

in
g

Re
pr

es
en

ta
tio

ns

Supplier/Lot Bottles

Stock Solutions

Unique CASRN-name

Unique Structures

QSAR-ready 
Structures

COA/MSDS supplier documentation review

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?

• 22% of supplier-provided structures conflicted 
with final DSSTox structure after COA & 
curation review
 11% salt/hydrate discrepancies

 8% stereo/geometric isomer differences

 3% neither, suggests gross errors



Tox21 and ToxCast Chemical Library 
Analytical QC Results (8/2015)

Results as of 8/2015

Inconclusives
34%

Problems
14%Degrade

2%

Pass 
(50%)

Tox21_QC_Sum-GSID (8593 total) 
• 50% pass purity/ID/concentration checks
• A third(34%) of library pose analytical QC 

challenges (LCMS and GCMS only)
• 2% degrade after 4 months under testing 

conditions
• 14% problems - purity (<75%), ID and/or 

low concentration (<30% of expected [C])

 Which chemicals have QC issues? (e.g., SVOCs?)

 Which chemicals were not analyzed? (e.g., mixtures, inorganics, etc.)

 How are HTS activity profiles linked to QC?



ToxCast HTS data

44

• >4000 EPA chemicals x 
>1200 assay endpoints

• >9000 Tox21 chemicals x 
>1000 assay endpoints

Estimate > 4 million   chemical-
assay data points!!!

Which chemical-assay data points 
can we trust?



#4:
Importance of data quality



DSSTox Update

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

cheminformatics workflow
 Expand chemical content 
 Web-services & Dashboard access

25,000
substances

750,000
substances



Building DSSTox_v2

DSSTox_V1

~24K
~5K

1:1:1 CASRN-name-structureAutoloads:
no conflicts 

allowed

Curation Queue

Environmental/Toxicity/Exposure Relevance

Manually 
curatedEPA

SRSChemIDPubChem

EPA ACToR

EPA-
relevant lists

~742K ~160K

>1M

~56K
>300K ~582K ~5K~19K~32K~104KDSSTox 

qc_levels:
Public_Med

Public_High DSSTox_High
DSSTox_Low

Public_Low
Public_Untrusted

(300K 
conflicts 
detected -
not loaded)



e.g., structure mapping collision

48



DSSTox_v2 Totals

DSSTox_v2

P
ub

lic
C

ur
at

ed

5. Low

2. Low

6. Untrusted

1. High

3. High

4. Med

7. Incomplete

QC Level Totals (12Jun2015)

- highest confidence               

Public_Untrusted

Public_Low

Public_Medium

Public_High

DSSTox_Low

DSSTox_High 4535
16K

33K

101K
584K

~ 310K pending
~ 150K pending

~ 150K  substances in 
top 4 QC quality bins

(single source)
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ChemReg Curation Interface
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List Curation Interface



#5:
Importance of data quality



Now that we’ve spent 10 years building 
the ToxCast sample library, how else 

can we use it?



ToxCast Chemical Coverage: 
Use, Exposure, Toxicity

Phase I:
Pesticides
In vivo-rich

Phase II (ph2,E1K):
In vivo-rich; donated failed drugs; 
EDSP21; high diversity, coverage 

of toxicity space

Phase III (ph3):
Toxicity reference chemicals; EDSP21; 
extend coverage of industrial chemicals

# lists /chemical15
10

5

Consumer Use 
Colorant 

Fragrance 
Personal Care 

Inert 
FDA EAFUS 
FDA GRAS 

EDSP21 
IRISTR 

Antimicrobial 
Pesticide 

Pharmaceutical 
FDAMDD drugs 

EPA_IUR 
NHANES 

Chem Industrial 
HPVCSI 

COSMOS 
NTPBSI 

CPDBAS 
TOXREF 

 

Can diverse set of ToxCast chemicals provide 
useful “surrogate” of complex environmental 

sample for NTA screening trial?



