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If you prefer to call in by phone, please refer to the Meeting 
Invite to obtain the phone number and passcode.

Please update your Zoom name to your first and last name.

Meeting Logistics

If you have a question for the presenters, use the Zoom Q&A 
feature.

This webinar will be recorded and posted to the CCTE NAMs 
Training website.



EPA NAMs Pilot Training Program
• New Approach Methodologies (NAMs) Training Program is 

a deliverable in the Agency’s Work Plan, first released in 
2019 and updated in 2021.

• Previous trainings include ECOTOX, CompTox
Chemicals Dashboard

• Goal: Develop, implement and maintain an engaging 
training program.

• Interactive case studies to encourage active learning
• Train the trainer
• Obtain feedback

• More trainings are being planned
• The EPA NAMs training website includes existing training 

resources, including recordings and guidance documents.

3EPA NAMs Training: www.epa.gov/chemical-research/new-approach-methods-nams-training

https://www.epa.gov/chemical-research/new-approach-methods-nams-training


AGENDA

• Welcome and Introductions
• Background of GenRA
• Functionalities and Features of GenRA
• A Walk Through Example
• Summary
• Breakout Session

• A walk through with a data poor chemical
• Practical applications of GenRA
• Read-across predictions and interpretations

• Debrief Session
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Generalized Read-Across (GenRA)

•Predicting toxicity as a similarity-weighted activity 
of nearest neighbors 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

=
=



Read-Across Tools 

(Patlewicz et al., 2017)



GenRA – Overall goal
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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



GenRA Summary

• Read-across is a commonly used technique to fill data gaps.
• Read-across is an expert-driven approach which is challenging from a 

reproducibility and scalability perspective.
• GenRA is an algorithmic approach to permit objective and reproducible 

read-across predictions.
• Presents opportunities for how NAM data can be incorporated.

• GenRA v1.0 (2018) established a baseline in performance. 
• The approach relied on chemical descriptors to predict binary toxicity 

values. Our ongoing research programme aims to characterize other 
contexts of similarity (e.g., mechanistic, reactivity, and metabolism) and 
quantify their contribution in predicting toxicity outcomes.

• Subsequent versions through to the current Version 3.2 have added a 
number of significant new features whilst addressing bug fixes.
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Version
2

Version 
3

Version 
1

Version 
3.1

Version 
3.2

Released March 2023
• Major speed up
• New download and sorting options
• New AIM chemical fingerprints

Released September 2022
• New visualization tool: Neighborhood explorer 

graph
• Physical property and e-fate visualization tool
• Potency prediction using ToxRefDB data
• Hit call outcome prediction of ToxCast assays

Released February 2022
• UI rebuilt using AG Grid
• Custom fingerprints 
• Ketcher drawing palette 

Released March 2021
• A python package (genra-py) to facilitate batch 

processing using user specific datasets.
Released December 2021

• A standalone web app linked to the CCD

Released September 2018
• Integrated into the EPA CompTox

Chemicals Dashboard (CCD)

GenRA Milestones



GenRA Functionalities
• Search for candidate source analogues based on different identifiers e.g. SMILES, CAS, Name 

etc. or introduce a chemical structure/SMILES using the Ketcher drawing pad;
• Identify candidate source analogues on the basis of chemical, bioactivity fingerprints or a 

combination of both using the custom hybrid option;
• Download the top 100 candidate source analogues, their pairwise similarities and their 

chemical/bioactivity fingerprint matrices;
• View chemical neighborhoods via a neighborhood explorer graph visualization tool and filter 

on the basis of ToxCast or ToxRefDB data;
• Compare the distribution of relevant physicochemical properties across candidate source 

analogues;
• Make binary in vitro predictions of ToxCast assay outcomes or binary in vivo toxicity 

predictions on the basis of study type-toxicity effect using ToxRefDB data;
• Make potency-based predictions of study type-toxicity effects using ToxRefDB data;
• Sort predictions based on number of positive/negative toxicity effects or on the basis of the 

prediction confidence. Download the predictions in a spreadsheet format for subsequent 
review and assessment.



