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EPA Recent Cheminformatics development at NCCT

Environmental Protection
Agency

« We are building a new cheminformatics architecture
« PUBLIC dashboard gives access to curated chemistry
« Focus on integrating EPA and external resources

« Aggregating and curating data, visualization elements and
“services” to underpin other efforts
« RapidTox
« Read-across
 Predictive modeling
« Non-targeted screening

_ Office of Research and Development
National Center for Computational Toxicology
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S puironmental Protaction Developing “NCCT Models”

e Interest in physicochemical properties to include in exposure modeling,
augmented with ToxCast HTS In vitro data etc.

« Our approach to modeling:
— Obtain high quality training sets
— Apply appropriate modeling approaches
— Validate performance of models
— Define the applicability domain and limitations of the models
— Use models to predict properties across our full datasets
« Work has been Initiated using available physicochemical data

_ Office of Research and Development
National Center for Computational Toxicology



v EPA PHYSPROP Data: Available from:

United States

Amomonmental Protection http://esc.syrres.com/interkow/EpiSuiteData.htm

EPI Suite Data

The downloaded files are provided in "zip" format ... the downloaded file must be "un-zipped" with

« Water solubility

Basic Instructions: ® M e |ti n g POi nt
WSKOWWIN Program Methodology & Validation Documents (includes

(1) Download the zip file
« Boiling Point
Training & Validation datasets) - Download file is: WSKOWWIN_Datasets zip (180 KB)

{2) Un-Zip the file

Click here to download WSKOWWIN_ Datasets.zin « LogP (KOWWIN: Octanol-water partition coefficient)
f:ﬁ‘%?&:éﬂ‘iﬂ%ﬁ%;?wmE’:‘:I:.?;:?;‘:‘é‘:‘:;:i:;? Dot « Atmospheric Hydroxylation Rate

Click here to download WaterFragmentDataFiles.zip ° Log B C F (B | oconce ntra'“ on Facto r)
r[:'IPEiP\;VfI_PI _[M;Igigg_\l;’g_.TB?;li?u _Pt(.g%:al(cgr_ Pressure) Program Test Sets - e B I O d e g I'ad atl O n H alf'l |fe

Click here to download MP-BP-VP-TestSets.zip o Ready b|0deg radabil |ty
BCFBAF Excel spreadsheets of BCF and kM data used in training & o H e n rylS LaW CO nStant
iahcion.-ncludes fhe Jon Amot Sotuce SCE DB it multpe SCF S . .
e e « Fish Biotransformation Half-life

Click here to download Data_for_BCFBAF.zip

« LogKOA (Octanol/Air Partition Coefficient)

HENRYWIN Data files used in training & valida_tiqn ... (includes Meylar_l . . L.
g?ﬂoward (1991) Data document) - Download file is: HENRYWIN_Data_EPI zip ° LO g KO C (S O| | Ad SO I‘ptl O n CO effl C | e nt)

Click here to download HENRYWIN_Data_EPI.zip Vapor Pressu re

_ Office of Research and Development
National Center for Computational Toxicology
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Data Files

» The data files have FOUR representations of a chemical,
plus the property value.

> «<CAS> (000050-00-0)
Q00050-00-0

> «<MNREME> (000050-00-0)
FOEMALDEHYDE

> «<EKpw> (000050-00-0)
3.500000000000000e-001

Office of Research and Development
National Center for Computational Toxicology

http://esc.syrres.com/interkow/EpiSuiteData.htm

soF Molecule #oi Mol Blodk S Smiles 5 CAS 5 MNAME D Kow
=I5I5- 0314101E8452ZD
4 32 0 0 0 O O 0O 0O 0%5%3% VZ000
Z.4a87 -0.0833 Q_0000 O a 0
Z.4a87 -0.%9125 Q_0000 C a o ...
1.7500 -1.3258:2 0.0000 H a o ... {:}
3.1832 -1.3258:2 0.0000 H a o ...
Z 1 2 0 0 0O 0
2 ¢ 1 0 0 O 0
4 z 1. 0 0 0 o 0=C 000050-00-0 FORMALDEHYDE 0.35
M END
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« To build models we need the set of chemicals and their
property series