ENTACT Mixture Trial

55

Chemicals in Mix 1-8 (amenable):
• “Grade A” analytical QC results (LC/GC only)
• single DSSTox structure 

Chemicals in Mix 9,10 (challenging):
• contain isomeric & isobaric cmpds
• contain cmpds graded as <80% purity

~4500 Substances

1269 unique ToxCast chemicals used to 
construct 10 mixtures



DSSTox
chemical 

substance 
database

{CAS-name}

1:1

Inventory/Data

{structure}

{formulas}

{MS-ready structures}

MI 
mass

1:many

1:many

Chemical 
structures

{mono-isotopic
mass}

Cheminformatics view of 
non-targeted testing problem

water

dust

air

upholstery

toys

clothes

carpet

blood
serum

Thousands of mass ion 
peaks & abundances

What’s in the sample?
& 

Should I be worried?

Exposure? Toxic?

Exposome

CID 
structure

Suspect testing, 
physical standardsENTACT



#6:
Controlling a sample library and 
data foundation grants …



Returning to the challenge of mining 
our data and predicting toxicity…
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Structures

In Vitro/HTS

In Vivo

Extremely diverse
“environmental-

exposure” 
landscape,

metals,
mixtures 

Limited data, large 
knowledge gaps,

experimental 
uncertainty

Missing targets,
dose-limited, 

lack of metabolic 
capability,

sample QC,
Noisy data!

Toxicity prediction is still hard!

Toxicity Prediction Challenge

Existing knowledge



ToxCast HTS data

60

• Noisy data
• Tested at same top conc
• Assay artifacts
• Low hit rates
• Very diverse chemistries
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Building a public chemotype
“knowledge- base”

Chemicals

HTS-In vitro

ToxRef
COSMOS

ToxCast
Tox21

Use categories
Fate & Transport
ADME

Reactivity
Biotransformation

Phys-chem 
properties

Biological 
activities

52
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729 features important to EPA & FDA’s “chemical exposure” landscape and safety 
assessment workflow

ToxPrints: http://www.toxprint.org

Chemotyper: http://www.chemotyper.org

Groups & Scaffolds Bonding 
Patterns

Chains

Atom types

Binary fingerprint file

Windows desktop 
application

ToxPrints: A Public Set of Chemotypes

 Clear, reproducible means for 
defining regions of local chemistry.  

http://www.toxprint.org/
http://www.chemotyper.org/


Concept of Enrichment: 
Focus & Amplify to See

63
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Concept of Enrichment: 
Focus & Amplify to See



w/ Tom Knudsen (NCCT), Bhavesh Ahir, NCCT (ORISE)

• 42 FRs amenable to HTS included in ToxCast Ph3 & Tox21

Are there enriched chemotypes within 
this Flame Retardant subset relative 
to ToxCast & Tox21?

{CT}FR

37

Chemotype Enrichment, 
e.g. Flame Retardant (FR) Use Category



Chemotype Enrichment, 
e.g. Flame Retardant (FR) Use Category

w/ Tom Knudsen (NCCT), Bhavesh Ahir, NCCT (ORISE)

Explore ToxCast-Tox21 
inventories around this 
chemotype (5/42, 12%)

{CT}Tox21-FR



67

Chemotype present in 9 Chlorendic 
Acid analogs in ToxCast (9/1892, 0.4%)

www.chemotyper.org

Chlorendic Acid –
used as an 
intermediate in FR 
production

5/10 are FR 
chemicals



w/ Tom Knudsen (NCCT), Bhavesh Ahir, NCCT (ORISE)

{CT-Assay}ToxCast-FR

Significant {CT-Assay}ToxCast-FR associations 
potentially related to developmental outcomes 



In Vitro HTS {CT-Assay}ToxCast.Tox21

Tox21

Chemotype-Activity Enrichments

ToxPrint Chemotypes

{CT}Tox21

+

+ In vivo

 Create {CT-Activity} enrichment profiles for any “active” subspace of a test set
 Focus studies in local CT domains & compare enrichments across data domains

Chemical “abstraction” layer



Computing CT-Assay “Enrichments” 

70

Set statistical thresholds & filters for significance to support 
data-mining objectives:

 Odds Ratio ≥ 3, conveys simple fractional enrichment
 Fischer’s exact p value ≤ 0.05, takes into account size of dataset
 Tpos (TP) ≥ 3, require at least 3 chemicals with CT in Positives

