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QSAR TOOLBOX

Background

* This is a step-by-step presentation designed to take you through
the workflow of the Toolbox in a data-gap filling exercise using
read-across based on molecular similarity with data pruning.

* If you are a novice user of the Toolbox you may wish to review
the “Getting Started” document [click here] as well as go through
tutorials 1 and 3.
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QSAR TOOLBOX

Keywords

TARGET CHEMICAL - chemical of interest
MODULE - a Toolbox module is a section dedicated to specific actions and options

WORKFLOW - the use, in combination, of the different modules (e.g. prediction workflow: from input to
report)

PROFILER - algorithm (rule set) for the identification of specific features of the chemicals. Several types of
profilers are available, such as structural (e.g. Organic functional groups), mechanistic (e.g. Protein binding by
OECD) and endpoint-specific (e.g. in vitro in vitro mutagenicity (Ames test) alerts by ISS) profilers.

ALERT - the profilers consist of sets of rules or alerts. Each of the rules consists of a set of queries. The
gueries could be related to the chemical structure, physicochemical properties, experimental data, comparison
with the target or list with substances and external queries from other predefined profilers (reference queries).

CATEGORY - “group” of substances sharing same characteristics (e.g. the same functional groups or mode of
action). In a typical Toolbox workflow, it consists of the target chemical and its analogues gathered according
to the selected profilers

ENDPOINT TREE - Endpoints are structured in a branched scheme, from a broader level (Phys-Chem
properties, Environmental Fate and transport, Ecotoxicology, Human health hazard) to a more detailed one
(e.g. EC3 in LLNA test under Human health hazard-Skin sensitization)

DATA MATRIX - Table reporting the chemical(s) and data (experimental results, profilers outcomes,
predictions). Each chemical is in a different column and each data in a different row

The OECD QSAR Toolbox for Grouping Chemicals into Categories April, 2020 5



QSAR TOOLBOX

Outlook

* Background

* Keywords

* Objectives

* Specific Aims

* Read-across

* The exercise

* Workflow of the exercise

®* Save the prediction

The OECD QSAR Toolbox for Grouping Chemicals into Categories April, 2020 6



QSAR TOOLBOX

Objectives

* This presentation demonstrates a number of
functionalities of the Toolbox:

* Entering a target chemical by SMILES notation and Profiling;

* Identifying analogues to a target chemical by molecular
similarity;

* Retrieving experimental results available for the identified
analogues;

* Filling data gaps by read-across.
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QSAR TOOLBOX

Specific Aims

* To review the workflow of the Toolbox.
* To reacquaint the user with the six modules of the Toolbox.

* To reacquaint the user with the basic functionalities within each
module.

* To introduce the user to new functionalities of selected modules.

* To explain the rationale behind each step of the exercise.
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QSAR TOOLBOX

Read-across & the
Analogue Approach

* Read-across is a method that can be used to fill a data gap of
a chemical using an analogue approach.

* In the analogue approach, experimental endpoint information
for a single or small humber of tested chemicals is used to
predict the same endpoint for an untested chemical that is
considered to be “similar” (i.e., within the same category).
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QSAR TOOLBOX

Analogous Chemicals

* Previously you have learned that analogous sets of chemicals are
often selected based on the hypothesis that the toxicological
effects of each member of the set will show a common behaviour.

* For this reason, the mechanistic profilers have been shown to be
of great value in using for category definition.

* However, there are cases where the mechanistic profilers and
grouping methods are inadequate and one is forced to rely on
molecular similarity to form a category.

* The Toolbox allows one to develop a category by using either
mechanistic knowledge (e.g. for DNA binding) or structural
similarity.

* Since there is no preferred way of identifying structural similarity,
the user is guided to use DNA binding as a first option.
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QSAR TOOLBOX

Exercise

* In this exercise we will predict the Ames mutagenicity potential
for an untested compound - n-hexanal [SMILES: CCCCCC=0],
which is the “target” chemical.

* This prediction will be accomplished by collecting a small set of
test data for chemicals considered to be in the same category as
the target molecule.

* The category will be defined by empirical similarity, with respect
to the “"Organic functional groups” profiler.

* The prediction itself will be made by “read-across” analysis.
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QSAR TOOLBOX

On Mutagenesis

®* Mutations within a gene are generally base-substitutions or
small deletions/insertions (i.e., frame shifts).

®* Such alteration are generally called point mutations.

* The Ames scheme based on strains of Salmonella typhimurium
provides the corresponding experimental data.
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QSAR TOOLBOX

On Mutagenesis

* The Ames mutagenicity assay (see OECD guideline 471) is
designed to assess the ability of a chemical to cause point
mutations in the DNA of the bacterium Salmonella
typhimurium.

* The Ames test includes a number of strains (TA1537, TA1535,
TA100, TA98 and TA97) that have been engineered to detect
differing classes of mutagenic chemicals.

* The basic test only detects direct acting mutagens (i.e., those
chemicals able to interact with DNA without the need for
metabolic activation).
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QSAR TOOLBOX

on Metabolic Activation

* The inclusion of a S9 mix of rodent liver enzymes is designed
to assess those chemicals requiring metabolic activation in
order to be mutagenic.

* Typically, chemicals are assayed both - without S9 and with S9
and the results are reported in a binary fashion.

* A positive result in any of the bacterial strains with or without
S9 indicates mutagenic potential.

* In the current example both cases with and without S9 will be
exemplified.
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QSAR TOOLBOX

Workflow

* The Toolbox has six modules which are used in a
sequential workflow:

* Input

* Profiling

* Data

* Category Definition
* Data Gap Filling

®* Report
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QSAR TOOLBOX

Input
Overview

®* This module provides the user with several means of entering
the chemical of interest (i.e. the target chemical).

