
AOPS IN PRACTICE:
A Tools to Support AOP Development and Application

The views expressed in this presentation are those of the author(s) and do not necessarily reflect the views or policies of the US EPA.



AOP-WIKI
Crowd-source AOP development



Formalization
Principles of 

AOP 
development

Weight of 
evidence 

evaluation

Regulatory 
acceptance of 

AOPs



The AOP-KB

https://aopwiki.org/

https://aopkb.oecd.org/

https://www.effectopedia.org



AOP-knowledgebase

http://aopkb.org

http://aopwiki.org



Introduction to the 
AOP-Wiki

• GLOBAL AOP NETWORK (AS OF SEPT 2020)

• 299 USER-DEFINED AOPS

• 1362 KES

• 1764 KERS

https://aopwiki.org/


KE Pages

KER Pages
• Title
• Description
• Biological

plausibility
• Empirical support
• Inconsistencies and

uncertainties
• Quantitative

understanding

KE Pages

• Description
• Measurement/

detection
• Domain of

applicabilityAOP Page

Aopwiki.org

Content of an AOP 
Description



Accessing the AOP-Wiki

• Open to anyone, no account requiredRead access

• Create account, no approvals requiredCommenting

• Create account
• Submit brief developer application for approval
• http://www.saaop.org/AccessPage.html.

Development/write 
access

https://aopwiki.org/#Requesting Access to Create and Edit AOPs

http://www.saaop.org/AccessPage.html


Accessing the AOP-Wiki



Aopwiki.org



Search AOPs

Search by 

Author

Key words

Status



Properties of AOPs
1. Naming convention

MIE leading to AO

Villeneuve et al., Toxicological Sciences, 142(2), 2014, 312–320
Villeneuve et al., Toxicological Sciences, 142(2), 2014, 321–330



Structured fields
Summary of 
AOP
Applicability

Overall Assessment
Applicability
WoE
Potential appl.

AOP Page Overview



EVENT Page Overview
Structured fields

Ontologies
Stressors
Applicability

Free text
Description
Methods for 
measuring
Applicability



RELATIONSHIP PAGE OVERVIEW

Structured fields
Applicability

Free text
Description
WoE

Plausibility
Empirical
Un / In

Quantitative 
understanding
Applicability



STRESSOR PAGES

AOPs are chemical agnostic

There is interest in linking AOPs to relevant 
chemical categories/domains



AOP NETWORKS



ReferencesAOP Description
Modular organization.
Allows independent KE, KER pages to 
be linked to multiple AOPs.

https://aopwiki.org/

Page contents align with 
sections of the “User’s 
Handbook”



Getting Oriented

Get an overview of what 
the AOP is about

Found on the AOP page in the AOP-Wiki; first page or two of pdf snap shot



Getting Oriented

Hepatocyte
Reduced VTG 

production

Ovary
Impaired 

Oocyte Dev.

Female
Decreased 

ovulation/spawn

Population
Declining 
Trajectory

Aromatase
Inhibition

Granulosa
Reduced E2 

synthesis

Plasma
Reduced  

circulating E2

Grab a road map

Easiest to find on the AOP-Wiki page; often buried or absent from the pdf snap shot



Getting Oriented

Snap shots will be laid out basically as shown:

• Title, abstract, background
• KE content pages
• KER content pages
• Overall assessment of the AOP

• Domain of applicability and rationale
• Support for essentiality
• Weight of evidence summary



Getting Oriented - Event Pages

Click on Event Links from 
AOP page to navigate to 
corresponding KE page

Four most important sections

• Is it clear what biology the KE refers to?
• What is the “sign post”



Getting Oriented - Event Pages

• Should refer to an observable/measurable change, how to
measure or observe it, and in what taxa, life-stage, and sex it
can be observed

• By intent, the contents should be stand-alone without reference
to other KEs in the AOP

• Event pages do not provide evidence that measureable entity is
impacted by a specific stressor or other biological change –
except in the case of the MIE



Getting Oriented – Relationship Pages

• Each KER represents a predictive relationship between a pair of key
events that can be supported by weight of evidence.

