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. What isPubChem?

* An open archive * A public resource
— anyone canh contribute — anyone can access

 chemical structures e data downloadable
* synonyms * search, browse, retrieve
* comments — integrated
* biological experiments e literature
* cross references * sequences, protein 3-D
* records versioned

— analysis capabilities
* URLs

_ — programmatic layers
— links external resources

* PUG, PUG/SOAP
— voluntary data push

* Entrez Utilities PN
— automated updates  URL-based interfaces
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e search, browse, retrieve

— integrated

* |iterature

* sequences, protein 3-D

— analysis capabilities
— programmatic layers
* PUG, PUG/SOAP

* Entrez Utilities
 URL-based interfaces
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PubChem has a lot of data...
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PubChem is one resource amongst others...

"'-.-; NCBI e Entrez, The Life Sciences Search Engine

PubMed [ All Databases [ Human Gencme [ GenBank Map Viewer ELAST

Search across databases [=er | Cee ] [oiear ] Heip

- Result counts dsplayad In gray Indicale one or mare temme not found

m PubMed: biomedical lit=rature citations and abstracts L1 @l ﬁ Books: online books L7
ﬁ PubMed Central: free, full =t journal articles ] [52] * OMIM: cnline Mendelizn Inheritance in Man i
m Site Search: NCBL web and FTP sit=s i

wileobtide: ore subs=l ol nucleo e sequencs records L 1 ab; enolype ani =no =
1 Nucleotide: © br=t of nuclectide z=g 4 o dbGaP: genotype =nd phenstyp

[

EST: Expressed Seguence Tag records L) UniGene; gene-orient=d clusters of transcript s=quences o
GES;: Genome Survey Sequence records L) CDD: cons=rved prot=in domain datsbase it
Protein: sequenos dalabase o UniSTS: markers and mapping data Wl
Genamie: whole genome sequences L1 PopSet: population study data sets L7l
Structures three-dime=n=sional macromolecular structures L) GEOD Profiles: =xpression and molecular abundance profiles g
Taxvnomy: organisms in GenSank L) GED DataSets: experimental sets of GEOQ data L7
SMP: =ingle nudectide polymorphism o Epigénomics: Epigenetic maps and data s=ts L]
dbVar: Genomic structural variation L Cancer Chromosomes: cytogenetic databases L

PubChem BioAssay: bicactivity screens of chemical

Gene: gene-centered information LT} substances il
SRA: S=quence Read Archive i PubChem Compound: unigue small molecule chemical &

- structures -
BiaSystems: Pathways and systems of int=racting molecules g (S v 20 BT PV G = i B i e e ey e il

r=cords

HomoloGene: =ukaryolic homology groups gl Protein Clusters: a oollection of related prot=in s=quences ik
GENSAT: gene expre=sion atlas of mous= central pervous

=ytem il ﬂ OMIA; online Mend=lian Inheritance in Animals L7

Probe: sequence-speciflic reagents L) BioSample: biological material de=criptions a

BioProjeck: aggregated biological research project data L1

[~

w‘ LNhI;"NE:"_H;I‘E;ﬁ:_‘t:IW = ot P =, Cot] e S L) @ %ﬁ MeSH: detail=d information about NLM'= controll=d vocabulary




Users per Day (thousands)

PubChem is heavily used...
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PubChem is a global resource...
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PubChem data relationships...

Depositor provided
Primary accession SID

PubChem

Substance

'\IL

7 PubQOhem

BioAssay

Depositor provided
Primary accession AlD

Primary accession CID

Oz PubChem

Compound

Unique chemical structure
content of PubChem

Mixture
Salt
Parent
Components

“Identity groups”
Exactly Same
Same Isotope
Same Stereo

Same Connectivity
Tautomers




Automated structure processing...

