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AOP-DB —-What Is 1t?

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.

e 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.,, 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
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“"EPA N AOP-DB —Why was it created?
e 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
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Adverse Outcome
Molecular ihr;lilgating event Key events This may occur at the
(MIE) Intermediate effects or predictive population level for
Chemical induced associations spanning several ecological outcomes or
perturbations that affect levels of biological association at the individual level for
biological systems at the human health outcomes
molecular level.
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ToxCast, Drug Matrix, TG KEGG, REACTOME, BioGRID, CTD, _
GATES, NHANES, CTD, ZFIN, MG, Wormbase, FlyBase, ToxRefDB, PheGeni, OMIM,
DrugBank, HMDB PharmKGB, ToxRefDB “mnz
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Association rule mining,
Pathway analysis and
inference, Machine learning . .
methods 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
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Species Orthology

Information e oo e e Gene/Protein
> prat_id1 VARCHAR(45)  ortho_group VARGHAR(45) > name_bt VARCHAR(200) > assay_id INT(11)

Oerirazi NT(11) © tas_id INT(11) g™ name_ciass VARCHAR(200) > assay_component ig INT(11} | d enti f| ers

Stax_id1 INT{11) @ entroz INT(11) > division VARCHAR45) J assay_endpoint_id INT(11)

AOP' DB V.Z Datasource OVG Wiew S protid2 VARCHAR(S) sy _ |~ Souree VARCHAR(4S) P | <} < assay_sourca_id VARCHAR(45)

U . E S d J entrez2 INT(11) > ? > assay_source_name VARGHAR(45)

n l u e nt u O rte Stax_s 1 ¥ | » assay_name VARCHAR(45)

Data Type q ry pp ,:;:o;::;im INT{ 1) i I I > timepoinl_hr VARCHAR(4S), | Toxca St Assay

n cOunt n 0 ganism c°un1= > Sources VARCHAR(45) I i I > tax_ID INT(11) _I_a rgets
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R . ! KGTD INT(11) I I > cell_free_ nt_source VARGHAR(45)
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Gene_Protein 23189522 >2000 - Cromcatd VARG AFS) . .
 ChemicallD VARCHA. . > CasRN VARCHAR(45) O tax i INT(11) I
> CasRN VARCHAR(45)  GeneSymbol VARCHAR(45) ! entrez INTI11) L |

KEGG' ReaCtome .  Definfion VARCHAR{4S) | | entrez INT(11) 1H ) HUGO_id VARGHAR(45) _
Pathay 100534 269 CPDB ' e | oo oy o e
> -7 e | b———
. ParentTroshumoers ... | | tax_id INT(11) I, | aoxreis vaRGHARIAS) | @ entraz INTI11)
i 1 i > | | interaction vaRcHAR(300) > chomasome VARCHAR(10) | GO_id VARGHAR4S5)
Disease 24166 H. Sapiens Only  DisGeNET e, | [oemesamtinen | [ v o~ L udcworersarcrien
| .
H £ i > PubMediD INT{1 1) > description VARCHAR(200) > qualifier VARCHAR(45)
C h emica I 170646 592 CTD e VMCHAHML 2 DTX_id VARCHAR(45) 2 type_of_gene VARCHAR(45) } ~ GO_term VARCHAR(45) O n t O | o gy
>  symool_from_autrorty VARGHAR(2S) (= }  PubMediD VARGHAR(4S) R
N C BI HO m O I Oge n e . 2 1ull_name_from_authority VARCHAR(25) | } > Category VARCHAR[45) | n fo r m a t | o n
! > nomenclature_status VARGHAR{ 10) I I >
O rth Ol Og 64502 >5000 K EGG Oth Ol Ogy N _ ! idgene_interactions INT(11) | | | & other_designations VARGHAR200) -u—l———‘r __ ——
’ ! event_id INT(11) » proteint VARGHAR(45) > modification_date INT(11)

> avent_name VARCHAR{300) o entrez1 INT(11) = 1 id_id_mapping INT{11)

phyl ome DB » AOP_ids VARCHAR50)

> AOP_names VARCHAR(700) 5 entrez2 INT(11) > UniProfKB_ID VARCHAR(45)

Tissues 144 H. Sapiens Only  Humanbase  rgmiztonLows VARCHARS) | | compecsseore T i Sansez ey

> protein2 VARCHAR(45) > UniProtKB_AC VARCHAR(45)

