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Case study description 3", CONCERTREACH
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Aim: Prediction of in vitro gene mutation in bacteria with two (Q)SAR models and results documentation in IUCLID
Target molecule: 2,3,4-Trichlorobiphenyl
Knowledge-based model: VEGA — Mutagenicity (Ames test) model (ISS)

Statistical model: Danish (Q)SAR Database - Bacterial reverse mutation test (Ames test in S. typhimurium in vitro) —

Battery model

Cl
Select input method: SMILES notation - c1ccc(cc1)c2ecc(c(c2Cl)CI)C cl O O
Cl
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Models for in vitro gene mutation in bacteria in the CONCERT REACH gateway

https://lwww.life-concertreach.eu/results/results-gateway/

=

—  8.4.1. Invitro gene mutation study in bacteria GATEWAY USER GUIDE
All VEGA AND ToxRead DANISH QSAR DATABASE AMBIT OCHEM _
Dataset  Training Test Cross-validation
End Point Model Type size set size s.et procedure Platform Remarks Currently 22 MOdGlS from VEGA and
size .
Danish (Q)SAR Database
TOX7.6.1.
Genetic
Foxicity in Mutagenicity (Ames test) IS . . . —
vitro. Ames CONSENSUS model
S \ Direct link to documentation
in QSAR Model Reporting
TOX7.6.1.
Geneti / - Format (QMRF) |
toxicity in Mutagenicity (Ames test) classification | 4204 3367 837 VEGA
vitro. Ames nodel (CAESAR
test (OECD {}
471)
TOX76.1. Includes all information
o | Mutagenicy Gmestess on model, for IUCLID
_ S dassification | 5770 5770 0 VEGA .
vitro. Ames | model (KNN-Read-Across) entrles
test (OECD
471)




Models for in vitro gene mutation in bacteria

VEGA: four models for Ames test

» CAESAR - Hybrid model (statistical + knowledge-based)

» KNN-Read-Across - read-across model

* ISS - knowledge-based structural alerts (Benigni-Bossa rulebase)

» SarPy-IRFMN - statistical structural alerts

-

S “*e CONCERTREACH

*
[
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CONSENSUS model

Combining the 4 outcomes

Danish (Q)SAR Database: 15 statistical models and 2 knowledge-based alert profilers for Ames test

+ Bacterial reverse mutation test (Ames testin S. typhimurium in vitro)

+ Direct acting Ames mutagens (without S9)
To be considered only if the

Bacterial reverse mutation
test model gives a positive
in domain outcome

 Base pair Ames mutagens

 Frame shift Ames mutagens

» Potent Ames mutagens, reversions = 10 times controls

2 knowledge-based profilers from OECD QSAR Toolbox
DNA alerts for AMES by OASIS, alerts in parent only (OECD QSAR Toolbox v.4.2 Profiler)

In vitro mutagenicity (Ames test) alerts by ISS, alerts in parent only (OECD QSAR Toolbox v.4.2 Profiler)

-

3 models for each
endpoint/mechanism +
Battery model

Combining the 3 outcomes



Models for in vitro gene mutation in bacteria -, CONCERTREACH
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How to select the appropriate model(s) for my substance? (- S

A priori selection is generally not possible

However, experience in using the models might suggest which could give more reliable results for certain
type of substances (e.g., industrial chemicals, active substances, etc.)

Information on compliance of the target molecule with the applicability domain of the model
Comparison with similar molecules with available experimental results

It is generally required to use multiple and different models for evaluating the same endpoint*I

<

Expert analysis of the results and supporting information is needed

Both VEGA and Danish (Q)SAR database provide

information on applicability domain compliance and
similar molecules can be extracted and analyzed

* additional info in appendix of this presentation
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VEGA: introduction

[i»] VEGA in silico platform - version 1.2.3

Version: 1.2.3 (build date: 13/03/2023)

Calculation core version: 1.3.18

The user's guide is available (PDF document)

Visit the project website: www.vega-gsar.eu

The application is released under the GNU GPL-3 license

—_

VEGA uses the following open source libraries:

Chemistry Development Kit (CDK) ver 2.3
OpenPDF ver 1.3

Wekaver 3.5.8

JPMML ver 1.5.6

MN

' MARIO NEGRI

KPde

chemoinformatics

Import File

G
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VEGA: Virtual models for Evaluating the properties
of chemicals within a Global Architecture

Developed mainly by Mario Negri Institute (Milan)
and Kode s.r.l. (Pisa)

 Free platform developed based on contributions
from EU projects

* Includes 110 statistical and knowledge-based
(Q)SAR models for the prediction of (eco)toxicity,
environmental fate and physico-chemical properties
of chemicals.



