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ChemSpider – an example of chemical database



PubChem



NCCT Chemistry Dashboard



Data quality issues

Robochemistry

Proliferation of errors in public and 

private databases

Automated quality control system



PubChemDrugbankChemSpider

Imatinib

Mesylate

What Is Gleevec?

Ambiguities



We live in a hyperconnected  World



What is “sharing in a proper way”?



InChI (http://www.inchi-trust.org/)



How is this a semantic web problem? Why can’t people just be clear?

People may be working with faulty data.

Salts, say, may make little difference to the effects of an active 
ingredient.

People may assume a one-to-one mapping between a gene and the 
gene product (protein, ncRNA) that it codes for.
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Knowledge is federated



What is lenses?

• Equivalence rules

• The BridgeDB vocabulary adds metadata that provides a justification for 
treating two URIs alike, thus allowing the researcher to determine whether 
their circumstances fit.

• owl:sameAs ≤ skos:exactMatch ≤ skos:closeMatch ≤ rdfs:seeAlso

• The ChEBI and CHEMINF ontologies provide a rich set of relations (many of 
which developed for this project) to relate one molecule to another.



Link: skos:closeMatch

Reason: non-salt form
Link: skos:exactMatch

Reason: drug name



Strict Relaxed

Analysing Browsing

skos:exactMatch

(InChI)



Strict Relaxed

Analysing Exploring
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skos:closeMatch

(Drug Name)

skos:closeMatch

(Drug Name)

skos:exactMatch

(InChI)



What does the Open PHACTS Chemistry Registration System do?

Takes in structures from ChEMBL, ChEBI, DrugBank, PDB, Thomson 
Reuters.

Normalizes structures according to rules based on FDA guidelines.

Generates counterpart molecules: without charge, fragments 



Standards



[Very incomplete] list of common problems
• Violations of chemical and common sense
• Violations of valence bond theory
• Unsupported format and chemical model features
• Information loss during conversion
• Tautomers
• Stereochemical issues
• Mixtures
• Other classes of chemicals (materials, formulations, biologicals, structurally 

diverse, etc)
• Equivalence/mapping issues
• Identifiers/names issues
• Etc, etc, etc…



…problems (continued)
• Multiple [historical, proprietary, shortcoming] formats

• ChemDraw, ChemSketch, AccelrysDraw
• MOL, SDF
• SMILES
• Identifiers
• Names and Synonyms

• Multiple toolkits/models
• Open Source (alphabetical)

• CDK
• RDKit
• Indigo
• OpenBabel
• Etc…

• Commercial (alphabetical)
• CACTVS
• ChemAxon
• OpenEye
• Etc…

• Hystorical software

• No [machine-readable] standards

• No authorities No coordinated efforts!!!



How to link and integrate various resources

• Available in a variety of databases

• Expressed in a variety of formats

• Some data types are too complex to be exchanged by 
standard formats. Specific examples are 
• Complex mixtures with defined, or ill-defined 

concentrations
• Biological substances
• Polymers



Structured Product Labeling (SPL)

Health Level Seven (HL7) Structured Product Labeling (SPL)

• an ANSI-accredited data exchange standard 

• adopted in 2004 by FDA for the exchange of health and 
regulatory product and facility data
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SPL model



