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ABSTRACT

PubChem’s BioAssay database (https:/pubchem.
ncbi.nim.nih.gov) has served as a public repository
for small-molecule and RNAi screening data since
2004 providing open access of its data content to
the community. PubChem accepts data submission
from worldwide researchers at academia, industry
and government agencies. PubChem also collabo-
rates with other chemical biology database stake-
holders with data exchange. With over a decade’s
development effort, it becomes an important informa-
tion resource supporting drug discovery and chem-
ical biology research. To facilitate data discovery,
PubChem is integrated with all other databases at
NCBI. In this work, we provide an update for the Pub-
Chem BioAssay database describing several recent
development including added sources of research
data, redesigned BioAssay record page, new BioAs-
say classification browser and new features in the
Upload system facilitating data sharing.

INTRODUCTION

PubChem BioAssay (1-4) is an open access database hosted
by the National Center for Biotechnology Information
(NCBI), National Library of Medicine (NLM), National
Institutes of Health (NIH). It started in 2004 serving as a
public repository for information generated from chemoge-
nomic, medicinal chemistry and functional genomics re-
search. All data in the database are freely accessible to
the public for searching and download. Recent reviews on
the community’s use of the PubChem resource (5-7) high-
lighted that the collection of bioactivity and toxicity data
in PubChem BioAssay has greatly supported research in
several fields such as medicinal chemistry, drug discovery,
pharmaceutical genomics and informatics research. Small
molecule data in PubChem BioAssay are cross-linked to
chemical structures via the referenced samples in the assay.
The PubChem BioAssay database is also linked to other
biomedical and literature databases hosted at NCBI such

as PubMed, Protein, Gene, Taxonomy etc. Metadata in the
database are integrated with the NCBI’s search engine, En-
trez, making the PubChem BioAssay database accessible
by interactive keyword search using the web interface and
by programmatic retrieval via E-Utilities. Assay data can
also be retrieved and analyzed via web-based and program-
matic tools provided by PubChem. An update for the ser-
vices and their URLs for accessing, searching, downloading
and analyzing PubChem BioAssay data is provided in Ta-
ble 1. Most of the web based services can also be accessed
at https://pubchem.ncbi.nlm.nih.gov/assay/.

With continuous development towards supporting open
data during the past 12 years, the PubChem BioAssay
database is committed to meet the increasing need from
the community for information archival, retrieval and min-
ing. PubChem BioAssay stays as a leading repository of re-
search data pertaining to drug discovery by: (i) supporting
broad types of bioactivity information with an optimized
and flexible data model; (ii) maintaining steady enhance-
ment of database infrastructure and scalability; (iii) utilizing
new technology for data archival, viewing, indexing, search
and download; (iv) enhancing data upload system; (v) inte-
grating with other biomedical resources. In this work, we
provide an update on several aspects of the information
resource, including data content and data sources growth,
database infrastructure consolidation, the redesigned and
widgetized BioAssay record page, new BioAssay classifica-
tion browser and added features for previously provided
web services. Enhanced management for assay data em-
bargo, release and sharing of on-hold data by the PubChem
Upload system is also described.

BioAssay DATA

The PubChem BioAssay database currently contains over
one million records holding 230 000 000 bioactivity out-
comes deposited by over 80 organizations (data sources)
across the world. The data content for the time period
of 2004-2013 and 2014-2016 is given in Table 2. High-
throughput screening (HTS) data were provided by labora-
tories and screening centers from academic institutes, uni-
versities, government organizations as well as pharmaceu-
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Table 1. A list of PubChem BioAssay services

Service

Description

URL example

BioAssay Record Page
BioAssay Search
BioAssay Search, Advanced page

PubChem Upload
BioAssay FTP
BioAssay Data Standard

BioAssay Service Home
BioAssay Classification

Bioactivity Data Tool

Bioassay Download Tool

PubChem PUG/REST/SOAP

PubChem Widget Help

Structure-Activity Analysis (SAR)

Dose-response Curve Tool
Scatter Plot/Histogram

Related BioAssays

BioActivity Summary - Compound-centric

BioActivity Summary - Assay-centric

BioActivity Summary - Target-centric

Access and download a bioassay record
Search BioAssay Database with Entrez

An interface for searching multiple search fields
An interface for reviewing search history and
refining search results with Boolean operation
Substance and BioAssay submission system
FTP for all PubChem BioAssay records and
related information