» process_name VARCHAR(45)

L INT{ ) DRCHARES)

|
 AOP_id INT{1) ‘M AOP MO'GCUIar

J process_id VARGHAR(45)

> object_name VARGHARI45)

p i T > AQOP_name VARCHAR{300) > ProteinDataBank VARGHAR (45)
> object_i > ACP_status VARCHAR(100  Unil
. abject_id VARCHAR(45) > source_genelD VARGHAR(4S) " s (100) L] > UniPare VARCHAR|45) Ta r. g et S M I E / K E
C emica Ca S R N B > CC_name VARCHAR(45)  enirez INTI1 ) > event id INT(11) > PIR VARCHAR(45) ’
> CC_id VARCHAR(45) | DTX_id YARGHAR4S)  path 4 VARCHAR(4S) > event_process VARCHAR(300) S ax_id INT(11)
DTXS I D D ru g B an kl D > OrganContext VARCHAR(45) | stressor_name VARCHAR(300) /pam'nam CARGHAR (200, | ©YoTL2G16n VARCHAR300) . UniGene VARCHAR(45)
’ > OrganCode VARCHARi4S) > stressor_id INT(11) i ; wTan > OrganizationLovel VARGHAR(45) > PubMedID VARCHAR(4S)
- > object VARCHAR45) 5 r
| user_temn VARCHAR (300) kit source VARCHARiHE) ject_name 145) EMBL-CDS VARCHAR(45)
o > > object_id VARCHAR(45) > Ensombl VARGHAR(45)
T > ext_source VARCHARI45)
+ 1 > & entrez INT(11) » Ensembl_PRO VARCHARI45)
AO P eve nt' } ! > OrganContext VARCHAR(45) >
# WAOP_stressor INT(11) > OrganCode VARCHAR{4S) .
Stressor © AOP_id INT(11) = > assay_endpoint_id INT(11) Tlssue'Gene
Tid INTE)
> AOP_name VARCHAR(300)— (51— >

 DiseaselD VARCHAR(45)

- DiseaseName VARCHAR(200) J,* ¥ odge d Associatio n

@ entrez1 INT(11) j

© event_id

Tevent, ARCHAR(45)

@ entrez INT(11)

TStressor_id INT(11) Ly  entrez2 INT(11)

SCO re d D i sease- > stressor_name VARCHAR(100) 7 Genesymoo! VARGHAR(S) ! AOP_id INT(11) # probability FLOAT

> score FLOAT ®
¢ DTX_id VARGHAR(45)

> AOP_name VARCHAR(300)  tissue_name VARCHAR(20)
> sourze VARCHAR(45) -

Gene Association : ; - ;
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AQOP _name

Inhibition of the mitochondrial comp...
Inhibition of the mitochondrial comp. ..
Inhibition of the mitochondrial comp...
Inhibition of the mitochondrial comp...
Inhibition of the mitochondrial comp...
Inhibition of the mitochondrial comp. ..
Antagonist binding to PPARalpha l...
Antagonist binding to PPARalpha ...
Antagonist binding to PPARalphall...
Antagonist binding to PPARalpha I...
Antagonist binding to PPARalpha l...
Aromatase (Cyp19al) reduction le...
Aromatase (Cyp19a1) reduction le...
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Aromatase (Cyp19al) reduction le...
(
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(
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(
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AOP-DB: Ontology-curated AOP
Gene Mapping

event_process

. MADH-ubiquinone oxidoreductase ...
. NADH-ubiquinone oxidoreductase ...
. NADH-ubiquinone oxidoreductase ...
. NADH-ubiquinone oxidoreductase ...
. MADH-ubiquinone oxidoreductase ...
. NADH-ubiquinone oxidoreductase ...
. PPAR alpha
. PPAR alpha
. PPAR alpha
. PPAR alpha
. PPAR alpha
. Aromatase (Cyp19al)
. Aromatase (Cyp19a1)

. Aromatase (Cyp19al)
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OrganizationLevel

. Molecular
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. Molecular
. Molecular
. Molecular
. Maolecular
. Molecular
. Molecular
. Molecular
. Maolecular
. Molecular
. Cellular

. Cellular

. Cellular

. Cellular

. Cellular

object_id

. PR:000031316
. PR:000031316
. PR:000031316
. PR:000031316
. PR:000031316
. PR:000031316
. PR:000013056
. PR:000013056
. PR:000013056
. PR:000013056
. PR:000013056
. PR:000006100
. PR:000006100
. PR:000006100
. PR:000006100
. PR:000006100

entrez
4535
17716
3338902
807636
2193907
140531
19013
25747
5465
5465
403654
30390
1588
1588
1588
13075

