
InChI Applications in ChEMBL

Virtual Workshop on International Chemical Identifiers (InChI) 

24-03-2021

Patrícia Bento
Data Integration & Development Officer
Chemogenomics Group – EMBL-EBI



Outline
• ChEMBL Database overview and content

• InChI uses in ChEMBL and UniChem

• Compound Registration

• ChEMBL Structure Pipeline

• Cross-References



ChEMBL Database
Public resources

• Open access database for drug discovery

• Core bioactivity data from:

• Key MedChem journals

• Public databases

• Review articles, book chapters, etc

• Contributed datasets

• Integrated with data on:

• Clinical development and marketed drugs (from 
ClinicalTrials.gov, FDA, USANs, INNs)

• Latest release (version 28) statistics:

www.ebi.ac.uk/chembl/

https://www.ebi.ac.uk/chembl/


InChI Applications in ChEMBL

UniChem



InChI Applications in ChEMBL – Registration

UniChem



ChEMBL Compound Registration
• Standardised V2000 molfile as the primary chemical structure representation

• Standard InChI and corresponding hashed InChIKey are calculated from the 
molfile using software provided by InChI Trust (current version 1.05)

• Standard InChI and InChIKey used as a measure of uniqueness for a chemical 
structure in ChEMBL

• Compounds from different sources with the same Standard InChI and InChIKey
are considered to be the same compound and are assigned the same ChEMBL 
identifier (CHEMBL_ID)

• However, V2000 molfile and Standard InChI have a few limitations, e.g.,

• Do not support the use of relative stereochemistry, only absolute or no 
stereochemistry



ChEMBL Compound Registration
• Several drugs are formulated as racemic mixtures (e.g., Orphenadrine, 

Milnacipran) or as unequal mixture of both enantiomers (e.g., Amphetamine)

• Chemical representation of these mixtures is a challenge and different data 
providers may have different registration rules

Source

Structure
Representation

Standard
InChIKey

USAN ChEMBL/DailyMed/DrugBank PubChem/Kegg

GJJFMKBJSRMPLA-
HIFRSBDPSA-N

GJJFMKBJSRMPLA-
UHFFFAOYSA-N

GCWZHWKRAHFLED-
NATOKKMCSA-N

Example of structure representations from various sources for Milnacipran



• Relative stereochemistry can be annotated in V3000 molfiles

• ChEMBL has started to store it internally for manually annotated compounds

• V3000 molfile not fully represented by Standard InChI

ChEMBL Compound Registration

GJJFMKBJSRMPLA-
UHFFFAOYSA-N

V2000
format

V3000
format

GJJFMKBJSRMPLA-
HIFRSBDPSA-N

GJJFMKBJSRMPLA-
HIFRSBDPSA-N=

V2000
format

Structure representation of different molfile versions 
(and corresponding Standard InChIKey) for Milnacipran



InChI Applications in ChEMBL – Structure Pipeline



ChEMBL Structure Pipeline
• ChEMBL Structure Pipeline is comprised of three processes:

• Checker: identifies and validates structures and identifies problems before structures 
are loaded into the database

• Standardizer: processes (standardises) chemical structures according to a set of 
predefined rules

• GetParent: generates parent structures based a set of rules and defined list of salts 
and solvents

• Standardizer and GetParent have been rewritten and adapted from rules 
originally implemented using a commercial software toolkit

• Checker was developed more recently in an attempt to identify problem 
structures



ChEMBL Structure Pipeline – Checker
• Checker process validates structures prior to loading compounds into ChEMBL

• If an error or problem is detected in the structure, a score is assigned

• The higher the score, more serious is the problem

• InChI warnings are a 
component of the 
Checker

a fatal error and no data is loaded into ChEMBL

data is loaded into the database 
but without a molfile

all data is loaded

Database Loader Actions



ChEMBL Structure Pipeline Publication



ChEMBL Structure Pipeline Updates – Standardizer
• Generate canonical tautomer

• Standard InChI is independent of the tautomeric form of a compound and hence 
different tautomers of a compound will have the same Standard InChI. Therefore, in 
ChEMBL they are considered as being the same compound

