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• Ensuring Chemical Structure, Biological Data and 
Computational Model Quality - Sean Ekins

• Bioassay Variability and Reliability in the Published 
and Patent Literature - John Overington 

• Machine Learning to Optimize Experiments Why 
Have One Model When You Could Have 
Thousands? - Alex Clark

• And the rest of you experience it in so many ways…

Speakers who “experience” data quality
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Why does Quality Matter?



What is the Correct Structure of Vitamin K?

Merck Index

DailyMedDrugBank

Wikipedia

Common Chemistry 
ChEBI

Wolfram Alpha

KEGG



Experiences over the years
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Experiences over the years
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Sustainable 
Chemistry

Human Health 
Hazard

Ecosystems 
Hazard

Environmental 
Persistence

Sustainable chemistry relates to the 
design and use of chemicals that 
minimize impacts to human health, 
ecosystems and the environment.

How can predictive tools be used to screen 
for potential impacts of chemicals early in 
the product development process?
How can chemical and bioassay data 

inputs be combined to screen and 
prioritize testing of thousands of existing 
chemicals lacking data?
How do chemical transformations impact 

the hazard potential and environmental 
persistence?



ToxRefDB
ToxCast

DSSToxACToR

Tox21

Chemical Structure Annotation
Chemical Management
Chemical QC

NCCT Publicly Available  Data
http://www.epa.gov/ncct

http://www.epa.gov/ncct


Chemical 
Inventories & 

Data 
Sources
(ACTOR)

Chemical 
Structures

CASRN & 
Chemical 
Names   

Chemistry as a Data Foundation
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EPA SRS
(TSCA, EcoTox)

EDSP21

ToxCast/Tox21

CPCAT

ToxRef
1:1 mapping 
CAS:Name:structure

Quality scores

>700K substances

CSS 
Dashboards

MOA & Knowledge-
informed features & 

chemotypes

ToxCast/Tox21   
HTS activities

CAS look-up
New list error-checking

Chemical search by 
CAS-names
SMILES
Structures

Structure file 
downloads

PK/ADME model 
inputs & outputs

Structure “cleaning”
SAR-ready structure files

Structure-based predictions
Similarity searching

Fingerprints, feature sets

QSAR models; 
phys-chem properties

Phys-chem calc & 
measured properties



Structure

Generic 
Substance

Test 
Sample

Chemical Name
CASRN

Supplier, Lot/Batch, 
physical description

Features
Properties

Chemotypes, fingerprints, 
charges, phys-chem properties, 
etc.

SMILES
InChI

In
cr

ea
si

ng
 d

at
a 

ag
gr

eg
at

io
n

Chemical Elements to Quality Data Integration –
Chemical “Representations”



Diverse quality in databases

• Our challenges in assembling a database
– Sourcing high quality data – sorting wheat from chaff
– How to mesh data together – based on structure? On 

name? On CAS number? Other identifier?
– Checking self-consistency of data?
– Structure validation versus property value validation 

– very different challenges
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iCSS Chemistry Dashboard

• Deliver a web-based platform hosting 
prediction models – both in-house and 
“community models”

• Initial set of models to be based on 
EPISuite’s PHYSPROP datasets – logP, 
BP, MP, Wsol etc.

• A question of “data 
quality” - a project to 
review data initiated.



KOWWIN: 2447 Training Compounds



Overall Predicted vs. Experimental 
(>15k chemicals)



Original EPISuite Data

• Sourced the SDF files online as downloads
• Basic Manual review searching for errors:

– hypervalency, charge imbalance, undefined stereo
– deduplication
– mismatches between identifiers

• CAS Numbers not matching structure
• Names not matching structure
• Collisions between identifiers



Incorrect valences



Differences in Values (MP)



Salts



Collisions in Records

• Same structure depictions (Molfiles) -
different CAS, different names, different 
SMILES



Identifiers

• Many chemical names are 
truncated

• Many chemicals don’t 
have CAS Numbers



KNIME workflow to evaluate dataset 



15,809 chemicals in the KOWWIN dataset
• CAS Checksum: 12163 valid, 3646 invalid
• Invalid names: 555 
• Invalid SMILES 133
• Valence errors: 322 Molfile, 3782 SMILES
• Duplicates check:

– 31 DUPLICATES MOLFILE 
– 626 DUPLICATES SMILES
– 531 DUPLICATES NAMES

• SMILES vs. Molfiles (structure check)
– 1279 differ in stereochemistry
– 362 “Covalent Halogens”
– 191 differ as tautomers
– 436 are different compounds

Statistics and data quality flags inserted



• 4 Stars ENHANCED: 4 levels of consistency with 
stereo information

• 4 Stars: 4 levels of consistency, stereo ignored. 
• 3 Stars Plus: 3 out of 4 levels. The 4th is a 

tautomer.
• 3 Stars ENHANCED: 4 levels of consistency with 

stereo information
• 3 Stars: 3 levels of consistency, stereo ignored. 
• 2 Stars PLUS : 2 out of 4 levels. The 3rd is a 

tautomer.
• 1 Star - What's left.

Quality flags inserted into data 



Standardization of structures
Make QSAR ready file for modeling

• Explicit hydrogen removal
• Removal of chirality info, isotopes and pseudo-atoms 
• Aromatization + add explicit hydrogen atoms
• Standardize Nitro groups
• Other tautomerization/mesomerization checking
• Neutralize (when possible)



Mesomerization/tautomerization

• Azide mesomers
• Exo-enol tautomers
• Enamine-Imine tautomers
• Ynol-ketene tautomers
• ….



Neutralize Structures



Building the Models

• Interested in “impact of quality vs. quantity of data on 
prediction models”

• Is it worth the effort to clean and enhance data 
underpinning the models?

• QSAR ready forms for modeling – standardize 
tautomers, remove stereochemistry, no salts 

• Compare 3 STAR and BETTER models with entire 
dataset



What about the “cluster”?
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Weighted kNN Model, 10 descriptors
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Weighted 5-nearest neighbors
Training: 11251 chemicals
Test set: 2798 chemicals

5 fold cross validation: 
R2: 0.87
RMSE: 0.67



Global vs Local Models???
280 compound cluster
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EPISuite Predicted vs. Experimental EPISuite vs kNN Comparison of Cluster

Applicability Domain of the 
Original EPISuite was an issue…



Bringing together PhysChem Data

• Additional Experimental Data being assembled
• PubChem
• eChemPortal
• Open Data Sources
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Open Data Set - example

• 200,000 melting points and 13,000 pyrolysis data points 

• Modeling this much data is a challenge!
• Accessibility to data?

– Figshare.com
– DataDryad.com
– Institutional Repositories 
– Publishers? 31



iCSS Chemistry Dashboard
Releasing in March 2016
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iCSS Chemistry Dashboard
Releasing in March 2016



• Links external resources: EPA, NIH, property predictors
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iCSS Chemistry Dashboard
Releasing in March 2016



…Integrate Toxicity Estimation Software Tool
http://www.epa.gov/chemical-research/toxicity-estimation-software-tool-test
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Toxicity Estimation Software Tool
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• Improved chemistry support and data will 
impact every NCCT project

• Creating high quality data is difficult & iterative
• Public domain and open data is valuable but

requires validation
• Modern cheminformatics approaches can help 

validate and prepare data for modeling
• There are increasing efforts to source and 

release high quality, open data to the world

Conclusion
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