XML Data specification for PubChem
BioAssay data model

BioAssay Service Home

Browse BioAssay classification tree

Retrieve a full data table from a single bioassay
record

Retrieve and download cross-assay bioactivity
data for a single substance sample (SID),
chemical structure (CID), protein target (GI,
UniProt or GenBank accession), gene target
(GenelD) or publication (PMID)

A flexible download interface

Programmatic tool and REST api for data
retrieval

PubChem widgets enable you to display
PubChem data in your pages

Analyze and visualize Structure-Activity
relationship with clustering tools and a
heatmap-style display

Analyze bioassay test results and visualize
dose-response curve

Analyze bioassay test results with histogram or
scatter plot

Summarize bioassay relationship by: same
assay project, overlap of active compounds,
overlap of active gene, target sequence
similarity, deposited annotation, same
publication and gene interaction

Summarize and analyze bioactivity data for a
set of records, presented from the compound

point of view

Summarize and analyze bioactivity data for a
set of records, presented from the assay point
of view

Summarize and analyze bioactivity data for a
set of records, presented from the target point
of view

https://pubchem.ncbi.nlm.nih.gov/bioassay/805
https://www.ncbi.nlm.nih.gov/pcassay/
https://www.ncbi.nlm.nih.gov/pcassay/limits
https://www.ncbi.nlm.nih.gov/pcassay/advanced

https://pubchem.ncbi.nlm.nih.gov/upload/
ftp://ftp.ncbi.nlm.nih.gov/pubchem/Bioassay/

ftp://ftp.ncbi.nlm.nih.gov/pubchem/data_spec/

https://pubchem.ncbi.nlm.nih.gov/assay/
https://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?
p=classification
https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity.html?aid=1811
https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity.html?sid=103164874

https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity.html?cid=2244
https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity.html?gi=29725609
https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity. html?uniprot=P00533
https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity.html?ncbiacc=NP_005219
https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity.html?geneid=1956
https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity. html?pmid=25728019
https://pubchem.ncbi.nlm.nih.gov/assay/
assaydownload.cgi
https://pubchem.ncbi.nlm.nih.gov/pug_rest/
PUG_REST.html

https:
/lpubchem.ncbi.nlm.nih.gov/pug/pughelp.html
https://pubchem.ncbi.nlm.nih.gov/widget/docs/
widget_help.html
https://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?
p=heat

https://pubchem.ncbi.nlm.nih.gov/assay/plot.cgi?
plottype=1
https://pubchem.ncbi.nlm.nih.gov/assay/plot.cgi?
plottype=2
https://pubchem.ncbi.nlm.nih.gov/bioassay/
1510#section=Same- Project- BioAssays

https://pubchem.ncbi.nlm.nih.gov/bioassay/
1510#section=Related-BioAssays
https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity.cgi?tab=1

https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity.cgi?tab=2

https://pubchem.ncbi.nlm.nih.gov/assay/
bioactivity.cgi?tab=3
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tical companies including those participated the HTS cam-
paigns for the development of chemical probes funded by
the NIH Molecular Libraries Program (8,9). The database
also contains literature-based data including both publica-
tion driven depositions submitted by journal authors and
those contributed by PDBbind (10), [UPHAR (11), Bind-
ingDB (12), ChEMBL (13) and other literature curation
projects. Additionally, third-party annotations with com-
munity adopted vocabulary and ontology (13-15) for the
assay data in PubChem, such as assay format, assay type,
detection method and cell line are collected and linked to
the pertinent data sets, which are shown in the BioAssay
record page and used for searching and filtering assay data
in Entrez and data analysis tools.

Nearly one-third of the assay data sources were added
in the past three years. The majority of these data sources
deposited RNAI data to PubChem along with manuscript
submission to journals supporting open access for func-
tional genomic research. Nature Cell Biology led this effort
by recommending RNAI data deposition to public repos-
itory, which recently also started to call small molecule
data sharing. Other open access journals, such as PLoS
One, joined the force lately for recommending data shar-
ing via public repository and brought in the deposition of
several small molecule data sets in PubChem (16,17). As-
say data contributed by these sources are linked to the re-
spective publications indexed in PubMed (16-36), allow-
ing PubChem users to access the articles for additional
information, and vice versa, PubMed users also gain ac-
cess to the research data in the BioAssay archive support-
ing machine readable format. All BioAssay depositors and
the associated information, such as affiliations, summary
of data submissions may be viewed at the PubChem Data
Source page at: https://pubchem.ncbi.nlm.nih.gov/sources/,
whereas data sources are grouped by geographic location
and various other categories. One may access the submis-
sions of a specific depositor by following the Substance or
BioAssay record counts presented under the ‘Data Counts
by Type’ field.