VEGA: running predictions

=)
o

INSERT

SELECT

Insert SMILES:

clcce({cecl)c2eec(c(c2ClCI )CI\

Import File

Delete All

Delete

\'

INSERT

Yot CONCERTREACH
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Filter models: |All available endpoints |v|

Tl

Mutagenicity (Ames test)
[] select all models
L Mutagenicity (Ames test) model (CAESAR) - v, 21,14

Mutagenicity (4mes test) model (IS5) - v. 1.0.3

QeAOPR

.0.0
[] Mutagenicity (Ames test) CONSENSUS model - v. 1.0.4

Developmental toxicity

141

[ Salact all dal




VEGA: running predictions

Full PDF reports:

VEGA in silico platform - version 1.2.3

prediction(s) results
applicability domain

experimental data of
the target (if any)

most similar
substances

other supporting info (if
any)

-

INSERT

e

SELECT

PDF

[] PDF reports (one for each model)

[] Single PDF report (ordered by model)

Single PDF report (ordered by molecule)

() High Resolution @ Low Resolution

| (&

[] Plain text files (one for each model)

|Summarv (single plain text ﬂle)|

| (2

o %$ "% CONCERTREACH

e
[
..‘ ‘. @ CONCERTING EXPERIMENTAL DATA
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o0
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Simplified text reports
(useful for excel import)

10



VEGA: analysis of the results "% e, CONCERTREACH
Knowledge-based model: Mutagenicity (Ames test) model (ISS) 1 I B e cons
Prediction Summai :
Prediction for compound Molecule 0 -
Prediction: @ Reliabiity: .4 14 Y&  Colour code for prediction (e.g., red =
Prediction is NON-Mutagenic, but the result shows some critical aspects, tOXiC, green = non-tOXiC)
i which require to be checked: , -
B - some similar molecules found in the training set have experimental values » Stars for I’ellablllty from 1 (lOW) to 3
that disagree with the predicted value (hlg h)

« Summary of the evaluation

Compound: Molecule 0
Compound SMILES: c1cce(cet Je2ece(c(c2Cl)CI)CI

Experimental value: -
pe‘ wity: NON-Mutagenic » More details about the prediction,
including identified alerts (if any)

Structural Alerts: -

ed compound could be out of the Applicability Domain of the model

Remarks:
none

The reliability of the prediction is based on an automated check of the molecule

compliance with the applicability domain of the model. "
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VEGA: analysis of the results "% Se GONCERTREACH
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Applicability Domain Index (ADI) ranges from 0 (not in AD) to 1 (in AD)
The ADI is calculated based on other indices, each one taking into account a particular issue of the
applicability domain (AD)

J

Global AD Index . .
I\\ AD index = 0.801 — In AD If AD |ndeX 2 0-9

Explanation: The predicted compound could be out of the Applicability Domain of the model.

J

Similar molecules with known experimental value
" similarity index = 0.889
Explanation: Strongly similar compounds with known experimental value in the training set have been ..

Accuracy of prediction for similar molecules Calculated based on the 2 most

4 Accuracy index =1 N N _ o = similar molecules (not on all 6
Explanation: Accuracy of prediction for similar molecules found in the training set is good.. ..
reported similar molecules)

Concordance for similar molecules

Concordance index = 0.521

Explanation: some similar molecules found in the training set have experimental values that disagree with the
predicted value..

.
-~

==
Atom Centered Fragments similarity check ) L.
o ACFindex=1 Considers the whole training set of
Explanation: all atom centered fragment of the compound have been found in the compounds of the training - th d |
set.. € mode

—

Number of considered similar molecules, number and type of indexes and thresholds are model dependent

Info in QMRF 2



VEGA: Example of critical evaluation of the automated AD /

reliability evaluation

Reliatilty: 1 17 T

Prediction is NON-Mutagenic, but the result shows some critical aspects,
which require to be checked

- some similar molecules found in the training set have experimental values
that disagree with the predicted value

Prediction: °

Compound: Molecule 0
Compound SMILES: clcee(ect je2ccc(c(c2CHCICI
Experimental value: -
Predicted Mutagen activity: NON-Mutagenic
Structural Alerts: -
Reliability: The predicted compound could be out of the Applicability Domain of the model
Remarks:
none

Two most similar
molecules considered

Global AD Index
/b | ADindex = 0.801
Explanation: The predicted compound could be out of the Applicability Domain of the model.

