<EPA

United States
Environmental Protection
Agency

AOP-DB: The Adverse Outcome Pathway Database

Holly M. Mortensen, Ph.D.
US EPA, Center for Public Health and Environmental Assessment

Chem Dashb

Taxonomic
. 4
- Relevance

s
N TS

AOP Wiki
Collaborative
development of AOP
descriptions & evidence

- ELFGDEAN
Comimission

Joint Research Centre

eqration of molecula

AOP targets with :
chemical, pathwa > Putative
disease, orthology AOP dev

Human
Health Risk
Assessment

Shared chemical, biological and

C p_AO P N et toxicological ontologies

OpenRiskNet Final Workshop, Amsterdam, October 23-24, 2019

Office of Research and Development

EPA Disclaimer: The views expressed inthis presentation are those of the author(s) and do not necessarily representthe views or policies of the Azency.



AOP-DB —What 1s 1t? Where can I get some?

Currently, the EPA AOP-DB is an internal SQL database
« OpenRiskNet Integration-Implementation Challenge Winner (!)

a

This can help Risk

Assessors
 AOPDB is an AOP Profiling Tool that allows for the biological context of understand what
AOP to be explored. chemicals target the
- Originally created to extract molecular information from the AOPWiki into AOP, mechanistic
useable format steps involved in the
« The AOP-DB aggregates relationships between AOP-gene targets, IEIIE) EIe T E

1
chemical, disease, pathway, and species orthology information. K affected!!! /

« 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, pathway
and disease endpoints.

Publicly Available Now:
« AOPWIiki > ToxCast Mappings via EPA CompTox Chemistry Dashboard
* OpenRiskNet Aop-DB RDF mapping




\""EPA AOP-DB —Why was it created?

Environmental Protection
Agency

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

Adverse Outcome Pathway

Toxicity pathway

J

f

Molecularinitiating event Key events
- Intermediate effects or predictive
Chemical induced associations spanning several
perturbations that affect levels of biological association
biological systems at the
molecular level.

N

j
-

Adverse Outcome

This may occur at the
population level for
ecological outcomes or
at the individual level for
human health outcomes
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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
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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.



SEPA
eee--AQP-DB v.2 Data Sources

AOPdb v.2 Data Source Overview oo .
Biological Category Data Type Count Sources (0 T = =2 =
Gene Unique Genes 73189522 NCBI Gene oo [ o [0 -
BT M0 -
Gene Interactions SEROA5902 F STRING R
" 65 " "
Taxonomy & Orthology Entrez Supported Organisms 24336 NCBI Taxonomy | Homologene miww w | e |1 | 3
w7 215 " 1
Orthologous Groups 64502 KEGG Orthology | metaPhOrs
Taxa supported by ortho groups 568
ADP Supported AOPs 236 ADP-Wiki entrez 6720
AOP-gene targets 1312 symbol SREBF1
Chemical CTD Chemicals 170646 CD Tax 1D 9609
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T 406 T Description sterol regulatory element
¥ binding transcription factor 1
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Tissue Total Tissues 145 HumanBase .
Tissue-rene interactions 17378250 * Population-level frequency data for
SNPs Total SNPs 25275 Sift | GTEx | GWAS Catalog = funCtlonally relevant SNPs
w7 TomE A ° _
Total SNP Frequencies 4157 1000Genomes Project ¥ R 9@ ‘ EUR - Euro pea n
» ¥ i * SAS - South Asian

Genomes Pr .ciact - * AFR - African
Mg * AMR - Ad Mixed American

- Greene et al (2015) Understanding multicellular function and disease with human tissue-specific networks Nat Genet. ° EAS - East Asian
Jun;47(6):569-76.

Davis et al. (2018) The Comparative Toxicogenomics Database: update 2019. Nucleic Acids Research Vo 47, Issue D1, pg. D948-D954.
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AOP-DB Update v.2

Updated GUI Frontend with search and download capabilities

Code/Data updates include:

* Tools for directly modifying the DB; Automatic data pulls
* Data export in standard formats (eg. JSON/XML/CSV)

* Manual is in prep, including DB tutorial and changelog

* HumanBase Tissue Network integration

* Population frequencies for AOP-relevant SNP variants

e (CP-AOP builder

Mortensen, H.M., Levey, T., Langley, P., Williams, A. (in prep) EPA AOP-DB version 2 updates.
Nature Scientific Data.
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AOP-DB Use Case Examples

Molecular Key
Event gene targets

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

chemical queries

DSSTox ToxCast gene
stressors assays associations

informs chemical assay development

disease queries

related
phenotypes

process queries

metabolic Gene
pathways Ontology

orthology queries

protein species with
orthologs KE genes

clarifies taxonomic relevance

4

expands predictions for downstream events

Disease - Literature search,
: Select highly- : :

of P e confirmation and

interest g feedback

Figure 2: Flowchart
depicting the series
of steps taken to

Associated-
gene list

Select AOP- Select related Select Potentially-

chemical

associations

Potential
chemical
initiators

pathways and
GO terms

Functional
relevance of
key genes

AOP-gene
associations

related
AOPs

Select AOP
Key Events

Potentially-
related, pre-
existing KEs

develop a predicted
AOP from the AOP-
DB.

