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What isPubChem      ? 

• An open archive 

– anyone can contribute 
• chemical structures 

• synonyms 

• comments 

• biological experiments 

• cross references 

• records versioned 

• URLs 

– links external resources 

– voluntary data push 

– automated updates 

• A public resource 

– anyone can access 
• data downloadable 

• search, browse, retrieve 

– integrated 
• literature 

• sequences, protein 3-D 

– analysis capabilities 

– programmatic layers 
• PUG, PUG/SOAP 

• Entrez Utilities 

• URL-based interfaces 
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What isPubChem      ? 



PubChem has a lot of data… 
Depositors Chemicals 

Biological Assays Bioactivities 

Tested Chemicals 

Protein Targets 



PubChem is one resource amongst others… 



PubChem is heavily used… 



PubChem is a global resource… 

Interactive usage by country  
(Jul 15 2010 – Aug 15 2010) 



PubChem data relationships… 

Unique chemical structure 
content of PubChem 

 

Mixture 
Salt 

Parent 
Components 

 
“Identity groups” 

Exactly Same 
Same Isotope 
Same Stereo 

Same Connectivity 
Tautomers 

 

Depositor provided 

Primary accession SID Primary accession CID 

Depositor provided 

Primary accession AID 



• Verification 
– Atom element 

– Implicit hydrogen 

– Functional group 

– Valence 

• Standardization 
– Tautomer invariance 

– Aromaticity detection 

– Stereochemistry 

– Explicit hydrogen 

• Calculation 
– Coordinates 

– Properties 

– Descriptors 

• Components 
– Isolate covalent units 

– Neutralize (+/- proton) 

– Reprocess 

– Detect unique 

Automated structure processing... 



PubChem data access… 

• Interfaces 

– text/numeric search 

– fielded/range search 

– precomputed similarities 
• 2-D, 3-D, identity groups 

– inter-database links 
• biomedical literature 

• MeSH ontology 

– biological roles 

• protein 3-D 

• pathways 

– external resource links 

• Tools 

– bioactivity analysis 

– chemical clustering 

– chemical structure search 

– data download 

– FTP site 

– heatmap analysis 

– integrated 3-D layer 

– similarity computation 

– source summary 

– structure normalization 
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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” 

• previously unseen data representation schemes 

• combinatorial ways of drawing the same structure 



A chemical structure may be represented 
in many different ways 

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 



What do you mean by “sodium acetate”? 



What did you mean by that? 

• Case Study: 

 

(+)-Iridodial 
 

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

Ring Closed 

Ring Open 



What do you mean by that? 

• “C” means? 

– form of carbon? 

• which one? 
– diamond? 

– graphite? 

– coal? 

– graphene? 

– charcoal? 

– carbon black? 

– nanotube? 

– methane? 



Stereochemistry    

• Import issues 
– Often obtained by perception of atom coordinates 

• 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! 

 Big problem 



Do we have a “defined” structure? 



Is the structure reasonable? 



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 
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