The significant growth of the BioAssay database re-
quires a robust and scalable database system. A set of re-
lational databases and tables are set up to: (i) archive bioas-
say submissions, track update and provide version con-
trol; (i) maintain data embargo and release status; (iii)
record and derive links and relationships among assays and
other biomedical information; (iv) store third-party anno-
tations and link to the respective data sets; (v) provide
search indexes; (vi) support data retrieval for web display,
rest API and data analysis tools; (vi) facilitate daily update
for BioAssay FTP. Many efforts have been invested to en-
hance the database infrastructure. Additional mechanisms
were implemented for tracking information about BioAssay
protein and gene targets. Mappings between NCBI protein
GI number, GenBank accessions and UniProt ID were cre-
ated to facilitate data retrieval and integration. These efforts
were made to facilitate: (i) bioassay submission; (ii) integra-
tion of deposited small-molecule and RNAI data; (iii) in-
tegration of biological annotations for proteins and genes
from public biomedical databases; (iv) access to the bioac-
tivity data in PubChem using non-NCBI sequence identifier
of the assay target; (v) and development of new PubChem
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services to enhance BioAssay target search; (vi) improve dis-
coverability of the biological data in the database.

NEW WEB FEATURES AND SERVICES

PubChem BioAssay provides web-based and programmatic
tools for data search, access, analysis and download. Sev-
eral recently developed web services are described here for
improving assay data search and navigation by classifying
deposited metadata and third-party annotations.

BioAssay record page

PubChem provides a full access to each deposited BioAs-
say record. The PubChem BioAssay Record page, replacing
the legacy Summary page, has been revamped to streamline
data flow, support data and service reutilization and unify
the web page presence across the PubChem resource. Tak-
ing the advantage of new web technology, the data-driven
interface was designed and optimized for both touch- and
mouse-based devices with a similar approach for the re-
cent revamp of the PubChem Compound Summary page
and the Substance Record page (37). The widgetized web
page consisting of multiple sections automatically adapts
to the available screen size with a responsive design, mak-
ing it friendly for navigating page content and reviewing in-
formation with desktops, tablets and mobile phones. Fur-
thermore, the new design provides an ability to embed any
section or subsection of the page as a widget in another
web page without the need of separate codebase eliminat-
ing the burden of maintenance by a third-party, which is
greatly beneficial to non-PubChem resources that are inter-
ested in integrating PubChem BioAssay data. Information
and instruction about embedding the PubChem widget are
available at https://pubchem.ncbi.nlm.nih.gov/widget/docs/
widget_help.html.

A deposited BioAssay record can be accessed by an AID
number, the primary accession. An example for a data set re-
porting an assay for identifying antagonists of the Sphingo-
sine 1-Phosphate Receptor 4 (AID: 1510; https://pubchem.
ncbi.nlm.nih.gov/bioassay/1510) is shown in Figure 1. The
BioAssay Record page provides a primary access with ver-
sion control to the initial submission and all subsequent
updates of an assay. It also provides third-party annota-
tions and links to tools supporting data analysis and down-
load. The ‘Download’ button on top allows one to down-
load depositor-provided metadata and assay result, as well
as chemical structures for tested small-molecule samples.
The table of contents can be expanded for quick naviga-
tion to each individual section. Full data set is retrieved
by default at the Data Table section. Additionally, the as-
say data table may be partitioned according to activity out-
comes (e.g. active, inactive, or subset with micromolar ac-
tivity or nanomolar activity), allowing users to quickly fil-
ter, select and download the results of interest. To facili-
tate hit evaluation, data comparison and target identifica-
tion, the structure image of a small molecule sample links to
the specific bioactivity analysis tool that shows all available
across-assay data for the compound through CID (Pub-
Chem Compound accession for unique chemical structure).
Similarly, for RNAI assay (e.g. https://pubchem.ncbi.nlm.
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Table 2. PubChem BioAssay statistics