Pittman, M.E., Edwards, S.W., lves, 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

Action and Object

predictions for
Key Events
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Human-Mouse
MIE and KE
gene/protein
Define “Functional

Neighborhood”

Inter-species Pathway

Comparison &
Molecular Sequence
Similariity
Co-Expression Network N ",;::5&,
Construction | / ol :
Co-Expression Pattern ‘;/‘/____f__ = SN
nalysis & A

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.

AOP-DB Use Case Examples

AOP-directed Co-Expression Module Comparison

MDS plot: BG Human

Human-Chicken

02 o
o
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P TR TR
2 03
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Scalng Dimarsion

<3 02 01 60 01 o
L L n L N

Human-Frog

MDS plot: BG Human DS piet: 8% Human DS piot: BG Frog

MDS piot: BG Chicken

Scag Do 1

moduleColor

moduleSize

black
blue
brown
pink
green
grey

W rod

turquoise
yellow

56
314
252

40
159

17

62
377
182

5.59

12.6
11.5

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

WGCNA: Langfelder and Horvath (2008) BMC Bioinformatics



SE _ AOP-DB Use Case Example (%

Unite
Envir e b °1° 4 £3 §
A\ i AOP-anchored Genetic Susceptibility &
i ® e " ° Step 1: Gene Set Selection “
® .
® 8 b
CszEz & # Human Genes AOP (80 gencs) DisGeNet (3269 gencs with
. score > .2)
) ’ ® Step 2: Pathway Module Identification/Gene Set Validation — T
o @ 2N ®
& # Human Validated Genes
&
® v
Step 3: Identify regulatory regions for each gene {ENCODE)
" ® TPO
Outcome related regulatory regions
v
G6PD Step 4: Identify functionally significant SNPS {Ensembl/Gtex)
# Human functional, outcome
related SNPs in each identified region
v
Step 5: Population characterization {1000 Genomes}
Chemical-gene associations for 3 AOP genes
Increase expression/activity of CYP2E1 Individual/Population level frequency data
for functional, outcome related SNPs
Other interactions M
Step 6: Outcome-specific Multi-genic
Non-TSCA workplan chemicals characterization

FY17 Key HHRA 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.

- 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
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a. Chemical Exposure

Froomss &

AOP-DB Use Case Examples
AOP-anchored Genetic Susceptibility/Community Risk

# AOP Genes ( MIE/KE from AOP-KB)
Identify and Filter impactful protein coding SNPs (PolyPhen/SIFT)

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

f. List of Confirmed
uman Geneti

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

for Chemical X

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

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.
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"] snps v

id INTi{11) GWAS Catalog

The NHGRI-EBI Catalog of published
genome-wide association studies

refsnp W VARCHAR(TS) | o Functionally relevant, phenotype SNPs for
entrez INT(11) identified AOPs
source VARCHAR(S) » Computationally and experimentally

trait VARCHAR(50) derived

context VARCHAR(30)
gval FLOAT

tes_distance INT(11)

sift_score FLOAT ~ = |

B

» gene_info_entrez INT(11) GTExPortal
|

~| snp_frequencies v

id INTi 11
'? Population-level frequency data for functionally

relevant SNPs
* EUR-European
ref_allele_freg VARCHAR(30)

eur_frequency FLOAT ’ SAS - South Asian : '.“ eﬁ F
. * AFR- African A <

sas frequency FLOAT . . ;
* AMR - Ad Mixed American I
* EAS - East Asian Bt A

refenp_id VARCHAR(15)
alt_allele freg VARCHAR(30)

afr_frequency FLOAT

amr_freqguency FLOAT
eas_frequency FLOAT
»snps_id INT(11)
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AOP-anchored Genetic Susceptibility/Community Risk

Showing 1 to 21 of 2,504 entries, 59 total columns

Susceptibility thresholding of functionally
relevant, phenotype SNPs for identified
AOQOP

Multi-Allelic AOP-relevant Haplotype
construction
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Tissue Networks in the AOP-DB

human

* Gene interaction networks for 144 human tissues
* AOP-specific (MIE, KE) molecular targets with
tissue level probabilities

Query Gene: SREBF1 AOP: NFEZL2/FXR activation leading to hepalic siealosis Tissue: Hepatocyte

Entrez ID 6720

cxeLz
Hugo ID SREBF1 opis SCAMP!  xpipp
Tax ID 9606 PLeBs SR \ fr‘ PPOPF
Chromosome 17 N S\ | //
| // KRTB
sterol regulatory element binding transcription N /
Description e A / -
factor 1 cn \, /
. RO
S =

AOPs associated with this gene: 7 .