« Our curation process
— Decide on the “chemical” by checking levels of consistency
— We did NOT validate each measured property value

— Perform initial analysis manually to understand how to clean the data
(chemical structure and ID)

— Automate the process (and test iteratively)
— Process all datasets using final method

_ Office of Research and Development
National Center for Computational Toxicology



EPA .
it . General Observations from LogP dataset

Agency

« CAS Numbers not matching structure

« Some SMILES won’t convert (non-standard SMILES)
 Valence and charge imbalance issues

« Stereochemistry poorly depicted if not totally absent

« Multiple duplicate pairs for a particular chemical compound

« Majority of duplicates from structure representations not matching the
chemical.

_ Office of Research and Development
National Center for Computational Toxicology
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Compare MelBlock and SMILES string

Check for errors and duplicate:

Check CASRNs with DS5Tox databas
Gatebase Reader
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Office of Research and Development

National Center for Computational Toxicology

KNIME workflow to evaluate the dataset
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< EPA LogP dataset: 15,809 chemicals (structures)

United States
Environmental Protection
Agency

« CAS Checksum: 12163 valid, 3646 invalid (>23%)
e Invalid names: 555
e Invalid SMILES 133
 Valence errors: 322 Molfile, 3782 SMILES (>24%)
 Duplicates check:

—31 DUPLICATE MOLFILES

—626 DUPLICATE SMILES

—531 DUPLICATE NAMES
« SMILES vs. Molfiles (structure check)

—1279 differ in stereochemistry (~8%)

—362 “Covalent Halogens”

—191 differ as tautomers

—436 are different compounds (~3%)

_ Office of Research and Development
National Center for Computational Toxicology
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Invalid CASRNSs

Truncated names

Missing SMILES

Office of Research and Development
National Center for Computational Toxicology

SRCO00-01-7

SRCO00-02-3

SRCO00-02-7

SRCO00-04-3

SRCO00-04-4

SRCO00-04-5

SRCO00-04-5

SRCO00-04-7

SRCO00-05-1

SRCO00-05-2

SRCO00-05-3

SRCO00-08-3

Ethanaminium, 2-[{chloroacetyljoxy]-MN N N-trimet

2-Trifluoroethane-picrate

Ethanaminium, M N, MN-trimethyl-2-[{1-0x0-2-propen

Guanidineg, N-hydroxy-N"-[4-{methylthio)benzeneme

Hydrazinecarboximidamide, N-[4-{methylthiojbenz

MMN5-TeMe-N-(3Furankle} ammon Br

Benzenamine, 4-bromo-MN N-bis(2 2 2-triflucroethy

2-Propeneic acid, 3-(2-chlorophenoxy)-, methyl e

SH-Purine-S-acetaldehyde, a-(1-formyl-2-hydroxye

MN1-Pr-NZ2-CH-M3-Ke guanidine

1-(2-0HEt}-2-Me imidazaline HCL

Propanoic acid, 3-[[(4-cyvanophenyl)methyllseleno
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Examples of errors

« 362 Halogens bonded to nitrogen

|53 Mol Block |s cas S NAME i3 Smiles
| HaC - CE‘HH
\H* i 000055-33-8 SENZYL TRIMETHYL AMMONIUM CHLORIDE Fal==iy
-~ g%
HaC \_© CH3 ©

CHa

-
HsC (
M

S BTN 000063-05-3 TETRAETHYL AMMONIUM IODIDE \\
CHs II\
r | CHs
T HzC =H CHs =H
3 3 3
e e
N* 000071910 TETRAETHYL AMMONIUM BROMIDE
: L\
JBF\\ ( B CHs
HsC CHs CHs

_ Office of Research and Development
National Center for Computational Toxicology
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« 191 Valence errors

