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The Charge for the Dashboard 

• Develop a “first-stop-shop” for environmental chemical data 
to support EPA  and partner decision making:
– Centralized location for relevant chemical data
– Chemistry, exposure, hazard and dosimetry
– Combination of existing data and predictive models
– Publicly accessible, periodically updated, curated

• Easy access to data improves efficiency and ultimately 
accelerates chemical risk assessment



CompTox Chemicals Dashboard

883k Chemical Substances



BASIC Search

• Type ahead search using Names, 
synonyms and CASRNs  

• Millions of identifiers 
• Substring search 



Detailed Chemical Pages
One more identifier – the DTXSID

• Chemical page: Wikipedia snippet when available, intrinsic 
properties, structural identifiers, linked substances



“Executive Summary”

• Overview of toxicity-related info
• Quantitative values
• Info re. toxicology subsets
• Physchem. and Fate & Transport
• Adverse Outcome Pathway links
• In vitro bioactivity summary plot



Record Information Quality Flags
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Experimental and Predicted Data

• Physchem and Fate & Transport 
experimental and predicted data

• Data can be downloaded as Excel, TSV 
and CSV files

• Predictions: multiple algorithms
• EPI Suite: Estimation Program Interface
• ACD/Labs (commercial)
• TEST: Toxicity Estimation Software Tool
• OPERA: OPEn structure–activity/ 

property Relationship App



OPERA Reports 



Real-Time Predictions
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Chemical Hazard Data

ToxVal Database

• >50k chemicals

• >770k tox. values

• >30 sources of data

• ~5k journals cited

• ~70k citations



Safety Data



Sources of Exposure to Chemicals



Similarity Searching



Related Substances 



Bioactivity Data



ToxCast 



ToxCast Chemicals and Assays



ToxCast covers a lot of biology but not all 
ToxCast is growing over time.

Invitrodb version 3.3 (released August 2020) contained 17 different assay sources, covering (at 
least) 491 unique gene-related targets with 1600 unique assay endpoints. 
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Assay source Long name Truncated assay source description Some rough notes on the biology 
covered

ACEA ACEA Biosciences real-time, label-free, cell growth assay system based on a microelectronic impedance readout Endocrine (ER-induced proliferation)

APR Apredica CellCiphr High Content Imaging system Hepatic cells (HepG2)

ATG Attagene multiplexed pathway profiling platform Nuclear receptor and stress response 
profile

BSK Bioseek BioMAP system providing uniquely informative biological activity profiles in complex human primary co-culture systems Immune/inflammation responses

NVS Novascreen large diverse suite of cell-free binding and biochemical assays.
Receptor binding; transporter protein 
binding; ion channels; enzyme inhibition; 
many targets

OT Odyssey Thera novel protein:protein interaction assays using protein-fragment complementation technology Endocrine (ER and AR)

TOX21 Tox21/NCGC Tox21 is an interagency agreement between the NIH, NTP, FDA and EPA. NIH Chemical Genomics Center (NCGC) is the primary screening facility 
running ultra high-throughput screening assays across a large interagency-developed chemical library Many – with many nuclear receptors

CEETOX Ceetox/OpAns HT-H295R assay Endocrine (steroidogenesis)

CLD CellzDirect Formerly CellzDirect, this Contract Research Organization (CRO) is now part of the Invitrogen brand of Thermo Fisher providing cell-based in 
vitro assay screening services using primary hepatocytes.

Liver (Phase I/Phase II/ Phase III 
expression)

NHEERL_PADILLA NHEERL Padilla Lab The Padilla laboratory at the EPA National Health and Environmental Effects Research Laboratory focuses on the development and screening of 
zebrafish assays. Zebrafish terata

NCCT NCCT Simmons Lab The Simmons Lab at the EPA National Center for Computational Toxicology focuses on developing and implementing in vitro methods to identify 
potential environmental toxicants. 

Endocrine (thyroid - thyroperoxidase
inhibition)

TANGUAY Tanguay Lab The Tanguay Lab, based at the Oregon State University Sinnhuber Aquatic Research Laboratory, uses zebrafish as a systems toxicology model. Zebrafish terata/phenotypes

NHEERL_NIS NHEERL Stoker & 
Laws

The Stoker and Laws laboratories at the EPA National Health and Environmental Effects Research Laboratory work on the development and 
implementation of high-throughput assays, particularly related to the sodium-iodide cotransporter (NIS). Endocrine (thyroid - NIS inhibition)

UPITT University of 
Pittsburgh

The Johnston Lab at the University of Pittsburgh ran androgen receptor nuclear translocation assays under a Material Transfer Agreement (MTA) 
for the ToxCast Phase 1, Phase 2, and E1K chemicals. Endocrine (AR related)



ToxCast/Tox21 Data



Rich data tables – full transparency



Bioactivity Data (ToxCast/Tox21)
Data below for Bisphenol A

22



Use Models Derived from the Data



For Endocrine (AR and ER) better 
to use summary models 

Positive ToxCast ER pathway agonist 
and ToxCast AR antagonist scores. 

