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ABSTRACT

PubChem (https://pubchem.ncbi.nlm.nih.gov) is a
popular chemical information resource that serves a
wide range of use cases. In the past two years, a num-
ber of changes were made to PubChem. Data from
more than 120 data sources was added to PubChem.
Some major highlights include: the integration of
Google Patents data into PubChem, which greatly
expanded the coverage of the PubChem Patent data
collection; the creation of the Cell Line and Taxon-
omy data collections, which provide quick and easy
access to chemical information for a given cell line
and taxon, respectively; and the update of the bioas-
say data model. In addition, new functionalities were
added to the PubChem programmatic access pro-
tocols, PUG-REST and PUG-View, including support
for target-centric data download for a given protein,
gene, pathway, cell line, and taxon and the addition
of the ‘standardize’ option to PUG-REST, which re-
turns the standardized form of an input chemical
structure. A significant update was also made to Pub-
ChemRDF. The present paper provides an overview
of these changes.

INTRODUCTION

PubChem (https://pubchem.ncbi.nlm.nih.gov) (1,2) is a
public chemical database at the National Center for
Biotechnology Information (NCBI) of the National Li-
brary of Medicine (NLM), an institute within the U.S. Na-
tional Institutes of Health (NIH). With millions of users
every month (Figure 1), PubChem is a popular resource
that serves a wide range of audiences, including researchers,
chemical health and safety officers, patent agents, educa-
tors, and students. Importantly, PubChem data is com-
monly used in many artificial intelligence and machine
learning studies (3–17).

PubChem is a data aggregator, which collects chemical
information from hundreds of data sources (872 sources

as of 6 September 2022). The majority of chemicals con-
tained in PubChem are small molecules, but PubChem also
contains other chemical entities, such as siRNA, miRNA,
lipids, carbohydrates, and chemically-modified biopoly-
mers. This data is organized into multiple data collections
(18,19), including Substance, BioAssay, Compound, Pro-
tein, Gene, Pathway, Cell Line, Taxonomy, and Patent.
While Substance archives depositor-provided chemical de-
scriptions, Compound contains unique chemical struc-
tures extracted from Substance (19). BioAssay archives the
depositor-provided description and test results of biolog-
ical assay experiments (20). Protein, Gene, Pathway, Cell
Line and Taxonomy provide a target-centric view of chemi-
cal information for a given protein, gene, pathway, cell line,
and taxon, respectively (18). The Patent collection provides
information on chemicals, proteins, genes, and taxons men-
tioned in each patent document. Table 1 shows the number
of records in PubChem’s data collections (as of 6 Septem-
ber 2022). The up-to-date record counts can be found at the
PubChem Statistics page (https://pubchemdocs.ncbi.nlm.
nih.gov/statistics).

Various aspects of PubChem have been described in our
previous papers, including those published in the Nucleic
Acid Research Database issues (1,19,21) and Webserver is-
sues (22,23). The present paper describes general updates
to PubChem for the past two years, including new data
content, the creation of Cell Line and Taxonomy data
collections, bioassay data model change, improved pro-
grammatic access, and the expansion of PubChemRDF
data.

NEW DATA CONTENT

A list of PubChem data sources can be accessed through
the PubChem Sources page (https://pubchem.ncbi.nlm.nih.
gov/sources). For the past two years, data from about 120
new sources have been added to PubChem, which now pro-
vides information from more than 870 data sources. While
some of the new data are submitted by individual sources
and archived in the Substance and BioAssay collections,
other data are integrated by the PubChem team to annotate
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Table 1. PubChem data counts (as of 6 September 2022). The up-to-date record counts are available at the PubChem Statistics page (https://pubchemdocs.
ncbi.nlm.nih.gov/statistics)