Total Chemical assays RNAI assays
2004-2013 2014—present 2004-2013 2014—present
assay records (AID) 1218 687 737 994 480 616 57 48
substance samples (SID) 3576 066 2755032 1396 693 213030 293 499
chemical structures (CID) 2283533 1956 998 986 237 - -
bioactivity outcomes 231303 607 222198 148 8764 075 701993 419 081
data points 1514 223 504 1403 289 248 100 451 032 9404 999 7473 465
species 3543 2730 1895 6 2
protein targets 10 636 7450 6972 - -
protein targets (human) 4771 3378 3495 - -
gene targets 55714 - - 38 694 52 986
gene targets (human) 24 888 - - 24 460 22 656
gene targets (phenotype) 15 866 - - 12 816 4524
NIH NLM National Center for Biotechnology Information 4 Data Table
OPEN Y Refine/Analyze & Download
PUb©hem I(DZHEM!\SS‘T?: SeaEhBiofssave Q Active  Inactive
110 50f 218,117 n 2|3 43,624 4 Ooutcome v

A BioAssay Record for AID 1510 L Download Pt @ Shae @ Help

PUBCHEM > BIOASSAY > AID 1510

Primary Cell-Based Assay to Identify Antagonists of the
Sphingosine 1-Phosphate Receptor 4 (S1P4)

PubChem AID: 1510

External ID: S1P4_ANT_BLA_1536_%INH

The Scripps Research Institute Molecular Screening Center
U1 AI074564

Primary Screening

Source:
Grant Number:
BioAssay Type:

Protein Target: Sphingosine-1-phosphate receptor 4 [Homo sapiens] | More

Tested Substances: ©® All(218117) @ Active(569) @ Inactive(217548) | 52 Data Table

Version: 1.3 (2010-06-16) v

Deposit Date: 2009-01-15

This bioassay record (AID 1510) belongs to the assay project "Summary of probe development efforts to identify

of Sphi 1 Receptor 4 (S1P4)", which is associated with the summary AID 1853 and
a total of 13 additional BioAssay records in PubChem. As a result, compound ML131 was developed as chemical probe
for the target Sphingosine-1-phosphate receptor 4 [Homo sapiens] and reported in AID 1853.

© Contents « | Description

1 Description Source (MLSCN Center Name): The Scripps Research Institute
Molecular Screening Center

Center Affiiation: The Scripps Research Institute (TSRI)

Assay Provider: Michael Oldstone, TSRI

Network: Molecular Library Screening Center Network
(MLSCN)

Grant Proposal Number: U01 Al074564

Grant Proposal PI: Michael Oldstone, TSRI

External Assay ID: S1P4_ANT_BLA_1536_%INH

2 Protocol
3 BioAssay Target
4 Data Table

5 Comment

6 Entrez Crosslinks

7 Same-Project BioAssays Name: Primary Cell-Based Assay to Identify Antagonists of the
Sphingosine 1-Phosphate Receptor 4 (S1P4)
8 Related BioAssays
Description
9 BioAssay Annotations
Pandemic influenza represents a significant public health
threat, due in part to immune cell-mediated lung tissue damage

A

10 Information Sources

Tested Substance

Outcome Inhibition [%]
Structure D siD
1200636 17512526 2n
)S%w 4841619 22402539 4838

T

7 Same-Project BioAssays

Y Refine/Analyze & Download
Summary (1) Screening (1) [NCRILENGTECM  Counterscreen (7)  Toxicity (1)
BioAssay Tested Substances Active Substances Target

AID 1692; Fluorescence dose response cell-based
high throughput screening assay for antagonists of 100 100 Sphingosine-1-phosphate receptor 4
the Sphingosine 1-Phosphate Receptor 4 (S1P4)

AID 2332; Late stage fluorescence dose response

cell-based screening assay for antagonists of the 2 8 Sphingosine-1-phosphate receptor 4
Sphingosine 1-Phosphate Receptor 4 (51P4)

AID 2346; Late stage fluorescence dose response

cell-based screening assay for antagonists of the 16 6
Sphingosine 1-Phosphate Receptor 4 (S1P4)

Synthesized analogues

Sphingosine-1-phosphate receptor 4

9 BioAssay Annotations

Assay Detection Method fluorescence resonance energy transfer

Assay Format cell-based format

Assay Type reporter-gene assay
» from BARD
Assay Cell Type U208
Assay Format Cell-ased
» from PubChem
B