PubChem O~sPubClhem
©Substance O ©Cﬂmpound
* Verification e Standardization
— Atom element — Tautomer invariance
— Implicit hydrogen -, — Aromaticity detection
. , .
— Functional group — Stereochemistry
— Valence _-".7 = Explicit hydrogen
///’/
D
v, i
 Calculation /- 1 '+ Components
— Coordinates — Isolate covalent units
— Properties i — Neutralize (+/- proton)
| /__ ______________________________ !
— Descriptors “ - — - — Reprocess



PubChem data access...

* Interfaces
— text/numeric search
— fielded/range search
— precomputed similarities
e 2-D, 3-D, identity groups
— inter-database links

* biomedical literature

* MeSH ontology
— biological roles

* protein 3-D
e pathways

— external resource links

e Tools

bioactivity analysis
chemical clustering
chemical structure search
data download

FTP site

heatmap analysis
integrated 3-D layer
similarity computation
source summary

structure normalizatiog




PubChem data access...

* Interfaces * Tools
— text/numeric search — bioactivity analysis
— fielded/range search — chemical clustering
— precomputed similarities — chemical structure search
e 2-D, 3-D, identity groups — data download
— inter-database links — FTP site

 biomedical literature _ heatmap analysis

* MeSH ontolo
= — integrated 3-D layer

— biological roles
. protein 3-D — similarity computation

* pathways — source summary

— external resource links — structure normalizatio



The sad state of
chemical information



Let’s talk chemical information...

* No “Global” rules or standards
* based on individual organizational needs
» often based on individual preferences

* depictions of chemical structures

 PubChem accepts data from many organizations
» conflicting “business rules”
e previously unseen data representation schemes
* combinatorial ways of drawing the same structure




A chemical structure may be represented
in many different ways
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http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=85086529&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=4963597&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=56289189&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=618937&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=149248&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=2779&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=98576640&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=88252822&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=85164931&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=57288350&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=47810954&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=46507057&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=41450879&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=24895044&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=7644358&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=7377195&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=6184055&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=4491989&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=836921&loc=es_rss
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=93623301&loc=es_rss

A chemical structure may be represented
in many different ways
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What do you mean by “sodium acetate”?
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Y ‘Na 4
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Sodium Acetate
The trihydrate sodium salt of acetic acid, which is used as a source of sodium ions in solutions for dialysis
and as a systemic and urinary alkalizer, diuretic, and expectorant.




What did you mean by that?

e Case Study:

(+)-Iridodial

Defense chemicals from
abdominal glands of 13
rove beetle species of
subtribe Staphylinina

Ring Open




What do you mean by that?

e “C” means?

— form of carbon?
* which one?

— diamond?
— graphite?
— coal?

— graphene?

— charcoal?

— carbon black?
— nanotube?

— methane?




Stereochemistry « BI g problem

Import issues

— Often obtained by perception of atom coordinates
e Coordinates or stereo wedges may be ambiguous

— Inconsistency between software packages for same file

Export issues

— Improper/inconsistent use of file format

Format conversion adds/removes/changes stereo
Relative stereochemistry improperly treated
Depiction vs. machine readable

Curated data may become corrupted!




Do we have a “defined” structure?
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|s the structure reasonable?
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4 | SID: 743503

1 | SID: 772267

SID: 496000




What is data quality?

Ideal

Validated
Available

Complete
Succinct

Useful
Facile
Seamless

Happy user

Usually found

Best guess
Something close
Fragmented
Verbose

Might help
Lots of work
Issues

Frustrated user




What is data quality?

Usually found

* Best guess
 Something close
* Fragmented

* Verbose

 Might help
e Lots of work
* |ssues

 Frustrated user




PubChem Crew ...

Steve Bryant
Jie Chen
Tiejun Chen
Lewis Geer
Asta Gindulyte
Volker Hahnke
Lianyi Han
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Tugba Suzek
Paul Thiessen
Jiyao Wang
Yanli Wang
Jewen Xiao
Bo Yu
Jian Zhang
Jun Zhang
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