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Overview

1) AOP Evidence Data Model

2) User Interface and Workflow (Manual)

3) Data Queries (including cross-database queries)



Data Model:
• Which data are collected
• How they are collected
• How they are related

USER

AOP-KB

User Interface

Database

Update AOP Data Model?

• OECD Subcommittee that oversees the AOP-KB are 
considering modifications to the current data model

• Based on demand for:
• Support of “systematic” evidence collection strategies

• Consistency between author entries

• Improved tracking and “usability” of data in the AOP-KB
• Search, aggregate and summarize information

• Interoperability with other databases



Focus on Key Event Relationship Evidence
• Heaviest Burden of Evidence in the AOP framework

• KER Evidence = Upstream Effect → Downstream Effect

• Based on Modified Bradford-Hill Criteria 
• Biological Plausibility

• Empirical Evidence (Dose-, Temporal-, Incidence-concordance)

• Evidence collection is heavily based on Free Text
• Time consuming for Authors

• Inconsistent formatting/information

• Hard to QUICKLY find information

• Not easily interpreted by computers

• IMPOSSIBLE to automatically aggregate and summarize
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Key Event

Upstream

Key Event

Key Event

Relationship



• Authors report a lot of information

• But it is not being tracked!!

Current Trends in AOP Development

• “systematic” approaches to evidence 
documentation becoming more common
(and strongly encouraged!!!)

• “discrete units” of evidence

• Each unit supports specific Bradford Hill criteria

(i.e. a different “type” of evidence)
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Pilot Study Objectives

1. Develop a more structured data model for KER evidence

2. Develop user interface for data entry

3. Test resulting database with “queries” not currently possible in AOP-KB



The Current AOP Knowledge Base Data Model

AOKERKE3KERKE2KERKE1KERMIE

Key Event Table
DESCRIPTION

HOW IT IS MEASURED

DOMAIN OF APPLICABILITY

ETC….

AOP Table
OECD STATUS

KEY EVENTS

KEY EVENT RELATIONSHIPS

DESCRIPTION

WOE SUMMARY

Key Event Relationship
KE UPSTREAM

KE DOWNSTREAM

DESCRIPTION

EVIDENCE

ETC….

STRESSOR TABLE

SPECIES TABLE

LIFE STAGE TABLE



Gets pretty complex….



1) AOP Evidence Data Model



AOP Evidence Data Model

• Hierarchical “flow”
• Tagging with stressor, domain, etc.. 

requires documenting evidence
• Transparent, machine readable 

annotation and tracking



2) Developing Workflows for Data Collection

GOAL:

• A series of “user friendly” forms with MINIMAL free text

• Flexible with data requirements to allow results from diverse experiments

• “inspired by” systematic approaches



All forms of empirical evidence for KERs (dose, temporal and incidence 
concordance) require evidence for BOTH upstream and downstream KEs 
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EMPIRICAL EVIDENCE FORM

KER (AOPWIKI ID)

TYPE OF EVIDENCE

UPSTREAM OBSERVATION

ADD NEW

DOWNSTREAM OBSERVATION

ADD NEW

Evidence Summary (free text)



EMPIRICAL EVIDENCE FORM
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EMPIRICAL EVIDENCE FORM

KER (AOPWIKI ID) 869: Activation Ahr leads to Induction, CYP1A2/CYP1A5

TYPE OF EVIDENCE Dose Concordance
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EMPIRICAL EVIDENCE FORM

KER (AOPWIKI ID) 869: Activation Ahr leads to Induction, CYP1A2/CYP1A5

TYPE OF EVIDENCE Dose Concordance

UPSTREAM EVIDENCE

Dioxin, in vitro, Ahr ligand binding, mouse

ADD NEW

DOWNSTREAM EVIDENCE

Dioxin, in vitro, EROD, mouse

ADD NEW

Evidence Summary (free text)

In cultured mouse cells, AhR is activated, as demonstrated by in vitro ligand 
binding reporter assay, at lower doses than EROD induction (Smith et al., 2005)



Collaborative KER Evidence Map



Collaborative KER Evidence Map
• A visual-based guide to evidence documentation

• Serves as the “main page” for evidence collection

• Inspired by systematic review approaches
• “Literature Review-like” workflow

• Highly collaborative: Designed to encourage crowd contributions
• Evidence is divided in to much smaller “units” 

• Single units are easily contributed by individuals, with minimal training

• Tracking and management of “units”



Empirical Evidence Quantitative Understanding
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Sharin T, et al., 2020, Environ Toxicol Chem. 39(9):1693-1701.



