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AOP-DB –What is it?  

Internal EPA SQL database that supports discovery and development of 

putative (existing) and potential AOPs

• The AOP-DB aggregates relationships between AOP-gene targets, 
chemical, disease, pathway, species orthology information, ontologies 
and gene interactions. 

• Associations are sourced from public annotation to provide biological 
context and are integrated with AOP information centralized in the AOP-
Wiki

• AOP-DB allows for fast, automatic AOP profiling and exploration that 
gives a broad, systems-level overview of the biological context of AOPs, 
thus dramatically expediting predictive toxicology efforts

• Long term significance and impact-- Continued translation of AOP 
biological context, in real time from the AOP-Wiki, and the ability to 
associate these data between and across AOPs, and with assay, chemical 
and disease endpoints. 

Pittman, M.E., Edwards, S.W., Ives, C., Mortensen, H.M. (2018) AOP-DB: A database resource for the 

exploration of Adverse Outcome Pathways through integrated association networks. Toxicology and Applied 

Pharmacology Mar 15; 343:71-83



AOP-DB –Why was it created?

Originally created with a dual purpose:

1. to characterize candidate AOPs for case study 

a) Species applicability (Pittman et al. 2018)

b) Inter-individual Variation (Mortensen, Chamberlin et al. 2018)

2. To support the cp-AOPnet and putative AOP development (Edwards)

**General hypothesis generation tool to explore AOPs

CSS AOP DD Task 1.1b Computationally-Predicted AOPs

Oki NO, Nelms MD, Bell SM, Mortensen HM, Edwards SW (2016) Accelerating Adverse Outcome Pathway Development 
Using Publically Available Data Sources. Curr Environ Health Rep. Mar 3(1): 53-63.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Oki%20NO%5bAuthor%5d&cauthor=true&cauthor_uid=26809562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nelms%20MD%5bAuthor%5d&cauthor=true&cauthor_uid=26809562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bell%20SM%5bAuthor%5d&cauthor=true&cauthor_uid=26809562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mortensen%20HM%5bAuthor%5d&cauthor=true&cauthor_uid=26809562
http://www.ncbi.nlm.nih.gov/pubmed/?term=Edwards%20SW%5bAuthor%5d&cauthor=true&cauthor_uid=26809562


Data Type
Unique Entry 

Count

Supported 

Organism Count
Source

AOP 236 21 AOPwiki

Gene_Protein 23189522 >2000
STRING

Pathway 100594 569
KEGG; Reactome; 

CPDB

Disease 24166 H. Sapiens Only DisGeNET

Chemical 170646 592 CTD

Ortholog 64502 >5000

NCBI Homologene; 

KEGG Othology; 

phylomeDB

Tissues 144 H. Sapiens Only Humanbase

AOP-DB v.2 Datasource Overview

AOP-DB v.2  

ToxCast Assay 
Targets 

Chemical-Gene 
Association

Species Orthology 
Information

Chemical CasRN, 
DTXSID, DrugBankID

AOP Molecular 
Targets, MIE/KE

Gene/Protein 
Identifiers

Ontology 
Information

Tissue-Gene 
Association

Scored Disease-
Gene Association

AOP event,  
stressor



AOP-DB: Ontology-curated AOP 

Gene Mapping

Ives, C., Campia, I., Wang, R.L., Wittwehr, C., Edwards, S. (2017) Creating a Structured Adverse Outcome Pathway 
Knowledgebase via Ontology-Based Annotations. Applied In Vitro Toxicology, Vol. 3, No. 4.



AOP-DB Use Examples

Figure 1:
Flowchart 
depicting the 
nature of potential 
lines of inquiry and 
their application. 

Figure 2: Flowchart 
depicting the series 
of steps taken to 
develop a predicted 
AOP from the AOP-
DB.

Pittman, M.E., Edwards, S.W., Ives, C., Mortensen, H.M. (2018) AOP-DB: A database resource for the exploration 
of Adverse Outcome Pathways through integrated association networks. Toxicology and Applied Pharmacology
Mar 15; 343:71-83



AOP-DB Use Examples

Human-Mouse Human-Chicken Human-Frog 

5<Z score<10 = Moderate Module Preservation
Z score>10 = High Module Preservation 

WGCNA: Langfelder and Horvath (2008) BMC Bioinformatics 

AOP-directed Co-Expression Module Comparison

MIE and KE 
gene/protein

Co-Expression Pattern 
Analysis

Define “Functional 
Neighborhood”

Inter-species Pathway 
Comparison

Molecular Sequence 
Similariity

Co-Expression Network 
Construction

Mortensen, H.M., Pittman, M., Lalone, C., Villeneuve, D., Ankley, G (in prep) A Computational Framework 
for Defining the Taxonomic Applicability of the Adverse Outcome Pathways Through integration of 
Molecular Datasets. Computational Toxicology.



FY17 HHRA Key Product: Mortensen, H.M., Chamberlin, J., Joubert, B., Angrish, M, Sipes, N., Lee, J.S., Euling, S.Y. (2018) Leveraging human genetic 
and adverse outcome pathway (AOP) data to inform susceptibility in human health risk assessment. Mammalian Genome. Feb;29(1-2):190-204.