CERAPP = consensus ER QSAR (from 17 groups)
COMPARA = consensus AR QSAR
ToxCast Pathway Model AUC ER = full ER model (18 assays)
ToxCast Pathway Model AUC AR = full AR model (11 assays)



Searching Literature 
and the Internet



Identifiers Support Searches in other 
systems



Identifiers are used in the app

• Identifiers are used to feed and link into “Literature”



Literature Searching 

• Real-time retrieval of data from PubMed ~30 
million abstracts and growing)

• Choose from set of pre-defined queries
• Adjust and fine tune queries based on interests



Literature Searching 

• “Sifting” of results using 
multiple terms 

• Frequency counting terms
• Color highlighting of terms
• Download list to Excel
• Send list to PubMed for 

downloading ref. file
• Direct link via PubMed ID



What’s the best way to search the 
internet for chemical data?

• We know how complex chemicals identifiers are…
• CASRN(s)
• Hundreds of names (maybe)
• SMILES
• InChIs
• EINECS, EC numbers

• What can WE do to help you navigate the internet?



External Links – Also use Identifiers
Names, CASRN, PubChem IDs, InChIs… 
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External Links

• Links to ~90 websites providing access to 
additional data on the chemical of interest 



Chemical Lists and 
Categories



Example: AEGLs list
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PFAS lists of Chemicals 
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Curated List of Pesticides 

• Find list of interest

• Select list and 
send to batch



Batch Searching



Batch Searching

• Singleton searches are great but… 
• …we generally want data on LOTS of chemicals!

• Typical questions
• What are the structures for a set of chemical names? Set of CASRNs?
• Can I get chemical lists in Excel files? As a list of SMILES strings? 

Can I get an SDF file?
• Can I include predicted properties? OPERA? TEST?
• Are “these chemicals” screened in Toxcast?
• I need masses and formulae for a list of chemicals



Access data en masse for thousands of chemicals….



Select Output Format and Content



Batch Search CASRNs
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Underneath the Dashboard

42



A little more about our data quality



Generalized 
Read-Across



GenRA (Generalised Read-Across)

•Predicting toxicity as a similarity-weighted 
activity of nearest neighbours based on 
chemistry and bioactivity descriptors (Shah 
et al, 2016)

•Goal: To establish an objective 
performance baseline for read-across and 
quantify the uncertainty in the predictions 
made



Decision Context
Screening level assessment of 

hazard based on toxicity effects 
from ToxRefDB v1

Analogue 
identification

Similarity context is based on 
structural characteristics

Data gap analysis 
for target and 

source analogues

Analogue evaluation
Evaluate consistency and 

concordance of experimental 
data of source analogues across 

and between endpoints

Read-across
Similarity weighted average –

many to one read-across

Uncertainty 
assessment

Assess prediction and 
uncertainty using AUC and p 

value metrics

Read-across workflow in GenRA v1.0



• Consideration of other information to define and refine the 
analogue selection & evaluation 

• physicochemical similarity (Helman et al 2018)
• metabolic similarity (in prep), 
• reactivity similarity (Nelms et al 2018)
• transcriptomics similarity (Tate et al, 2021 in press)

• Transitioning to quantitative predictions of toxicity 
• Using GenRA to predict Lowest Observed Adverse Effect Level (LOAEL), 
acute oral (median lethal dose) LD50 (Helman et al 2019a,b)

• Developing a compendium of expert driven read-across examples 
to investigate how data driven read-across with NAM data can 
mirror expert assessments (in prep)

GenRA – Current research



• GenRA is an attempt to move towards an objective read-across approach 
where uncertainties and performance can be quantified. Provides opportunities 
for NAM data to be systemically incorporated.

• GenRA v1.0 established a baseline in performance. The approach relies on 
chemical descriptors to predict binary toxicity values but work continues to 
characterise other contexts of similarity (e.g. mechanistic, reactivity, 
metabolism) and quantify their contribution in predicting in vivo toxicity 
outcomes.