Empirical Evidence Quantitative Understanding
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Empirical Evidence Quantitative Understanding
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3) Reconstruction of AOPs
AOP #25: Aromatase inhibition leading to reproductive dysfunction

AOP #131: Aryl hydrocarbon receptor activation leading to uroporphyria

Many Challenges:

• Required information not always present or obvious

• Required information in wrong location (e.g. KER evidence on AOP page)

• Information presented in inconsistent formats (tables, bullets, or text)

• etc, etc, etc….

Highlights potential benefits of more structured data input

(especially for inexperienced AOP authors!)

Result: Partial Reconstruction of AOP 25 and AOP 131



4) Test resulting database with “queries” 
that are not currently possible in AOP-KB



Query: What stressors were used to for the development of 
AOP 25, and from what studies (what is the evidence)??

SQL Code (Structured Query Language, the most common programming language for interacting with databases )

?

Results:



Query: What species and tissues were used as evidence for 
each Key Event in AOP 25, including references?

SQL Code:

Results:



Query: What Point of Departure Values are reported for each 
species and tissue for Dose-Response evidence for AOP 131?



KEY EVENT TABLE
AOP TABLEKEY EVENT

RELATIONSHIPS

OBSERVATIONS TABLE

KEY EVENT

METHODS

STRESSOR

DOMAIN

EFFECT

PUBLICATION

EVIDENCE TABLE

EVIDENCE TYPE

UPSTREAM EFFECT

DOWNSTREAM EFFECT

DESCRIPTION

Enhanced Interoperability

EXTERNAL
DATABASES

EXAMPLE:

EPA ECOTOX DB



Query: What studies in EcoToxDB provide measurements for any of the 
Key Events in AOP 131 (Ahr activation leads to uroporphyria)?

OVER 200 HITS!!!



Query: What studies in EcoToxDB provide evidence for BOTH Key Events in the 
first KER of AOP131 (AHR activation leads to CYP Induction)?



Summary:

• Developed a structured data model for KER evidence
• More Explicit Annotation of Evidence
• Enhanced tracking, transparency, consistency, machine readability

• Developed a user interface
• Machine Readable, Controlled vocabs, Minimal free text

• Discreet “units” of evidence

• Highly collaborative

Able to conduct useful queries that are not possible in current 
AOP-KB, including cross-database queries

KEY EVENT TABLE AOP TABLEKEY EVENT RELATIONSHIP

OBSERVATIONS TABLE

STRESSOR DOMAIN PUBLICATIONS

METHODS

EVIDENCE TABLE



NEXT STEPS

• Current Pilot Study
• Contract with RTI (developers of AOPwiki)
• Pilot Data model and user interface complete in Fall 2022

• Expand upon “pilot study #1 (2021)”
• Develop KER Data Model on same platform as AOPWiki

• RubyOnRails (web app framework) on an Amazon Server

• Fully compatible with current AOP-Wiki data model
• Built on a “test clone” of AOPwiki
• Assess potential for “permanent” integration

• CONSULT, TEST, CONSULT, and TEST!!!!



Prototype built on AOP-Wiki “clone”



YOUR FEEDBACK  REQUIRED!!!

https://aopwiki.org/forums
/showthread.php?tid=171FORUM

Thank  You!!

CCAAM
Canadian Centre

For Alternatives to

Animals Methods

Ginnie Hench
Steven Edwards

https://aopwiki.org/forums/showthread.php?tid=171


Extra slides