Similar molecules with known experimental value

/| Similarity index = 0.889
Explanation: Strongly similar compounds with known experimental value in the training set have been ..
Accuracy of prediction for similar molecules

Q? Accuracy index = 1
Explanation: A

ncordance for similar molecules
Concordance index = 0.521
Explanation: some similar molecules found in the training set have experimental values that disagree with the
edicted value..

Atom Centere
Q? ACFindex=1

Explanation: all atom centered fragment of the compound have been found in the compounds of the training
set..

L
Pyl
"o
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3.1 Applicability Domain:
Similar Compounds, with Predicted and Experimental Values

Compound #1

CAS:N.A.
Datasel id:441 (Training Set)
SMILES: clco{c(coleZece(e(c2CHCHCICCI
Similarity: 0.925

i walue : NON. i
Predicted value : NON-Mutagenic

Compound #2

CAS: 91-94-1

Dataset id:458 (Training Set)

SMILES: Nelece{eelClie2eoe(N)e(c2)Cl
Similarity: 0.86

Experimental value : Mutagenic
Predicted value : Mutagenic

Alerts (not found also in the target): SAZE Primary aromatic amine, hydroxyl amine and its
derived esters (with restrictions)

Affected by one
molecule, with a
different alerts profile

CAS:72-54-8
Dataset id-473 (Training Set)
SMILES: ClyC{CIChCl
Similarity: 0.828
i walue : NON.
Predicted value : Mutagenic

Alerts (nat found also in the target): SAS Aliphatic halogens
Compound #4

CAS: 72-55-9
Dataset id: 176 (Training Set)
SMILES: clcc{coclClcZece(oc2)Cl)=CICI)CNCI
Similarity: 0.815
i walue : NON. i
Predicted value : NON-Mutagenic

Compound 45

CAS: 50-29-3
Dataset id-751 (Training Set)
SMILES: elec{eec1Cledece(ee2)CCICINCHCIC
Similarity: 0.813
i walue : NON.
Predicted value | NON-Mutagenic

A higher reliability could be assigned to the negative prediction,
also considering that all other similar molecules (mostly with the

same “no alerts” profile) are experimentally negative

13



VEGA: take home message

*  Full documentation of all models is available, in QVIRF format

» Supporting information (AD compliance, similar molecules) is
provided, allowing expert evaluation

« AD compliance is affected by identified similar molecules

» Current similarity evaluation does not consider important
parameters (e.g. different alerts, leading to different mechanism)

» Automated AD compliance check is not perfect and requires user
critical check

» This affects other tools as well, including commercial ones

J\

S—

. " "o CUNCERTREACH

0 0
...
..

- LIFE17 GIE/1T/000461

Relevant for REACH dossier
preparation in [IUCLID

A novel tool called VERA has been
developed, aiming also at improving
similarity evaluation and AD
compliance check
(Next presentation, today)

14
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Danish (Q)SAR Database: introduction

DTU Food

. E C H A qm) Ministry of Environment of Denmark National Food

Environmental Protection Agency Institute

@ nordcn

Nordic Council of Mini: S AGENCY

Danish (Q)SAR Database

Danish (Q)SAR Models

@&éss 8 Leadscope scMatics QSAR TOOLBOX
& @asis VEBAHUE

ACD/Labs

<3550 CONCERTREACH

[ I
% ®¢ _ ¢©® © CONCERTING EXPERIMENTAL DATA
Y .. ® ANDIN SILICO MODELS FOR REACH
. °

U
- LIFE17 GIE/IT/000461

Developed by the Danish Technical University

Freely accessible online database of (Q)SAR
predictions for a little over 650.000 chemical
organic mono-constituent structures

For each single contained substance, the
database generates a report upon user request,
which contains more than 200 (Q)SAR results