Type Count Description
Compound 111 892 547 Unique chemical structures extracted from contributed PubChem Substance records
Substance 296 900 675 Information about chemical entities provided by PubChem contributors
BioAssay 1 506 765 Biological experiments provided by PubChem contributors
Bioactivity 296 804 899 Biological activity data points reported in PubChem BioAssays
Protein 185 153 Proteins tested in PubChem BioAssays and those involved in PubChem Pathways and

identified in PubChem Patents
Gene 103 988 Genes tested in PubChem BioAssays and those involved in PubChem Pathways and

identified in PubChem Patents
Pathway 239 183 Interactions between chemicals, genes, and proteins
Cell Line 1964 Cell lines tested in PubChem BioAssays
Taxonomy 112 531 Organisms of proteins/genes tested in PubChem BioAssays and those involved in

PubChem Pathways and identified in PubChem Patents
Patent 42 395 312 Patents with links in PubChem
Data Sources 872 Organizations contributing data to PubChem

Figure 1. Monthly unique users who visited PubChem. The statistics in
this Figure include interactive users only and exclude programmatic users.

the existing PubChem records. Below are some noteworthy
sources.

Drug information

Many of the annotations newly added to PubChem
are about drugs. Notably, PubChem integrated infor-
mation about human and animal drug products from
the U.S. Food & Drug Administration (FDA) National
Drug Code (NDC) Directory (https://www.accessdata.
fda.gov/scripts/cder/ndc/index.cfm) and the FDA Green
Book (https://www.fda.gov/animal-veterinary/products/
approved-animal-drug-products-green-book), respectively.
The FDA’s Drug-Induced Liver Injury Rank (DILIrank)
data set (24) was also integrated into PubChem. In ad-
dition, PubChem now provides information on drugs
used for the treatment of HIV/AIDS and opportunistic
infection, from the drug database at the clinicalinfo.hiv.gov
website (https://clinicalinfo.hiv.gov/en/drugs).

Chemical health and safety information

Annotations related to chemical health and safety were
also added to PubChem. Examples are occupational health

information (e.g. adverse effects of workplace exposures
to chemical agents) from Haz-Map (https://haz-map.com/)
and the carcinogen classification and related monograph
links from the International Agency for Research on Cancer
(IARC) (https://www.iarc.who.int/). Other noteworthy an-
notations are the acute exposure guideline levels (AEGLs)
from the U.S. Environmental Protection Agency (EPA)
(https://www.epa.gov/aegl). The AEGLs describe the hu-
man health effects of once-in-a-lifetime, or rare, exposure
to airborne chemicals and are used by emergency respon-
ders when dealing with chemical spills or other catastrophic
exposures.

CAS registry numbers

The Chemical Abstracts Service (CAS) of the American
Chemical Society (ACS) provided PubChem with the CAS
registration numbers (RNs) for more than 400,000 chem-
icals available at the CAS Common Chemistry website
(https://commonchemistry.cas.org/) (25). This helps Pub-
Chem to identify and validate authoritative CAS RNs scat-
tered across many chemical information resources on the
internet, enabling more accurate data exchange and integra-
tion between the resources.

Patent information

PubChem imported patent information from Google
Patents (https://patents.google.com/) (26). This data inte-
gration involves two public data sets available in Google
BigQuery (https://cloud.google.com/bigquery):

• Google Patents Research Data
(https://console.cloud.google.com/marketplace/product/
google patents public datasets/google-patents-research-
data)

• Google Patents Public Data (provided by IFI CLAIMS
Patent Services)
(https://console.cloud.google.com/marketplace/product/
google patents public datasets/google-patents-public-
data)

The addition of Google Patents data substantially ex-
panded PubChem’s patent data collection, which now con-
tains 767 million links between 37 million chemical struc-
tures and the 25 million patent documents that men-
tion them. The imported data also includes links between

https://pubchemdocs.ncbi.nlm.nih.gov/statistics
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patents and other PubChem entities like genes, proteins,
and taxons. These data cover patent applications and grants
from international patent offices like the World Intellectual
Property Organization (WIPO) and European Patent Office
(EPO), as well as those from many national patent offices,
including the US Patent and Trademark Office (USPTO),
Japan Patent Office (JPO), and Korean Intellectual Prop-
erty Office (KIPO).