• GenRA v2.0 is anticipated to be released in the coming weeks as a standalone 
web application linked to the Dashboard. A python package (genra-py) was 
released (March 2021) to facilitate batch processing using user specific 
datasets – see https://github.com/i-shah/genra-py. The ability to try out 
the package using a sample dataset is available here 
https://github.com/patlewig/UNC_Rax

GenRA Summary

https://github.com/i-shah/genra-py


GenRA v2 in practice

Radial plot with target in the centre and 10 (default) source 
analogues (similar) ordered clockwise by decreasing similarity 
(Jaccard) on the basis of Morgan FP (default FP)

Search for a chemical of interest 
(target) using the search box



GenRA v2 in practice

Radial plot with target in the centre and source 
analogues (similar) ordered clockwise by decreasing 
similarity (Jaccard) on the basis of hybrid FP

Two hybrid FP combinations 
added: Chem:Bioactivity



GenRA v2 tool in practice

Choose unfiltered to return most similar 
analogues not necessarily with toxicity 
information



GenRA v2 tool in practice

• How data poor is my 
target and what data 
exists for the source 
analogues identified

• Do they address the data 
gaps of interest for the 
target chemical?



What is the consistency and concordance across my source analogues? 
Should I deselect analogues from consideration from the entire set of predictions?
Should I consider subcategorising the analogues selected?

Toxicity data represented as binary outcomes – red (positive), blue (negative), grey (no data)

GenRA v2 tool in practice



GenRA v2 tool in practice

First column is 
updated with 
predictions

Can hover over 
the red/blue 
boxes for more 
information



GenRA v2 Tool in practice

• Database underpinning GenRA v2.0: ToxRefDB v2
• Different study types and effects within them are predicted e.g. 
chronic_liver is annotated as CHR_liver

• Negative effects are inferred from guideline profiles which define 
the required tests for each study type. The assumption is that the 
study required an evaluation but no effects were reported.

• Positive results – min dose at which toxicity effects are observed in a 
study

• Prediction: Similarity weighted activity
• Performance is categorised by the Area under the Curve (AUC) of 
the Receiving Operating Characteristic (ROC)

• The significance was empirically estimated by constructing a null 
distribution by permuting the toxicity values 100 times and calculating 
the fraction of times the AUC was more extreme than what would be 
observed by chance (this is reported as the p-value). 



GenRA v2 Tool in practice

• Ability to export the predictions as an excel file
• Output can be analysed in different ways



GenRA v2 Tool in practice

• Rank order positive results based on AUC and p values
• Look at the distribution of positive vs negatives predictions
• Explore what effects are being identified for the source 
analogues – consider identifying the underlying data for 
source analogues (elsewhere on the Dashboard) – is there a 
critical effect that is driving the toxicity that should be 
compared with the target chemical predictions?

• ……
• Depends on the decision context and the level of uncertainty 
that can be tolerated.



GenRA v2 Tool in practice

• If for example, body weight effects were important 
based on the source analogues, we could look at the 
prediction in GenRA for our target chemical

• GenRA prediction is positive for body weight effects in a 
chronic CHR (reflected by the True Positive (TP)) as 
summarised in the Download report

• What if we wanted to predict a point of departure from 
the source analogues…?

• We can also compute a similarity weighted average (recall 
the formula in an earlier slide..).



GenRA v2 Tool in practice

Target is predicted to have a NOAEL of 36 mg/kg/day in 
a CHR study on the basis of body weight effects



GenRA – Overall goal

• Quantify the contribution that different similarity contexts 
play in toxicity prediction and how that differs depending on 
the toxicity endpoint of interest, the chemical of interest 
and whether it mirrors expert driven read-across

• Quantify level of confidence for prediction made

=> objective, reproducible read-across assessments
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GenRA v3…new features..

• Introduce structures not already registered in the 
Dashboard

• Custom fingerprints
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Coming Soon….NEW DASHBOARD
https://ccte-ccd.epa.gov/dashboard/



Proof-of-Concept Apps

• Structure-substructure-similarity searching of Dashboard
• Batch prediction of physicochemical properties and toxicity
• “Hazard Comparison Dashboard” for comparing hazard profiles 

for chemicals



Summary and Conclusion

• CompTox Chemicals Dashboard - a 
central hub for environmental data

• ~875k chemical substances 
• Integrating property data, hazard data, 

exposure data, in vitro bioactivity data
• Interrogation of bioactivity data -
• Multiple types of searches 

• Batch search for thousands of chemicals
• Real-time property and toxicity predictions
• Downloadable files – CSV, TSV and Excel 



You want to know more…

• Lots of resources available
• Presentations: https://tinyurl.com/w5hqs55
• Communities of Practice Videos: https://rb.gy/qsbno1
• Manual: https://rb.gy/4fgydc
• Latest News: https://comptox.epa.gov/dashboard/news_info
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Acknowledgments
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Williams.Antony@epa.gov
Patlewicz.grace@epa.gov

• Feedback and follow-up is 
welcomed! Your questions help

• The dashboard is based on the 
efforts of many more team 
members than us. Many 
collaborators provide data also. 
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