Offers advanced searching tools for identifying
potential similar molecules for supporting
(Q)SAR predictions or candidate analogues for
read-across

16



Danish (Q)SAR Database: gathering (Q)SAR results « 35345 CONCERTREACH

Samss S SNANSTRIE
.
Danish (Q)SAR Database B e o
Home Clear Information Contact QSAR2023
New search Searches Results Substances

Single structure

@eeRE)E)

glecelgel)g2ece(e(g2c1)clycy|

Substructure Similarity

Substructure search
[ Exact match search

Name search

IR0

(2]

Cancel

ancel

[

MAX/MIN
More combinatio

HE N EEENERE

: NOUEEEEE

17



Danish (Q)SAR Database: gathering (Q)SAR results

Structure and name

PhysChem

Human health

New search

Structures 1-1 of 1

Cl

Cl

55702-306X

Similarity

[Danish (QJSAR Database, hitp://gsar food diu dkc Date: 02-05-2023
(Q)SAR predicted profile

Stru used for QSAR
: @ O

cl Cl
SMILES (used for QSAR. icti =t
purl
"Registry Number 56702-46-0 PubChem GID
REAGH EG Humber REAGH EG Humber
(pre-registration, by 2013) {registration. 2018 or 2022)

registration
'REAGH registration (2022) ‘cumulsted minimeum annual
tonnage (2022)

EU CLF Hermanized DK-EPA/ DTU QSAR-based
Classification” CLP Advisory Classfiation
EU Bicide active EU Pestcide active
substances substances
EU EFSA Botaricsl

o US TSCA (Oct 2021)
Tax2! (2015) TaxCast (Oct 2021)
Molecular Formuls Ci2HT GL3 Molecular weight (gimole) 25755
Chemmicsi Name 1, 1BIPHENYL, 2.3 4-TRICHLORO-
(Annex. i ATP, and indlud

1

« CONCERTREACH

@ CONCERTING EXPERIMENTAL DATA
AND IN SILICO MODELS FOR REACH

18
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Danish (Q)SAR Database: results for in vitro gene mutation in bacteria

In vifro Genotoxicity - Bacterial Reverse Mutation Test (Ames test)

( Exp Battery CASE Ultra Leadscope ScCIQ3AR
Ames test in S. typhimurium (in vitro) NEG_IN NEG_IN NEG_IN NEG_IN
“Direct Acting Mutagens (without S9)  N/A NEG_IN NEG_IN NEG_IN NEG_IN The target molecule was evaluated as compliant with AD of all
"Base-Pair Ames Mutagens NIA NEGIN - NEGIN  NEGIN  NEG_OUT Ames models, which generated consistent negative predictions.
“Frameshift Ames Mutagens N/A NEG_IN NEG_IN NEG_IN NEG_OUT

The other four models should not be considered.

*Potent Ames Mutagens, Reversions =

10 Times Controls N/A POS_IN POS_OUT POS_IN POS_IN

DTU-developed models

* The four models (Direct Acting mutagens (without S9), Base-Pair Ames Mutagens, Frameshift Ames Mutagens,
Potent Ames Mutagens) should not be used to determine if substances are Ames mutagens, but can be used for
indication of mechanism or potency for cases where the main Ames model (Ames test in S. typhimurium (in vitro)) is

| =T L=l
ISS CAESAR SarPy KNN
VEGA Mut. / Non-mut. scores Used models NEG.Mod NEG_Low NEG..Low. POS.Good
Mutagenicity consensus NEG 0.23/025 a4 Four individual modeis in mutagenicity consensus model version 1.0.2 confained in VEGA version 1.1.4 with

calculation core version 1.2.4

Prediction: POS = Mutagenic, NEG = Non-mutagenic, SUSP.POS = Suspected muiagenic, POSS5.NEG = Possible
Non-mutagenic, Exp = experimental value, Good = Good reliability, Mod = Moderate reliability, Low = Low reliability.

Mutagenicity (Ames) consensus model version 1.0.2 contained in VEGA version 1.1.4 with calcuiation core version
1.2.4

Prediction: POS = Mutagenic, NEG = Non-mutagenic.