OrganContext

assay_endpoint_id

o o o o o o o O

132
718

319
320
767

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.
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Molecular Key
Event gene targets

Figure 1:

F I OWCh a rt chemical queries disease queries process queries orthology queries

d e p I Ct In g t h e DSSTox ToxCast gene related metabolic Gene protein species with
o stressors assays associations phenotypes pathways Ontology orthologs KE genes
nature of potential

informs chemical assay development expands predictions for downstream events clarifies taxonomic relevance

lines of inquiry and
their application.

Disease Literature search,

of asiiteigttehc;ghelres confirmation and
interest 8 feedback

‘ Figure 2: Flowchart
sene s depicting the series
of steps taken to

Select AOP- Select related Select Potentially-
chemical pathways and AOP-gene related

associations GO terms associations AOPs goy Evenc d eve I O p a p re d i Cte d

Select AOP

Potential Functional Potentially- AO P frO m t h e AO P_

chemical relevance of related, pre-
initiators key genes existing KEs D B
.

Action and Object
predictions for
Key Events

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
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AOP-directed Co-Expression Module Comparison

Human-Mouse R Human-Fro
MIE and KE Human-Chicken g

TR

DS piet: BS Human MOS piot: BG Frog

gene/protein

Scabrg Dimension 2
00 02
St Devension

Define “Functional
Neighborhood”

o4 3 02 a1 o
L L L L

Inter-species Pathway
Comparison

Molecular Sequence
Similariity

Co-Expression Network

Summary
Constru Ction moduleColor moduleSize Z-score
black 56 8.79
. blue 314 22.1
Co-Expression Pattern brown 252 23.1
Analysis pink 40 11.5
green 159 11.2
grey 17 1.87
red 62 5.59
turquoise 377 12.6
yellow 182 11.5

5<Z score<10 = Moderate Module Preservation
Mortensen, H.M., Pittman, M., Lalone, C., Villeneuve, D., Ankley, G (in prep) A Computational Framework Z score>10 = High Module Preservation
- for Defining the Taxonomic Applicability of the Adverse Outcome Pathways Through integration of
Molecular Datasets. Computational Toxicology. WGCNA: Langfelder and Horvath (2008) BMC Bioinformatics




SE AOP-DB Use Examples

Unite | - T ™™
R A\l AOP-anchored Genetic Susceptibility -
d .' SR ® Step 1: Gene Set Selection “
@ ® ©
o T =
o o 2l —* 7 ruman Genes

® ; .G; SN Step 2: Pathway Module Identification/Gene Set Validation EGP (647 gencs) £1500 (2657 gencs
®
»® ", N\ ®
A O # Human Validated Genes
o
. k4
y i) Step 3: Identify regulatory regions for each gene (ENCODE)
M \ & L TPO
Outcome related regulatory regions
h 4
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

Individual/Population level frequency data

Increase expression/activity of CYP2E1 )
for functional, outcome related SNPs

Other interactions M
Step 6: Outcome-specific Multi-genic

Non-TSCA workplan chemicals characterization

FY17 HHRA Key Product: Mortensen, H.M., Chamberlin, J., Joubert, B., Angrish, M, Sipes, N., Lee, J.S., Euling, S. (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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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)
# Human functional, outcome -related SNPs in each AOP (1KGP Stage 3)

Evaluate level of individual and population level variation at protein

S altering and tissue relevant variants
&,g" m- ttttt :
aescane ) ¢ ®
—’ ] . . r
lotype N.:(work rﬂ - '
1 e ’3' : 2 -~ 3
° .o ’ [

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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SEPA
AOP-DB Update v.2 ﬁ i@
- VYN

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
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ORD@WORK

Mational Research Programs  LOOs  QuickLinks [MSupport Login

SCIENCE AND RESEARCH ADMINISTRATIVE COMMUMICATIONS ABOUT ORD

NHEERL Home Search ORDEWork...

NHEERL Database Products

NaKnowBase

MaknowBase is a ralational database populated with data from peer
papers describing the actions of nanomaterials in erwironmental or bicl

ORD nanomaterials ressarch publications. The database focuses on
ia including their characterization, interactions, transformations and
potential adverse environmental or toxicological effects.