[FC Mol Block s cas 5 NAvE 7 Smies
N N
>
T P AN
/ \ "’ 000274-87-3 TETRAZOLO[1,5-A)PYRIDIMNE N
N—NH \\
CH3
—— CHa
|\ N 000542-85-8 ETHYL ISOTHIGCYANATE 1
D S=—C=—N
_
\ SH
CHa
N(\ M & Ry
Q-PROPYL ADENINE ‘\\ I
MH

N X
( - 000707-95-2
MH
N
HaC
= 000715480
M

B-METHYL-4-NITROQUINOLINE -1-0XIDE

Office of Research and Development
National Center for Computational Toxicology
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« 463 completely different compounds

52 Mol Block 8§ CAS 5 NAME 23 Smiles
O . E
HsC
000076-43-7  |FLUQXYMESTERONE o
F Ho ¢
o,
HO o
HszC 0OH
Ha
¢’ HO OH
Hs C\ 0
0 000077996 |1,1,1-TRIS(HYDROXYMETHYL)PROPANE
O
HaC CHaz HO CHz=
F
o
‘» 000079-60-7  |CORTISOME-3A-FLUORQ o
coH 2
o oH a "
o
OHA—
o
MH = 0
8]
O“ 000082-33-2  |DISPERSE RED 9
HaC=—nM
H
o o

_ Office of Research and Development
National Center for Computational Toxicology



SEPA Examples of errors

United States
Environmental Protection

Agency
 Duplicate Structures
Structure | Formula < | FW 7| CAS < | NAME < | MP < | EstdP < | ErortMP < |
OH
O/
C4Hg03 90,0779 000050-21-5 LACTIC ACD a.ufiesfuuuu1uuuuuuuu 5.0326150000100000000 E..Dgffuuuuuuuuuuuuu
OH
H,C
OH
DE:/
)\ CaHg03 90,0779 000079-35-4 LLACTIC ACID Ehsggﬂuﬂauuuuuuuu %Uemfuouo1oooooooo -036.33113310000000
OH
H,C
0O

C3HgO 0582 i 1.8000000000000 | 2.2650000000000 | 4.6600000000000
3Hg03 90.0779 000598823 | A-HYDROXYPROPIONIC AcD | |BOCTD 226800 P
H,C
3

CaHeO E 5.2800000000000 | 2.2660000000000 | -3.014000000000
3ghls 80.0779 010326-41-7 D-LACTIC ACID DieL001 D0e+001 000e=001

_ Office of Research and Development
National Center for Computational Toxicology



“"'EPmA Quality flags: 1-4 STARs

Agency

4 levels of consistency exists between:

« The Molblock

« The SMILES string

« The chemical name (based on ACD/Labs dictionary)
« The CAS Number (based on a DSSTox lookup)

_ Office of Research and Development
National Center for Computational Toxicology



<EPA Quality FLAGS into LogP data

Environmental Protection
Agency

« 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 3th Is a tautomer.

« 1 Star - What's left.

_ Office of Research and Development
National Center for Computational Toxicology



<vEPA Improved structures and updated flags
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« 3 STAR and 2 STAR Plus are "upgraded" to a higher level of consistency

Done by correcting the mismatching field(s), or by generating a name or smiles string when
missing or unreadable.

« 3 STAR to 4 Star:

 Available: Molblock, Name, CAS: Smiles generated from Molblock (DSSTOX)
- Available: Molblock, Smiles, CAS: Name retrieved from DSSTOX

- Available: Name, Smiles, CAS: Molblock retrieved from DSSTOX

 Available: Molblock, Smiles, Name: CAS retrieved when available in DSSTOX (no
stereoisomers)

« 2 Star Plus with Unreadable Smiles, name or CAS

- Total upgraded chemicals for LogP data: 1740 chemicals Onlv part
« Total chemicals with 3 STAR levels of consistency for LogP data: 7910 chemicals conﬁizered
« Total chemicals with 4 STAR levels of consistency for LogP data: 6525 chemicals For QSAR