Chemical-gene associations for 3 AOP genes

Increase expression/activity of CYP2E1

Other interactions

Non-TSCA workplan chemicals

EPA National Program in Human Health Risk Assessment. Task 6.3 Incorporating Susceptibility Information into Cumulative Risk Assessment. Subtask 2.1 Applying Polymorphism and Mechanistic Data to Inform 
Genetic Susceptibility in Risk Assessment 

AOP-anchored Genetic Susceptibility
AOP-DB Use Examples



# AOP Genes ( MIE/KE from AOP-KB)

# Human functional, outcome -related SNPs in each AOP (1KGP Stage 3)

Identify and Filter impactful protein coding SNPs (PolyPhen/SIFT)

# Identify putative, tissue specific, noncoding regulatory SNPs (eQTLs from GTEX)

Evaluate level of individual and population level variation at protein 
altering and tissue relevant variants 

AOP-anchored Genetic Susceptibility/Community Risk

AOP-DB Use Examples

Mortensen, HM and Euling, SY (2013) Integrating mechanistic and polymorphism data to characterize human genetic susceptibility for 
environmental chemical risk assessment in the 21st century. TAAP 15; 271(3):395-404.



AOP-DB Update v.2

The backend code is currently being updated to incorporate the front-end tool

Code/Data updates include:

• Tools for directly modifying the DB; Automatic data pulls

• Data export in standard formats (eg. JSON/XML/CSV)

• About page and DB tutorial, and changelog to be implemented

• HumanBase Tissue Network integration 

• Population frequencies for AOP-relevant SNP variants





AOP-DB Front-End Tool 

Creation 

CSS 17.01 AOP DD. Task 1.1b Computational tools to support AOP development and application



AOP 
Database
Trevor Levey



AOP-Wiki Data

These tables make use of 
the data from the AOP 
Wiki. The data is updated 
quarterly from an xml file 
containing all the wiki 
data. 



Gene Sources

These tables include general gene 
information, id mappings between 
entrez and other gene ids, and 
gene interaction data

NCBI Gene: Source of gene information in 
AOP-DB. 
UniProt: Supplies the gene id mapping data
STRING: Contains protein-protein 
interactions for over 2000 organisms, scored 
by confidence level



AOP Entrez Mapping

• The entrez ids in the aop_gene table do 
not come directly from the aop_wiki xml

• AOPs with Protein Ontology object_ids
(PR) are mapped to entrez ids. 



Taxonomy Sources and Use Example

NCBI Taxonomy: Supplies basic 
information for species included in 
the species_info table.

NCBI Homology Gene, KEGG 
Orthology, and MetaPhOrs: 
Includes the orthologous groups 
for genes.

Due to redundancy over these 
sources, confidence scores are 
computed in the orthoscores table.

The table below is the result of a query looking at AOP 167, relating to carcinoma in the mouse, and relating it to taxonomy and homology information



Chemical Sources

The Comparative Toxicogenomics 
Database supplies manually curated 
chemical-gene relationships to the 
AOP_DB. 

The tc_assays table comes from the 
EPA’s ToxCast program, which screens 
chemicals for toxic effects. 



Disease Sources and Use Example

DisGeNET combines 
mined, curated, and 
inferred disease_gene
relationships from 
multiple sources for 
diseases and disease 
traits. These 
relationships are 
included in the AOP-DB, 
along with a score 
calculated from 
redundancy over the 
sources in DisGeNET.

Some Sources Within 
DisGeNET for Gene-
Disease Associations:
Uniprot HPO
CTD CLINVAR
Orphanet GWAS
CLINGEN LHGDN
CGI BeFree
PsyGeNET

This table is the result of a query for diseases related to steatosis and their linked AOP information.

This table is the result of a 
query that retrieves all 
AOPs related to steatosis 
from the database.



Pathway Sources

Pathway_Gene links biological 
process pathways to gene ids. 

KEGG Pathways contains functional 
annotation of genes
Reactome contains manually-
curated pathway interactions
Consensus PathDB contains 
functional interaction data for 
human, mouse, and yeast 
pathways. 



Tissue Networks

Find all edges for the liver tissue network built around the gene SREBF1 (entrez=6720):

SELECT N.entrez1, N.entrez2, N.probability, N.tissue_name, N.query_gene, A.AOP_id, 
A.AOP_nameFROM tissue_networks AS N, aop_gene AS AWHERE N.query_gene=A.entrez
AND AOP_id=61 AND N.tissue_name="liver" AND N.query_gene="6720"; The tissue_networks data table 

comes from humanbase. GIANT 
was used to create functional 
maps of gene relationships within 
144 human tissues. Each gene 
interaction has a probability, 
which indicates the relationship 
confidence.



Future Addition: SNP Frequency Table

• We are currently working 
on adding a table that 
retrieves all snps of 
interest for all AOP-genes 
and supplies population 
frequency data for these 
snps from the 
1000Genomes project.

• To retrieve snps of 
interest, we are looking 
into sources like SIFT, 
Polyphen, and GTEX to 
find snps that have some 
effect on phenotype. 



Phillip Langley

AOP-DB Frontend



Purpose

• To create a public facing user interface (React, NodeJS, 
Express, MySQL) that will allow simple searching of 
information from the AOP-DB. 

• Enable ease-of-use utilities that do not require knowledge of 
SQL to allow access to AOP-DB information. 

• Public hosting on EPA site.

Plan to do

• Transition from jQuery frontend to React-driven client.

• Integration of updated backend code.

• Make API more accessible.



Current Layout
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Current Layout (cont.)



Current Layout (cont.)


