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QSARs for regulatory purposes

The 5 OECD Principles
1) A defined endpoint

2) An unambiguous algorithm

3) A defined domain of applicability

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

robustness and

5) Mechanistic interpretation, if
possible

QSAR results relevant

to regulatory purposes

Y

* http://'www.oecd.org/chemicalsafety/risk-assessment/37849783.pdf




OPERA approach

Curated open access datasets (https://doi.org/10.1186/s13321-018-0263-1)
Open-source code (github.com/NIEHS/OPERA)
Transparent unambiguous algorithms (https://gsardb.jrc.ec.europa.eu/gmrf/)
Transparent validated performances (https://doi.org/10.1080/1062936X.2016.1253611)
Defined applicability domain and limitations of the models
Predictions available through:

« The EPA’'s CompTox Dashboard (https://comptox.epa.gov/dashboard)

« Free and open-source standalone application (github.com/NIEHS/OPERA)
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Curation of the data

OPERA modeling steps and considerations

Flagged and curated files
available for sharing
Preparation of training and  Inserted as a field in
test sets
Calculation of an initial set
of descriptors

SDFiles and csv data files

PaDEL & CDK 2D
Selection of a mathematical
method

descriptors and fingerprints
Several approaches tested:
KNN, PLS, SVM...
Variable selection technique Genetic algorithm
Validation of the model’s 5-fold cross validation and
predictive ability external test set
Define the Applicability
Domain

Journal of Cheminfo

rmatics

and global (leverage)
approaches
Decem ber 2018, 10:10 | Cite as

Local (nearest neighbors)

OPERA models for predicting physicochemical properties
and environmental fate endpoints
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Example of public data

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

EPI Suite Data

The downloaded files are provided in "zip” fermat ... the downloaded file must be "un-zipped” with
commen utility pregrams such as WinZip.

Basic Instructions:
(1) Dewnlead the zip file
(2) Un-Zip the file

WSKOWWIN Program Methodology & Validation Documents (includes
Training & Validation datasets) - Download file is: WSKOWWIN_Datasets zip (180 KB)

Click here to download WSKOWWIN_Datasets.zip

WATERNT (Water Solubility Fragment) Program Methodology &

Validation Documents (includes Training & Validation datasets) - Download
file is: WaterFragmentDataFiles.zip (511 KB)

Click here to download WaterFragmentDataFiles.zip

MPBPWIN (Melting Pt, Boiling Pt, Vapor Pressure) Program Test Sets -
Download file is: MP-BP-VP-TestSets zip (1933 KB)

Click here to download MP-BP-VP-TestSets.zip

BCFBAF Excel spreadsheets of BCF and kM data used in training &

validation ... (includes the Jon Arnot Source BCF DB with multiple BCF
values) - Download file is: Data_for BCFBAF zip (1.4 MB)

Click here to download Data_for_ BCFBAF.zip

HENRYWIN Data files used in training & validation ... (includes Meylan

and Howard (1991) Data document) - Download file is: HENRYWIN_Data_EP| zip
(531K )

Click here to download HENRYWIN_ Data_EPL.zip

OPERA models
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The data files have FOUR representations
of a chemical, plus the property value.
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KNIME Workflow to Evaluate the Data

AT 18 CWIEF. LANES BEVLLERS
C, Faeee

and QSAR |

Check consistency of name

I:> Quality FLAGS and curated structures

SAR and QSAR in Environmental Research

An automated curation procedure for addressing
chemical errors and inconsistencies in public

= datasets used in QSAR modelling

K. Mansouri, C. M. Grulke, A. M. Richard, R. S. Judson & A. J. Williams



Examples of Errors

Valence Errors Mismatching structures
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LogP dataset: 15,809 structures

« CAS Checksum: 12163 valid, 3646 invalid (>23%)
- Invalid names: 555
- 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%)



QSAR-ready KNIME workflow

Structure standardization procedure

Aim of the workflow:
Remove inorganics + Combine different procedures and ideas
and mixtures » Minimize the differences between the structures used for
prediction
* Produce a flexible free and open source workflow to be
Clean salts and shared
counterions

tautomers |nd|gO

Standardize Structures

C K Deiplors
Normalize of I:: . ‘

Open-Source
and M

[ p—r—

—
L g

Remove of
duplicates

Final inspection 5 e Ng = = 9 "
QSAR-ready |

; K we | :; Yy -\ \\ Wite et
& - \....,m\%
Rl
Stru Ctu reS Inazceptable Atoms removal Las s