• Relationship is causal – one KE causes the other

• Much of the content pertaining to scientific quality will be found on the
individual relationship pages.

• By intent, they include only support that references that specific pair of
KEs – generally will not reference other KEs in the pathway



Getting Oriented – Relationship Pages

Click Links in the 
Relationship Table 
found on the AOP 
page



Getting Oriented – Relationship Pages

• Should describe the conditions/biological context in which this KER operates
• A specific tissue context
• Duration of impact at KEup

• May also detail biology that is operable but not represented at KEs in the pathway



Support for KERs

• Define the biological rationale for a connection
between KEupstream and KEdownstream

• What are the structural or functional relationships
between the KEs?



Support for KERs

• Evidence that supports the idea that a change in the upstream KE 
(KEupstream) will lead to, or is associated with, a subsequent change in 
the downstream KE (KEdownstream), assuming the perturbation of 
KEupstream is sufficient.

• Helpful to provide as much detail about the toxicological and 
biological context in which the measurements were made, as is 
feasible, including the stressor(s) tested, the effective doses at each 
KE, etc.



OECD AOP development program



Submission and review process
Contact national 

coordinator of the Test 
Guidelines Prg.

Submit project proposal 
to OECD

Added to AOP work 
plan by EAGMST

(Jun, Dec)

Develop AOP in AOP-
Wiki

Internal review
by EAGMST

(Feb-Apr)

External review, 
nominated by WNT

(Sept-Dec)

Endorsement by WNT 
and TFHA

Publication in OECD 
series on AOPs

EAGMST: Extended Advisory Group on Molecular Screening and Toxicogenomics
WNT: Working Group of the National Coordinators of the Test Guidelines Programme
TFHA: Task Force on Hazard Assessment



AOP-Wiki: navigation



Resources
1. Guidance document on developing and assessing AOPs



AOP-Wiki

https://aopwiki.org/

https://aopwiki.org/


ECOTOX 
KNOWLEDGEBASE

Identify KEs, Gather evidence for KERs, and Define the domain of 
applicability



Office of Research and Development

Photo image area measures 2” H x 6.93” W and can be masked by a collage strip of one, two or three images.

The photo image area is located 3.19” from left and 3.81” from top of page. 

Each image used in collage should be reduced or cropped to a maximum of 2” high, stroked with a 1.5 pt white 
frame and positioned edge-to-edge with accompanying images.

ECOTOXicology Knowledgebase:

US EPA ECOTOX Project Team:
Colleen Elonen
Jennifer Olker
Dale Hoff
Rong-Lin Wang

GDIT contract staff
SEE staff

www.epa.gov/ecotox

http://www.epa.gov/ecotox


Publicly available, curated database providing toxicity data from single-chemical exposure 
studies to aquatic life, terrestrial plants, and wildlife

• From comprehensive search and
review of open and grey literature
• Data extracted from acceptable

studies, with up to 250 fields
• Updated quarterly

• 30+ year history
• Originated in the early 1980s
• Developed at US EPA’s Office

of Research and Development
in Duluth

• Current user statistics
• 8,000 distinct hosts search the

Knowledgebase each month

What is the ECOTOX Knowledgebase?



Who uses the ECOTOX Knowledgebase?

Govt. Contractors
24%

Other Federal Agencies
3%

State Govt.
7%

Private Sector
31%

US EPA Laboratory
7%

University/Academia
6%

US EPA Regional Office
4%

Unknown
5%

Non-profit Organization
0%

International Govt.
8%

US EPA Headquarters
4% Local Govt.