CTTot = total # chems in TestSet w/ CT (Pos or Neg)
TP (Tpos) = # Pos in TestSet w/ CT
FP (Fpos) = # Neg in TestSet w/ CT 
FN (Fneg) = # Pos in TestSet w/o CT
TN (Tpos) = # Neg in TestSet w/o CT

TestSet = # Pos + # Neg = # chems tested



Generate CT-Enrichment Table Results

Store CTEW 
results in DB 

qsarDB

Generate fingerprints

ToxPrints

Generate binary 
“Hitcall Matrix”

DSSTox

MySQL DB

invitroDB

Automated Chemotype-Enrichment 
Workflow (CTEW)

71

ToxCast 
assays

Calculate enrichment 
statistics

Slide courtesy of Ryan Lougee
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Assays x Enriched CT count

Enriched CT-counts across 1032 assays

0

20

40

60

80

100

120

TO
X

21
_G

R
_B

LA
_A

go
ni

st
_r

at
io

TO
X

21
_M

M
P_

ra
tio

_d
ow

n
TO

X
21

_p
53

_B
LA

_p
3_

vi
ab

ilit
y

TO
X

21
_p

53
_B

LA
_p

3_
ch

2
TO

X
21

_E
R

a_
BL

A
_A

go
ni

st
_c

h2
TO

X
21

_G
R

_B
LA

_A
go

ni
st

_c
h2

TO
X

21
_P

P
AR

d_
BL

A_
ag

on
is

t_
ra

tio
TO

X
21

_A
R

_B
LA

_A
nt

ag
on

is
t_

vi
ab

ilit
y

AT
G

_D
R

4_
LX

R
_C

IS
_d

n
AT

G
_A

P
_1

_C
IS

_u
p

AT
G

_G
LI

_C
IS

_u
p

AT
G

_C
R

E
_C

IS
_u

p
BS

K_
LP

S_
C

D
40

_d
ow

n
BS

K_
C

A
SM

3C
_P

ro
lif

er
at

io
n_

do
w

n
BS

K_
4H

_P
se

le
ct

in
_d

ow
n

BS
K_

K
F3

C
T_

IL
1a

_d
ow

n
BS

K_
3C

_T
is

su
eF

ac
to

r_
do

w
n

BS
K_

3C
_H

LA
D

R
_d

ow
n

BS
K_

hD
FC

G
F_

C
ol

la
ge

nI
II_

do
w

n
BS

K_
4H

_V
C

AM
1_

do
w

n
Ta

ng
ua

y_
ZF

_1
20

hp
f_

Ac
tiv

ity
Sc

or
e

TO
X

21
_E

LG
1_

LU
C

_A
go

ni
st

_v
ia

bi
lit

y
TO

X
21

_R
A

R
_L

U
C

_A
nt

ag
on

is
t_

vi
ab

ilit
y

TO
X

21
_H

R
E

_B
LA

_A
go

ni
st

_r
at

io
TO

X
21

_E
R

b_
BL

A
_A

go
ni

st
_v

ia
bi

lit
y

TO
X

21
_F

XR
_B

LA
_a

nt
ag

on
is

t_
vi

ab
ilit

y
TO

X
21

_R
T_

H
E

PG
2_

G
LO

_0
0h

r_
ct

rl_
vi

ab
ilit

y
TO

X
21

_H
2A

X_
H

TR
F_

C
H

O
_A

go
ni

st
_r

at
io

TO
X

21
_E

R
R

_A
nt

ag
on

is
t

TO
X

21
_F

XR
_B

LA
_a

go
ni

st
_r

at
io

TO
X

21
_E

R
a_

LU
C

_B
G

1_
An

ta
go

ni
st

2_
vi

ab
ilit

y
TO

X
21

_R
T_

H
E

K2
93

_G
LO

_0
8h

r_