Fourches et al. J Chem Inf Model, 2010, 29, 476 — 488
Wedebye et al. Danish EPA Environmental Project No. 1503, 2013
Mansouri et al. (http://ehp.niehs.nih.gov/15-10267/)




f8) Curation to QSAR Ready Files

Property m Curated Data 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
KM 631 548 541
KOA 308 277 270
LogP 15809 I_'lﬂ-‘l'S'-‘iﬁ—’I 14041
MP 10051 9120 8656
PC 788 750 735
VP 3037 2840 2716
WF 5764 5076 4836
WS 2348 2046 2010

Mansouri et al. OPERA models. (https:/link.springer.com/article/10.1186/s13321-018-0263-1)



https://link.springer.com/article/10.1186/s13321-018-0263-1

Predicted LogP

LogP Model: weighted kNN

LogP model
T

Lo * *  Training set
L . *
*  Testset

2 4 B 8 10
Observed LogP

Weighted 5-nearest neighbors
9 Descriptors

Training set: 10531 chemicals
Test set: 3510 chemicals

4000

3500

3000 F

2500

2000 F

1500

1000

S00

LogP data

-Training set
-Test set i

5 fold CV: Q2=0.85,RMSE=0.69
Fitting: R2=0.86,RMSE=0.67
Test: R2=0.86,RMSE=0.78

Mansouri et al. OPERA models. (https://link.springer.com/article/10.1186/s13321-018-0263-1)



https://link.springer.com/article/10.1186/s13321-018-0263-1

Descriptor space based the response domain:

Chemical space and AD definition

Leverage K-NN

‘ e ¢ AD ‘

Global applicability domain (leverage)
Local applicability domain (KNN)
Accuracy estimate based on the 5NN

@d

Validated QSAR

Structural
domain

Rezponse
space

Reliable predictions

chemicals.

Immy V& )

Unreliable prediction

Reliable predictions
for structurally similar



Command line

] OPERA — O

OPERA models for physchem and environmental fate properties.
Version 1.5 (September 2017)

OPERA is a command line application developed in Matlab providing QSAR
models predictions as well as applicability domain and accuracy assessment.

Developed by:
Kamel Mansouri
mansourikamel@gmail.com

Developed at:
National Center of Computational Toxicology
United States Environmental Protection Agency

Usage: OPERA <argument_list>
Examples:

OPERA -s Sample_5@.sdf -o predictions.csv -a -x -v 2
opera -d Sample 58.csv -o predictions.txt -e logP BCF -n -v

Type OPERA -h or OPERA --help for more info.

OPERA Standalone application:

Graphical User Interface

OPERA_UI Input

\Users\kmansouri\Downloads\Sample_50_sdf

Qutput \Users\kmansouri\Downloads\Predictions csv

Models

[ |Physchem properties
+| LogP MP BP

+| Environmental fate

WS [ |HL [ |KOA [ |RT [+/|pKa [+/|LogD

v|LogBCF |¥|AOH |+ Biodeg |¥|R-Biodeg |¥|KM | KOC

Toxicity endpoints
ER (CERAPP)

ADME properties
FUB | Clint

Qutput options

+| Separate files
+| Nearest neighbors
Include descriptor values

Keep descriptors files

AR (CoMPARA) [+ AcuteTox (CATMoS)

Results summary

Loaded structures from SDF file: 50
Calculated PaDEL descriptors: 1444 (11 sec)
Generated PaDEL fingerprints: 10146 (25 sec)
Calculated CDK descriptors: 286 (11 sec)
Predicted structures: 50 (5 sec)

Total processing time: 74.2242 seconds.

NIEHS / OPERA @ Watch~ 1 J Star 1 YFork 5
forked from kmansouri/OPERA
<» Code Pull requests o Projects o Wiki Insights Settings

Free and open-source application (command line and GUI) providing QSAR models predictions as well as applicability domain and Edit

accuracy assessment for physicochemical properties, environmental fate and toxicological endpoints.

==================>Download the latest compiled version from the "releases" tab and run the executable installer.

Manage topics

(D 142 commits ¥ 1 branch

Branch: master v New pull request

© 12 releases

AL 1 contributor

s MIT

Browse

Browse

Standardize

Calculate

https://github.com/NIEHS/OPERA



https://github.com/NIEHS/OPERA

OPERA on the EPA Dashboard

Prediction report

Home Advancad Search Balch Search Lists Pradictions Dowrloads 20182 Q .