* Since all subsequent functions are based on chemical structure,
the goal here is to make sure the molecular structure assigned
to the target chemical is the correct one.
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QSAR TOOLBOX

Input
Input chemical(s)

Alternative ways to input chemical(s):
A.Single target chemical

® Chemical Name

®* Chemical Abstract Services (CAS) number (#)

®* SMILES (simplified molecular information line entry system)
notation/InChi

* Drawing chemical structure
o Select from User List/Inventory/Databases

B.Group of chemicals
® User List/Inventory
® Specialized Databases
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QSAR TOOLBOX

Input
Input Screen

Xooe®
QSAR TOOLBOX . % 3

P Input P FProfiling » Data P Category definition ~ ® Data Gap Filling P Report @E

Document Single Chemical Chemical List Search Target Endpoint The OECD QSAR Tog

- = for Grouping Chemid
Ao X e mm- § 4. m 8= E- H ¢ O

New Open Close Save CAS# Name  Structure Composition Select Chem|Ds Database Inventory List Substructure (SMARTS) Query Developed by LMC

Documents
@ Document 1

1. The “Input” module is the first of the six
modules in the Toolbox workflow listed next to
“(Q)SAR TOOLBOX" title.

2. Different ways to input single chemical;

3. Different ways to input list of chemicals.
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QSAR TOOLBOX

Input
Input target chemical by drawing

06ed
QSAR TOOLBOX 10100 =

» Input * Profiling P Category definition P Data Gap Filling P Report b@

Document - Chemical Chemical List Search Target Endpoint The OECD QSAR Tog

B & X E S § 6.-.=m B EE- B ¢ (&) o Crgors |

New Open Close Save CAS# Mame  Structure lomposition  Select ChemlIDs Database Inventory List Substructure (SMARTS) Query Developed by LMC

Documents
= ) 2 Editor
W Document 1
@

SMILES/Inchl ~ [x]-]

EEEDE OBEE8 0B8N

EEEEREREREDOD0

>

1. Click on Structure; 2. The 2D Editor appears.

The OECD QSAR Toolbox for Grouping Chemicals into Categories April, 2020 24



QSAR TOOLBOX

Input
Input target chemical by drawing

Y

QSAR TOOLBOX @
» Input » Profiling

Document Single Chemical

' % X h%] E ‘E ’:‘ i @ 7 ) SMILES/Inchl

New Open Close Save CAS# Mame  Structure Composition  Select

~ | CCCCCC=C

EEEE OBEE OEN

Documents

&% Document 1

In the 2D Editor you could:
1) directly type the SMILES of the
target structure (i.e. CCCCCCO) in
the field at the top;

2) Paste the copied SMILES;

3) draw the structure of the target
by using the 2D Editor tools

BEODOO

mﬂz
@
<

1. Click on the Drawing tool and draw a linear chain with seven carbon atoms (while you are drawing, the
SMILES of the structure will appear above); 2. Click over the last bond that will convert it to double bond; 3.
Select the oxygen symbol (O); 4. Click on the terminal carbon. This will convert it to oxygen; 5. Confirm by OK.
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QSAR TOOLBOX

Input
Input target chemical by SMILES

=] Select chemicals — O X
[ selectAll || UnselectAll || Invert Selection | Selected 1 of 2
CAS 66-25-1
The Toolbox now searches the SMILES  COCCCC-0
Toolbox databases and e
inventories for the presence of a Composiion
. . Name hexaldehyde;Hexanal;Hexylaldehyde
chemical with structure related
to the current SMILES notation. U oas :
It is depicted as a 2D image. .
CAS 110-62-3
. SMILES CCCccce=0
Two chemicals are found. By CSReiation Low
default they are unselected. 0| NN
Select the chemical with high Name | valealdeyde
CAS-SMILES relationship (CS o [
Relation). J 5
VY

ok £ [ caneel |

1. Select the first chemical by clicking on the box in front it; 2. Click OK.
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QSAR TOOLBOX

Input
Target chemical identity

o .
== 01 0
QSAR TOOLBOX L]a 10100 %

» Input » Profiling » Category definition  * Data Gap Filling ¥ Report

Document Single Chemical Chemical List Search Target Endpoint
— z 3 = ﬁ = A
‘ 5 x hi] lﬁ ﬁ] *» 3 & - == sl - Y
New Open Close Save CAS# Name  Structure Composition Select ChemlDs Database Inventory List Substructure (SMARTS) Query Define

° Documents Filter endpoint tree... Y 1[target]

& Document 1
& [€: 1;Mid: 0;P: 0] Search chemical

Structure

(=] Structure info

Additional Ids Number:2006245
CAS Number 88-25-1
CAS-SMILES relation High .
_ ) “High” CAS-SMILES

Ch yd b

iemical name(s) Hexanal J = > i A
Composition relationship for the target
Molecular formula C6H120
Predefined substance type Mono constituent
SMILES Leec=0

[#] Parameters

[#] Physical Chemical Properties

[#] Environmental Fate and Transport
[#] Ecotoxicological Information

[#] Human Health Hazards

* Expand “Structure info” field to display chemical identification information.
* It is important to remember that the workflow is based on the structure coded in SMILES.
* See the next slide for more details on the CAS-SMILES relationship.
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QSAR TOOLBOX

Chemical Input
Target chemical identity

The code indicates the reliability of the chemical identifier:

* High: This reliability corresponds to high reliability of CAS-SMILES
relation. This label is assigned if the chemical belongs to at least
one high quality data source (database or inventory)

* Moderate: This reliability corresponds to moderate reliability of
CAS-SMILES relation. The moderate label is assigned if the
chemical belongs to three or more sources with unknown quality
(marked with “Distribute to QA").

®* Low: This reliability corresponds to poor reliability of CAS-SMILES
relation. This label is assigned if the chemical belongs to less than
three, but at least one source with unknown quality (“Distribute to

QA").
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QSAR TOOLBOX

Input
Define target endpoint - overview

* The Define target endpoint functionality allows for entering the
endpoint of interest e.g., EC3, LC50, gene mutation etc.

* The relevant profiles and databases become highlighted in
colour once the targeted endpoint is preliminary defined by this
functionality;

* Calculation of alert performance (AP) is only possible if the
target endpoint is preliminary defined;

* There are different ways for defining the target endpoint (via
the button from the Input module or by right click from the
endpoint tree). For more details press F1 button in order to see
the online help.
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QSAR TOOLBOX

Input
Define target endpoint

— —
01010

l'h S0
10100

P Report

X8e6eld

(=2
=&
CD QSAR Toolbox

g Chemicals
tegaries

&

» Input

QSAR TOOLBOX

» Profiling » Category definition P Data Gap Filling

Chemical List
e =E E

ChemlDs Database Inventory  List

Y [ lterget]

Document Single Chemical

B & X @ m @ > §

New Open Close Save CAS# Name  Structure Composition

Search Target Endpoint

[ [ -

Substructure (SMARTS)  Query Define

& .

Select

Developed by LMC, Bulgaria

[ —— Filter endpoint tree.