For Information please contact Holly Mortensen (mortense williamibepa.gov)

nkbreadmea.txt

Adverse Outcome Database

The Adverse Outcome Database (AOP-DB) links molecular data associated with ADPs from the AOP-Wiki to biclogical entities like diseases, chemicals,
tamomomy, etc. These assodiations are sourced from public annotation and provide a wider context of relevant biology for each AQR thus enabling
rasearchers to expand predictions of chemical stressors and toxicolegical outcomes.

For Information please contact Holly Mortensen (mortensen holly@epa govl.

Adverse Dutcome Database downloads:

Read Me Data Dump Schema Diagrams

Coming soon dev_ AOP-DB_v1.sglgz (7.2 GB] dev_aop-db_vl.pdf
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AOP-DB Front-End Tool f
Creation S,

$\’V eDS T4 7*6\

Inhibition

> M
S AOP O G g 7%
O O Gene <
2 N7 &
ENTREZ ~ % =
Z, Ny
%, N
submit ,q
L pROTE®
AOPS Chemical Disease Pathway Taxa
2ACP 3: Inhibition of the mitochondrial complex | of nigra-striatal Gene ID Disease
neurons leads to parkinsonian motor deficits Gene Name ID  (ENTREZ) Score
Gemeld 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
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—| aop_info v
AOP_id INT(11)

AOP_namea VARCHAR(300)

—| aop_gene v
id INT{11}

2 AOP id INT{11}

ADP_name VARCHAR(:200)
ADP _status WARCHAR(TOD)
2oavart_id INT(11}

evant_process VARG HAR(300)
envant_action VARCHAR(300)}
avart_tpe VARCHAR(200)
OrganizationLeval VARCHAR(45)
object_name VARCHAR(45)
object id WVARCHAR(45)

2 antrez IMT{11})

OrganConiext VAR CHAR(45)
OrganCode VARCHAR(45)
assay andpoirt_id INT{11}

United States ] [}
Environmental Protectio

] event_info v
evard_id INT[11)
evanl_namea VARCHAR 300}
AOP_ids VARCHAR(S0)
AOP_names VARCHAR(T0D)
OinganizatonLeval VARCHAR[4.5)
process nama VARCHAR(45)
process id VARCHAR(4 5)
abjact name VARCHAR(45)
abjact_id VARCHAR(45)
CC_nama VARCHAR (45)
GO _id VARGHAR [45)
OrganContaxt WVARCHAR(45)

OrganCode VARCHAR(45)

] stressor_info v
OTX i WARCHAR[45)
strassor_name VARC HAR (300}
strassor_id INT{11}
usar_jsrm VARCHAR (300}

_| aop_stressor v
)l AOP _strassor INT{11)

< AOP_id INT(1 1)
AOP_nama VARCHAR(300)
avart_id INT{11}
avant_name VARG HAR [45)
sirassor_id INT(1 1)
sirassor_nama VARCHAR(100)

» DTX id VARCHAR(45)

Adverse
Outcome
Pathway

WIKI

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

STRING

"] gene_interactions ¥
idgana_intaractions INT[11}

» proteint VARCHAR(45)

entrezd INT(11)
proteing VARCHAR45)
] gene_info v enfrez2 INT(11)
3 ta_id INT(11) ] go_gene v combined_scare INT(11}
_ id_mapping v antraz INT(11)

KGO _gana INT(11}
id_id_mapping INT{11}

S UniProtKB_AC VARG HAR (45)
UniProtkB_ID VARCHAR(45)

HUGO id VARCHAR(4 5}
locus_tag VARCHAR(25)

o fax_id INT(11}

W@ antraz INT(11)

These tables include general gene

synomyms VARCHAR (25) » GO_id VARCHARMS) information, id mappings between
2 antrez INT(11) doXrefs VARGHAR(45) svidence VARCHAR(4S} entrez and other gene ids, and
RelSeq VARCHAR45) chramosama VARCHAR( 10} qualifier VARCHAR[45) gene interaction data
NCBI_GI VARGHAR(45) map_kacation VARGHAR(25)

GO _term VARCHAR(45)
ProteinDataBank VARGHAR(45) deserption VARGHAR(200) PubMed D VARCHARI45)
UniParc VARCHAR[45 . . .