Moiety role NCIt 

code

Defining 

characteristic/representation type

Part-whole 

relationship

Instance 

particulars

Simple 

chemical

-a Chemical structure/ MOLFILE, InChI, 

InChIKey

Stereochemistry Type/CV

<quantity> <id>

Protein 

subunit

C11842

4

Chemical structure/ amino acid 

letter sequence

<quantity> <id>

Polymeric 

subunit

??? Chemical structure/ MOLFILE, InChI, 

InChIKey

Stereochemistry Type/CV

<quantity> <id>

Mixture 

component

C10324

3

Variableb <quantity> <id>

Structural 

modificatio

n

C11842

5

Chemical structure/ MOLFILE, InChI, 

InChIKey

Stereochemistry Type/CV

<quantity> <id>

<bond>

Amino acid 

connection 

points  

C11842

7

- <positionNumber> -

Linear SRU 

connection 

points

??? - <positionNumber> -

Type MIME Media Type

Molfile application/x-mdl-molfile

InChI application/x-inchi

InChIkey application/x-inchi-key

Amino acid sequence application/x-aa-seq

DNA Sequence application/x-dna-seq

RNA Sequence application/x-rna-seq

Letter code Amino acid

A (a) Alanine

R (r) Arginine

N (n) Asparagine

D (d) Aspartic acid

B (b) Asparagine or aspartic acid

C (c) Cysteine

E (e) Glutamic acid

Q (q) Glutamine

Z (z) Glutamine or glutamic acid

G Glycine

H (h) Histidine

I (i) Isoleucine

L (l) Leucine

K (k) Lysine

M (m) Methionine

F (f) Phenylalanine

P (p) Proline

S (s) Serine

T (t) Threonine

W (w) Tryptophan

Y (y) Tyrosine

V (v) Valine

X a non-standard amino acid

Stereochemistry type NCIt code

Square Planar 1 Molecular Geometry C103211

Square Planar 2 Molecular Geometry C103212

Square Planar 3 Molecular Geometry C103213

Square Planar 4 Molecular Geometry C103214

Tetrahedral Molecular Geometry C103215

Octahedral 12 Molecular Geometry C103216

Octahedral 22 Molecular Geometry C103217

Octahedral 21 Molecular Geometry C103218

Cahn-Ingold-Prelog Priority System C103219

Axial R C103220

Axial S C103221



 Chemical substance
 Chemical structure (MOLFILE)

 InChI=1S/C14H18N4O3/c1-19-10-5-8(6-11(20-2)12(10)21-3)4-
9-7-17-14(16)18-13(9)15/h5-7H,4H2,1-3H3,(H4,15,16,17,18)

 IEDVJHCEMCRBQM-UHFFFAOYSA-N

Representation of chemical substance in SPL standard

-FDASRS-04291423352D

21 22  0  0  0  0  0  0  0  0999 V2000
2.3000   -2.8000    0.0000 N   0  0  0  0  0  0  0  0  0  0  0  0
3.4417   -2.1375    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
4.6000   -2.8000    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
2.3000   -4.1292    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
9.1875   -4.1292    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
9.1875   -2.8000    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
8.0417   -4.7917    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
3.4417   -4.7917    0.0000 N   0  0  0  0  0  0  0  0  0  0  0  0
6.8875   -2.8000    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
5.7417   -2.1375    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
4.6000   -4.1292    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
8.0417   -2.1375    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
6.8875   -4.1292    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0
3.4417   -0.8125    0.0000 N   0  0  0  0  0  0  0  0  0  0  0  0



Modified Proteins



Mixtures

IDMP:

• Mixture substances shall be described as simple 
combinations of single substances that are either isolated 
together or are the result of the same synthetic process.

• Mixture substances shall not be combinations of diverse 
material brought together to form a product.
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Mixtures



Example Complex Mixtures

• “Aroclors” are complex mixtures of polychlorinated biphenyls (PCBs). 
There are 209 possible PCBs and different Aroclors are combinations of 
a series of these 209 variants and at specific ranges of concentrations.

• Ideally SPL will carry information about the individual components and 
the concentration of each component for a specific Aroclor

• Work in progress and looking promising!



Substances in products

• Small molecules

• Proteins

• Nucleic acids

• Polymers

• Organisms 

• Parts of organisms

• Mixtures

29



FAIR Data Principles



Open Science Data Repository powered by DataledgerTM



Chemical processing

● Support for chemical 
formats

● Chemistry validation 
and standardization

● Automatic processing 
and visualization



Possible solution

• Agreed and machine-readable (digital) standards

• Open-source (and therefore fully transparent) solution

• Organizational AND community support and involvement

• Accessible solution

• Data triaging at data repositories level

• Real-time validation/standardization (API, library, “docker”, etc)



Thank you!

On Web:
scidatasoft.com

Slides: 
https://www.slideshare.net/valerytkachenko16

Contact us:
info@scidatasoft.com
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