Figure 1. A bioassay record (AID 1510, https://pubchem.ncbi.nlm.nih.gov/bioassay/1510). (A) The overview of the record page. The table of contents
provides quick navigation to a list of sections shown on the page. Each section has an anchor and its URL can be used for widget embedding. (B) Selected

sections: Data Table, Same-Project BioAssays and BioAssay Annotations.

nih.gov/bioassay/1904), the gene ID under the gene target
column links to a specific bioactivity analysis tool that sum-
marizes all RNAI data as well as small molecule targeting
the gene, allowing one to discovery small-molecule tools,
compare results with other research and identify biological
functionalities suggested by other RNAI screens. The dis-
play of depositor submitted information is followed by sec-
tions presenting related BioAssay data sets from the same
or multiple projects. The presentation of depositor provided
related assay data sets helps one to track the development
of an assay project, and facilitate data validation and in-
terpretation, across-assay comparison when combined with
the target and publication based related assay data sets de-
rived by PubChem. An excerpt at the top of the record page
prompts the availability of such related data highlighting the

importance of data integration for assay data interpretation
and reutilization. Third-party annotations are presented as
the last section of the page together with indication of the
sources.

BioAssay classification tool

A hierarchical tree view is developed upon the software
frame of the PubChem Classification Browser providing
an additional approach to browse, search and access the
BioAssay data. The tool (available at https://pubchem.
ncbi.nlm.nih.gov/assay/assay.cgi?p=classification and
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=80)
offers an overview of the assay data sets with attributes
of common interest by putting together assay metadata,
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third-party annotations, classifications of assay target,
taxonomy and associated publications. It organizes the
BioAssay records with nodes in the hierarchy presenting
various classifications and annotations. This tool allows
one to browse the distribution of BioAssay data among
nodes in the hierarchy of interest, aggregate information
for a particular sub-class and perform specific search by a
data source, assay type etc. (Figure 2). The counts shown
with nodes in the hierarchical display link to assay data
entries indexed in Entrez upon clicking. Individual assay
lists sent from the classification browser can be combined
using the Entrez’s query refining functionality, providing a
powerful way to drill down to the desired data sets satis-
fying multiple search criteria in one’s mind. As examples
of usage, users can drill down to IC50 or Kd data under
‘Activity Types/Potency’, or to cell-based or biochemical
data under ‘Assay Types’. Users can also browse the over
7000 data sets from HTS projects under ‘HTS Projects’,
including both genomic wide RNAI screenings and those
chemical probe development projects funded by the NIH
Molecular Libraries Program.

The ‘Publications’ branch allows one to browse assay
data sets by journal name and publication year of the asso-
ciated primary citation. More importantly, the tool allows
one to search data in BioAssay by research subject based
on the classification of the PubMed citations with con-
trolled vocabulary of biomedical terms provided in MeSH.
As an example shown in Figure 2, one can follow the branch
‘Chemical and Drugs Category’ under the ‘MeSH Tree’ to
retrieve the assay data entries reporting bioactivity for an-
giotensin receptor antagonists, which link to the abstracts
of the publications in PubMed. For the ‘Targets’ branch
in the tool, four types of protein ontologies and classifi-
cations have been incorporated for assay targets including
ChEMBL, GO, ITUPHAR and KEGG. Recording taxon-
omy ID, one of the key metadata fields in the BioAssay data
model, enables the organization of the BioAssay data sets by
biological organisms to provide a hierarchical display of the
assay data sets based on the taxonomy classifications main-
tained at NCBI, whereas the “Taxonomy’ tree in the classifi-
cation tool resembles a subset of the NCBI Taxonomy tree
with taxonomy nodes having assay data.