• However, Standard InChI has a few limitations, e.g.,

• unable to recognise some keto-enol tautomers as being the same compound 

SODIUM 
DEHYDROACETATE

DEHYDROACETIC 
ACID

PKLPQOJFHFGVBS-UHFFFAOYSA-N PGRHXDWITVMQBC-UHFFFAOYSA-N

keto-enol 
tautomers



Child

ChEMBL Structure Pipeline Updates – Standardizer
• Generate canonical tautomer

SODIUM 
DEHYDROACETATE

DEHYDROACETIC 
ACID

Canonical Tautomer Parent Canonical Tautomer

• Update

Bioactivity 
data 

linked



InChI Applications in ChEMBL – Cross References

UniChem



UniChem
• Cross-references to compounds in other sources provided by UniChem

• UniChem is a compound identifier mapping service developed at EMBL-EBI that 
provides structure-based hyperlinks to chemical structures in other databases

• Historically, each EMBL-EBI resource 
would individually manage its own 
links to all other resources

• In UniChem, mappings are maintained 
centrally, allowing for the simple 
inclusion of additional resources

UniChem

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem
• Standard InChI and InChIKey are the chemical structure normalizing key for 

UniChem

• For UniChem, each new structure (as defined by the Standard InChI) is assigned 
a UniChem identifier (UCI) within the system and this association between the 
structure and its UCI is never updated or deleted. The only updates permitted 
are to indicate whether the assignment is ‘current’ or ‘obsolete’.

• All structures and assignments of whatever historical status are captured

• UniChem Stats

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem – Use cases
• UniChem can be used to:

• Search for identical small molecule data across a wide variety of chemically aware 
resources, using either src_compound_ids, InChI or InChIKeys

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem – Use cases
• UniChem can be used to:

• Search for molecules with the same atom connectivity but different stereochemistry 
or isotopic composition or existing in a different salt form, using either 
src_compound_ids or InChIKeys

GJJFMKBJSRMPLA-
HIFRSBDPSA-N

GJJFMKBJSRMPLA-
UHFFFAOYSA-N

GJJFMKBJSRMPLA-
DZGCQCFKSA-N

Different stereochemistry and isotopes

GJJFMKBJSRMPLA-
PSBOALLFSA-N

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem – Use cases
• UniChem can be used to:

• Search for molecules with the same atom connectivity but different stereochemistry 
or isotopic composition or existing in a different salt form, using either 
src_compound_ids or InChIKeys

XNCDYJFPRPDERF-
NQQJLSKUSA-N

GJJFMKBJSRMPLA-
DZGCQCFKSA-N

Different salt forms

InChI=1S/C15H22N2O.ClH/
c1-3-17(4-2)14(18)15(10-13(15)11-16)12-8-6-5-7-9-12;/
h5-9,13H,3-4,10-11,16H2,1-2H3;1H/t13-,15+;/m0./s1

InChI=1S/C15H22N2O/
c1-3-17(4-2)14(18)15(10-13(15)11-16)12-8-6-5-7-9-12/
h5-9,13H,3-4,10-11,16H2,1-2H3/t13-,15+/m0/s1

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem – Use cases
• UniChem can be used to:

• Search for molecules with the same atom connectivity but different stereochemistry 
or isotopic composition or existing in a different salt form, using either 
src_compound_ids or InChIKeys

XNCDYJFPRPDERF-
NQQJLSKUSA-N

GJJFMKBJSRMPLA-
DZGCQCFKSA-N

Different salt forms

InChI=1S/C15H22N2O.ClH/
c1-3-17(4-2)14(18)15(10-13(15)11-16)12-8-6-5-7-9-12;/
h5-9,13H,3-4,10-11,16H2,1-2H3;1H/t13-,15+;/m0./s1

InChI=1S/C15H22N2O/
c1-3-17(4-2)14(18)15(10-13(15)11-16)12-8-6-5-7-9-12/
h5-9,13H,3-4,10-11,16H2,1-2H3/t13-,15+/m0/s1

GJJFMKBJSRMPLA-
DZGCQCFKSA-N

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem – Use cases

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem – Use cases

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem – Use cases

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem – Use cases
• UniChem can be used to:

• Automatically generate hyperlinks from within a resource to other resources

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem – Use cases
• UniChem can be used to:

• Automatically generate hyperlinks from within a resource to other resources

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem Publications

www.ebi.ac.uk/unichem/

http://www.ebi.ac.uk/unichem/


UniChem Update Coming Soon
• New interface

• New functionalities
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