& Document 1
2 IC: 1;Md: O:P: 0] Search chemical

Structure

Select endpoint

pae

Filter: |

H Close |

-] Structure info

— Additional Ids
—— CAS Number
—— CAS-SMILES rel
+—— Chemical name
—— Composition
+—— Molecular form
+—— Predefined sub:

I Physical Chemical Properties

I Environmental Fate and Transport
I Ecotoxicalagical Information

4 Human Health Hazards

Acute Toxicity

ADME

Bioaccumulation

Carcinogenicity
Developmental Toxicity / Teratogenicity

—— SMILES~

[2] Parameter]
[#] Physical C| 2
(%] Environmd

o]

Immunotoxicity
Irritation / Corrosion
Neurotoxicity
Photoinduced toxicity

[#] Human Health Haz

Repeated Dose Toxicity
Sensitisation
ToxCast
Toxicity te Reproduction
I* Toxicokinetics, Metabolism and Distribution

(I

Select endpoint

X

4 Human Health Hazards
Genetic Toxicity

4

Type of method R | in Vitro
Test type M | Bacterial Reverse Mu...
Test organisms (species) R | Salmonella typhimuri...
Metabolic activation R | Without 59 Selection of additional
Strain n metadata fields:
Endpaoint R | Gene mutation
Add
U Down
CI Remove
[ Undefine

1. Click on the Define button; 2. Select “"Genetic Toxicity” from Human health hazard level; 3. Click on Next;
4. Specify the endpoint using the drop-down menus as follows: For Endpoint select Gene mutation, for Type of
method - in Vitro; for Test type - Bacterial Reverse Mutation Assay (e.g. Ames Test), for Test organism
(species) - Salmonella typhimurium, for Metabolic activation — Without S9; 5. Finally click on Finish.
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QSAR TOOLBOX

Input
Define target endpoint

pre—
01010 %
01 0

QSAR TOOLBOX 10100

» Profiling P Category definiton  » Data Gap Filling
Document Single Chemical ‘Chemical List Target Endpoint
Y (™ . - T - — ‘
B & XQ& = § 6.m EEE- H v O

New Open Close Save CAS#  Name Structure Composition  Select Cheml|Ds Database Inventory List Substructure (SMARTS)  Query

o E— Filter endpoint tree... Y [l [target]

iocument 1
7 [C: 1;Md: 0;P: 0] Search chemical

Structure i

CE——= I

[#] Parameters

[#] Physical Chemical Properties

(3] Environmental Fate and Transport
(] Ecotaxicological Information

=) Human Health Hazards

—— Acute Toxicity

+—{%] ADME

—— Bioaccumulation

— Carcinogenicity

TORTCIyY 7
) Genetic Toxicity

(-] in Vitro
(] Bacterial Reverse Mutation Assay (e.g....
] salmonella typhimurium
(-] Without 59
‘Gene mutation

r— lrritation / Corrosion

—— Neurotoxicity

— Photoinduced toxicity

— Repeated Dose Toxicity d
—— Sensitisation AW SWACP |
—— ToxCast

— Toxicity to Reproduction i
—{#] Toxicokinetics, Metabolism and Distribution

The endpoint tree is automatically expanded to the level of the defined endpoint and the
row is highlighted in yellow.
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QSAR TOOLBOX

Input
Input results
1) In module Input, you have entered the target chemical. The
target has high CAS-SMILES relationship.

2) The target endpoint (gene mutation) is defined using “Define
target endpoint” functionality.

3) Based on the defined target endpoint the relevant profiles and
databases become highlighted (see next slides).
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QSAR TOOLBOX

Profiling
Overview

* “Profilers” are a collection of empirical and mechanism knowledge which
could be used to analyse the structural properties of chemicals.

* The profilers identify the affiliation of the target chemical(s) to preliminary
defined categories (functional groups/alerts).

* “Profiling” refers to the electronic process of retrieving relevant
information on the target compound, other than environmental fate,
ecotoxicity and toxicity data, which are stored in the Toolbox.

* The outcome of the profiling determines the most appropriate way to
search for analogues, but they are also useful for preliminary screening or
prioritization of substances. The “profilers” are not (Q)SARs, i.e. they are
not prediction models themselves.

* The “Profiling” module contains also observed and simulated
metabolisms/transformations, which could be used in combination with
the profiling schemes.
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QSAR TOOLBOX

Profiling
Overview

* To help the user to choose the most appropriate profiling methods, the profilers are highlighted

in different colors:

° in green - the most suitable for the target endpoint profilers. These are the profilers
developed using data/knowledge associated with the mechanisms conditioning the target

endpoint (e.g. Protein binding alerts for skin sensitization by OASIS);

are indicated the plausible profilers. These are the profilers for which
data/knowledge used for building them is known to be somehow related to the target
endpoint, i.e. these which are not directly related to the target endpoint, but still could be

used (e.g. Organic functional groups),

* unclassified - these are profilers for which there is no evidence for the relation

data/knowledge used for building them and the target endpoint.

* The profilers identifying structural groups are marked as plausible, while the profilers based on
mechanistic knowledge are highlighted in green (see next few slides).
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QSAR TOOLBOX

Profiling
Profiling the target chemical - background

* The following profiling methods are relevant to the defined target endpoint (Ames
mutagenicity):

®* Suitable profilers
- DNA alerts for AMES, CA and MNT by OASIS
- DNA binding by OASIS
- DNA binding by OECD
- in vitro mutagenicity (Ames test) alerts by ISS

- Aquatic toxicity classification by ECOSAR®
- Organic function groups

"Aquatic toxicity classification by ECOSAR is a rule-based profiler, which very well describe the functional groups present in the target molecules (It is
a method for identifying chemical classes). Hence this method is one of the most robust of the mechanistic grouping method and it is often the method
of choice for different hazards endpoints (e.g. acute aquatic toxicity and skin sensitization).
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QSAR TOOLBOX

Profiling
Profiling the target chemical - background

QSAR TOOLBOX @

Custom profile

New Delete

Documents

Profiling methods
Options 4

Select All Unselect All
Suitable
DNA alerts for AMES, CA and MNT by OASIS
DNA binding by OASIS
DNA binding by OECD

in vitro mutagenicity (Ames test) alerts by 1SS

bd Plausible
Aquatic toxicity classfication by ECOSAR

Chemical elements
Groups of elements
in vivo mutagenicity {Micronudleus) alerts by 155

Lipinski Rule Oasis
‘OECD HPV Chemical Categories

‘Organic functional groups
Organic functional groups (nested)

‘Organic functional groups (US EPA)

Organic functional groups, Norbert Haider (checkmol)
Protein binding alerts for Chromosomal aberration by OASIS
Protein binding by OASIS

Protein binding by OECD
Structure similarity
Substance type
US-EPA New Chemical Categories

Unclassified
M Acute aguatic toxicity tion by Verhaar (Modified)
W Acute aguatic S
M Acute Oral T

halflnac

Metabolism/Transformations

h

P Category definition

Filter endpoint tree...