New features for bioactivity analysis tool

PubChem BioAssay allows several ways to reference protein
and gene targets. An assay target is often linked to many
small molecule samples tested in hundreds of assays mak-
ing it important to combine the information for identifying
chemical tools with proper selectivity assessment. Bioactiv-
ity analysis tools were previously developed for retrieving
and aggregating dynamically across-assay bioactivity data
for a protein or gene target. With the growth of BioAssay
submissions, it is critical to provide selection functionality
to slice and dice the information. In addition, for therapeu-
tic targets, it is essential to indicate the drugs that were pri-
marily developed for treating disease via the query target.
Moreover, it is important to emphasize all drug molecules
tested against the query target to facilitate the identifica-
tion of alternative therapeutic effects of these drugs to-
ward drug repositioning. Several new selection functional-
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ity for filtering bioactivity data were added and upgraded
to these tools by incorporating recently obtained assay an-
notations, which enables the retrieval of assay data from a
particular detection method, the selection of toxicity result
or subsetting bioactivity data from drug molecules (Fig-
ure 3, https://pubchem.ncbi.nlm.nih.gov/assay/bioactivity.
html?geneid=1956). As another feature, the ‘Selectivity’
column is added to assist target selectivity assessment for
the tested chemical sample, which counts the total unique
targets that a chemical sample was tested against and the
number of targets it was active for. In addition to taking
gene ID, this bioactivity analysis tool also accepts Gen-
Bank accession or UniProt ID for specifying the query tar-
get, SID or CID for specifying the tested samples (RNAi
reagents or small molecules), PMID for specifying the liter-
ature that contains assay data. The service is also optimized
to support programmatic download of bioactivity data with
filtering functionality.

PUBLIC ACCESS, SEARCH, DOWNLOAD

PubChem provides multiple means to access, search and
download the BioAssay data including the BioAssay
Record page and classification tool described above. Pub-
Chem BioAssay is indexed in Entrez (https://www.ncbi.nlm.
nih.gov/pcassay/) under numerous fields to support key-
word search. It is cross-linked with several other biomedical
databases such as with PubMed via the provided citation in
the assay submission, or to NCBI Gene via the assay target
specification. As a result, users of genomic information in
Entrez may retrieve biological test result in PubChem relat-
ing to the gene target, and PubMed users can go to BioAs-
say to retrieve data as discussed in a publication.

BioAssay data can be downloaded using: (i) download
functions in the BioAssay Record page supporting ASN,
XML, JSON and CSV formats; (ii) A web-based service for
bulk download at https://pubchem.ncbi.nlm.nih.gov/assay/
assaydownload.cgi taking AID list and optionally SID
(PubChem Substance accession) list; (iii) programmatic
tools provided by NCBI’s E-Utilities (https://www.ncbi.
nlm.nih.gov/books/NBK25497/), PubChem PUG/SOAP
(https://pubchem.ncbi.nlm.nih.gov/pug/pughelp.html) and
PUG/REST (https://pubchem.ncbi.nlm.nih.gov/pug_rest/
PUG_REST.html) (38), which provide great flexibility for
retrieving AID specific metadata and assay result, database
links and bioactivity data across multiple assays for a com-
pound or target; (iv) Daily updated PubChem BioAssay
FTP at ftp://ftp.ncbi.nlm.nih.gov/pubchem/Bioassay/, pri-
marily providing open access to all deposited BioAssay
records via ASN, XML, JSON and CSV formats. New in-
formation is added under the directory ‘Extras’ at BioAs-
say FTP including: (i) the file ‘Aid2Annotation’ providing
third party annotations in the tag/value structure; (ii) the
file ‘Aid2GiGeneidAccessionUniprot’ containing AID and
the mapping of target identifiers between protein GI, Gen-
Bank accession, UniProt ID and Gene ID); (iii) a subfolder
“VendorCatalogs’ containing files for several RNAi product
vendors with mapping between vendor catalog ID and the
assigned PubChem SID for the RNAi sample.


https://pubchem.ncbi.nlm.nih.gov/assay/bioactivity.html?geneid=1956
https://www.ncbi.nlm.nih.gov/pcassay/
https://pubchem.ncbi.nlm.nih.gov/assay/assaydownload.cgi
https://www.ncbi.nlm.nih.gov/books/NBK25497/
https://pubchem.ncbi.nlm.nih.gov/pug/pughelp.html
https://pubchem.ncbi.nlm.nih.gov/pug_rest/PUG_REST.html
ftp://ftp.ncbi.nlm.nih.gov/pubchem/Bioassay/
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PubChem Classification Browser Help

Browse PubChem data using a classification of interest, or search for PubChem records annotated with the desired classification/term (e.g., MeSH
phenylpropionates, or Gene Ontology: DNA repair). More...

Select classification Search selected classification by
PubChem: PubChem BioAssay Classification ~ Keyword v | Enter desired search term Search

Classification description (from PubChem)

This classification was created for the PubChem BioAssay on 2016/09/11.
Note thatin some cases a number of highly populated nodes - those for which all or nearly all IDs have information - have been left out of the tree. More...

