Assay annotation with ontologies

Introducing the DataFAIRy project
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Complexity Simplified
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Ontologies to the rescue

** Public, standardized, well defined, but... how to use them?

BioAssay Ontology Cell Line Ontology
Gene Ontology
Drug Target Ontology
UniProt
Units Ontology
ChEBI
GenelD ProteinlD




Templates

< Common Assay Template: most of what you need to know for screening

bioassay type
bioassay

format

design method
supporting method
cell line

organism
biological process

target

applies to disease
mode of action
result

campaign stage
footprint

assay kit

physical detection method

* Pistoia Alliance Assay Template:
larger and more detailed

detection instrument
perturbagen type
protein identity

gene identity

GO terms

SOUrces  (BijpAssay templates for

the semantic web
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Bioassay Protocol Metadata Annotation:
Proposed Standards Adoption
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BioAssay Express
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< Cc 25 beta.bioassayexpress.com/assign.jsp?assaylD=7008&edit=true
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Metadata Simplified

[ | | |
curation of public data =~ =

« Protocol Text bl 0 B¢

"’ m n HepG2 Cytotoxicity Assay Measured in Cell-Based System
|
‘ e S e O r a y Using Plate Reader - 7071-

experimental features

+

+

+ 4+ 4+

02_Inhibitor_Dose_DryPowder_Activity_Set10

Protocol Text

Keywords: Cytotoxicity Assay, luminescence, CellTiter-Glo,
HepG2

Assay Overview: The cytotoxicity assay uses wild-type HepG2

cells from ATCC test for cytotoxicity. The assay measures
d at a e n t ry cellular ATP levels as a surrogate marker of cell viability with

Pekin-Elmer CellTiter-Glo. Compound are tested at a range of
concentrations.

Assay Annotations

- Expected Outcome: Compounds identified as actives were

S e a rC h I n g toxic to cells at a compound concentration less than 10 uM.
Activity in the assay leads to a reduction in cellular ATP levels
which correlates with a decreased luminescence signal from
the read reagent (CellTiter-Glo) and indicates cytotoxicity.
Compounds that exhibit no cytotoxicity at >30 uM will be
n I - prioritized for additional studies.

a a yS I S PRESENCE OF CONTROLS: Neutral control wells (NC; n=32)
and positive control wells (PC; n=32) were included on every

Similar Assays

plate.

EXPECTED OUTCOME: Active compounds result in decreasing

machine learning
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® Request Suggestions Il Stop ‘ﬂ
] Autogenerated Text
t eXt C re at I O I l This is a compound toxicity assay investigating the

biological process of cell population proliferation, in
Homo sapiens.

This is a cell viability ATP quantitation assay, functional
in a cell based format, using an ATP quantitation using
luciferase, with the assay kit CellTiter-Glo Luminescent

a I I I O n g Ot e rS Cell Viability Assay. The cell line Hep-G2 cell was used. It
was conducted in 384 well plates, with the detection
method of bioluminescence, using an EnVision

Multilabel Reader. This assay tested the mode of action
of growth inhibition by unknown perturbagens.

Assign Assay

« Assay Annotations

assay title

bioassay type

bioassay

assay format

assay design method
assay supporting method
assay cell line

organism

biological process

target

applies to disease

assay mode of action
result

screening campaign stage
assay footprint

assay kit

physical detection method
detection instrument
perturbagen type

protein identity

gene identity

GO terms

assay sources

related assays

¥ measurement

field

Lnits
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e O <« Similar

"HepG2 Cytotoxicity Assay Measured in Cell-Based System Using Plate Reader - 7071-02_Inhibitor_Dose_DryPowder_Activity_Set10" n Similar
AID 651898
functional n
AID 652117
cell viability ATP quantitation assa
yATP q B * | AID 652118
cell based format - [£3 AID 720585
ATP quantitation using luciferase n AID 720594
AID 743185
@
AID 743354
Hep-G2 cell
p B AID 743358
Homo sapiens - [} AID 624285
cell population proliferation n AID 651860
Q search

growth inhibition n

Acso - B3

compound toxicity assay n

384 well plate n

CellTiter-Glo Luminescent Cell Viability Assay n
bioluminescence n

EnVision Multilabel Reader n

unknown n

Broad Institute (Harvard-MIT) n

AID 623896 n

AC50_uM n

micromalar 5 K"



Data Curation

» At Collaborative Drug Discovery:
+ grant funded: expert curation + machine learning support
+ 4000 assays from PubChem using Common Assay Template
* Pistoia Alliance DataFAIRYy project:
+ 2300 detailed assays using Pistoia Alliance Assay Template
+ diverse sources: literature, PubChem, vendor collections
< Openly available:

+ https://beta.bioassayexpress.com

+ https://qgithub.com/cdd/bioassay-express




What can you do with marked up assays?