145} typa_of gana VARCHAR(45) Catagary VARCHAR[45) NCBI Gene: Source of gene information in

PIR VARCHAR (43} symbal_fram_authority VARCHAR(25) AOP-DB.
tae_id IMT(11)

S full_name_fram_autharity VARCHAR(25) UniProt: Supplies the gene id mapping data

STRING: Contains protein-protein
interactions for over 2000 organisms, scored
by confidence level

UniGene YARCHAR({435) nomenclature_status VARCHAR(10)

2 PubMed|DVARCHARI45) other_designations VARCHAR(200)

EMBL-CDS WARCHAR(45) madification_date INT{11)

Ensembl VAR CHAR (45)

Ensembl_PRO VARG HAR (45)
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AOP Entrez Mapping
_| aop_gene v ] gene_info v

antiraz [NT(11)
AGF'Id INT[I 1 HUGO id VARCHAR(45)

AOP_namea WARCHAR[300) locus_tag VARCHAR(25)

AQP_status VARCHAR(100) symnyms VARCHAR (25)

N dbXrafs VARGHARS)
ave }
- (11} chromasome VARCHAR({ 10)

avant_process WARC HAR[300) map_location WARCHAR(25)

evant_action VARCHARZ00) dascrption VARCHAR(200}

typa_of_gens VARCHAR45)
evant_typa VARG HAR(300)
symbaol_from_authorty VARCHAR25)

OhrganizationLevel VARCHAR(45) full_name_from_sutharity YARCHAR{ZS)
Eh_'EC-‘I_I'EI'I'B VARCHA H_[..‘. ] nomanclature_status VARCHAR(10O)
. ather_designafions VARCHAR200)
objact_id VARCHAR(45)
madification_date INT{11}
antraz INT(11}
OrganConiex VARCHAR45)

OrganCode VARCHAR] 45)
assay_endpoint_id INT(11} * Theentrezidsin 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.

1

l
5 I
=
s

1 i
=

f M M ( M M
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Taxonomy Sources and Use Example

] orthescores v
M_OrthoScores INT(11) NCBI Taxonomy: Supplies basic
prol_idi VARCHARISS) information for species included in
entrez NT{11) the species_info table. H I G
B pecies_ omoioeene
ol_id2 VARCHAR(45} "] homology_gene ¥
e NCBI Homology Gene, KEGG
antrez2 INT(11} id_homaology INT{11}
fa_id2 INT(11) OrthOIogy' and MetaPhOrs: artho_group VARG HAR(45)
GorsistencySoore INT(11) Includes the orthologous groups tax_id INT(11)
Sourcas VARCHAR(45) for genes' @ antraz INT(11)
source VARCHAR(45)

.

w MetaPhOrs

v

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

| species_info v
tax_id INT(11)
name_txt VARCHAR(200)
nama_class VARCHAR{200)
division VARCHAR(45)

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

wow

£
f
f
f
.
:
£

=

w
+ ~F ~F ~F ~+ ~+

L1
L1
Li
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Chemical Sources

Q:‘ ctd

ICSS ToxCast Dashboard

"] tc_assays
teAssay id INT(11)
> assay_id INT(11)
> assay_component_id INT(11)
assay_andpoint_id INT{11}
-+ assay_source_id VARCHAR(45)
2 assay_source_namea VARCHAR([45)
assay_name VARCHAR[45)}
> fimapoint_hr VARG HAR (45)
tax_|D INT(11)
organism VARCHAR(45}
tissua VARCHAR(45)
» eall_tormat VARCHAR(45)

“seall frea component source VARCHARI45)

—| chemical_info v
ChemicalMame VARCHAR(Z00)
ChamicallD VARCHAR(45)

CasAN VARCHAR(45)

¥ call_short_name VARCHAR(45) assay_component_endpt_name VARCHAR{45)

> cell_growth_mada VARGHAR({45) » assay_function_type VARCHAR(45) Dafinion VARCHAR(45)

2 assay_format_typa VARCHAR45) - burst_assay VARCHAR(45) o ParantlDs WARCHAR(300)

1 1 typa_sub VARCHAR(45) key_posilive_cantral VARCHAR(45)
SRS e » TresMumbars VARCHAR (300}

o content_readout_type VARCHAR(45) - signal_direction VARGHAR(45)

, assay_componen_nams VARGHARS) interded target_type VARCHAR(45) PareriTreehlumbers VARGHAR({00)

parameter_readoul_type VARCHAR(45) intended_targat_subtyps VARCGHAR(45) 2 Bynanyms VARCHAR( 300}

assay_design_type VARCHAR(100) dinterded tamet famiy VARCHAR(45) » DrugBank|Ds VARCHAR(45)