DNA alerts for AMES by OASIS, alerts in:

- parent only No alert found

In vitra mutagenicity (Ames test) alerts by ISS, alerts in:

- parent only No alert found

OECD QSAR Toolbox v.4.2 profilers
Profiler predictions are supporting information to be used together with the relevant QSAR predictions

19



Danish (Q)SAR Database: identification of similar molecules

» Stepwise approach *

« Danish (Q)SAR Database can be searched for molecules, based on available
experimental data, (Q)SAR predictions, structural alerts, etc., for the endpoint of
interest

Our case:

« Search for experimentally positive and negative molecules for Ames;

+ Target molecule has no Alerts for DNA binding or in vitro gene mutation in bacteria, similar
molecules can be selected with the same “no alerts” profile.

»  Foreach query, a list of molecules is retrieved

» The lists can be merged, using logical operator such as AND or OR

* Example of stepwise approach provided in appendix of this presentation

«57"%2 CONCERTREACH

0@ _ ¢ © CONCERTING EXPERIMENTAL DATA
o qolg © ANDIN smcn MODELS FOR REACH
*%e o

- LIFE17 GIE/IT/000461
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Danish (Q)SAR Database: identification of similar molecules

New search

Searches Results

Structure and name

PhysChem

Enviranment

[ Human health

il IF

|1

D

i[

'

Exact match:
2.

POS Bacterial Reverse Mutation Test (Ames test ...

3'[ MEG Bacterial Reverse Mutation Test (Ames test ...

MQ alert in P: DNA binding b

0ASIS, OECD QSAR Toolbox v.4...

" I\‘r] 1

NO alert in P: DNA alerts for AMES by DASIS, OECD QSAR Too...

I §

NO alert in P: In vitro mutagenicity (Ames test) alerts by...

1. 0R 2. OR 3.

[
LI

4. AND 5. AND 6. AND 7. AND 8.

Substances

o %5"%s CONCERTREACH

[ u
'.‘ @© © CONCERTING EXPERIMENTAL DATA
Y Mg ® ANDINSILICO MODELS FOR REACH

- LIFE17 GIE/IT/000461

<

The target molecule (2,3,4-Trichlorobiphenyl)

\Query for 2 to 7 is performed in the “Human health” section)

2 All molecules from the database, experimentally positive for Ames test
3: All molecules from the database, experimentally negative for Ames test
4

to 7:  All molecules with no alerts for each of the relevant profilers (DNA binding-related, Ames test-
related)
8: Target + experimentally positive + experimentally negative (1, 2 and 3 combined with OR)
9: Subset of 8, including molecules with no alerts for the four relevant profilers (8, 4, 5,6 and 7,
combined with AND)

\

N
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Danish (Q)SAR Database: identification of similar molecules

7. AND 9. AND 10. AND 11. AND 14.: Page 1

proveus, st 2 2.3

Structures 1-10 of 2091

AND IN SILICO MODELS FOR REACH

- LIFE17 GIE/IT/000461

0=
i
-
=

D

similarity

Bacterial Reve... Bacterial Reve... "
imental

10

0.791

0.791

0.791

NEG_IN

Columns can be added to show:

Experimental data for the target endpoint

Predictions for the target endpoint

Other information useful for evaluating similar molecules
K (e.g. structural alerts from OECD QSAR Toolbox profilers) /

NEG NEG_IN

NEG NEG_IN

NEG NEG_IN

The generated overview can be used to
prepare a statement for supporting the
reliability of the (Q)SAR prediction for the
target molecule.

NEG NEG_IN

22




Danish (Q)SAR Database: take home message

* Full documentation of the models is available, in QVMRF format

»  Supporting information (AD compliance, similar molecules) is either
provided or can be retrieved, allowing expert evaluation

» Identification of similar molecules is not automated; however, more
information can be taken into account compared to other tools
(e.g. alerts profile)

« The generated reports do not include full applicability domain
compliance evaluation; however, the QMRF includes the definition of
the applicability domain.