vi

ab
ili

ty
TO

X
21

_R
T_

H
E

K2
93

_G
LO

_1
6h

r_
vi

ab
ili

ty
TO

X
21

_P
G

C
_E

R
R

_A
nt

ag
on

is
t

TO
X

21
_P

R
_B

LA
_A

nt
ag

on
is

t_
vi

ab
ilit

y
TO

X
21

_M
M

P_
ra

tio
_u

p
BS

K_
K

F3
C

T_
TG

Fb
1_

do
w

n
TO

X
21

_A
C

hE
_I

nh
ib

iti
on

_F
lu

or
TO

X
21

_R
A

R
_L

U
C

_A
go

ni
st

LT
EA

_H
ep

aR
G

_I
L6

_u
p

TO
X

21
_R

T_
H

E
PG

2_
FL

O
_1

6h
r_

ct
rl_

vi
ab

ilit
y

LT
EA

_H
ep

aR
G

_C
Y

P3
A

4_
up

LT
EA

_H
ep

aR
G

_C
Y

P2
C

9_
dn

BS
K_

C
A

SM
3C

_S
AA

_u
p

LT
EA

_H
ep

aR
G

_C
C

N
D

1_
up

LT
EA

_H
ep

aR
G

_F
O

XO
1_

up
AT

G
_E

R
a_

TR
AN

S
_d

n
LT

EA
_H

ep
aR

G
_I

G
F1

_d
n

TO
X

21
_R

T_
H

E
K2

93
_F

LO
_1

6h
r_

vi
ab

ilit
y

LT
EA

_H
ep

aR
G

_F
AB

P1
_u

p
AT

G
_M

yc
_C

IS
_d

n
LT

EA
_H

ep
aR

G
_N

FK
B1

_u
p

AT
G

_G
AT

A_
C

IS
_u

p
LT

EA
_H

ep
aR

G
_F

AS
N

_d
n

AP
R

_H
ep

G
2_

p5
3A

ct
_7

2h
_u

p
LT

EA
_H

ep
aR

G
_A

B
C

G
2_

up
BS

K_
B

E3
C

_M
M

P
1_

do
w

n
BS

K_
C

A
SM

3C
_S

R
B_

do
w

n
AT

G
_S

p1
_C

IS
_d

n
LT

EA
_H

ep
aR

G
_H

M
G

C
S2

_d
n

AT
G

_C
M

V_
C

IS
_d

n
BS

K_
B

E3
C

_M
M

P
1_

up
AT

G
_H

SE
_C

IS
_d

n
Ta

ng
ua

y_
ZF

_1
20

hp
f_

M
O

R
T_

up
AT

G
_N

R
F2

_A
R

E_
C

IS
_d

n
O

TV
AL

A
_A

R
_G

FP
hy

pe
rs

pe
c_

10
80

_C
el

lC
ou

nt
_u

p
BS

K_
3C

_I
L8

_d
ow

n
BS

K_
hD

FC
G

F_
EG

FR
_d

ow
n

LT
EA

_H
ep

aR
G

_C
Y

P3
A

5_
dn

AT
G

_m
PX

R
_X

SP
2_

up
AT

G
_p

53
_C

IS
_u

p
LT

EA
_H

ep
aR

G
_C

A
SP

8_
dn

TO
X

21
_E

R
a_

LU
C

_B
G

1_
Ag

on
is

t
AT

G
_V

D
R

_T
R

AN
S_

up
LT

EA
_H

ep
aR

G
_I

L6
R

_d
n

N
VS

_E
N

Z_
rC

O
M

T
C

LD
_A

BC
B1

_4
8h

r
AP

R
_H

ep
G

2_
C

el
lL

os
s_

72
h_

dn
LT

EA
_H

ep
aR

G
_A

C
LY

_d
n

LT
EA

_H
ep

aR
G

_X
B

P1
_u

p
AT

G
_M

_0
6_

TR
A

N
S_

dn
LT

EA
_H

ep
aR

G
_B

A
D

_d
n

AT
G

_z
fE

R
1_

X
SP

2_
up

AT
G

_V
D

R
_T

R
AN

S_
dn

AP
R

_H
ep

G
2_

M
ito

M
em

bP
ot

_7
2h

_u
p

Ta
ng

ua
y_

ZF
_1

20
hp

f_
AX

IS
_u

p
TO

X
21

_A
ut

oF
lu

or
_H

E
K2

93
_M

ed
ia

_b
lu

e
BS

K_
4H

_V
EG