< Search by narrowing with exact and precise criteria
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Annotation as a product

BioAssay Express: advanced prototype, open source

N
%*

¢ CDD Vault Annotations: 80/20 rule, same data model
» Vault is used daily by thousands of scientists, meet them where they're at
% Kn owing about the semantic web IS thi()na| s CEEEE— B oing
“ Introduce ontologies and templates gently
+ well defined set of terms i R jj
+ everyone has access to same vocabulary B B | S
+ like what they had before, except better e Mg%

| https://app.collaborativedrug.com/vaults/4126/molecules/4758311




Curation: now vs. then
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« Protocol Text A 1t 4« AssayAnnotations

Late stage assay provider results from the probe assay title
development effort to identify inhibitors of PP1: .
fluorescence-based biochemical dose response assay to bioassay type
determine activity of inhibitors on dephosphorylation of

OMFP by PP1, Set 2

bioassay
Description:
assay format

Numerous essential biological processes, including
transcription and cell cycle progression require kinase-

assay design method

mediated phosphorylation of target proteins at serine and assay supporting method
threonine residues, which leads to activation, inactivation,
degradation, or subcellular localization of the specific target. ~ 2ssay cell line
The actions of these kinases are opposed by the .

) R _ organism
serine/threonine phosphoprotein phosphatases (PPPs).
Although much is known about serine/threonine kinases,
less data are available on the PPPs (1). One such PPP is
protein phosphate 1 (PP1). PP1 has been shown to play an
important role in the regulation of glycogen metabolism (2).

PP1 has been shown to affect glucose mediated signal

biological process

transduction in pancreatic beta cells (3). Current data suggest target

that much of the substrate specificity of PP1 depends upon . .
i 3 X applies to disease
formation of complexes with protein partners. Recently, the

interactions of PP1 with novel regulatory and targeting assay mode of action
proteins have revealed a possible role for PP1 in learning and

memory (4). These observations suggest that regulators of result

PP1 may be useful for the management of human disease.

Still the complete substrate profile of PP1 remains unknown. screening campaign stage
As a result, the identification of selective inhibitors of PP1

assay footprint
activity should be useful for elucidating PP1 action in normal Y P

** Writing up text, then re-deriving machine readable description...

F

(assay format
I— biochemical format

L protein format

L single protein format

I cell based format
I—cell-free format

':plasma format

subcellular format

assay format

cell membrane format
L membrane vesicle format
microsome format . . |
I—organism-based format
| ‘—tissue-based format
(assay design method
I binding assessment method
I—radioligand binding method
|—competitive radioligand binding method
I—enzyme activity measurement method
I—coupled enzyme activity measurement method
L substrate coupled enzyme activity measurement method
I—gene expression detection method
I—in vivo assay method
tin vivo efficacy method
in vivo PK/PD/Tox method
I—molecular abundance method
lipid abundance method
metabolite abundance method
protein abundance method

3 small molecule abundance method ..-. . . -.... .
% I— molecular redistribution determination method

E —morphology assessment method I

g’ L sub-cellular morphology assessment method -

| @

binding assay - [E3
phosphatase activity assay n

biochemical format n
coupled enzyme activity measurement method n

(%]

Homo sapiens n

regulation of phosphatase activity n
regulation of catalytic activity - [EJ
dephosphorylation n

disease of metabolism n
inhibition - [E3
[ |

confirmatory assay © [EJ

Make the FAIR Ul easier

96 well plate n

** Introduce short term payoffs



Collaboration

< Common terms: ontologies are universal

» Assays are directly comparable, regardless of source

N

** Interoperability:

+ reduce/eliminate ambiguity

+ share assays with CROs (and acquisitions)
+ preserve institutional knowledge

< Completeness: you know what you know... F A
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Roadmap

curation and
searching

business logic
In forms

template editing
for admins

extending underlying
ontologies

large scale
data mining

supplementary info
IN journals

annotation-to-text
writeup
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Questions?

< Contact:
+ Alex M. Clark alex@collaborativedrug.com (Collaborative Drug Discovery)

 Thanks to the Vault & BioAssay Express teams
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