S—
01010
01 0
10100

» Data Gap Filling

Y [1ltarget]

Structure

(3] Physical Chemical Properties
[#] Environmental Fate and Transport

R

L] Predefined
—— OECD HPV Chemical Categories
+—— Substance type

'— US-EPA New Chemical Categories
-] General Mechanistic

—— DNA binding by OASIS

— DNA binding by OECD

— Protein binding by OASIS
= Protein binding by OECD
+—£] Endpoint Specific

— Aquatic toxicity classification by ECOS...
—— DNA alerts for AMES, CA and MNT by...
I—— in vitro mutagenicity (Ames test) alert.

I in vivo mutagenicity (Micronucleus) al...

—— Protein binding alerts for Chromosom...
— Protein binding alerts for skin sensitiz...
“—— Protein binding alerts for skin sensitiz...
+—£] Empiri

—— Chemical elements

Not categorized
Discrete chemical
Aldehydles (Acute taxicity)

No alert found

Schiff base farmers

Schiff base formers »> Direct Acting Schiff Base Formers

Schiff base formers > > Direct Acting Schiff Base Formers »> Mono aldehydes

Schiff base formation

Schiff Base Farmers

Aldehydes (Mona)

No alert found

Simple aldehyde

Simple aldehyde

No alert found

Skin sensitization Category 16

Schiff base formation

Group 14 - Carbon C

+—— Groups of elements Non-Metals
— Lipinski Rule Oasis Bioavailable

— Organic functional groups Aldehyde

— Organic functional groups (nested) Aldehyde

—— Organic functional groups (US EPA) Aldehyde, aliphatic attach [-CHO]
+—— Organic functional groups, Norbert Ha... Aldehyde

1. Go Profiling module 2. Check all

highlighted ( in green and in orange) profilers; 3.

Click Apply; 4. The results appear on data matrix
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QSAR TOOLBOX

Profiling
Profiles of n-hexanal

@)

QSAR TOOLBOX

P Profiling » Category definition

Profiling Custom profile
yi o
& + I
Apply View New Delete

Filter endpaint tree... ?

Documents

Profiling methods

Structure
Select All Unselect All
Suitable
DNA alerts for AMES, CA and MNT by OASIS -
DNA binding by OASIS Lied e
DNA binding by OECD OECD HPV Chemical Categories
in vitro mutagenicity (Ames test) alerts by 1SS Substance type

Plausible
Aquatic toxicity dassification by ECOSAR
Chemical elements
Groups of elements
in vivo mutagenicity (Micronudeus) alerts by 1SS
Lipinski Rule Qasis
‘OECD HPV Chemical Categories
‘Organic functional groups
Organic functional groups (nested)
Organic functional groups (US EPA)
‘Organic functional groups, Norbert Haider (checkmol)

US-EPA New Chemical Categories

DNA binding by OECD
Protein binding by OASIS
Protein binding by OECD
Endpoint Specific

Protein binding alerts for Chromosomal aberration by DAY
Protein binding by QASIS

Protein binding by OECD L = Aauatic toxicity classification by ECOSAR | o\ Aldehydes(Mono)
Substance type . 1 in vitro mutagenicity (Ames test) alerts by 1SS Simple aldehyde
o — T rvivo mutsgenicy (Micronadie)sieres by 165~ el sBemas =TT
W Acute aguatic Protein binding alerts for Chromosomal aberratio... Mo alert found
Empiric
Chemical elements Group 14 - Carbon C
Groups of elements Non-Metals
Lipinski Rule Oasis Bioavailable
Organic functional groups Aldehyde
Organic functional groups (nested) Aldehyde

Metabalism/Transformations Organic functional groups (US EPA)
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0
10100

» Report

e

Mot categorized
Discrete chemical
Aldehydes (Acute toxicity)

Schiff bage formation

Schiff Base Formers

Aldehyde, aliphatic attach [-CHO]

Schiff base formers = > Direct Acting Schiff Base Formers

Schiff base formers > » Diract Acting Schiff Base Formers > > Maono a\deh}'d”,

April, 2020

In this case an alert associated with
DNA binding (i.e. Mono aldehydes
acting as Schiff base formers) is
identified by the general
mechanistic DNA binding by OECD
profiler as well as by the endpoint
specific in vitro mutagenicity (Ames
test) alerts by ISS (1)

However, no alerts are found by the
general mechanistic DNA binding by
OASIS profile as well as by the
endpoint specific DNA alerts for
AMES, CA and MNT by OASIS (2)

Due to the contradictory results, in
the current example, the Organic
functional groups profiler will be
used for categorization purposes.
This structure-based profiler will
allow as to form broader primary
group of analogues that could be
further reduced.
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QSAR TOOLBOX

Profiling
Mechanistic justification of profiling results

Q SAR | Profiling results 10100

4 Schiff base formers ¥ Data Gap Filing ¥ Report
4 Direct Acting

1 Explanation for: DNA binding by OECD -5 Schiff base formers > Direct Acting Schiff Base Formers »> Mono aldehydes

Definition | Properties | Training Set | Literature | Metalnfo Table | Custom

. Schiff Base Formers
Profiling

Mano aldehydes T — Structural alert: Mono-aldehydes

Chemicals Activated by P450 to Glyoxal
Ethanalamines (including morpholine) 0
Ethylenediamines (including piperazine)

Chemicals Activated by P450 to Mene-aldehyde: e

Y 1 ltarget] Benzylamines-Schiff base

N-methylol derivates
Thiazoles R = sp3 carbon, hydrogen

Direct Acting Schiff Base Formers
Alpha-bets-dicarbony]