FR
II_

up
LT

EA
_H

ep
aR

G
_N

Q
O

1_
dn

C
LD

_G
ST

A2
_4

8h
r

BS
K_

3C
_H

LA
D

R
_u

p
LT

EA
_H

ep
aR

G
_D

D
IT

3_
dn

C
EE

TO
X_

H
29

5R
_E

S
TR

O
N

E_
dn

C
EE

TO
X_

H
29

5R
_A

N
D

R
_d

n
BS

K_
S

Ag
_C

D
40

_u
p

LT
EA

_H
ep

aR
G

_C
Y

P2
C

9_
up

C
LD

_C
Y

P1
A

1_
48

hr
AT

G
_R

O
R

E_
C

IS
_d

n
LT

EA
_H

ep
aR

G
_C

Y
P1

A
2_

up
ST

EM
IN

A_
H

9_
O

R
N

C
YS

SI
Sn

or
m

_R
AT

IO
_d

n
C

EE
TO

X_
H

29
5R

_P
R

E
G

_n
oM

TC
_u

p
O

TV
AL

A
_E

R
a_

G
FP

ER
aE

R
E

_0
06

0_
C

el
lC

ou
nt

_u
p

AT
G

_c
hE

R
a_

XS
P2

_u
p

BS
K_

3C
_I

L8
_u

p
LT

EA
_H

ep
aR

G
_G

AD
D

45
A_

up
AP

R
_H

ep
at

_D
N

AT
ex

tu
re

_2
4h

r_
up

BR
L_

C
H

O
_S

9_
hy

po
di

pl
oi

d_
fre

q_
up

AT
G

_f
rT

R
a_

TR
A

N
S_

XS
P1

_u
p

AT
G

_G
R

_T
R

AN
S

_d
n

BS
K_

B
E3

C
_P

AI
1_

up
LT

EA
_H

ep
aR

G
_S

LC
O

1B
1_

up
AP

R
_H

ep
at

_C
el

lL
os

s_
48

hr
_d

n
TO

X
21

_T
R

A_
C

O
A

_A
nt

ag
on

is
t_

Fo
llo

w
up

_c
h2

BS
K_

B
E3

C
_I

L1
a_

up
O

TV
AL

A
_A

R
_A

R
S

R
C

1_
04

80
_C

or
C

oe
f_

dn
LT

EA
_H

ep
aR

G
_P

TE
N

_u
p

AP
R

_H
ep

G
2_

N
uc

le
ar

Si
ze

_1
h_

dn
N

VS
_G

PC
R

_h
TX

A2
BS

K_
LP

S_
M

C
SF

_u
p

N
IS

_R
AI

U
_i

nh
ib

iti
on

AT
G

_f
rE

R
1_

XS
P

2_
up

AT
G

_H
IF

1a
_C

IS
_d

n
BS

K_
K

F3
C

T_
M

C
P

1_
up

LT
EA

_H
ep

aR
G

_A
FP

_u
p

C
LD

_A
BC

G
2_

6h
r

AT
G

_h
AR

_T
R

AN
S

_X
S

P1
_d

n
Al

b_
R

at
B_

A
BT

_0
7d

LT
EA

_H
ep

aR
G

_T
G

FA
_d

n
C

LD
_C

Y
P3

A
4_

6h
r

TO
X

21
_T

R
B_

B
LA

_A
go

ni
st

_F
ol

lo
w

up
_c

h1
AP

R
_H

ep
at

_L
ys

os
om

al
M

as
s_

24
hr

_u
p

AT
G

_c
hE

R
a_

TR
AN

S_
X

SP
1_

up
C

EE
TO

X_
H

29
5R

_P
R

O
G

_n
oM

TC
_d

n
BS

K_
B

E3
C

_T
G

Fb
1_

up
AP

R
_H

ep
at

_S
te

at
os

is
_1

hr
_u

p
N

VS
_E

N
Z_

hP
I3

Ka
_A

ct
iv

at
or

AT
G

_t
rA

R
_T

R
AN

S_
XS

P
1_

dn
AP

R
_H

ep
at

_D
N

AD
am

ag
e_

24
hr

_d
n

AT
G

_z
fA

R
_X

SP
2_

up
AT

G
_M

06
_X

SP
2_

dn
AT

G
_M

61
_T

R
AN

S
_X

S
P1

_u
p

Al
b_

H
um

B_
no

AB
T_

02
d

ToxCast assays (aeids)