Chemistry Dashboard
)F OPERA Models: LogP: Octanol-Water
enol

Bisph
80-05-7 | OTXSID7020182

NModel Results Model Performancs

Praciofed value: 2.35

NP e esne (=70 | Calculation Result , =
oo |00 3 chemical &l | / . I Mod_el Performance
Q O with full QMRF

Weighted KNN model

ict

Pred I Ctl O n y AD a.n d 6-fold CV (76%) Traming (75%) Toct (26%)
oz RMSE R2 RMSE R2

accuracy estimates

RMSE

Y \ai @ e ”{R
® ™ we——< v Nearest Neighbors

O il 4 _ from Training Set

N
Meagured: 332 Meagured: 325 Meagured: £ 16 Meagured: 269 Maggured: 375
Pradisied: 335 Pradicted: 3 45 Pradisfed: 283 Pradisied: 293 Pradicted: 3 58
WD B2y, .

. Discover. Connect. Ask.

) %

i E‘\o/’z ; AboutDisdaime ACTeR Contac

%.)‘ » («'{ \ooessibilit DSSTox ) Help v

Dashbﬂoard https://;ibmptox.epa.goﬁv' |



OPERA on the EPA Dashboard

Batch download of predictions

Home Advanced Search Baich Search Lisis Predictions Downloads Search All Data
Chemistry Dashboard sav | he | has
Step One Step Two Step Step Step Five Step Six -
@ @ hre our @ 9

Step Five: Choose Data Fields to Download

Select Qutput Format

Exce r %
Customize Results

Select All
Select All In Lists

LUITN ANTIBIOTIC L
) Molecular Formula €) [l YERAL Lint € Cuhgt
UJ Average Mass €)

Ir;tri-n;i;And Predicted Properties

OPERA is a suite of property predictions from the National Center for

- Monoisotopic Mass | Computational Toxicology at the US Environmental Protection Agency.
= OPERA Model Predictions 0 OPERA was derived from curated data (An automated curation procedure
L] TEST Model Predictions 0 for addressing chemical errors and inconsistencies in public datasets used

in QSAR modelling).
Metadata

T - Massoank.Eu Collection: Special Lases = e
OPERA Model Predictions €9

Mational Environmental Methods Index
TEST Model Predictions @ National-Seale Ar Toxics A i




European
Commission

OPERA QOMRF Reports

JOINT RESEARCH CENTRE

The European Commission's science and knowledge service

European Commission > EU Science Hub > EURL ECVAM > QSARDB > QMRF documents

Legal Notice | Cookies | Contact | Search | English (en) ¥

ol . Welcome

QMRF documents

Structures
Endpoints
Get QMRF Editor
User support

QMRF document search

Title ?
® Free text ?
Free text (boolean) ?
Endpoint ?
Author ?
QMRF number ?

Max results | 250

Display | 10

& L P p Hs

& & & &

QMRF
Number

A
v

Q17-13-0012
Q17-14-0013

Q17-23a-0014
Q17-11-0015

Q17-16-0016

Q17-26-0017

Q17-18-0018
Q17-66-0019

Q17-19-0020

Q17-12-0021

¥ | QMRF documents.

Title

A
v

OPERA-model for Water solubility
OPERA-model for Vapor pressure

OPERA-model for Readil
biodegradability

OPERA-model for Melting point

OPERA-model for Octanol-wate
partition coefficient

OPERA-model for organic carbon
sorption coefficient

OPERA-model for octanol/air partitiol
coefficient

OPERA-model for biotransformation rat
constant

OPERA-model for Henry's Law constant

OPERA-model for Boiling point

https://qsardb.jrc.ec.europa.eu/gmrf

Search: |operd

Endpoint Last updated

Download
1.3.Water solubility Sep 21 2017 M 3
1 4 \/annur nressiire Sen 21 2017 ) &=

OMRF identifier (JRC Inventory):Q17-18-0018

|OMREF Title:OPERA-model for octanol/air partition coefficient

l-,‘[j — |Printing Date:Oct 17, 2017

WP

[LLOSAR identifier

1.1.QSAR identifier (title):
OPERA-model for octanol/air partition coefficient

1.2.0ther related models:
No related models

1.3.Software coding the model:
OPERA V1.5
OPERA (OPER (quantitative) structure-activity Relationship Application) is a standalone free and
open source command line application. It provides a suite of QSAR models to predict
physicochemical properties and environmental fate of organic chemicals based on PaDEL
descriptors. It is available for download in Matlab, C and C++ languages from github under MIT
license.
Kamel Mansouri (mansourikamel@gmail.com)
https://github.com/kmansouri/OPERA.git
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OPERA v1.5:
Physchem & Env. fate

AOH
BCF

Atmospheric Hydroxylation Rate

OPERA Standalone application:

New in OPERA v2.2:
« Structural properties:

Hybridization Ratio, nHBAcc, nHBDon, LipinskiRule, Topo
PSA, Molar refractivity, Polarizability, electronegativity...
* pKa
* LogD
Bioconcentration Factor * ER aitiVi_Bt’ (CERAPP)
. gonis
BioHL Biodegradation Half-life »  Antagonist
. - Binding
RB Ready Biodegradability (https://ehp.niehs.nih.gov/15-10267/ )
BP Boiling Point * AR activity (CoOMPARA)
1 Agonist
HL Henry's Law Constant . Antagonist
KM Fish Biotransformation Half-life Binding
https://doi.org/10.13140/RG.2.2.19612.80009
KOA Octanol/Air Partition Coefficient tps:/idoi.org/10. el :
LogP Octanol-water Partition ’ AC.UteNEOX'C'ty (CATMoS)
Coefficient . VT
MP Melting Point .
KOC Soil Adsorption Coefficient
VP Vapor Pressure
WS Water solubility
RT

EPA categories

GHS categories
LD50
HPLC retention time

(https://doi.org/10.1016/j.comtox.2018.08.002)
ADME

FUB
+ Clint
Models versioned separately from the tool


https://ehp.niehs.nih.gov/15-10267/
https://doi.org/10.13140/RG.2.2.19612.80009
https://doi.org/10.13140/RG.2.2.21850.03520
https://doi.org/10.1016/j.comtox.2018.08.002

Toxicity prediction

Too many chemicals to test with
standard animal-based methods
— Cost, time, animal welfare

T

S

(Q)SAR

(Quantitative) Structure-Activity Relationship
| Alternatlv>
[

IN SILICO
Organic pollutants with exposure potential accumulate in body tissues
» Cause toxic effects to wild life and humans

Existence of gaps in the experimental data for environmental endpoints
» Need to fill the data gaps and bridge the lack of knowledge
Regulatory requirements:

» Reduce animal testing, time and costs

» Methodology: use of QSAR/QSPR to predict the endpoints of interest.
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International collaborative projects

CERAPP

Collaborative Estl'ogcn Rccoptor'
Activity Prediction Project (2015/16)

CoMPARA

Collaborative Modeling Project for Androgen
Receptor Activity (2017/18)

CATMoS

Collaborative Acute Toxicity MOdeling Suite
(2017/18)

Yy
ehn PRO“"

Endocrine Disruptor Screening Program (EDSP)

FPA ICCVAM ND)

National Institute of

N I C E AT M Envi ronmental Health Sciences
& C ' gé;mgw .

Acute Toxicity Workgroup: alternative methods
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Country | @ taly @ Usa 9 China 9 France 9 United Kingdom 9 Germany Q) Others
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Turkmenistan

International consortium

Russia

Kazakhstan

Uzbekistan, ey eten

Mongolia

Afghanistan

Pakistan

China @omh Korea @J"Pa
Nepel
India

n
Myanmar,

Map data 82018 Google, INEGI

(Burma) il
Thailand t
Vietnam

Philippines
Malaysia

Indonesia
Papua New

Gui

Australia

New.

Zealand
Contact map owner
500 mi Lt _ Terms of Use

Over 100 collaborators from around the globe representing
academia, industry, and government contributed.




ER-induced i RS

# iy e
s e ‘@’ G
H %

jon @
Judson et al Toxicol. Sci. (2015) 148: 137-154

CERAPP consensus

093 0.58 085 094 0.67 0.18

097 092 098 094 094 090
BA 095 0.75 092 094 0.80 0.54

B

.\

Receptor (Direct
Molecular Interaction)

Kleinstreuer N. C. et al. 2017 30 (4), 946-964.

CoMPARA consensus

099 0.69 095 0.74 1.00 0.61

091 087 098 097 095 0.87
095 0.78 097 0.86 0.97 0.74



fon

Acute Oral Toxicity: CATMoS
Endpoints predicted:

Binary models EPA Categories

GHS Categories _
LD50 point
N Rl e B 72 ¥ i estimates
(&5 D R
T S /J (mg/kg)
NT ot M . 11
L, OSHA _ v
NC
Very Toxic Non-Toxic EPA GHS
(32 models) | (33 models) | (26 models) | (23 models) LD30 LD30
(25 models) | values
Train Eval Train Eval Train Eval Train Eval _ _
Train Eval InVivo
Sn 087 067 093 0.70 0.73 050 0.63 0.45
R2 0.84 0.64 0.80
Sp 094 09 096 088 096 091 091 0.92
RMSE 0.32 0.51
BA 093 081 094 079 083 0.71 0.77 0.68
In vivo 0.81 0.89 0.82