Mono aldehydes
I
Carbenium lon Formation Mechanism
Aliphatic N-Hitro
Allyl benzenes Mono aldehydes undergo Schiff base formation (Garcia et al 2009, Hecht et al 2001).
Alpha halo ethers (including alpha halo thioether ¥
Not categorized < )
Discrete chemical R }"}J HO
Aldehydes (Acute toxicity) [+] P‘I/
R
O=CH
ORI — e e m e b x
1 Schiff base farmers \-\CHg
0 Schiff base farmers »» Direct Acting Schiff Base Farmers R =DNA chain
Rsctibee formers 2> Dirctctingshif e Forner > Mono ey
Organic functional groups (nested) : Map 1
Organic functional groups (US EPA) = Protein binding by OASIS Schiff base farmation
Organic functional groups, Norbert Haider (checkmol) — Protein binding by OECD Schiff Base Farmers
Proten b:nd:ng alerts for Chromosomal aberration by OA {1 Endpoint Specific Sructural lert miieatne factors
Proten binding by OASIS — Aquatic toxicity classification by ECOSAR Aldehydes (ionc)]
Protein binding by OECD q 5
St eer ] — DNA alerts for AMES, CA and MNT by OASIS No alert found No mitigating factors have been reported for the chemicals in this mechanistic alert. .
Substance type : +— in vitro mutagenicity (Ames test) alerts by 155 Simple aldehyde
] Ssgfﬂew e = in vivo mutagenicity (Micronucleus) alerts by 1SS~ Simple aldehyde

B Acute aquatic ty classification by Verhaar (Modfied) —— Protein binding alerts for Chromosomal aberratio... Mo alert found
B Acute aquatic toxicty MOA Empiric
M Acute Oral Toxicity Chemical elements Group 14 - Carban C

accumulation - metabolism alerts
G of elements Non-Metals
B Bioaccumulation - metabolism half-ives roups Of eleme!

1) Double click on the cell and to see why the target is profiled as "Mono aldehydes” by DNA binding by
OECD profiler; 2) Select the category "Mono aldehydes”; 3) Click Details; 4) A new window with
literature info appears. 5) Explore the mechanism and close the window.
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QSAR TOOLBOX

Outlook

* Background

* Keywords

* Objectives

* Specific Aims

®* Read-across

* The exercise

* Workflow of the exercise
* Input
* Profiling
* Data
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QSAR TOOLBOX

Data
Overview

* “Gather data” refers to the electronic process of retrieving the
fate and toxicity data that are stored in the Toolbox database.

* Note, data can be gathered in a global fashion (i.e., collecting
all data of all endpoints) or on more narrowly defined settings
(e.g., collecting data for a single or limited number of
endpoints)

* Database “relevancy” is determined based on the defined target
endpoint (see next slide).
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QSAR TOOLBOX

Data
Gather data

s 01010 N
QSAR TOOLEBO W, S e =
Da
- 5 Opticns 4
Group by: | Data for targe “
==
Sort by: None
Data for selected endpoint
Calor by:
v Data for target endpoint od 2 Y Litame]
Hazard effects
-~
Opticns a4 4 Selected
f Select All Unselect All Invert
Structure N S T
¥l Data ab
¥ B3 age 3
0A
j e . - Read data? X
OTOXICH p CICId |
M Toxic p
Lislela iL [ Human Health Hazards ® All endpoints ) Choose..
DB — Acute Toxicity
: o —{%] ADME
. —— Bioaccumulation rﬁj/ OK | | Cancel
q — Carcinogenicity
= —— Developmental Toxicity / Teratogenicity 6
5 2 ] Genetic Toxicity
=] in Vitro
g 1= Bacterial Reverse Mutation Assay (e.g....
g =] Salmonella typhimurium
Ia -
- b D =] Without 59
a a Gene mutation
— Immunotoxicity
— Irritation / Corrosion
: D —— Neurotoxicity
D — Photoinduced toxicity

1. Go to Data module. The databases containing data for the defined target endpoint will be
highlighted in green. 2. Group the databases according to the target endpoint (all green databases
will appear at the top); 3. Unselect all previously selected databases; 4. Check the box in front of
“Data available”; 5. Click Gather; A window with “Read data?” appears.; 6. Click OK to collect all
data for the target chemical available in the selected databases.
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QSAR TOOLBOX

Data
Process of collecting data

6@
QSAR TOOLBOX ga

Data Import Export Delete The OECD QSAR Toolbox

- for Grouping Chemicals
% m m % % into Categories

her Import  IUCLIDG IUCLIDG Database Inventory

F Input » Profiling Jat; P Category definition » Data Gap Filling

Developed by LMC, Bulgg
Y 1 ltarget]

Documenits Filter endpaint tree...

Databases
Options «

Select All Unselect All

Habs A~
Data available BIECHIE
Bacterial mutagenicity ISSSTY
Genotoxicity OASIS
Genotoxicity pesticides EFSA
Toxicity Japan MHLW =) - O *
H No data available [5) Human Health Hazards .
M Acute Oral toxicity D —— Acute Toxicity g
ADME ] ADME
W Agquatic " 2 points added across 1 chemicals.
M Aquati Mo — Bioaccumulation o
— Carcinogenicity o
: ; —— Developmental Toxicity / Teratogenicity N
ccumulation fi . ] Genetic Toxicity ] oK

ides and plant p
oncentration r
q ion in soil OASIS
egradation HITE
diment Accumulation Factor US-
enic Potency Databas

=] in Vitro

=] Bacterial Reverse Mutaticn Assay (e.g....
=] Salmaonella typhimurium

(+] With 59 1/ M: Negative
(=] Without 59
Gene mutation 1/1{M: Negative

— Immunotoxicity

— Irritation / Corrosion
— Neurotoxicity

— Photoinduced toxicity

In thls example an alerting window appears stating that there are two experimental data points
available for the target chemical. According to the available data, the target chemical is negative
without and with accounting for metabolic activation (S9).

=

T _
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QSAR TOOLBOX

Data
Recap

* All databases containing data for the endpoint (Ames
mutagenicity) have been highlighted and grouped according to
the target endpoint.

* Two negative experimental data results for n-hexanal (the
target chemical) have been found in the selected databases.

* We will try to reproduce the experimental data by searching of
analogues and making use of a read-across approach.

* Click on “Category definition” to move to the next module.
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QSAR TOOLBOX

Outlook
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* Keywords
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* Specific Aims
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* The exercise
* Workflow of the exercise
* Input
* Profiling
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* Category definition
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QSAR TOOLBOX

Category Definition
Overview

* As stated in the previous tutorial, this module provides the user
with several means of grouping chemicals into a toxicologically
meaningful category that includes the target molecule.

* This is the critical step in the workflow of the Toolbox.

®* Several options are available in the Toolbox to assist the user in
defining the category definition.