EEEEEEEEEEEEEEEEEEEEE
...l..o N'SI
°® ®
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VEGA outcome reported according to ECHA Practical guide “How to use and report (Q)SARs”
Version 3.1 - July 2016

Administrative data ® None @ None
(Endpoint @~ @~
! in vitro gene mutation study in bacteria

______________________________________________________________________________________

Type of information
(Q)SAR

MNaone

Robust study summary

Used for classification

Used for SDS
Study period
None
Reliability

MNane

Rationale for reliability incl. deficiencies

Nons Appropriate rationale should be chosen considering both
VEGA AD and reliability evaluation and expert assessment

25




(Q)SAR results in IUCLID

Justification for type of information
1. SOFTWARE

2. MODEL (incl. version number)
3. SMILES OR OTHER IDENTIFIERS USED AS INPUT FOR THE MODEL

4. SCIENTIFIC VALIDITY OF THE (Q)SAR MODEL

[[Explain how the model fulfils the OECD principles for (Q)SAR model validation.

Consider attaching the QMRF and/or QPRF or providing a link]

- Defined endpoint:

- Unambiguous algorithm:

- Defined domain of applicability:

- Appropriate measures of goodness-of-fit and robustness and predictivity:
- Mechanistic interpretation:

5. APPLICABILITY DOMAIN

[Explain how the substance falls within the applicability domain of the model]
- Descriptor domain:

- Structural domain:

- Mechanistic domain:

- Similarity with analogues in the training set:

- Other considerations (as appropriate):

6. ADEQUACY OF THE RESULT
[Explain how the prediction fits the purpose of classification and labelling
and/or risk assessment]

:.-000

%2 CONCERTREACH
’. @ CONCERTING EXPERIMENTAL DATA

I. L ] AND IN SILICO MODELS FOR REACH

LY
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133

procedure used to
identify similar
molecules in Danish
QSAR database con
be explained here

26
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Attached justification + Newitem % Importfile R
# Attached justification Reason / purpose Actions
1 QMRF_MUTA_ISS.pdf {Q)SAR model reporting (QMRF)

Data source

Reference
8 VEGAV1.2.3|2023

Data access
data published

Materials and methods

Test guideline + Newitem % Importfile
# Qualifier Guideline Version / remarks Deviations Actions
other: REACH
according to guideline _er
1 Buidance on QSARs None None

R.6

Principles of method if other than guideline

The Benigni / Bossa rulebase for mutagenicity and carcinogenicity - a module of Toxtree, (2008) by R. Benigni, C. Bossa, N.
Jeliazkova, T. Netzeva, and A Worth. European Commission report EUR 23241 EN

R. Benigni, C. Bossa, T. Netzeva, A. Rodomonte, and |. Tsakovska (2007) Mechanistic QSAR of arcmatic amines: new models for
discriminating between mutagens and nonmutagens, and validation of models for carcinogens. Environ mol mutag 48:754-771
Benfenati E, Manganaro A, Gini G. VEGA-QSAR: Al inside a platform for predictive toxicology Proceedings of the workshop
‘Popularize Artificial Intelligence 2013", Decamber 5th 2013, Turin, Italy Published on CEUR Workshop Proceedings Vol-1107
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Test material

Test material information
1 2,3,4-Trichlorobiphenyl | 2,3,4-trichlorobiphenyl | 1,2,3-trichloro-4-phenylbenzene | 55702-46-0

Additional test material information
Nane

Specific details on test material used for the study
SMILES: clcce({ceT)c2ece(c{c2Cl)ClCl

If multiple constituents are assessed for one

Specific details on test material used for the study (confidential) A Su bstance, the Practical Guide SuggeSt to prepare
None separate entries

Results and discussion @~

Test results + Newitem % Importfile “
# Key result Species /[ strain  Metabolic act..  Genotoxicity Cytotoxicity / ... Vehicle contr...  Untreated ne..  True negative.. Positive contr.. Actions
1 None None None None None None None None

Additional information on resulis
None

Remarks on result
no mutagenic potential (based on QSAR/QSPR prediction)
Any other information en results incl. tables

Nane

Overall remarks, attachments

Overall remarks
None
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- LIFE CONCERT REACH — Web-seminars on practical kn OEID
examples on using (Q)SAR for REACH

Thanks for your
attention

www.knoell.com

Think globally, act locally
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d . A Importance of using multiple models for
p pe n IX addressing the same endpoint



Development of statistical and knowledge-based models knoell CONCERTREACH
- LIFE17 GIE/IT/000461
Statistical models Knowledge-based models
P
q?o
oisii e Training set ,@J
%ﬁiﬁiﬂ Gathering expert VEGA CAESAR
‘ ' knowledge (KB submodel)
‘ and