Data from Google Patents are used to generate Patent
Summary pages, which present information for individual
patent documents. As an example, the following URL di-
rects you to the Patent Summary for the US Patent docu-
ment, US-2005209186-A1:

• https://pubchem.ncbi.nlm.nih.gov/patent/US-
2005209186-A1

The Google Patents data includes a list of patent docu-
ments mentioning a particular chemical. This list is acces-
sible through a Substance Record page for that chemical.
For example, the following URL corresponds to the Record
page for SID 415749124 (spizofurone) from Google Patents
(Figure 2):

• https://pubchem.ncbi.nlm.nih.gov/substance/415749124

As depicted in Figure 2, this page has the ‘Depositor-
Supplied Patent Identifiers’ section, showing a list of the
patent documents for spizofurone. In addition, clicking the
External ID link on this page directs to the Google Patents
site, where the user can find additional information.

The chemical-patent links from Google Patents are com-
bined with those from other sources and presented in the
Depositor-Supplied Patent Identifiers section of the Com-
pound Summary page, as shown on the following page:

• https://pubchem.ncbi.nlm.nih.gov/compound/
5291#section=Depositor-Supplied-Patent-Identifiers

The integration of Google Patents information with Pub-
Chem represents a significant update to the existing patent
data content in PubChem. It is worth mentioning that
chemicals listed on the Summary page of a patent are
not necessarily subject matters claimed in the patent. They
could be mentioned as prior arts or as reactants, catalysts,
and other reagents used to generate patent-protected chem-
icals. As explained in other studies (26–28), it is challenging
to distinguish claimed subject-matter chemicals from oth-
ers in patent documents. This is one of the areas that need
improvement in PubChem.

CELL LINE AND TAXONOMY DATA COLLECTIONS

As explained in the Introduction, PubChem has multiple
data collections. Among them, Cell Line and Taxonomy
(18) are the newest ones. Each record in these collections
contains chemical information related to a given cell line or
taxon (organism) and additional annotations about that cell
line or taxon. These annotations are collected from author-
itative and curated data sources.

The Cell Line collection contains 1,964 cell lines that
are tested against in any bioassays archived in PubChem.

The summary page for each cell line is accessible via the
URL containing the cell line abbreviation, Cellosaurus ID
(29), or ChEMBL Cell Line ID (30). For example, these are
the Summary page for the Michigan Cancer Foundation-7
(MCF-7) cell line (Cellosaurus ID: CVCL 0031; ChEMBL
ID: CHEMBL3308403), which is a human breast cancer
cell line commonly tested in PubChem bioassays:

• https://pubchem.ncbi.nlm.nih.gov/cell/MCF-7
• https://pubchem.ncbi.nlm.nih.gov/cell/CVCL 0031
• https://pubchem.ncbi.nlm.nih.gov/cell/

CHEMBL3308403

The Cell Line Summary page displays the bioactivity
data of the chemicals tested against the cell line, along with
synonyms, diseases, references, classifications, and so on.
These annotations are collected from authoritative and cu-
rated data sources, including the Medical Subject Head-
ings (MeSH) (https://www.nlm.nih.gov/mesh/), Cellosaurus
(29), ChEMBL (30), Cell Line Ontology (CLO) (31), NCI
Thesaurus (NCIt) (32), the Library of Integrated Network-
Based Cellular Signatures (LINCS) Data Portal (33), and
Harvard Medical School (HMS) LINCS Database (http:
//lincs.hms.harvard.edu/db/).

