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PubChem is a 
data repository
• World's largest 

collection of freely 
accessible chemical 
information
• Helps researchers make 

sense of the biological 
roles and health effects 
of chemicals on human 
health and the 
environment

https://pubchem.ncbi.nlm.nih.gov/

Chemical substances and bioactivities .. with select annotation
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A lot of data .. 
enabling 

many          
use cases



What is an InChI?
• Acronym

– International Chemical Identifier
• Standard that is Software

– Initially created by NIST
– Under auspices of IUPAC
– Open source, non-proprietary

• Algorithm
– Normalizes chemical representation
– Includes a ‘hashed’ form (InChIKey)

https://iupac.org/inchi

https://www.inchi-trust.org/

(and maintained by
the InChI Trust)



InChI is a string

InChI=1S/C6H12O6/c7-1-2-
3(8)4(9)5(10)6(11)12-2/h2-
11H,1H2/t2-,3-,4+,5-
,6+/m1/s1

Version   Type
Chemical formula

Connectivity
Charge&Proton
Stereochemical

Other (e.g., Isotopic)

“layered” line notation alpha-D-Glucose



InChIKey is a “hashed” InChI
• Fixed length and search engine friendly InChI
• May allow for ‘secure’ lookup of a chemical
Chemical formula

& Connectivity
Stereochemical &

Proton &
Other (e.g., Isotopic)

Type  Version
Charge

“layered” line notation alpha-D-Glucose

WQZGKKKJIJFFOK-DVKNGEFBSA-N



InChIKey can be a ‘secret’

InChI=1S/C6H12O6/c7-1-2-3(8)4(9)5(10)6(11)12-2/h2-
11H,1H2/t2-,3-,4+,5-,6+/m1/s1

WQZGKKKJIJFFOK-DVKNGEFBSA-N

There is no chemical information in an InChIKey …  if you do not know the 
InChI, you cannot convert the InChIKey back into a chemical structure

?



Different equivalent (tautomer) forms 
have different SMILES but same InChI

Tautomers and resonance forms of the same chemical structure are prolific

Guanine



Internet Search Engines use InChIKey
They can use InChI too!  ..  but your mileage may vary

Tiformin



The many uses of InChI in PubChem

InChI is very heavily integrated into 
PubChem



Query by InChI



Query by InChIKey



Query by partial InChIKey



Computed in the PubChem Sketcher



Prominently displayed



Provided in downloads



Used as input/output in services



InChIKey used in PubChemRDF



Full set of InChI/Key are downloadable

https://ftp.ncbi.nlm.nih.gov/pubchem/Compound/Extras/



InChI enables use cases…

~400,000 entries “small”

Many thanks to Dr. Emma Schymanski for portions of this slide

Breakdown of PubChem for exposomics use by annotation 
availability using unique InChIKey first block to group and 
gather different stereo forms, charge states, and salt forms



PubChem-InChI limitations/future
• Organometallics
• Tautomers
• Inorganics
• Mixtures
• Reactions
• Polymers

• PubChem normalization
– Many CIDs to one InChI
– Many InChI to one CID

• InChI is a descriptor
• InChI is used as a 

structural format



Igor Pletnev



Many words to describe Igor



Professional thoughts on Igor
• Enjoyed working with him
• Took great care in 

technical documentation
• Translated aspirations 

into reality
• Put blood sweat and tears 

into his efforts
• Directly enabled InChI to 

be successful
Image credit: 
https://leadg2.thecenterforsalesstrategy.com/hubfs/C-Suite%20Thought%20Leadership.png



Igor enabled InChI
• Interpreter in chief
– code needs details not aspirations

• Coordinator in chief
– many people involved with InChI, each with ideas

• Implementor in chief
– Igor advanced InChI with each line he wrote 

Image credit:
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTBzxQE6d4CT8OBYIJCwv3IiqrQe3vxX8r6Fw&usqp=CAU



PubChem Crew …

Evan Bolton
Jie Chen

Tiejun Cheng
Asta Gindulyte

Jane He
Siqian He

Sunghwan Kim

Qingliang Li
Ben Shoemaker
Paul Thiessen

Bo Yu
Leonid Zaslavsky

Jian Zhang

Special thanks to the NCBI Help Desk, the NCBI Systems team, and past PubChem group members
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• All PubChem Contributors and Collaborators
• Software collaborators

• NextMove Software (Roger Sayle, John May) and Daniel Lowe / Noel O’Boyle
• Xemistry GmbH (Wolf D. Ihlenfeldt) 
• OpenEye Scientific Software

• This research was supported by the National Center for Biotechnology 
Information of the National Library of Medicine (NLM), National Institutes of 
Health
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