* The different grouping methods allow the user to group
chemicals into chemical categories according to different
measures of “similarity” so that within a category data gaps
can be filled by read-across.
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QSAR TOOLBOX

Category Definition
Grouping methods
* The different grouping methods allow the user to group chemicals into

chemical categories according to different measures of “similarity” so
that within a category data gaps can be filled by read-across.

* For this example, we will start from a broad group based on Organic
functional group and after that

* Will refine the category by a specific DNA binding mechanism identified
for the target chemical and find analogues which can bind by the same
mechanism and for which experimental results are available.
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QSAR TOOLBOX

Category Definition
Suitable Categorization/Assessment Phases

Step L. Structure based

Less conservative collection of an initial group of Bro_ad groupmg_ _
analogues Endpoint Non-specific

(e.g. Organic functional groups, US-EP4 New Chemical
Categories, Aquatic toxicity classification by ECOSAR, etc.)

Step II. Mechanism based

Endpoint specific categorization Subcategorization
Metabolism could be accounted for Endpoint Specific

(e.g. DNA alerts for AMES by OASIS,
Protein binding alerts for skinsensitization

by OASIS, etc.)
Step III. Eliminating dissimilar SUbC&tGgOFiZ&tiOﬂ
chemicals . ‘g
s e Endpoint Non-specific

Note: As long as an acceptable level of structural and mechanistic similarity is achieved, it is not mandatory to follow
all the stages described in the order given above; they can be executed differently or even skipped.

For example, in case the target chemical or any of its metabolites interact with biomacromolecules via a clearly defined
mechanism relevant for the endpoint to predict, Stage | could be skipped and Stage Il to be used for the primary

categorization step.
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QSAR TOOLBOX

Category Definition
Suitable Categorization/Assessment Phases

* In the current example we will define a broad group of analogues
using the Organic functional groups (OFG) profiler (step I).

* After that we will refine the category by the specific DNA binding
mechanism identified in the target chemical and will keep the
analogues which can bind by the same mechanism and for which
experimental results are available.
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QSAR TOOLBOX

Category Definition
Defining Organic functional group

QSAR TOOLBOX

* Input

Categorize

= ¥ % B

Define ism Subcategorize Combine Clustering

1

Documents

Organic functional groups

Select All Invert Op
Suitable
DNA alerts for AMES, CA and MNT by OASIS
DNA binding by OASIS
DNA binding by OECD
in vitro mutagenicity (Ames test) alerts by 1SS
Plausible
Aquatic toxicity classification by ECOSAR
Chemical elements
Groups of elements
in vive mutagenicity (Micronudeus) alerts by 155
Lipinski Rule Oasis
L i ——— -]

Unselect Al

Organic functional groups, Norbert § S ckmol)

Protein binding alerts for Chromosomal aberration by QASIS

Protein binding by OASIS

Protein binding by OECD

Structure similarity

Substance type

US-EPA New Chemical Categories
Unclassified

Acute aguatic ©

Acute aguatic t

Acute Oral

¢ Verhaar (Modified)

in 4}
egradation probabiliy win 1)

* Profiling
Category consistency
Category elements

Filter endpaint tree...

Structure

[ Structure info
[#] Parameters
[#] Physical Chemical Properties
[#] Environmental Fate and Transport
[#] Ecotoxicological Information
5] Human Health Hazards
— Acute Toxicity
—{] ADME
— Bioaccumulation
— Carcinogenicity
— Devel tal Toxicity / Te icity
-] Genetic Toxicity
(=] in Vitro
(-] Bacterial Reverse Mutation Assay (e.g....
1) Salmonella typhimurium
(+] With 59 1/1 M: Negative
=] Without 59
Gene mutation 1/1 M: Negative

— Immunotoxicity

— Irritation / Corrosion
— Neurotoxicity

— Photoinduced toxicity
— Repeated Dose Toxicity
—— Sensitisation

——— Tay(ast

AW SWAOP |

¥ Report

Grouping options (Organic functional groups) — O

Target categories
Aldehyde

@ Options

Down Up Reset Options
All categories
Aluminum, organc
(N/A)
(Thia)Carboxylic and carbeowxylic acids thioanhydrides
Combine profiles 7 Invert result Alert performance
. -Scales
@ AND O or L] Stict
[ Sort results Calculate|
| oK | | Cancel

1. Go to the Category definition module; 2. Select Organic functional groups profiler; 3.
Click Define; 4. The target category is Aldehydes; 5. Click OK
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QSAR TOOLBOX

Category Definition
Analogues

* The Toolbox now searches for all chemicals corresponding
to category “Aldehydes” by the same profiler (i.e. Organic

functional groups) listed in the databases selected under
“"Data” (see slide 42).

* A message with numbers of found analogues (including the
target chemical) appears.

=] Grouping results — O W

142 chemical(s) found.
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QSAR TOOLBOX

Category Definition
Read data for Analogues

« The Toolbox automatically requests the user to select the
endpoint for which the data should be retrieved.

« The user can either select the specific endpoint or by default
choose to gather data for all endpoints (see below)

‘| Read data? >

® All endpoints ) Choose...

| (8] 4 | | Cancel |

« In this example, because only databases containing information
for genetic toxicity endpoint are selected, both options will give
the same results.
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QSAR TOOLBOX

Category Definition
Summary information for Analogues

Filter endpaint tree... ? 1 E 9911 2 I 4 5 6 T 8 ) 1o ALl 12

Structure N N/Q e ‘I/@)/\ mm i

[#] Physical Chemical Properties
[#] Environmental Fate and Transport
[#] Ecotoxicological Information

[5) Human He;
—{%] Acute T]

o=l There are 112 chemicals (out of 142 having “Aldehyde” group) with
et 538 data points loaded on data matrix.