The Taxonomy collection covers over 110 000 taxa asso-
ciated with bioassay or pathway records in PubChem. The
Taxonomy Summary page for a taxon is accessible through
an URL containing its scientific name, common name, or
NCBI Taxonomy ID, as shown in the following examples
(for Danio rerio (zebrafish), whose NCBI Taxonomy ID is
7655):

• https://pubchem.ncbi.nlm.nih.gov/taxonomy/zebrafish
• https://pubchem.ncbi.nlm.nih.gov/taxonomy/Danio+

rerio
• https://pubchem.ncbi.nlm.nih.gov/taxonomy/7955

This Summary page shows the chemicals tested against
zebrafish in PubChem bioassays and the proteins targeted
in those assays. Importantly, this page presents a list of the
whole-organism bioassays performed on this taxon, which
is accessible through the following URL:

• https://pubchem.ncbi.nlm.nih.gov/taxonomy/
7955#section=Whole-Organism-BioAssays

This list provides users with a quick and convenient
way to identify the whole-organism bioassays that do not
have a specific gene or protein target. The Taxonomy Sum-
mary page also presents the chemicals and proteins in-
volved in the biological pathways for zebrafish. Addition-
ally, this page contains information on the taxon, collected
from various primary data sources such as NCBI Taxon-
omy (34), Integrated Taxonomic Information System (ITIS)
(https://www.itis.gov/), Catalogue of Life (COL) (https://
www.catalogueoflife.org/), NCIt (32), GlyCosmos Glyco-
science Portal (35), UniProt (36), and LOTUS (https://lotus.
naturalproducts.net/) (37).
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Figure 2. The Substance Record page for SID 415749124 (spizofurone) (https://pubchem.ncbi.nlm.nih.gov/substance/415749124). The patent identifiers
associated with this chemical are listed in the ‘Depositor-Supplied Patent Identifiers’ section. The data presented in this section can be downloaded using
the ‘Download’ button above the top-right corner of the patent table. Clicking the External ID link (16960361) directs to the Google Patents site, where
the user can find additional information about these patents.

BIOASSAY DATA MODEL CHANGE

As of 6 September 2022, PubChem contains 297 million
bioactivity data points from 1.5 million bioassays. The data
model used to store these bioactivity data was updated,
changing the format of the bioassay data uploaded to or
downloaded from PubChem. Therefore, new assay data
submitted to PubChem must be formatted based on the new
data model and the existing software programs that down-
load and read PubChem’s bioassay data should also be up-
dated accordingly.

The specification of the new bioassay data model is
available at the PubChem FTP site (https://ftp.ncbi.nlm.

nih.gov/pubchem/Bioassay/pcassay2.asn). One of the ma-
jor changes in the data model involves panel assays, which
contain bioactivity data for multiple targets (sometimes up
to thousands). In the old data model, the data for each tar-
get of a panel assay spanned over multiple columns in the
data table. This resulted in data tables with varying col-
umn widths (up to tens of thousands of columns), mak-
ing it difficult to manage panel assay data. In the new data
model, the format for panel assays is no longer column-
based, and each data point is stored in a row. All exist-
ing panel assays were converted into this new, row-based
format.

https://pubchem.ncbi.nlm.nih.gov/substance/415749124
https://ftp.ncbi.nlm.nih.gov/pubchem/Bioassay/pcassay2.asn
https://ftp.ncbi.nlm.nih.gov/pubchem/Bioassay/pcassay2.asn
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Another important change was the inclusion of endpoint
qualifiers (e.g., >, >=, <, <= and =) in the data specifi-
cation. Without these qualifiers, bioactivity data could be
misinterpreted. For instance, although a compound with
EC50 = 1 �M has different bioactivity from those with
EC50 < 1 �M or EC50 > 1 �M, they all appear identical
without endpoint qualifiers. While about 6 million bioactiv-
ity data points (corresponding to 2% of all bioactivity data
points) have this qualifier information, users often over-
looked it when examining the assay data. The new bioassay
data model explicitly includes endpoint qualifiers (e.g. the
‘Standard Relation’ fields shown in the following example):

• https://pubchem.ncbi.nlm.nih.gov/bioassay/
2916#section=Data-Table

Textual data representation was also improved. Pub-
Chem assay data often contains UTF-8 characters that
was not properly displayed as a text file. Examples are
Greek letters commonly used in protein/gene names (e.g.,
�-lactamase) or units often found in experimental protocols
(e.g., ◦C or ◦F). The updated bioassay data model now sup-
ports UTF-8 characters.