1%

Clients Contacting ECOTOX Support line as an 
estimate of use  2005 - 2018 (n = 2924)



ECOTOX Literature Searches
Chemical verification 
and development of 

search terms

Conduct literature 
searches

Identify and acquire 
potentially applicable 

studies

Data extraction

Review literature for 
applicability to 

ECOTOX
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Study quality 
evaluation Collate data and remove duplicates

In 2019: 159,727 
references were 
manually skimmed 
for applicability

Search Engines
1. Science Direct
2. AGRICOLA
3. TOXNET
4. ProQuest ESPM
5. ProQuest Dissertation 

Abstracts
6. Web of Science/ Current 

Contents

Chemical specific searches 
(using terms from chemical verification step)

OR
Monthly electronic searches                       
of 11 highly relevant journals  

38



ECOTOX Applicability Criteria

• Paper must meet these criteria
• Single chemical exposure
• Ecologically-relevant species
• Must be able to verify CAS registry numbers
• Must be able to verify taxonomic information for test species
• Exposure to live organism, viable tissue or cells
• Report concurrent exposure concentration, dose or application rate
• Report duration of exposure
• Must have a control treatment
• Primary source of the data
• Study must be a full article in English

• The following studies are excluded
• Air pollution studies related to CO2 and ozone
• Studies on humans, monkeys, bacteria, viruses and yeast
• Review and summary articles
• Terrestrial studies with an inhalation route of exposure
• Non-English publications and abstracts

Review literature for 
applicability to 

ECOTOX

39



ECOTOX Applicability Criteria

All Excluded and Non-Applicable studies are Tagged with the reason 
for rejection

• Abstract – Published as an abstract
• Bacteria – only test organism is a Bacteria
• CAS # Unavailable – could not verify/locate 

chemical CAS Registry number
• Chemical method – description of chemical 

analysis procedures
• Fate – only report chemical distribution in 

media
• Human Health – data on human subjects of 

surrogate animal subjects for human health 
risk assessment

• Incident – reports death of animal by poison, 
but does not provide concentration/duration 
of exposure

• Method – paper only reports methods for 
conducting a toxicity test or other aspect of 
an experiment

• Mixture – paper reports results from mixture 
of chemicals; no single chemical exposure 
results

• Modeling – results of the development of a 
model; no primary data available

• No Conc – the authors report a response in 
an organism but do not provide 
conc/dose/app rate

• No Duration – duration of exposure is not 
presented

• No Effect – paper does not report observed 
responses adverse of otherwise

• No Toxicant (ozone, CO2)
• Non-English
• Nutrient – in situ chemical tested as nutrient
• PUBL AS – duplicate data published 

elsewhere
• Retracted – paper retracted by Journal
• Review – primary data published elsewhere
• Sediment – only sediment concentration 

presented
• Survey – chemical measured in organism, 

but lack quantification of exposure 
(dose/duration)

• Virus – virus is only test organism 
• Yeast – yeast is only test organism 40













































SEQAPASS
Define the Taxonomic Domain of Applicability Across Species



Carlie A. LaLone

Sequence Alignment to Predict Across 
Species Susceptibility (SeqAPASS) Tool

Office of Research and Development
Center for Computational Toxicology and Exposure, Great Lakes Toxicology and Ecology Division January 28th, 2020

Available Knowledge

Predict Susceptibility

Science-based, Streamlined, Transparent, 
Publicly Accessible PIPELINE



Transformation of Toxicity Testing

Historically:
Whole animal test
• Observe Toxic Outcome

- Examples
• tumor development
• mortality

Resource intensive

Toxicity Testing in the 21st Century:

• In vitro and in silico methods

– Pathway-based approaches
– Focus on disturbance of the

biological pathway
– Predictive of the observable

toxic effects

New Approach Methods
(NAMs)

• Informatics
• High throughput
• Systems biology
• OMICs



Model Organisms for Toxicity Testing
• Assumed that sensitivity of species to a chemical is a function of their relatedness

• Human Health Risk Assessment

• Ecological Risk AssessmentCannot Test

~=
Use of Surrogates

~=

Cannot Test
Representative species across a diversity of organism classes



Surrogates in 21st Century Chemical Safety

AOPs and pathway-based
approaches

HTS
Is the model organism 

A good surrogate for the 
Species we are trying to protect?