— Carcing|
— Devel ¥ O
—{-] Genetic Toxicity .
—{] in Vitro
=) Bacterial Reverse Mutation y (2.G..
(4] Escherichia coli 4/8 e -
-] Salmonella typhimurium [ \
i#] No 59 Info 87/92 M: Positive M: Negative M: Positive M: Positive M: Positive M: Negative
(+] With 59 478 M: Negative M: Negative . M: Negative M: Negative . M: Positive . M: Negative . M: Equivocal . M: Negative . M: Negative A
=] Without 59
ooz PNmoe e S G el Gmes e e
DNA Damage and Repair Assay, U.. 1/1 M: Negative
—{#] in Vitro Mammalian Chromoso... 16/36 M: Negative . M: Negative . M: Negative . M: Negative M: Positive o
—%] Mammalian Cell Gene Mutation A... 5/5 M: Positive
] Single Cell Gel Electrophoresis (co... 1/1 M: Negative
M:

— in Vivo 611
—— Immunotoxicity . \
— Irritation / Corrosion
—— Neurotoxicity
— Photoinduced toxicity
— Repeated Dose Toxicity
— Sensitisation AW SWACP
— ToxCast
—— Toxicity to Reproduction
—{#] Toxicokinetics, Metabolism and Distrik
[ Profiling
<

Negative o
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QSAR TOOLBOX

Category Definition

Side-Bar of experimental data

Filter endpoint tree... ? 1 E geq 2 I&) 4 Pe 7 & ] 10 1 J_?-
Structure N @ " “I/l@)/\ it () r = \/@ =»q1.»©j\ e B it .

[#] Physical Chemical Properties
[#] Environmental Fate and Transport

[#] Ecotoxicological Information 2] Data points - m] X
5] Human Health Hazards
—{#] Acute Toxicity
—{*] ADME
— Bi i Human Health - Negative - Florin I, et al.,
| z;::::;:i::n HazarcsGenetic 1 :u:i‘:fr:';e (Gene (Gegne_ False | Florinl, etal. gz’;‘l’;‘”"c‘“' iz'ztion WithoutS9 | 2267 | Toxicology,18, | TA 98 Salmonella typhimurium
.. [ Toxicity mutation [} 219-232, 1930,
—— Devel | Toxicity / Te
—{-] Genetic Toxicity “ “ -
—] in Vitro
1=} Bacterial Reverse Mutation Assa)
1+] Escherichia coli “ &
(=] Salmanella typhimurium [] Hierarchical mode _
(] No 59 Infe = = =
1+] With 59 87/478 M: Negative : Negative . M: Negative M: Negative M: Pasitive . M: Negative . M: Equivocal . M: Negative . M: Negative A
=] Without 59
Gene mutation 11253 M: Negalive M: Negative M: Negalive M: Negalive M: Equivqcal M: Negalive M: Negalive M: Negalive
M: Negative i M: Negative M: Negative _M: Negative _M: Negative _M: Negative _M: Negative
DNA Damage and Repair Assay, U... 1/1 M: Negative
in Vitro Mammalian Chromoso...  16/36 M: Negative . M: Negative . M: Negative . M: Negative M: Positive i
] Mammalian Cell Gene Mutation A... 5/5 M: Positive
] Single Cell Gel Electrophoresis (co... 1/1 M: Negative
— in Vivo 611 M: Negative
— Immunotoxicity - -
| iitation / Corrosion Double-click on the cell with measured data ("M” stands for "Measured”)
—— Neurotoxicity - - .
- Photoinduced toxcity provide you more details on the experimental result.
—— Repeated Dose Toxicity 7
— Sensitisation AW SWACP
—— ToxCast 1
— Toxicity to Reproduction .
—{#] Toxicokinetics, Metabolism and Di

[#] Profiling
<
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QSAR TOOLBOX

Category Definition
Recap
®* You have defined a category consisting of 142 analogues (“Aldehydes” by
OFG classification) with the target chemical (n-hexanal).

* The available experimental data for these 142 similar chemicals are
collected from the previously selected databases under Data section.

* 538 data points for the target endpoint are available for 112 out of 142
chemicals.

®* You are now ready to fill in the data gap and trying to reproduce the
experimental data of the target.

* In this example we will apply the read-across method due to the
qualitative mutagenicity data (the trend analysis method is applicable
only to quantitative estimates, e.g. LC50).

* Two predictions will be done - without and with accounting for metabolic
activation (i.e. S9).
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QSAR TOOLBOX

Outlook

* Background
* Keywords
* Objectives
* Specific Aims
* Read-across
* The exercise
* Workflow of the exercise
* Input
* Profiling
* Data
* Category definition
* Data Gap Filling
* Ames without S9
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QSAR TOOLBOX

Data Gap Filling
Continue with read-across for Ames without S9

—
<j-> r|a ) 01010 Possible data inconsistency — O e
- 01 0
QSAR TOOLBOX Cla = rI'l e
Metadata
» Input » Profiling 4 Endpoint

ap Fillin, Workflow

= B =. & ¢

Trend analys. - Read across (O 32 Standardized Automated

o Docu

Filter endpoint tree...

Y |1 Itarget]

~ Gene mutation (112 chemicals; 538 data)
4 Metabolic activation
| Without 59 {112 chemicals; 538 data)
4 Native scalefunit
[¥lGene mutation | {110 chemicals: 530 data)
[#]Gene mutation Il (2 chemicals; 8 data)

|4 Test i (species)

& Document 1
& [C: 1:Md: 2:P: 0] Search cntinan

+|Salmanella typhimurium (112 chemicals; 538 data)
4 Test type

+|Bacterial Reverse Mutation Assay (e.g. Ames Test) (112 chemicals; 538 data)
4 Type of method
Vlin Vitro (112 chemicals: 538 data)

10 [C: 142;Md: 1171;P: 0] Aldehyde (Organic fum

Moo

Structure

Sale checahmurmistose

\!‘ Gene mutation | )%D native data and & converted]
T CefmmUTetion Il [8 native data and 0 converted]

[#] Physical Chemical Properties

[#] Environmental Fate and Transport

[#] Ecotoxicological Information

) Human Health Hazards J
—{#] Acute Toxicity 11
—{*] ADME

N h Converted data
— Bioaccumulation

o . & from scale/unit Gene mutation |l
— Carcinogenicity

— D ital Toxicity / Te icity
—{-] Genetic Toxicity

—] in Vitro

=] Bacterial Reverse Mutation Assay (e.g....
(+] Escherichia coli 478

=] Salmonella typhippssiusa
(] No 59 Info 87/92
37/478 M: Negative
At this position:

(+] With 59
OSARs —{%] DNA Damage and Repair Assay, U... 1/1

Chemicals 112/112; Data 538/538

Information - [m| X

(~] Data Gap Filling Settings

M: Positive M: Positive

M: Negative o M: Neg; | M: Equivocal

5 observed values for 1 chemical were excluded due to missing X descriptor

value(s) M: Equivocal
| M: Negative

Only endpoint relevant

: Negative M: Neg;

Gene mutation /5 M: Negative

. M: Negative . M: Neg

=] Without 59
Automated workflows 0 —{#] in Vitro Mamrmalian Chromoso... 16/36

ca . - F=1

M: Megative

calculated. Click OK

1. Go to the Data Gap Filling module; 2. Click on the cell from data matrix corresponding to the target chemical
and the target endpoint; 3. Click Read across button; 4. Keep the default scale selection “"Gene mutation I" -
this is the most general scale converting the data only to positive/negative. Click OK; 5. An alerting message
informing the user that 1 chemical with 5 observed value is excluded due to missing X values for it. By default the
X descriptor is logKow. The excluded substances could be mixtures, UVCB, etc, for which the logKow could not be
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QSAR TOOLBOX

Data Gap Filling (Ames without S9)
Interpretation of the Read across

* The resulting plot outlines the experimental Ames results of all analogues
(Y axis) according to a descriptor (X axis). Note, Log Kow is on the X-
axis; while this descriptor is not significant to Ames data, it is the default
descriptor for data gap filing (see next screen shot).