In the past, numeric identifiers called GI numbers were
used to specify proteins or nucleotides associated with
bioassays in PubChem (e.g., as assay targets or cross-
references). However, as described elsewhere (38–40), the
NCBI phased out the use of GI numbers in its databases (in-
cluding PubChem) and replaced them with accession iden-
tifiers. Accordingly, the new data model uses accession iden-
tifiers only. As a result, only accessions can be used for new
assay submissions and all GI numbers in the existing assays
were converted to accessions.

PROGRAMMATIC ACCESS

PubChem provides multiple programmatic access routes,
including E-Utilities (22), Power User Gateway (PUG)
(22), PUG-SOAP (22), PUG-REST (22,23,41), PUG-View
(42), and PubChemRDF REST interface (43). For the past
two years, new functionalities were added mostly to PUG-
REST and PUG-View. An example is the ‘standardize’ op-
eration added to PUG-REST. This operation returns the
standardized form of an input chemical structure, which
can be specified with the Simplified Molecular-Input Line-
Entry System (SMILES) string (44–46), IUPAC Interna-
tional Chemical Identifier (InChI) (47), or structure-data
file (SDF). The valid output formats for this operation are
SDF, XML, JSON(P) and ASNT/B, as shown in these ex-
amples (Figure 3):

• https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/
smiles/C1CN(CCO1)C(=N[H])O[H]/SDF

• https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/
smiles/[N](=O)(=O)O[H]/JSON

Note here that the input structures go through Pub-
Chem’s chemical structure standardization process (48) and
are modified to the structures of CIDs 75088 and 944, re-
spectively (see Figure 3). The ‘standardize’ option allows
users to check how their chemical structures would be pro-
cessed and modified through PubChem’s chemical struc-

Figure 3. Effects of the ‘standardize’ operation of PUG-REST. This oper-
ation takes a chemical structure (given in a SMILES, InChI, or SDF) as
an input, and returns its standardized form.

ture standardization process. By default, the output from
the standardize operation includes components and neu-
tralized forms, unless ‘include component=false’ is speci-
fied. As an example, consider the following PUG-REST re-
quests:

• https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/
smiles/CC(=O)[O-]/JSON

• https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/
smiles/CC(=O)[O-]/JSON?include components=false

Both requests take the acetate anion ‘CC(=O)[O-]’ as an
input, but the first one returns the acetate anion as well as its
neutralized form (acetic acid), while the second one returns
only the acetate. Now consider the following requests takes
sodium acetate as an input:

• https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/
smiles/CC(=O)[O-].[Na+]/JSON

• https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/
smiles/CC(=O)[O-].[Na+]/JSON?include components=
false

The first one returns sodium acetate as well as the neutral
forms of its components (i.e., acetic acid and the sodium
atom), while the second request returns only sodium ac-
etate.

It is noteworthy that, because some isomeric SMILES
and InChI strings contain special characters incompati-
ble with the URL syntax (e.g., the forward slash (‘/’)),

https://pubchem.ncbi.nlm.nih.gov/bioassay/2916#section=Data-Table
https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/smiles/C1CN(CCO1)C(=N[H])O[H]/SDF
https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/smiles/[N](=O)(=O)O[H]/JSON
https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/smiles/CC(=O)[O-]/JSON
https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/smiles/CC(=O)[O-]/JSON?include_components=false
https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/smiles/CC(=O)[O-].[Na+]/JSON
https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/smiles/CC(=O)[O-].[Na+]/JSON?include_components=false
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those identifiers should be provided as a URL parameter,
as shown in this example:

• https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/
smiles/JSON?smiles=C(=C/F)

Another important functionality added to PUG-REST
is programmatic access to target-centric data (i.e., data for
a given protein, gene, cell line, or taxon). For example, the
following PUG-REST request returns a summary of the A-
549, MCF-7, and HCT-116 cell lines (cell line accessions:
CVCL 0023, CVCL 0031, and CVCL 0291, respectively):

• https://pubchem.ncbi.nlm.nih.gov/rest/pug/cell/cellacc/
CVCL 0023,CVCL 0031,CVCL 0291/summary/JSON

The resulting output contains the cell accession, name,
sex, category, source tissue, source organism, and list of syn-
onyms for the input cell lines.

It is also possible to get a list of bioassays tested for a
given cell line, as shown in this example:

• https://pubchem.ncbi.nlm.nih.gov/rest/pug/cell/
synonym/MCF-7/aids/TXT

Note that the input cell line in the above request is speci-
fied with its name (MCF-7). The bioassay list from this re-
quest can be used to programmatically download the bioac-
tivity data for the MCF-7 cell line through PUG-REST:

• https://pubchem.ncbi.nlm.nih.gov/rest/pug/assay/aid/
388090,511773,511779/concise/CSV

In addition, PUG-View (42) can be used to download
the annotations displayed on the Summary pages of a cell
line or taxon. The following examples are the PUG-View
requests that download annotations for the MCF-7 cell line
and Sus scrofa (pig, NCBI Taxonomy ID: 9823), respec-
tively:

• https://pubchem.ncbi.nlm.nih.gov/rest/pug view/data/
cell/MCF-7/JSON/

• https://pubchem.ncbi.nlm.nih.gov/rest/pug view/data/
taxonomy/9823/JSON/

PubChemRDF

PubChemRDF (43) refers to machine-readable PubChem
data formatted using the resource description framework
(RDF) (https://www.w3.org/RDF/). In RDF, knowledge is
expressed as a ‘triple’, which consists of a subject, predi-
cate, and object, where the predicate defines the relation-
ship between the subject and object. A significant update
was made to PubChemRDF and the current release of Pub-
ChemRDF (version 1.7.2-beta) now contains 120 billion
triples, grouped into 16 subdomains based on the type of
subject (compound, substance, bioassay, descriptor, pro-
tein, gene, reference, endpoint, measure group, etc.) (https:
//pubchemdocs.ncbi.nlm.nih.gov/rdf-statistics).

One of the major changes to PubChemRDF is the ad-
dition of a new subdomain, called Pathway, which encodes
information on biological pathways and their relationship

with genes, proteins, and chemicals. This Pathway subdo-
main supersedes the BioSystem subdomain used in the pre-
vious versions of PubChemRDF.

Another important change is the update of predicates
that define the semantic relationships between entities
(i.e., subjects and objects). Whenever possible, PubChem-
RDF describes relationships between entities by using pre-
existing, domain-specific ontological frameworks (rather
than creating new ones), including Chemical Entities of Bi-
ological Interest (ChEBI) (49), CHEMical INFormation
ontology (CHEMINF) (50), Protein Ontology (PRO) (51),
Gene Ontology (GO) (52,53), BioAssay Ontology (BAO)
(54), Semanticscience Integrated Ontology (SIO) (55) and
many others. Since the initial release of PubChemRDF,
some terms in these ontologies were deprecated or re-
placed with new ones. These changes are reflected in the
new release of PubChemRDF. In addition, some predicates
from PubChem’s internal vocabulary were replaced in fa-
vor of external ones (e.g. ‘vocab:geneSymbol’ replaced with
‘bao:BAO 0002870’).

The initial version of PubChemRDF used GI numbers
to denote proteins, but the NCBI phased out the use of
GI numbers, as mentioned previously. Accordingly, changes
were made to allow users to access PubChemRDF data us-
ing the protein accession identifiers.