» assay_design_sub VARCHAR(100) 2 infended_target_subtamily VARCHAR(1 00}

DTX_id VARCHAR(45)
“ biological_process_target VARCHAR(100) “infanded_target_entrez INT(11}

detection_technalogy_typa VARCHAR(45) infended_target_officialSymbal VARCHAR(45)
» datection_technology_typa_sub VARCHAR(45)  intended_targat_UniProtAC VARCHAR(45)
2 datection_technology VARCHAR (45) “ fech_target_entrez INT{11}
signal_direcfion_typa VARCHAR(4S) tech_target officialSymbal VARCHAR(4 5)
 key_assay_reagent_type VARCHAR(45) 2 tach_targat UniProtAC VARCHAR(45)
o key_assay_reagent VARCHA R4 5)

tech_target_typa VARCHAR(45)

~| chemical_gena v
KMCTD INT(11)
+ ChemicalMame VARCHAR(Z00)
“# ChemicallD VARCHAR(45)
CasAN VARCHAR(45)
-+ GaneSymibol VARCHAR(45)
o antraz INT(11)
GanaFarm VARCHAR[45)
» Organism VARCHAR(45)
“tax_id INT(11)
Inter action VARCHAR(300)
Inter actionActions VARCHAR(300)
» Pubhed D INT( 11}
DTX_id VARCHAR[45)

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.
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Disease Sources and Use Example

This table is the result of a

guery that retrieves all

AOPs related to steatosis

from the database.

DisGeNET '@ @

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

cal BeFree
PsyGeNET
_| disease_gena v
i INT[ 11}

DisaasalD VARCHAR45)

DisaasaMamea VARCHAR200)
& aniraz INT[11}

GanaSymbol VARCHAR(45)

scora FLOAT

source WVARCHAR45S)
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Pathway Sources

G P )

freoctome

_| pathway_gene v
Pathway_Gene links biological i INT(11)
process pathways to gene ids. sourca_genelD VARGHAR(45)
aniraz INT({11}

KEGG Pathways contains functional
annotation of genes
Reactome contains manually-

path_id VARG HAR [45)
path_name VARCHAR (200}

curated pathway interactions tax_id INT{11}
Consensus PathDB contains int_sourca VARCHAR(45)
functional interaction data for axt._sourca VARG HAR(45)

human, mouse, and yeast
pathways.
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" Tissue Networks \
human ’:::;:“/

PL1R1

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

SELECT N.entrezl, 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";

| tissue_networks ¥
edge_id INT(11)
entrez1 INT(11)
entrez2 INT(11)
probability FLOAT
fissue_name VARCHAR(30)

¢ query_gene INT(11)

The tissue_networks data table
comes from humanbase. GIANT

was used to create functional

1 4792 7528  0.202793 liver 6720 61 MFE2L2/FXR activation leading to hepatic steatosis

2 4792 91663 0.09145... liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis

3 4792 220323 0.095931 liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis

4 4792 120 0.117579  liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis

5 4792 4047 0131298 liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis

6 4792 6310 0135163 liver 6720 61 MFE2L2/FXR activation leading to hepatic steatosis

7 4792 6892  0.332241 liver 6720 61 MFE2L2/FXR activation leading to hepatic steatosis S

8 4792 128 0.06017... liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis Emrezip 6720

9 4792 1387  0.180979 liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis ki

10 4792 6319  0.08031... liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis cremesne ;ummemmmaWm
11 4792 375790 0144123  liver 6720 61 MFE2L2/FXR activation leading to hepatic steatosis ::m:t:;;m -

12 4792 10099 0.13839  liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis {CAR) mpprcsion lonting e ot sl ART2
13 4792 116447 0.08579... liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis Stvation e o et s
14 4792 3949 040171 liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis

15 4792  B659  0.09087... liver 6720 61 NFE2L2/FXR activation leading to hepatic steatosis

AOP: NFE2L2/FXR activation leading to hepatic steatosis

maps of gene relationships within
144 human tissues. Each gene
interaction has a probability,
which indicates the relationship
confidence.