Conceptual read-across workflow in GenRA
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Decision Context Analogue 
identification

Data gap analysis for 
target and source 

analogues

Analogue evaluationRead-acrossUncertainty 
assessment



15

Accessing GenRA



Main Entry Point
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GenRA main entry point is 
from the comptox portal 

comptox.epa.gov 

GenRA entry point at 
comptox.epa.gov/genra/ 

https://comptox.epa.gov/
https://comptox.epa.gov/genra/


Alternative Entry Points
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Demonstration of GenRA (Part 1)
Example Walkthrough



Fluconazole (A Data Rich Chemical)

• IUPAC Name: 2-(2,4-Difluorophenyl)-1,3-bis(1H-1,2,4-triazol-1-yl)propan-2-ol
• CAS RN: 86386-73-4 
• DSSTox substance identifier (DTXSID): DTXSID3020627
• Molecular Formula: C13H12F2N6O
• SMILES: OC(CN1C=NC=N1)(CN1C=NC=N1)C1=C(F)C=C(F)C=C1
• InChIKey: RFHAOTPXVQNOHP-UHFFFAOYSA-N
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GenRA Workflow Overview
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Basic Search
Step 1: Select a Chemical
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Basic Search
Step 1: Select a Chemical

Step 2: Analogue Identification and Evaluation

• Radial plot with target in the center and source analogues 
(similar) ordered clockwise by decreasing similarity (Jaccard)
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Step 2: Analogue Identification and Evaluation

• Radial plot with target in the center and source analogues 
(similar) ordered clockwise by decreasing similarity (Jaccard)

0.39c

0.26c

0.22c

0.31c

Analogue Identification and Evaluation
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NEW



Step 2: Analogue Identification and Evaluation

• Radial plot with target in the center and source analogues 
(similar) ordered clockwise by decreasing similarity (Jaccard)

• Default 10 analogues based on Morgan chemical 
fingerprints and prefiltered based on ToxRefDB data

Analogue Identification and Evaluation
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Analogue Identification and Evaluation
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Step 2: Analogue Identification and Evaluation

• Radial plot with target in the center and source analogues 
(similar) ordered clockwise by decreasing similarity (Jaccard)

• Default 10 analogues based on Morgan chemical 
fingerprints and prefiltered based on ToxRefDB data

• Can update to change what features are used to characterize 
substances and the number of analogues returned



Analogue Identification and Evaluation
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Step 2: Analogue Identification and Evaluation

• Radial plot with target in the center and source analogues 
(similar) ordered clockwise by decreasing similarity (Jaccard)

• Default 10 analogues based on Morgan chemical 
fingerprints and prefiltered based on ToxRefDB data

• Can update to change what features are used to characterize 
substances and the number of analogues returned

Custom Hybrid
Choose up to 3 fingerprints

e.g. 20% Torsion Fingerprints, 60% Morgan 
Fingerprints, and 20% ToxPrints



Analogue Identification and Evaluation
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Step 2: Analogue Identification and Evaluation

• Radial plot with target in the center and source analogues 
(similar) ordered clockwise by decreasing similarity (Jaccard)

• Default 10 analogues based on Morgan chemical 
fingerprints and prefiltered based on ToxRefDB data

• Can update to change what features are used to characterize 
substances and the number of analogues returned

• Update radial plot to return analogues irrespective of data
• ToxRefDB data filter is for in vivo data
• ToxCast data filter is for in vitro data
• No filter – returns the most similar analogues irrespective of data



Analogue Identification and Evaluation
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Step 2: Analogue Identification and Evaluation



Analogue Identification and Evaluation
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Step 2: Analogue Identification and Evaluation



Analogue Identification and Evaluation
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Step 2: Analogue Identification and Evaluation



Analogue Identification and Evaluation
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Step 2: Analogue Identification and Evaluation

NEW



Analogue Identification and Evaluation
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Step 2: Analogue Identification and Evaluation

• Line thickness proportional to similarity between analogues (thicker=more similar)
• Squares are top 3 highest similarity analogues to your target for the chosen fingerprint type

NEW



Analogue Identification and Evaluation
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Step 2: Analogue Identification and Evaluation

NEW Chemical 
Fingerprint

AIM



Analogue Identification and Evaluation
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Step 2: Analogue Identification and Evaluation

• Green markers indicate all neighbors shown
• Blue markers indicate neighbors not shown



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix

• How data poor is my target and what data exists for the source analogues identified?
• Do the data for the source analogues address the data gaps of interest for the target 

chemical?



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix

• Summary of the data availability associated with the target chemical and its identified source 
analogues.

• The quantity of data associated with a given chemical is indicated by the number of records and 
the darkness of the associated box. 



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix

• To see more data streams click the ☰ icon at the top of the Chemicals column, then the 
⦀I icon. 



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix

• To see more data streams click the ☰ icon at the top of the Chemicals column, then the 
⦀ icon. 

• This panel starts to provide a perspective to inform data gaps. 



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix

• To see more data streams click the ☰ icon at the top of the Chemicals column, then the 
⦀ icon. 

• This panel starts to provide a perspective to inform data gaps. 



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix

• The toxicity information by default is an expanded grid view of which types of toxicity 
effect information are available across the analogues.