_ Office of Research and Development
National Center for Computational Toxicology



o Initial
i UEESA _ structures

Environmental Protection
Agency

Remove inorganics
and mixtures

Cleaning salts
and counterions Structure

standardization

Normalization
of tautomers

Removal of
duplicates

Final inspection

QSAR-ready
structures

_ Office of Research and Development
National Center for Computational Toxicology



S EPA KNIME workflow

United States

Environmental Protection UNC, DTU, EPA Consensus

Aim of the workflow:

« Combine (not reproduce) different procedures and ideas
* Minimize the differences between the structures used for prediction
by different groups

» Produce a flexible free and open source workflow to be shared

20 Deserptors
e
¥ e W
s
e N =
: )_/:eal -
/ o e EH\
i ol e [TH
; -t

+++++

Inaccaptable Atoms removal

_ Office of Research and Development
National Center for Computational Toxicology

Mansouri et al. (http://ehp.niehs.nih.gov/15-10267/)
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AN
WUEESA Initial file flagged | Updated 3-4 STAR | Curated QSAR ready
AOP 818 818 745

BCF 685 618 608
BioHC 175 151 150
Biowin 1265 1196 1171
BP 5890 5591 5436
HL 1829 1758 1711
summary: KM 631 548 541
KOA 308 277 270
LogP 15809 14544 14041
MP 10051 9120 8656
PC 788 750 735
VP 3037 2840 2716
WF 5764 5076 4836
WS 2348 2046 2010

_ Office of Research and Development
National Center for Computational Toxicology



SEPA Development of a QSAR model

Environmental Protection
Agency

 Curation of the data
» Flagged and curated files available for sharing
« Preparation of training and test sets
» Inserted as a field in SDFiles and csv data files
« Calculation of an initial set of descriptors
» PaDEL 2D descriptors and fingerprints generated and shared
« Selection of a mathematical method
» Several approaches tested: KNN, PLS, SVM...
 Variable selection technique
» Genetic algorithm
« Validation of the model’s predictive ability
» b5-fold cross validation and external test set
« Define the Applicability Domain
I C'c: o' eseerch and Developmen » Local (nearest neighbors) and global (leverage) approaches

National Center for Computational Toxicology



SEPA QSARs validity, reliability, applicability

Eviropmental Protection and adequacy for regulatory purposes

ORCHESTRA. Theory,

guidance and application )
on QSAR and REACH,; K
2012. http://home. i K
deib.polimi.it/gini/papers/or ;,
chestra.pdf. A4
T g
] -

QSAR results relevant
to regulatory purposes |/

i1

_ Office of Research and Development
National Center for Computational Toxicology
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The 5
OECD
principles:

_ Office of Research and Development
National Center for Computational Toxicology

The conditions for the validity of QSARS

Principle

Description

1) A defined endpoint

Any physicochemical, biological or environmental effect
that can be measured and therefore modelled.

2) An unambiguous
algorithm

Ensure transparency in the description of the model
algorithm.

3) A defined domain of
applicability

Define limitations in terms of the types of chemical
structures, physicochemical properties and mechanisms of
action for which the models can generate reliable
predictions.

4) Appropriate measures
of goodness-of-fit,
robustness and
predictivity

a)  The internal fitting performance of a model

b) the predictivity of a model, determined by using an
appropriate external test set.

5) Mechanistic
interpretation, if possible

Mechanistic associations between the descriptors used in
a model and the endpoint being predicted.




<EPA

United States

Aency oMl Protection 5-fold CV (75%) | Training (75%) Test (25%)

RMSE RMSE RMSE

BCF 10 084 055 465 085 053 161 083 0.64
BP 13 0093 2246 4077 093 2206 1358 093 22.08
NCCT LogP 9 085 069 10531 0.86 067 3510 0.86 0.78
models MP 15 072 518 6486 0.74 5027 2167 073 52.72
VP 12 091  1.08 2034 091 1.08 679 092 1
WS 11 087 081 3158 087 082 1066 0.86 0.86

HL 9 0.84 1.96 441 084 191 150 085 1.82

_ Office of Research and Development
National Center for Computational Toxicology
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United States
Environmental Protection