SUMMARY

In the past 2 years, significant changes were made to Pub-
Chem. With the integration of data from over 120 new
data sources, PubChem now provides chemical informa-
tion from >870 data sources (as of September 6, 2022). The
newly added data include drug information (from the clin-
icalinfo.hiv.gov drug database as well as FDA’s NDC Di-
rectory, Green Book, and DILIrank data set) and chemical
health and safety information from Haz-Map, IARC and
EPA. Patent information from Google Patents greatly ex-
panded the coverage of the Patent data collection. The CAS
Common Chemistry provided PubChem with the CAS RNs
for 400 000 chemicals, making it possible to identify and val-
idate correct CAS RNs from other data sources.

New data collections, called Cell Line and Taxonomy,
were created to help users quickly access PubChem data
specific to a given cell line and taxon, respectively. The Sum-
mary page of each record in these data collections contains
relevant bioactivity data archived in PubChem BioAssay as
well as annotations about the cell line or taxon, collected
from authoritative data sources. Programmatic access to the
two new data collections is available.

PubChem updated its data model used to store bioactiv-
ity data in BioAssay. In the updated bioassay data model,
each data point for panel assays is stored in a row, mak-
ing it easier to manage the panel assay data. The new data
model explicitly includes the endpoint qualifiers (e.g., >,
<, >=, <= and =) and supports UTF-8 characters. The
GI numbers for target proteins are replaced with NCBI
accessions. Assay data depositors are required to format
their data based on the new model, and software develop-
ers should update their code accordingly to correctly load
bioassay data downloaded from PubChem.

https://pubchem.ncbi.nlm.nih.gov/rest/pug/standardize/smiles/JSON?smiles=C(=C/F)
https://pubchem.ncbi.nlm.nih.gov/rest/pug/cell/cellacc/CVCL_0023,CVCL_0031,CVCL_0291/summary/JSON
https://pubchem.ncbi.nlm.nih.gov/rest/pug/cell/synonym/MCF-7/aids/TXT
https://pubchem.ncbi.nlm.nih.gov/rest/pug/assay/aid/388090,511773,511779/concise/CSV
https://pubchem.ncbi.nlm.nih.gov/rest/pug_view/data/cell/MCF-7/JSON/
https://pubchem.ncbi.nlm.nih.gov/rest/pug_view/data/taxonomy/9823/JSON/
https://www.w3.org/RDF/
https://pubchemdocs.ncbi.nlm.nih.gov/rdf-statistics
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New functionalities have been added to PUG-REST and
PUG-View. Now PUG-REST has the ‘standardize’ oper-
ation, which returns the standardized structures of an in-
put structure, helping users to programmatically check how
their structures are processed and modified when submit-
ted to PubChem. In addition, PUG-REST and PUG-View
support programmatic access to target-centric data (i.e., for
a given protein, gene, pathway, cell line, or taxon).

Major changes were also made to PubChemRDF. The
deprecated or outdated terms from external ontological
frameworks were updated in the new release. The Path-
way subdomain was added to encode semantic relationships
of biological pathways with chemicals, genes, and proteins.
NCBI accessions are now used to denote proteins instead
of GI numbers.

The overall goal of PubChem is to provide rapid access
to chemical information for its broad audience within the
biomedical research community and beyond. To achieve
this goal, PubChem continues to improve the breadth and
depth of data, by identifying and integrating high-quality
data from authoritative and curated sources. In addition,
PubChem will keep up with ever-evolving technologies to
improve existing tools and services and develop new ones
that enable rapid access to information. In this spirit, up-
coming improvements are, among others, putting a special
emphasis on further improving data quality, modernizing
interfaces, and enabling enhanced handling of chemicals
without discrete structures (e.g., polymers and mixtures).
This also includes efforts to broaden the coverage of the
knowledge panels (21,56), which summarize the relation-
ship between chemicals, genes, proteins, and diseases by an-
alyzing their co-occurrences in scientific articles and patent
documents.
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