LXR activation leading to hepatic steatosis , NR113 ves| - A\ S NP1
(CAR) suppression leading to hepatic steatosis , AKT2 / S ———
activation leading to hepatic steatosis , NFE2L2/FXR ya N Ncnep
activation leading to hepatic steatosis » \§ Y
CLPp / \
v \ \enﬂ
|
sHgf L PR

AN
FOHOL_ RARRES2

edge_id
6919426
6919427
6919428
6919429
6919430
6919431
6919432
6919433
6919434
6919435
6919436
6919437
6919438
6919439
6919440

entrezl
7054
7054
7054
7054
7054
7054
7054
7054
7054
7054
7054
7054
7054
7054
7054

entrez2
10614
1043
275
5420
5359
1387
9858
10610
345
5567
686
8532
334
1675
2261

Greene et al (2015) Understanding multicellular function and disease with human tissue-specific networks

- Nat Genet. Jun;47(6):569-76.

probability
0.0251071
0.20275
0.482486
0.00741191
0.0321038
0.0597612
0.135615
0.372655
0.0439449
0.301057
0.0266105
0.00067525
0.0303959
0.744139
0.943748

& NewTab

« c @

tissue_name query_gene

hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte
hepatocyte

6720
6720
6720
6720
6720
6720
6720
6720
6720
6720
6720
6720
6720
6720
6720

£ Vost Visted @ Rec Hat Ml Customer Portsl W Documentation € Red Hat Network

6720

GENE RESULTS

ENTREZ
6720
aop | lssue

adipose-tissue

Target gene

v Probabilty: [0 )

with associated ACPS

AOP DE - Mazilla Firefox

Associated genes

Dovnload Table

z ez
I
Tax ID
Chromosome
Description

Associated AOPS

6720
SREBF1
9609
17
sterol regulatory element
binding transcription factor 1
34,58,61,62

[ FO s
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cp-AOP Derivation € ctd

Chemical-phenotype

Computationally predictive AOPs (cpAOPs) Chemical-disease

e “Chemical-Induced Phenotypes at CTD Help Inform the Pre-disease State « Exposure-studies
and Construct Adverse Outcome Pathways”

Connect pathway from
chemical to MIE to KE’s
to Adverse Outcome.
Link to existing
exposure studies.

Assign organization
levels to computed key
event phenotypes to
build up AOP

Front End Tool

* Will guide the user through the cp-AOP
building process adapted from the
manual workflow in Davis et al.

Select chemical and
disease of interest

KE1: suballular KEZ: cellular KE3: system S
* = pem | MEr 2 KEl -k -]

ME KE A0

* Selecting a chemical and a disease, a P =

user can build an AOP oD [ T

 Using built AOPs, we can gain insight on R Py ey

what AOPs people are searching for or o 7T R e
studying wrwag w3910

. . . . " 766 "

* This tool has the potential to increase v w1

Ko. Tar 5717 215 g

AOP data richness in the AOP-DB

Davsi et al. (2018) The Comparative Toxicogenomics Database: update 2019. Nucleic Acids Research Vo 47, Issue D1, pg. D948-D954.
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AOP-DB Front-End Tool

Inhibition
O AOP O Gene \
ENTREZ ~
submit l l l l
AOPS Chemical Disease Pathway Taxa
»AOP 3: Inhibition of the mitochondrial complex | of nigra-striatal Gene ID Disease
neurons leads to parkinsonian motor deficits 5 Gene Name ID (ENTREZ) Score
Gene ID NADH-ubiquinone oxidoreductase 3 4535 0.000542884
ID Stressor Gene Name (ENTREZ) chain 1
3 NADH-ubiquinone oxidoreductase 4535 NADH-ubiquinone oxidoreductase 3 4535 0.00236703
i chain 1
chain 1
3 NADH-ubiquinone oxidoreductase 17716 NADH-ubiquinone oxidoreductase 3 4535 0.125005
. chain 1
chain 1

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



Activities &) Firefox «

& Aor DB < [t

¢ @ @ localhost: 300!
£+ Most Visited 4 Red Hat ™8 Customer Portal ™l Documentation & Red Hat Network

AOP-DB About HowtoCite Tools~

Wed 15:06 @
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