Agenc
o 5-fold CV (75%) | Training (75%) Test (25%)

AOH

BioHL

NCCT

models KM

KOC

KOA

R-Bio

_ Office of Research and Development
National Center for Computational Toxicology
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12

12

10

0.85

0.89

0.83

0.81

0.95

BA

0.8

RMSE

1.14
0.25
0.49
0.55
0.69

Sn-Sp

516

112

405

545

202

0.85

0.88

0.82

0.81

0.95

BA

RMSE

1.12
0.26
0.5
0.54
0.65

Sn-Sp

176

38

136

184

68

0.82-0.78 1198 0.8 0.82-0.79 411

RMSE
0.83 1.23
0.75 0.38
0.73  0.62
0.71 0.61
0.96 0.68
BA  Sn-Sp
0.79 0.81-0.77
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LogP Model: Weighted kNN Model,

Environmental Protection

Agency

Predicted LogP

LogP model

9 descriptors

*  Training set
*  Testset

Observed LogP

Weighted 5-nearest neighbors
9 Descriptors

Training set: 10531 chemicals
Test set: 3510 chemicals

Office of Research and Development
National Center for Computational Toxicology

4000

3500

3000

2500

2000

1500

1000

500 -

LogP data

-Training set

-Test sef

5 fold Cross-validation:
Q2=0.85 RMSE=0.69

Fitting:

R2=0.86 RMSE=0.67

Test:

R2=0.86 RMSE=0.78
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United States
Environmental Protection "
Enviror Input:

—MATLAB .mat file, an ASCII file with only a matrix of variables

—SDF file or SMILES strings of QSAR-ready structures. In this case
the program will calculate PaDEL 2D descriptors and make the

predictions.
« The program will extract the molecules names from the input csv or SDF
Standalone (or assign arbitrary names if not) As IDs for the predictions.
application: Output

« Depending on the extension, the can be text file or csv with
—A list of molecules IDs and predictions
—Applicability domain
—Accuracy of the prediction
—Similarity index to the 5 nearest neighbors

—The 5 nearest neighbors from the training set: Exp. value, Prediction,
INChi key

_ Office of Research and Development
National Center for Computational Toxicology



ZEPA The iCSS Chemistry Dashboard
Agency o oresten at https://comptox.epa.gov

Agency

s United States
A Environmental Protection
\’ Agency

TED STy
o 7
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Chemistry Dashboard

Search a chemical by systematic name, synonym, CAS number, or InChiKey

[ single component search || Ignore isotopes

Need more? Use advanced search.

https://epa.gov Contact ===ACToR o wiaDSSTox

Privacy Accessibility Help
_ Office of Research and Development

National Center for Computational Toxicology
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The ICSS Chemistry Dashboard

Search Chemical

o]

Advanced Search

Submit Comment Share ~
Bisphenol A

80-05-7 | DTXSID7020182

@ Searched by Synonym: Found 1 result for 'bisphenol A'.
2D I @ | B L

Intrinsic Properties

Meolecular Formula: C15H1602 Q Search in DSSTox || Iy

H,C CH3
Average Mass: 228 281 g/mol L&}
Moneisotopic Mass: 228 11503 g/maol L=}
HO OH

Chemical Properties External Links Synonyms PubChem Biological Activities PubChem Articles PubChem Patents Comments
CSY  Excel -
Property Average (Exp.) Range (Exp.) Average (Pred.) Range (Pred.)
Solubility 0.001 (1) 0.0005257 to 0.0005257 0.38(2) 0.003675 to 0.7565
Melting Point 154.929 (7) 1563.0to 158.0 144.033 (3) 131.810 158.0
Boiling Point 200.0 (1) 200.0 to 200.0 348.95 (2) 334 410 363.5
LogP 3.357(3) 33210 3.431 3.524(3) 320510 3.727
Atmospheric Hydroxylation Rate N/A N/A 0.0(1) 4 237e-11 to 4.237e-11
LogBCF 1.64 (1) 1.6410 1.64 1.376 (1) 1.376 to 1.376
Biodegradation Half-life NIA N/A 15.11 (1) 1511 to 1511
Henry's Law Constant NIA MN/A B 0.0(1) 6.972e-07 to 6.972e-07
About Contact w=sACToR i DSSTox Privacy Accessibility Help