Maybe

Could we gather evidence rapidly
to help us understand this question?

Absolutely!!!



Considering chemical sensitivity?
Factors that make a species sensitive
• Exposure
• Dose 
• ADME
• Target receptor availability
• Life stage
• Life history
• etc.
• etc.

Simple question to address:
Is the known chemical target available in a species for a chemical to act upon?
Yes or No
Likely susceptible or Not likely susceptible (at least through the known mechanism)

Yes

No

Susceptible

Not
Susceptible



• Focus on the molecular machine:  The Protein

– Large biomolecule assembled from amino acids encoded in genes

– Many functions (e.g., catalyze reactions, structural/mechanical functions, cell signaling, immune
response, etc.)

New Approach Methods: Species Extrapolation
Continued advances in OMICs and informatics
• Improved sequencing technologies
• Large databases of sequence data

As of this week
~161 million Proteins
~98 thousand Species

Primary Structure: Chain of amino acid residuesAmino acid

Tertiary Structure

• Evaluate protein similarity between species

– Moving away from empirical testing and qualitative understanding of molecular target
(protein) conservation to quantitative measures



Sequence Alignment to 
Predict Across Species 
Susceptibility
(SeqAPASS)

https://seqapass.epa.gov/seqapass/

https://seqapass.epa.gov/seqapass/


What information is required for a SeqAPASS query?

Knowledge of a sensitive or targeted species

Knowledge of the model organism used in an in vitro assay

Chemical-Protein Interaction

Knowledge of the species for which the Key Event was developed

~=Chemical Molecular Target
in Target Species

Compare to Millions of Proteins 

From Thousands of Species

Greater similarity = Greater likelihood that chemical can act on the protein
Line of Evidence: Predict Potential Chemical Susceptibility Across Species

1. Protein
2. Species









Human Protein Target



Line of Evidence:
Primary amino acid sequence 

Conserved

Human Protein Target

Yes

Percent similarity



Human Protein Target

Line of Evidence:
Primary amino acid sequence 

Conserved

Yes



Human Protein Target

Line of Evidence:
Primary amino acid sequence 

Conserved

No



Common Ancestor

Proteins in different species that evolved from a common ancestor

Yes

Yes

Yes

Yes

Typically maintain similar function



Common Ancestor

No

No





Human Protein Target

Line of Evidence:
Primary amino acid sequence 

Conserved

Hundreds to Thousands of Species



Human Functional Domain(s)

Line of Evidence:
Domain

Conserved

YesYes



Human Functional Domain(s)

Line of Evidence:
Domain

Conserved

YesYes



Human Functional Domain(s)

Line of Evidence:
Domain

Conserved

NoNo



Human Functional Domain(s)

Line of Evidence:
Domain

Not Conserved

NoNo



Human Critical Amino Acids

Line of Evidence: Conserved



YesYesYes

Gather Lines of Evidence for Conservation of Protein Target: 
Susceptibility Prediction: Yes or No



Likely Susceptible

Not Likely Susceptible



SeqAPASS in practice
• EcR sequence and structural conservation: MIE likely relevant

• Branchiopoda
• Malacostraca
• Insecta
• Chilopoda
• Merostomata
• Arachnida
• Maxillopoda

Taxonomic domain of applicability

Next steps: “Walk down” the AOP
using SeqAPASS
• Ultraspiracle
• Ecdysone-induced protein 75B (E75b)
• Nuclear hormone receptor (Ftz-f1)
• Ecdysis triggering hormone (Eth)
• Crustacean cardioactive peptide (Ccap)
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