0.42
0.79
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Inform Regulatory Decisions

ehp ENVIRONMENTAL

HEALTH
PERSPECTIVES

Environ Health Perspect; DO1:10.1289/ehp. 1510267

CERAPP: Collaborative Estrogen Receptor Activity Prediction Project

regulations.gov

Your Voice in Federal Decision-Making

\m FIFRA SAP Meeting on Integrated Endocrine Activity and Exposure-based Prioritization and Screening

Docket Folder Summary & View all documents and comments in this Docket

Docket ID: EPA-HQ-0PP-2014-0614 Agency: Environmental Protection Agency (EPA)

summary:
Announcing nomination to consider for Appointment to the FIFRA SAP and requesting comment on individuals available and interested

+ View More Docket Details

o Espafiol | 3: WAMKE | 3 EERE | Tiéng
SEPA
Y4 US Environmental Protection Agency

Primary Documents  View A Search EPA.gov

Learn the Issues s » & Technology Laws & Regulations  About EPA

Meetings: Federal Insectic. Related Topics: Safer Chemicals Research Contact

woes pema sz 3@fer Chemicals Research Update June 2016
Meetings: Federal Insectic.  US EPA's Office of Research and Development provides quarterly updates, highlights, events and news about its chemica
research. This is the June 2016 edition.
Notice  Posted: 00/16/2014
You will need Adobe Reader to view some of the files on this page. See EPA's About PDF page to leam more.

e June 2016 CSS Pathways News Anticipating Impacts of Chemicals (PDF) (13 pp, 1
MR)

Consensus Modeling: Powering Prediction Through Collaboration

Supporting Documents Vi,

Predictive computational models can efficiently help us

prioritize thousands of chemicals for additional testing OTU_food R
and evaluation. CSS scientists Kamel Mansouri and EPR;“EE:
Richard Judson, from the U.S. EPA’s National Center for IRCCs_EART ez
Computational Toxicology (NCCT), led a large-scale ‘ﬁf::::.:;

modeling project called the Collaborative Estrogen WIH_NCI_GUABAA (7255734
MIH_NCI_PAS5

Receptor Activity Prediction Project (CERAPP). CERAPP Lackneednéartin_0

demonstrated the efficacy of using computational fom— (54 53648
models with high-throughput screening (HTS) data to umEa|
unC_L_1 35 83563

predict potential estrogen receptor (ER) activity of over [ —
32,000 chemicals. This international collaborative effort “'“ﬁﬂ;;"::::
(17 research groups from the United States and Europe) Hebwholtz_f58
used both quantitative structure-activity relationship e
models and docking approaches to evaluate binding,

1697477

i

el

p

agonist and antagonist activity of chemicals. A total of 48 e

models were developed. Each model was evaluated and
weighed for its predictive accuracy using ToxCast and
Tox21 ER HTS results along with data collected from

US Government Information

One stop source for US Government Information

HOME CONSUMER DEFENSE & INTERNATIONAL RELATIONS EDUCATION & EMPLOYMENT
FAMILY, HOME, & COMMUNITY HEALTH MONEY PUBLIC SAFETY & LAW REFERENCE &
SCIENCE & TECHNOLOGY ABOUT

EDSP Prioritization: Collaborative Estrogen Receptor Activity
Prediction Project (CERAPP) (SOT)




New features to be implemented
Input Browse

Output | Browse

Models

L Jws [ JHL

| |Biodeg

R-Biod
| ER (CERAPP)

Clint

\l".l’EPA United States

Agency

(b) u

5

Environmental Protection, Home Advanced Search Batch Search Lists ¥  Predictions Downloads
Step 1

i
Standardize |
— 1 TComing soon! — ﬁ_
LogBCF AOH |

Generate QSAR-ready structures. @ }
| |AR (CoMPARA) [ ] v
ADME properties '
FUB I I I

Step 2 Step 3
HPS H n -

Step Six: Click "Downloe

Select Qutput Format:

Excel v
Customize Results
SMILES €
InChl String €

Presence in Lists:
v
MS-Ready SMILES €]

v.LrA U

CHEMINV: EPA To
QSAR-Ready SMILES are the SMILES representations of the desalted, de-isotoped, stereo-
tral forms of chemical structures associated with particular chemical substances. One QSAR-
Intrinsic And Predicted Prc

Molecular Formula €

..............

EPA To

eady SMILES can map to multiple individual chemical substances. They differ from MS-Ready
SMILES based on a more restricted set of salt counterions primarily.
a

LigBanl

QSAR-ready SMILES from the EPA CompTox Dashboard:
https://comptox.epa.gov/dashboard/dsstoxdb/batch_search
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