Data type counts to display Display zero count nodes? Filter by Entrez History

None m No Choose one v

Browse PubChem: PubChem BioAssay Classification Tree
~ PubChem BioAssay Classificaton ? 1,216,713
v Activity Types/Potency 2 115,799
» EC50 13,823
» IC50 70,156
» Kd 5,558
» Ki 26,263
Assay Types | ? 827,136
Cell Lines/Types ? 176,005

v

v

v

Data Sources 2 » 7,917

-

Detection Methods 2 4,386
v HTS Projects 2 ' 7,091

» RNAIHTS ? 68

» Small-molecule HTS ? 7,023
v Publications ? 895,706
» Journals[A-Z] ? 890,214
v MeSHTree ? # 559,940

v Chemicals and Drugs Category » 557,624

v Chemical Actions and Uses 2 400,078
v Pharmacologic Actions » 388,362
v Molecular Mechanisms of Pharmacological Action ' » 143,818

» Anaiotensin Receptor Antagonists » 91
v Targets ? 141,906

» ChEMBL Ontology ? 139,396
» Gene Ontology ? 127,130
» IUPHAR Ontology ? 1,351
» KEGGOntology ? 64,427
v Taxonomy ? 2 1,075,229
Archaea ? » 74

v

v

Bacteria ? 2 94,325
Eukaryota ?  » 962,551

v

v

othersequences ? » 2

v

unclassified sequences 2 » 114

v

Viruses ? | » 18,291

Figure 2. The PubChem BioAssay Classification Tree (https:/pubchem.ncbi.nlm.nih.gov/classification/#hid=80). A hierarchical display is provided, which

can be navigated and explored by expanding to the sub-trees upon clicking on the triangle icon . A click on the numbers on a node (showing the count
of BioAssay records with that annotation) leads to a report in Entrez for the associated assay records.


https://pubchem.ncbi.nlm.nih.gov/classification/#hid=80
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S NCBI

PubChem BioAssay v
Limits  Advanced search

PubQhem

BioAssay

Bioactivity Data for Gene Target EGFR [GenelD: 1956]

BioActivity Outcomes  BioActivity Cutoffs BioActivity Types

Substance Types

Help

BioAssay Types BioAssay Categories  Detection Methods

Probe (1) nanomolar (254) IC50 (4317) Primary drug (385) Confirmatory (5978) Biochemical (10676) homogeneous tim.. (75)
Active (4009) micromolar (2297) Kd (1278) Drug (1646) Literature (2303) Cell-based (2881) AlphaScreen (28)
Inconclusive (204) Ki (104) Chemical (12376) Screening (23) Toxicity (3) chemiluminescen.. (24)
Inactive (928) Potency (103) RNAI (34) Summary (10) In vitro (6039) fluorescence in.. (10)
Unspecified (7269) EC50 (18) Other (4096) Other (34) gel electrophor.. (6)
Show | 10 ¥ |entries, displaying 1 to 10 of 12410 entries in 884 bioassays First Prev. 1 2 3 Next Last ' Download Table
BioActivity
# Compound Substance g ,tcome Value BioAssay Links  Selectivity
- WP num
D4y 5¢ EGFR Quantitative High-Throughput Screen for Inhibitors of the ERK Signaling Pathway using a = Active in 12 of
1 o 22409543 W o5, 07079 Homogeneous Screening Assay: Summary [AID 1742] F 3o7targets
, = - Y Inhibition of tyrosine kinase activity of Epidermal growth factor receptor from human A431 carcinoma Active in 2 of 2
2 103257420, [mm. G501 i3e-06 cells [AID 69415] go targets
- ETARE 5 . Inhibition of tyrosine kinase activity of Epidermal growth factor receptor from human A431 carcinoma = Active in 3 of 17
3 i 103257455 - IC50 8e-06 cells [AID 69415] o targets
v = 5 5  Inhibition of tyrosine kinase activity of Epidermal growth factor receptor from human A431 carcinoma Active in 2 of 2
4 103433753 mm  IC50  1e-05 cells [AID 69415] du targets
5 Fon) 103432958 - IC50 25e-05 Inhibition of tyrosine kinase activity of Epidermal growth factor receptor from human A431 carcinoma - g Active in 2 of 247