Significant CT-enrichments across ToxCast assay space considered 
“unmodelable” by traditional “global” QSAR methods

“Global” QSAR models* 
for 167 ToxCast Assays
Avg % Median BA = 0.67

“Global” QSAR models failed for 86% of ToxCast Assays

*Random Forest models based on ToxPrint CT descriptors, validated using 
independent Test Set & Y-randomization, with Training (100A,100I) & Test 
(25A,25I) Set minimums (J. Fitzpatrick)
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Enriched CT-count per assay trends
(1032 assays)

Total enriched CTs

N
um

be
r o
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ss
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s

Does # enriched CTs depend 
on test set size?  YES!

63 assays 
enriched with 

50-59 CTs

Test set size (scaled)
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30-39 CTs enriched in 
assays with avg Test 
Set size 2264 chems
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Does # enriched CTs depend 
on %Actives?  Not so much.

Total enriched CTs

%
Actives in Test Set



Tuning biology to pick up 
chemical “signal”

CT Enrichments of Time-series* “Assays”

“Tuning” biology to 
increase CT 

enrichments 
increases 
biological-

chemical “signal” 

* 95 Assays out of 1032 total are within time-series groups

• How are {CT-assay} enrichments affected by cell 
toxicity (“burst”) filters?

• How are {CT-assay} enrichments affected by 
activity threshold assumptions?  



Tuning chemistry to pick up 
biological “signal”

Assay Enrichments of chemistry-series groups

“Tuning” chemistry 
specificity to 

increase 
chemical-assay  

“signal” 
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What about the “Inactives”?
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CT-assay pairs # unique assays # unique CTs

CT-Active CT-Inactive

More “CT-signal” in Actives, but 
significant amount of signal in Inactives

• Span ToxCast assay space
• More frequently occur in assays 

with fewer Active CT-enrichments
• May be due to several factors:

• True inactivity
• Assay artifacts
• QC failure

Inactive CT-enrichments 
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assay count (CT-Active enrichment) - 479 Total CTs

assay count (CT-Inactive enrichment) - 375 Total CTs
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assay count (CT-Active enrichment) - 479 Total CTs

assay count (CT-Inactive enrichment) - 375 Total
CTs

Top 10 enriched CT-Inactives
(skewed from actives)

CT-Inactive >75 assays, 
CT-active <10 assays

Inactive CT-enrichments 

Txp CT Name
assay count 
(CT-Active 
enrichment)

assay count 
(CT-Inactive 
enrichment)

Txp-101 bond:CN_amine_pri-NH2_aromatic 3 84
Txp-145 bond:CX_halide_alkyl-Cl_ethyl 0 79
Txp-260 bond:P~S_generic 1 94
Txp-362 bond:metal_metalloid_oxy 2 96
Txp-372 bond:metal_metalloid_Si 6 99
Txp-374 bond:metal_metalloid_Si 6 116
Txp-496 chain:oxy-alkaneLinear_ethyleneOxide_EO1(O) 5 91
Txp-497 chain:oxy-alkaneLinear_ethyleneOxide_EO2 6 127
Txp-607 ring:hetero_[4]_N_beta_lactam 1 118
Txp-663 ring:hetero_[6]_N_triazine_(1_3_5-) 2 234

• True inactivity?
• Assay artifacts?
• QC failure?

_organo
_oxy



ToxPrints enriched in Fails
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bond:N
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Top 30 CTs enriched in QC “Fails” (vs. Scaled Pass)

Scaled Pass FailsTxp-551 (22-I,11-A aeids)

Txp-554 (50-I,1-A aeids)

# 
C

he
m

ic
al

s

Top 30 CTs represented in 454/1130 (40%) QC “Fails”

Metals likely fail due to method-
inadequacies, some very promiscuous



Detection Technology Type:
Fluorescence
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Fluorescence: Detection techniques that use the principles 
of fluorescence, whereby incident light excites a fluorophore 
which then emits light at lower energy (higher wavelength). 
The emitted light is typically from the visible portion of the 
UV-Visible spectrum. 