Fragmentation [ VEGA ISS
and/or molecular e ‘

de Scrl pto rs w @ Structural alert for toxicity

9 Rules development ™™

\ MW <1000 g/mol :

| 3 <log Kow <9 Phys chem constraints

\ WS >1mg/L
| d entiﬁcation Of E%Ziﬁi:]”[:;ﬁgi;; Target organism constraints

most relevant
parameters

. -
Implementation Implementation E _
-

VEGA VEGA CAESAR

SarPy/IRFMN (Statistical submodel) 32



Statistical and KB models “complement” each other

NH,
=
LS
o 4 MW < 1000 g/mol
3 <log Kow <9
WS > 1 mg/L

Effects in bacteria?
Effects in mammals?

SAL

NHp SA2
O O
cl
x>
N

&y 7 8

Q%I?Ic%bﬁ% {A :Eb/r/p SA3 SA4
Ay i N

$o o8 13 L e Lo

e °

—

Knowledge-based
models

—

knoell o

e 5"%2. CONCERTREACH

worldwide
registration

@  #© © CONCERTING EXPERIMENTAL DATA
.. @®  AND IN SILICO MODELS FOR REACH

- LIFE17 GIE/IT/000461

Based on and "limited" by human
knowledge;

Support results with literature and
mechanistic information.

First layer of integration

B statitical models ||||i’>

y = axq + bx, + cx3 ...

Might be able to identify toxic effects
through mechanisms not known by
expert;

Can‘t support such mechanism nor
the final evaluation with literature
evidence or explanations.

33



Statistical and KB models “complement” each other knoell

Second layer of

integration

How the model “looks” at the structure to be predicted

Br

worldwide
registration

EEEEEEEEEEEEEEEEEEEEE

L]
- LIFE17 GIE/IT/000461

34
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Statistical and KB models: second integration layer knoell CONCERTREAC"

» Focus on specific substructures (alerts);

L » Might not be able to evaluate potential influence of the
Qﬂ _ # Knowledge-based b structure on the toxicity of the alert;

= N models . :
& = N « Some models encode “exclusion rules’, still based on
expert knowledge:

Structural modifications that decrease or remove the
toxicity;

» Constraints on physico-chemical parameters.

E.g. Benigni-Bossa rulebase

(ISS and CAESAR)
Ar = Any aromatic/heteroaromatic ring
SA_27: Nitro-aromatic ® Chemicals with ortho-disubstitution, or with
fP an ortho carboxylic acid substituent are
Ar—N excluded.
N\ * Chemicals with a sulfonic acid group (-
o} SO3H) on the same ring of the nitro group

are excluded . 35



Statistical and KB models: second integration layer

y =axq + bx, +cx3 ...

ﬁ{ffx i‘i »ﬁﬁ r = . Statistical models »
e =¥ {/—\‘; =
& Forg Ay @ )
(5 T
E;/“H & ondvas o SA3 SA4

o q
o
N n_
1 s7°
o

E.g. SarPy/IRFMN model:
structural alert for non-mutagenicity

Fragment found: SM147

¥}

Sarpy alert n. 147 for NON-Mutagenicity, defined by the SMARTS: ¢1¢(C(F)(F)F)ccoc1

Following, the most similar compounds from the model's dataset having the same fragment.

ONCERTREACH

NCERTING EXPERIMENTAL DATA

n
g oc
I(n Oe I I ...‘.I:.. AND IN SILICO MODELS FOR REACH
LY
.
- LIFE17 GIE/IT/000461

z80O

* Might be able to consider the whole
structure for the toxicity prediction:

»  User evaluation limited by “Black box”
effect;

» Might be able to identify structural features
that decrease the toxicity of structural
alerts:

+ Critical expert evaluation is needed.

