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• Practical application
• Ongoing research to enhance GenRA
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Earlier Dashboard Applications:
Single architecture in development
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The CompTox Portal
https://comptox.epa.gov/
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EPA CompTox Chemicals Dashboard

•A publicly accessible website delivering access:
–~875,000 chemicals with related property data
–Experimental and predicted physicochemical property data
– Integration to “biological assay data” for 1000s of chemicals
– Information regarding consumer products containing chemicals
– Links to other agency websites and public data resources
– “Literature” searches for chemicals using public resources
– “Batch searching” for thousands of chemicals 
–DOWNLOADABLE Open Data for reuse and repurposing
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CompTox Chemicals Dashboard:
Landing Page
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• Different entry points depending on domain of interest

CompTox Chemicals Dashboard:
Landing Page
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CompTox Chemicals Dashboard:
Landing Page for a specific chemical
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CompTox Chemicals Dashboard:
Executive Summary



National Center for
Computational Toxicology

Generalised Read-Across (GenRA) as 
a workflow module
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Definitions: Read-across
• Read-across describes the method of filling a data gap whereby a 

chemical with existing data values is used to make a prediction for a 
‘similar’ chemical.

• A target chemical is a chemical which has a data gap that needs to 
be filled i.e. the subject of the read-across.

• A source analogue is a chemical that has been identified as an 
appropriate chemical for use in a read-across based on similarity to 
the target chemical and existence of relevant data.

Source 
chemical

Target 
chemical

Property  





Reliable data

Missing data Predicted to be 
harmful

Known to be 
harmful

Acute 
toxicity?
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OECD (2014)
Wu et al, 2010

Overarching 
hypothesis

Decision 
context

Data gap 
analysis for 

target

Analogue 
evaluation

Analogue
identification

Data gap 
filling

Uncertainty 
assessment

Patlewicz et al, 2015

Frameworks for developing category/analogue 
approaches
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Suitability of 
Analogs 
contributing
data

Are all
features of 
SOI covered 
or 
differences 
in 
conservative 
direction

# of Analogs 
contributing
data

Quality 
of 
analog 
data set

Concordanc
e of analog 
data –
effects and 
potency

Concordance
of any 
available 
anchor data

Patlewicz et al (2015)

Frameworks for the assessment of read-across

Blackburn and Stuard (2014)
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Read-across resources:
Selected read-across tools
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Read-across resources:
Selected read-across frameworks
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Read-across resources:
Selected read-across examples/decision contexts

More than just a ‘REACH’ regulatory context
ICCVAM Read-Across Workgroup

OECD IATA Case study
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A harmonised hybrid read-across workflow

Patlewicz et al., 2018

• Where do other NAM fit?

• How should we transition to data-driven 
approaches? Limit subjectivity

• What about characterising the 
uncertainty of the predictions made?

• Generalisability/Scalability of read-
across – coverage of read-across for 
inventories of chemicals?
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Selected read-across tools
Tool AIM ToxMatch AMBIT OECD 

Toolbox
CBRA ToxRead GenRA

Analogue 
identification

X X X X X X X

Analogue 
Evaluation

NA X X
by 

other 
tools 

availabl
e

X X X
For

Ames & 
BCF

NA

Data gap 
analysis

NA X X
Data 
matrix 
can be 
exporte

d

X
Data 
matrix 
viewable

NA NA X
Data 

matrix can 
be 

exported

Data gap 
filling

NA X User
driven

X X X X

Uncertainty 
assessment

NA NA NA X NA NA X

Availability Free Free Free Free Free Free Free
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GenRA
•GenRA (Generalised Read-Across)
•Predicting toxicity as a similarity-weighted activity of 
nearest neighbours based on chemistry and bioactivity 
descriptors

•Systematically evaluates read-across performance and 
uncertainty using available data

Jaccard similarity: 
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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
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GenRA tool in practice
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GenRA tool in practice

Similarity context
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GenRA tool in practice

Data gap analysis
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GenRA tool in practice

Run GenRA Target

Source Analogues
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GenRA in practice – step by step

• Analogue identification:
• Similarity based on 
Morgan chemical 
fingerprints and selecting 
a default of 10 source 
analogues
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• Data matrix view of source analogues relative to target 
chemical

GenRA in practice – step by step
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GenRA in practice – step by step

Look for 
commonality in 
profile across 
target effects

What are the 
most common 
effects across 
analogues
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GenRA in practice – step by step
• Updated Data matrix view with GenRA predictions for target 
chemical

• Predictions are binary (yes/no) for toxicity effects within 
ToxRefDB v1 studies. 

• Predictions summarised on a study level basis. Red: “positive” 
and Blue: “negative”. 
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GenRA in practice: Approach

Considerations
• Rank predictions based on the p-val
and AUC values (where we have more 
confidence in the predictions)

• Rank based on the target organ 
effects observed for the source 
analogues
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GenRA – Ongoing research

• Summarising and aggregating the toxicity effect predictions to 
guide end users

• Consideration of other information to define and refine the 
analogue selection – e.g. physicochemical similarity, metabolic 
similarity, reactivity similarity…

• EPA New Chemical Categories
• Quantifying the impact of physicochemical similarity on read-
across performance 

• Quantifying the impact of reactivity similarity on read-across 
performance
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GenRA – Ongoing research

• Dose response information to refine scope of prediction beyond 
binary outcomes

• Transitioning from qualitative to quantitative predictions – how 
to apply and interpret GenRA in screening level hazard 
assessment (e.g. effect level or point-departure [NOAEL, 
LOAEL, etc.] predictions)

• Using quantitative data from acute rat oral toxicity, ToxRefDB 
v2 [1 manuscript submitted, 1 in internal clearance]
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Take home messages
• Harmonised framework for read-across provides opportunities for expanded 
integration of NAM data

• GenRA developed is aligned with this framework
• Initial GenRA (baseline) considers structural similarity but current work has 
evaluated the quantitative impact of physicochemical similarity (as it relates 
to bioavailability) and transitioned to quantitative predictions of effect levels 
or PODs

• Illustrated how GenRA baseline can been applied in practice
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