Fluorescence intensity: 601
FRET/ TR-FRET: 8
Fluorescence polarization: 1



CT Enrichments in 
Fluorescence Assays
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ToxPrints

CT’s enriched (much more likely to be active) in “Fluorescence Assays” 
than in remaining assays



#7:  
Until we understand the limits of our 
data, we can’t make best use of it.



Building a public chemotype 
“knowledge- base”

HTS-In vitro

ToxRef
COSMOS

ToxCast
Tox21

Chemicals

Chemicals

DSSTox_v2

Biological
Data

Fate & Transport
ADME

Reactivity
Biotransformation

Phys-chem 
properties

Biological 
activities

Measured
Properties

Models

ACToR
Inventories CPCat, Use

Exposure

Exposure
Data

Toxicity Predictions
Structure-alerts



Office of Research and Development
National Center for Computational Toxicology

EPA’s CompTox Chemicals Dashboard

https://doi.org/10.1186/s13321-017-0247-6
J. Chem. Inf. 2017, 9: 61-88.

Open Access free download at:

https://jcheminf.biomedcentral.com/article
s/10.1186/s13321-017-0247-6

https://doi.org/10.1186/s13321-017-0247-6




85



86



Office of Research and Development
National Center for Computational Toxicology

EPA’s CompTox Dashboard
williams.antony@epa.gov

National Health and Nutrition Examination Survey 
( NHANES ) Inferences (mg/kg-bw/day)

Ages 6-11 Ages 65+ BMI > 30 BMI < 30 Females Males Total

Min 6.82e-04 5.12e-04 6.57e-04 9.81e-04 1.51e-03 4.64e-04 8.95e-04

Max 1.01e-03 7.95e-04 8.41e-04 1.14e-03 1.89e-03 5.89e-04 1.01e-03

Mean 8.28e-04 6.36e-04 7.44e-04 1.06e-03 1.68e-03 5.25e-04 9.53e-04

Exposure Predictions (mg/kg-bw/day)

Med. 1.88e-05 1.35e-05 1.46e-05 2.05e-05 2.37e-05 1.55e-05 1.98e-05

95th 
%ile 2.00e-03 1.25e-03 1.30e-03 1.63e-03 1.44e-03 1.14e-03 1.09e-03
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https://comptox.epa.gov/dashboard

Functional Use 
& Composition

Biological Activities

Exposure
Integration with Public Data 

Experimental & predicted 
phys-chem properties

mailto:williams.antony@epa.gov
https://comptox.epa.gov/dashboard


#8:
Making quality data, structures, and 
capabilities freely available is the 
best way to win friends and 
influence people.  



#9:
What a difference the right people 
at the right time can make.



ClarLynda Williams
DSSTox_v0

Jamie Burch
DSSTox website

Dr. Marty Wolf
(1947-2012)
DSSTox_v1 

ToxCasts, Tox21

“Ain’t going in the 
database unless 
it’s done right”

The Past …



Tony Williams
Dashboard Hero

Chris Grulke
Cheminformatics 

Genius

Jon Sobus & Elin Ulrich
Non-Targeted Screening
(ENTACT) Partners in Crime

Ryan Lougee
Chemotype-Enrichment 

Workflow Master

Indira Thillainadarajah
Saku Sivasupramaniam
Brian Meyer
DSSTox Super-Curators

The Present …



Office of Research and Development
National Center for Computational Toxicology

EPA’s National Center for Computational Toxicology
Research Triangle Park, NC

NCCT’s ToxCast Team



Office of Research and Development
National Center for Computational Toxicology

Thank you for your attention



Office of Research and Development
National Center for Computational Toxicology

EPA Training Opportunities for 
recent BA graduates & Post Docs

https://orise.orau.gov/epa/applicants/current-research-opportunities.aspx

https://orise.orau.gov/epa/applicants/current-research-opportunities.aspx
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