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix

• Default binary representations of toxicity data arising from ToxRefDB 
• Consistent with the filter by option in the Panel 1



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix

• Tox fingerprint reflects the toxicity effects within each study type.
• Over 300 different study type-toxicity combinations

Total Rows: 353



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix

• Tox fingerprint reflects the toxicity effects within each study type.
• Over 300 different study type-toxicity combinations
• Pagination option to scroll through the toxicity effects

Pagination



Data Gap Analysis
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Step 3: Data Gap Analysis 
& Generate Data Matrix

• Represents presence or absence of toxicity endpoint data
• Informs the data gap analysis step of the workflow

4.7 mg/kg/day No Data



Analogue Evaluation
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• Evaluating the suitability and relevance of the source analogues identified
• Data gap analysis across the source analogues and the target
• Little data for the source analogues or they fail to address the data gaps of interest 

• Change the number of neighbors or select a different similarity context.



Analogue Evaluation
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• Both Panels 2 and 3 provide a context of available data for the source analogues 
• the quantity of data and its type (Panel 2)
• across study type on the basis of the toxicity effects (Panel 3)



Analogue Evaluation
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Step 4: Run GenRA Prediction

• More detailed evaluation of the source analogues 
• Click the Generate Data Matrix button
• Evaluate source analogues’ concordance and consistency within and across the 

study types 



Data Gap Analysis/Data Matrix View
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Step 4: Run GenRA Prediction

• This creates a DATA MATRIX VIEW in Panel 4



Data Gap Analysis/Data Matrix View
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Step 4: Run GenRA Prediction

The toxicity effects 
• Default: ToxRefDB (in vivo studies)
• ToxCast data filter (in vitro studies)
• No filter



Data Gap Analysis/Data Matrix View
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• The source analogues are ordered by their pairwise similarity relative to the target 
chemical

• The toxicity effects (in vivo studies from ToxRefDB) are populated across the analogues
• ToxCast data filter is for in vitro data and no filter is without considering any data
• Binary data / predictions and Potency data / predictions



Data Gap Analysis/Data Matrix View
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• Blue indicates ‘Absence’ of toxicity effects
• Red indicates ‘Presence’ of toxicity effects
• Grey represents ‘No Data’
• Endpoints are measured in mg/kg/day=minimum dose for observed effects

No Data

Absence
Presence

50.0 mg/kg/day



Data Gap Analysis/Data Matrix View
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• Click on the ‘Properties’ arrow to evaluate (OPERA predicted) physical property and e-
fate information across analogues



Data Gap Analysis/Data Matrix View
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• Removing Analogues within the Data Matrix:
• De-select directly from analogue bar



Data Gap Analysis/Data Matrix View
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• Toggle between ascending and descending endpoint name
• The data displayed can be filtered by specific effects (Sort by Observations)
• Similarity Weight checkbox modifies the size of the box to reflect the pairwise similarity 

metric.



Data Gap Filling
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• This step generates GenRA predictions.
• GenraPred: Legacy prediction engine, binary only, reports confidence
• GenraPy: Binary and continuous prediction, no confidence reporting (Yet!)



Data Gap Filling Predictions
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Step 5: Filter by Endpoint or 
Analogue



Data Gap Filling Predictions
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• The opacity of the predictions reflects the confidence in the prediction 
• A faint colored prediction will denote lower confidence in the prediction.



Data Gap Filling Predictions
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• Endpoints can be sorted
• Predictions can be exported by clicking on the ‘Download’ button 



Exporting Results 
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• Snapshot of a sample prediction output produced in the Excel (xlsx) export file
• The AUC performance measure and the p-value that is associated with the prediction are provided
• P values can be sorted. (High p-values = non-significant confidence in the predictions)
• The actual experimental data for the source analogues is also reflected. 



GenRA Summary
• GenRA is an attempt to move towards an objective read-across 

approach where uncertainties and performance can be 
quantified.

• Provides opportunities for different NAM data to be 
incorporated.

• GenRA v1.0 established a baseline in performance. Research has 
continued to evaluate performance using other contexts of 
similarity e.g. physicochemical similarity, targeted transcriptomic 
similarity, metabolic similarity.

• New features coming include defined categories and/or user 
specific neighbourhoods, other similarity contexts and other in 
vivo toxicity data streams.
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More information…



Q&A
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Thank You!
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Contact us if you have 
• GenRA questions: genra.support@epa.gov
• Future NAMs training questions: NAM@EPA.gov

Save the date for our next training!

HTTK

November 8th, 2023

mailto:genra.support@epa.gov
mailto:NAM@EPA.gov
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