cells [AID 69415] targets

Figure 3. Collective and cross-assay bioactivity data for a specific gene target in the PubChem BioAssay database (https://pubchem.ncbi.nlm.nih.gov/
assay/bioactivity.html?geneid=1956). The filters at the top of the web page may be used to drill down to a subset of interest. For example, using the filters
provided under the ‘Substance Types’ section, one may retrieve the RNAi data by clicking on ‘RNAi (34)’. The ‘Primary drug (385)’ filter in the section
allows the retrieval of the bioactivity data for drugs that were developed to specifically target the query protein/gene, while the ‘Drug (1646)’ filter retrieves
bioactivity for any drugs in general which were tested in the assays. This latter filter allows one to identify drug molecules that show experimental evidence
(based on PubChem BioAssay data) for binding or affecting the query protein/gene target so that their potential for drug repositioning (against the query
protein/gene target) may be further explored. Drug and target information supporting these two filters were obtained from annotations in the DrugBank.

PubChem UPLOAD FOR BioAssay SUBMISSION

As a public repository accepting submission of com-
plex research data, a robust and user friendly deposi-
tion system plays a key role. User interface for the Pub-
Chem Upload system (https://pubchem.ncbi.nlm.nih.gov/
upload/) has been continuously optimized. Several features
are now added for managing data embargo, release and
sharing on-hold data among depositor maintained user
group. PubChem allows data embargo to provide deposi-
tors the needed time for getting research published or com-
pleting patent application. Only Upload account holders
could have a full access to a BioAssay record under em-
bargo previously. A newly developed mechanism now pro-
vides a full access privilege to collaborators, journal review-
ers or editors via a specifically requested URL. Upload now
supports bulk release of embargoed BioAssay records by
taking a list of BioAssay accessions (AID). In addition,
it streamlines the release of the BioAssay records and re-
lated Substance records so that once depositors request a
list of AID to be released, the associated on-hold Substance
records are looked up and released automatically by the Up-
load system. A FAQ section (https://pubchem.ncbi.nlm.nih.
gov/upload/docs/upload_faq.html) is added to the Upload
help page (https://pubchem.ncbi.nlm.nih.gov/upload/docs/
upload_help.html) providing quick tips for common ques-
tions and update operations.

SUMMARY

PubChem started in 2004 as a public repository for bio-
logical data from small molecule and RNAi screenings. As
of today over 80 organizations and laboratories across the
world have shared research data via PubChem BioAssay.
There are many challenges for developing and maintaining
public repositories. The community have put force together
for critical thoughts to define guidance for desirable data
management. Recently, the FAIR (Findability, Accessibil-
ity, Interoperability and Reusability) principle has been pro-
posed to provide guidance for managing public data, main-
taining data flow and sharing analysis tools and pipelines.
This effort is to bring clarity and encourage public data
stakeholders to work toward the simple guidance together
with funding agency, researcher and publisher to harmonize
research data and maximize the value of scholarly digital
publishing.

The PubChem BioAssay repository has been designed
and developed largely complying with the FAIR principle
when reviewed retrospectively. The BioAssay data model
was designed with machine readability and all data in the
database is freely available to the community. The assay
data can be searched using the NCBI Entrez system: https:
/Iwww.ncbi.nlm.nih.gov/pcassay/. PubChem provides addi-
tional tools to support data search, access and analysis.
Many add-on services and tools are developed by the com-
munity to extend and complement the functionality of the
PubChem resource and to provide additional annotations
to the data content in PubChem (5). The interplay between


https://pubchem.ncbi.nlm.nih.gov/assay/bioactivity.html?geneid=1956
https://pubchem.ncbi.nlm.nih.gov/upload/
https://pubchem.ncbi.nlm.nih.gov/upload/docs/upload_faq.html
https://pubchem.ncbi.nlm.nih.gov/upload/docs/upload_help.html
https://www.ncbi.nlm.nih.gov/pcassay/
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PubChem and the community’s efforts are mutual benefi-
cial. The information platform at PubChem is under con-
tinuous development to encourage re-use of the cheminfor-
matics, chemical biology and functional genomics research
data in PubChem, and to enable and ease the integration by
community’s effort. PubChem will continue to improve ser-
vices and tools as technology advances, integrate with third-
party annotations and other public biomedical data, and
work with funding agencies and publishers supporting re-
search data archiving and reutilization. PubChem welcomes
the community to share the resource and contribute to the
repository.
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