Office of Research and Development

_ National Center for Computati

onal Toxicology
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4-Acetylaminobiphenyl
4075-79-0 | DTXSID8039243

NCCT Models: Melting point (MP)

LIS

Save
Report

Model Performance

Office of Research and Development

'm«h-«-.:n-n Q MP data
Q ) Weighted KNN model fre.
15 molecular descriptors QMRF
Q2  RMSE N RZ RMSE N R2Z  RMSE
(o]
0.72 518 6486 0.74 5027 2167 073 5272
HN
Model Results
Predicted value: 143 °C
Observed value in training set: Not available
Global applicability domain: Inside the AD (7]
Local applicability domain index: 0.88 (7]
Confidence level: 0.70 @
5 nearest neighbors from the training set
Benzanilide 4-Methylbenzanilide 2-Acetamidobipheny 3-Methylbenzanilide  2-Methylbenzanilide
93-98-1 | DTXSID9059096

Q

582-78-5 | DTXSID20206946

Observed: 163 C

Predicted: 141 C

National Center for Computational Toxicology

Observed: 158 C
Predicted: 141 C

2113-47-5 | DTXSID6036837

CH,

=~

NH

Observed: 121 C
Predicted: 150 C

582-774 | DTXSID60206945

584-70-3 | DTXSID00207113

HN’ [¢]

Hs€ f

Observed: 125 C
Predicted: 150 C

Observed: 145 C
Predicted: 143 C
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B 49

»

[A 1.QSAR identifier E
[1 1.1.QSAR identifier (title)
D 1.2.0ther related models
[1 1.3.Software coding the model

m

D 2.General information
[1 2.1.Date of QMRF

[ 2.2QMRF author(s) and contact
details [

[1 2.3.0ate of QMRF update(s)

[1 24.QMRF update(s)
[1 2.5.Model developer(s) and
contact details

D 2.6.Date of model development 4
and/or publication

D 2.7.Reference(s) to main
scientific papers and/or
software package

El 2.8.Availability of information
about the model

D 2.9.Availability of another QMRF
for exactly the same model

[1 3.Defining the endpoint - OECD
Principle 1

[ 3.1.Species

[A 3.2Endpoint

[1 3.3.Comment on endpoint

El 3.4.Endpoint units

D 3.5.Dependent variable

[] 3.6.Experimental protocol

I:I 3.7.Endpoint data quality and -

Office of Research and Development
National Center for Computational Toxicology

QMRF for LogP model

OMREF identifier (JRC Inventory):To be entered by JRC
OMREF Title:LogP: Octanol-water partition

B8 coefficient prediction from the
DMRE NCCT_Models Suite.
QUMRES

Printing Date:May 4, 2016

| L.QSAR identifier
1.1.QSAR identifier (title):
LogP: Octanol-water partition

coefficient prediction from the
NCCT_Models Suite.
1.2.0ther related models:
No related models
1.3.Software coding the model:
NCCT_models V1.02
Suite of QSAR models to predict physicochemical properties and environmental fate of organic
chemicals
Kamel Mansouri (mansouri.kamel@epa.gov; mansourikamel@gmail.com);
https://comptox.epa.gov/dashboard/

PaDEL descriptors V2.21
Open source software to calculate molecular descriptors and fingerprints.
Chun Wei Yap (phayapc@nus.edu.sg)
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v EPA Conclusion

United States
Environmental Protection
Agency

« QSAR prediction models (kNN) produced for all properties
« 700k chemical structures pushed through NCCT_Models

« Supplementary data will include appropriate files with flags
— full dataset plus QSAR ready form

 Full performance statistics available for all models

« Models will be deployed as prediction engines in the future
— one chemical at a time and batch processing (to be done
after RapidTox Project)

_ Office of Research and Development
National Center for Computational Toxicology
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