36



CAESAR model: Example of automated knowledge-
based and statistical integration

M8 CONCERTREACH
knoell e

EEEEEEEEEEEEEEEEEEEEE
° ND IN SILICO MODELS FOR REACH
.. L]

[ Descriptors-based statistical model

Positive
(Tuned to minimize False Positives) prediction

- LIFE17 GIE/IT/000461

Negative prediction
[ Knowledge-based model

Alert
(Subset of Benigni-Bossa alerts) identified
Main aim: identitying

No alerts
and “correcting” ‘
False Negative
predictions [ Knowledge-based model
(

Alert
Subset of Benigni-Bossa alerts) identified

No alerts

$

Not mutagenic

Suspected

37
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Danish QSAR Database: similar molecules

identification



worldwide

Danish (Q)SAR Database: identification of similar molecules knoell |~ - n, CONCERTREACH

- LIFE17 GIE/IT/000461

Acute toxicity

»
Irritation and Sensitisation 3

Endocrine and Molecular Endpointsk

Developmental Toxicity »

Structure and name

Bacterial Reverse Mutation Test (Ames test in 5. typhimuriu...

Genotoxidty

Carcinogenicity (in vivo) Ames test Bacterial Reverse Mutation Test (Ames test in S. typhimurium (in vitro)) Search I Model documentation

Other in vitro endpointsk Direct Acting Ames Mutagens (without 59) - ONLY use for Ames POS_IN

Z
g

=
3]
=
w
0]
S
2 g

In vivo endpoints 3 Base-Pair Ames Mutagens - ONLY use for Ames PO5_IN Bacterial Reverse Mutation Test (ﬁmﬁ testin 5. t'"]himurium
(in vitro})

Frameshift Ames Mutagens - ONLY use for Ames POS_IN
Potent Ames Mutagens (Reversions >= 10 Times Controls) - OMLY use for Ames POS_IN Select predictions or experimental results:

Profilers ]

Battery (combines all three systems)

CASE Ultra
Human health

Leadscope

NOT




Danish (Q)SAR Database: identification of similar molecules

knoell

°
s CAK)
oo ‘2 CONCERT
o * @ CONCERTING EXPERIMENTAL DATA
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P

worldwide
registration

: LIFE17 GIE/IT/000461

7. To account for mechanistic similarity, molecules with the same alerts profile can be extracted

(&

In this case, according to the report generated for the target, no alerts for any of the profilers

Acute toxicity 3

Irritation and isati >

6. AND 12,

L s

l

Endocrine and Molecular Endpointsk

Developmental Toxicity >

‘Genotoxiaty

DNA Reactivity

‘Carcinegenicity (in vivo) »
I —

OR
Unite results

NOT

Ames test r

Other in vitro endpointsk

In vivo endpoints 3

Acute toxicity 3

7. AND 9. AND 10. AND 11,

Ashby Structural Alerts for DNA Reactivi

Profilers

DNA binding by OASIS, OECD QSAR Toolbox v.4.2

DNA binding by OECD, OECD QSAR Toolbox v.4.2

174529

J

Trritation and itisati >

J |
6. AND 12. = ] l 2091

]

Endocrine and Molecular Endpoints »

Developmental Toxicity 3
Enotoxid DNA Reactivity 3
‘Carcinogenicity (in vivo) > Ames te

Other in vitro endpoints e
OR
Unite results

NOT
Complement results

MAX/MIN
More combinations

In vivo endpoints 3

Bacterial Reverse Mutation Test {Ames test in 5. typhimurium (in vitro))
Direct Acting Ames Mutagens {without 59) - ONLY use for Ames POS_IN
Base-Pair Ames Mutagens - ONLY use for Ames POS_IN

Frameshift Ames Mutagens - ONLY use for Ames POS_IN

Potent Ames Mutagens (Reversions >= 10 Times Controls) - ONLY use for Ames POS_II

DNA alerts for AMES by QASIS, OECD QSAR Toolbox v.4.2

In vitro mutagenicity (Ames test) alerts by 155, OECD QSAR Toolbox v.4.2

40
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Searches

E_E Results Substances

- Target molecule

- All molecule experimentally positive for
Ames test

- All molecules experimentally negative for
Ames test

OR: the combined query will include molecules present in at
least one of the selected source queries

41



Danish (Q)SAR Database: identification of similar molecules

New search

sults

Structure and name

Searches E E

Re
- |

Human health

Lt
*LM
LM
E
B

D

oT

10 1ElE A

AND: the combined query will include molecules only if
present in all source selected source queries:
Target, positives and negatives, without identified alerts

". ONCERTREACH

T

o

a

2=

=
o'o

)
®eo o0 OC
Y . . L ] AND|N S|UDU MﬂﬂElS FﬂR REACH

- LIFE17 GIE/IT/000461

Substances
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