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OBJECTIVE: Develop a semi-automated workflow for identifying and 
annotating reference chemicals to validate in vitro assay data. 
BACKGROUND: Use of reference chemicals is key for validating high-throughput 
in vitro assay data used in predictive toxicology, but developing reference chemical 
lists has historically only occurred on a small scale due to context specificity and 
resource limitations. 
METHODS: We extracted information from curated and non-curated open-source 
databases on molecular target, chemical, and mode of action into RefChemDB. 
We also compared data from EPA’s ToxCast program to results from the literature. 
To determine support, we tallied independent reports of each unique chemical-
target-mode combination. To contextualize support from different data sources, we 
manually validated a subset of the data that is associated with PubMed IDs and 
determine precision rates across hand curators. 
RESULTS: We compiled a database with 1,234,580 unique chemical-target-mode 
combinations. Performance of ToxCast bioassays strongly correlated with the level 
of support for a chemical-target-mode combination. We hand-curated data for 54 
molecular targets, with precision rates of 82.7% from curated sources and 39.5% 
from automated literature extraction, informing our workflow recommendation. A list 
of candidate reference chemicals was created by selecting chemical-target-mode 
combinations with a minimum support level of 5 records.

Disclaimer: The views expressed in this poster are those of the authors and do not necessarily represent the views or policies of the U.S. EPA.
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To access RefChemDB files, please see Judson et al. 2018 in ALTEX
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Source Chemicals Targets

Chemical-
Target-Mode 
combinations PMIDs

ChEMBL 28832 2238 310984 11520
ChEMBL 
Drug 1187 738 4099 0
CTD 2317 7904 25606 5280
DrugBank 1630 1169 3623 6274
Eurofins 
Biochemical 206 570 925 0
Eurofins 
Functional 211 239 706 0
Iuphar BPS 1860 941 5081 0
KEGG Drug 661 263 1201 0
KIDB 535 450 6532 0
KInaseDB 133 168 676 1
LitDB 2654 88 8348 27909
Open 
Targets 1031 820 3973 0
Prodrug 41 33 41 1
Repurposing 
Hub 2279 2172 10209 0
ToxCast 9136 343 852470 0
TTD 3916 1575 11557 0
Web 
Curation 3940 1059 5617 0
Total 37301 11055 1234580 49883

Correlation between level of support in RefChemDB and potency in ToxCast.

Target Symbol Target Name Chemicals Support
CA2 Carbonic Anhydrase 2 106 2453
CA1 Carbonic Anhydrase 1 105 1981
ESR1 Estrogen Receptor 1 85 1371
DRD2 Dopamine Receptor D2 81 952
AR Androgen Receptor 63 750
ESR2 Estrogen Receptor 2 41 664

PTGS2

Prostaglandin-Endoperoxide 

Synthase 2 46 646
OPRM1 Opioid Receptor Mu 1 48 638
CA9 Carbonic Anhydrase 9 23 512

PPARA

Peroxisome Proliferator-Activated 

Receptor Alpha 27 511

PPARG

Peroxisome Proliferator-Activated 

Receptor Gamma 26 486

NR3C1

Nuclear Receptor Subfamily 3 

Group C Member 1 37 482

HTR2A

5-Hydroxytrtyptamine Receptor 2A 

(Serotonin Receptor 2A) 43 476
ADRB2 Beta-2 Adrenergic Receptor 44 472
ACHE Acetylcholinesterase 28 470

SLC6A4 Solute Carrier Family 6 Member 4 40 423

ABCB1

ATP Binding Cassette Subfamily B 

Member 1 35 418

KCNH2

Potassium Voltage-Gated Channel 

Subfamily H Member 2 48 412
HRH1 Histamine Receptor H1 45 399
HDAC1 Histone Deacetylase 1 12 387

Frequency of support for a particular target-chemical-mode combination. 
Support values ≥2 and ≤60 are shown for ease of visualization. 

(A): Fraction of reference chemicals active in an assay relative to support. 
(B): Fraction of assays that a chemical was active in relative to support.

p 2x10-16

R2 < = 0.18

Hand CurationComparison with ToxCast

Candidate Reference Chemicals

Source 1 Source 2 p-value
ChEMBL CTD 0.574
ChEMBL DrugBank 0.0337*
CTD DrugBank 0.7761
ChEMBL LitDB <2.2e-16***
CTD LitDB <2.2e-16***
DrugBank LitDB <2.2e-16***
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RefChemDB structure and contents. 

Validation rate between curators/sources and precision rate among curators (above). 
Equality of proportions test results among sources (below).

Categories

Fraction Assay Hits (A)

Fraction Reference Chemical Hits (B)


	Slide Number 1