Tissue: Hepatocyte

cxcl2
SCAMPT  apipa

RQX03_ HapREs2
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Future Addition: SNP Frequency Table Gegom;;,ffggg}ﬂ

?_Y’ GTEX F)D rta | e We are currently Working # id population ref allele frec alt_allele frec refsnp_id entrez

on adding a table that 87 87 EastAsian G=0.982 A=0.018 (517886584 43
S 4 F retrieves all snps of 88 88 FEurope  G=0.999 A=0.001 (517886584 43
interest for all AOP-genes 89 89 South Asian G=0.97 A=0.03 (517886584 43
and supplies population 90 90 American  G=0.99 A=0.01 (517886584 43
frequency data for these 91 91 Global C=0.973 T=0.027 (517886712 43
snps from the 92 92  African C=0.901 T=0.099 (517886712 43
1000Genomes project. 93 93 EastAsian C=1.000 T=0.000 (517886712 43
94 94 Europe  C=1.000 T=0.000 (517886712 43
* To retrieve snps of 95 95 South Asian C=1.00 T=0.00 rs17886712 43
interest, we are looking 96 96 American C=0.99 T=0.01 (517886712 43
into sources like SIFT, 97 97 Global A=0.329 G=0.671 1S553668 150
Polyphen, and GTEX to 98 98 African  A=0.307 G=0.693 15553668 150
find snps that have some 99 99 EastAsian A=0.506 G=0494  rs553668 150
effect on phenotype. 100 100 Europe  A=0.160 G=0.840 rs553668 150

101 101 South Asian A=0.40 G=0.60 rs553668 150
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Purpose

* To create a public facing user interface (React, NodeJsS,
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 APl more accessible.




<EPA

United States

“= Current Layout

submit

Welcome to the AOP-DB Front-end
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https://i.imgur.com/tHHjPUC.gifv
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Search: Search:
L ; . ; AOPS Genes .
AOP 34: LXR activation leading to hepatic steatosis
\OP 34: LXR activation leading to hepatic steatosis AOPWiIki link Entrez 10062: oxysterols receptor LXR-alpha
Gene Stressor Disease Pathway
Entrez 22260: oxysterols receptor LXR-beta
Show 10 v entries Search:
Entrez 58851 oxysterols receptor LXR-beta
Entrez * HUGO ID Object Name Event ID Event Process Event Action Event Type
] Entrez 7376: oxysterols receptor LXR-beta
948 CD36 platelet glycoprotein 4 54 CD36 Up Regulation key-event
2184 FASN fatty acid synthase 116 FAS Activation key-event
5468 PPARG peroxisome proliferator-activated receptor ga 228 PPARg promoter demethylation molecular-initiating-event
6319 SCD acyl-CoA desaturase 258 SCD-1 Activation key-event
6720 SREBF1 sterol regulatory element-binding protein 1 264 SREBP-1¢ Activation key-event
7376 NR1H2 oxysterols receptor LXR-beta 167 LXR Activation molecular-initiating-event
10062 NR1H3 oxysterols receptor LXR-alpha 167 LXR Activation molecular-initiating-event
12491 Cd36 platelet glycoprotein 4 54 CD36 Up Regulation key-event
14104 Fasn fatty acid synthase 116 FAS Activation key-event
19016 Pparg peroxisome proliferator-activated receptor ga 228 PPARg promoter demethylation molecular-initiating-event
Showing 1 to 10 of 21 entries Previous 1 2 3 Next
i Incal lnczia i AOP 34: LXR activation leading to hepatic steatosis
Gene Stressor Disease Pathway
Stressor ID *  Stressor Name DTXID

65 Di(2-ethylhexyl) phtha DTXSID5020607

70 Troglitazone DTXSIDB023719

304 Tributyltin DTXSIDD040709

Copy Excel csv PDF
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Entrez 10062: NR1H3

AOP Tissue

AOPID 4 AOP Name
34 LXR activation leading to hepatic steatosis AOPWiki link
58 NR113 (CAR) suppression leading to hepatic steatosis AOPWiki link
61 NFE2L2/FXR activation leading to hepatic steatosis AOPWiki link
Copy Excel csv PDF

Stressor 70: Troglitazone

AOPID 4 AOP Name
34 LXR activation leading to hepatic steatosis ACOPWIki link
58 NR1I3 (CAR) suppression leading to hepatic steatosis ACPWiki link
72 Epigenetic modification of PPARG leading to adipogenesis AOPWiki link

163 PPARgamma activation leading to sarcomas in rats, mice, and hamsters AOPWIki link