* The RED dot represents the predicted value for target chemical (see next
screen shot).

* The BROWN dots represent the observed value for the target neighbours
(analogues) used for read-across.

* The BLUE dots represent the experimental results available for the
analogues but not used for read-across (see next screen shot).

* Please note dots (which you will see shortly) represent
analogues belonging to different subcategories.
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QSAR TOOLBOX

Data Gap Filling
Results for Ames without S9

Xo6ed
QSAR TOOLEBOX C> e =T

m— b report -2

Gap Filling Workfiow The OECD QSAR Toolbox
for Grouping Chemicals

(Q)SAR Standardized Automated

» input » Profiing » Category definition

Developed by LMC, Bulgaria
Filter endpaint tres... ~

Documents

0] Search chemical - .
1171:P: 0] Aldehyde (Organic functio. | RSN PSS Mot ,\/@ =, L0 N I I N - NN A0
[C: 111;Md: 1124;P: 0] Enter GFHRA) L -
(] Acute Toxicity ",
(%) ADME 4
+— Bioaccumulation .
—— Carcinogenicity .
— Toxicity / c
-] Genetic Toxicity 4
in Vitro
&) Bacterial Reverse Mutation Assay (e.g..
3] Escherichiz coli 48 M: Negative
&) Salmonella typhimurium
] No 59 Info 64/69 M: Positive M: Positive M: Positive M: Negative M: Negative M: Negative M: Positive M: Positive
& With 59 82/467 M: Negative M:Negative _M: Negative M:Negative  _M:Negatve  _M:Equivocal  _M:MNegative M:Negative M:Negative  _M:Negative _M:Negatve _M:Negative
&) Without 59
[« B > Gene mutation 1114533 [Tl M: Negative _ M: Negative M: Negative M:Negatve M:Equivocal  _M:Megative  M:Negatve M:Negative M:Megative  _M:Negative M:Negatve M Positive
%] DNA Damage and Repair Assay, U... 1/1 M: Negative
(-~} Data Gap Filling Settings & in Vitro Mammalian Chromoso...  12/30 M: Negative M: Negatve  M: Negative M: Positive .
W) Mamnmmalinn Call Cama blsasinen A a8 M Dncitive v
Only endpoint relevant < >

At 0!
P Descriptors Read-across prediction for Gene mutation, based on 33 values
QSARs Observed: Negative; Predicted: Negative

Automated workflows N
Standardized workfh Prediction
In nodes below: Positive 1- L ] L ] 20 oo OoOMIMIOBDEN OO L an
QSARs 5
Automated workflows k]
Standardized workflows EEquivacal T L LA L
p
3
Negative 1+ -t 3-- et + -t -t e @ @ © ° O N0 EENDIDG @ peID 000 ®
T T T T T T T T T T T T T T T T
9 k] 7 5 5 4 3 2 B ° 1 2 3 4 5 6
log Kow

Active descriptor X / Accept prediction

m | [
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QSAR TOOLBOX

Data Gap Filling (Ames without S9)
Interpretation of the Read across

* As seen there are mutagenic and not mutagenic analogues of the
target chemical

* Therefore, the fist step will be to apply the worst-case scenario,
i.e. if a chemical has positive and negative data simultaneously,
then the positive one to be taken into account.

* Before data gap filling it is also recommended to check the
similarity of the analogues used for the prediction. This is
performed in order to assure the category consists of analogues
that are both mechanistically and structurally similar. The latter is
done by a so called “subcategorization”.
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QSAR TOOLBOX

Data Gap Filling (Ames without S9)

Take the worst-case scenario

P Category definition

Standardized Automated

Documents

Filter endpoint tree... Y 1 ltarget] 2 4 3 8 9 0 11 12 13

Xo6ed

s

The OECD QSAR Toolbox

Only endpoint relevant

Data Gap Filling Settings

At this position:

QSARs
Automated workflows
Standardized workflows

In nodes below:

QSARs
Automated workflows
Standardized workflows

m

in case of positi

Structure [ PO et \/@1 R S, Lo ~ 8
L o
& in Vitro
C] Bacterial Reverse Mutation Assay (e.g...
7] Escherichia coli 48 Choose ane %
] salmonella typhimurium
] No 59 Info 64/69 M: Positive M: Negative M: Negative M: Positive M: Positive
(] With 59 82/467 M: Negative M: Negative _M: Negative M:Nega Choices i M: Negative  _M:Negative  _M:Negative _M: Negative
£] Without 59 p
S 5 - - O Mede - - -
Gene mutation  111/533 [N lM: Negative , M: Negative M: Nega _M:Negative  ,M:Negative  ,M:Negatve M:Megative M Positive
—{%] DNA Damage and Repair Assay, U... 1/1 O Lowest mode
] in Vitro Mammalian Chromosc... 13/30 M:Negative  ,M:Negatve  ,M:Nega O Highest mods
) Mammalian Cell Gene Mutation A... 5/5 M: Positive
{3 single Cell Gel Electrophoresis (co... 1/1 O Median
—8inVivo 49 O Lower median
+— Immunotoxicity o )
|— iritation / Corrasion 1 () Higher median
—— Neurotoxicity . O Minimal
b Phatnindurad favicite B . v
< (® Maximal
[
Descriptors Read-ac
Observe
Prediction
o
Positive 1 L e = Calculation options
5 1
B ‘ B |
2 Equivocal - L] L ®
g i \ Prediction approach options |"
3
Negative + o e o 2 0 @ oGl D N D @ EHEE) e0e @ ‘ Use target data for prediction |
Do not use target data for prediction
e T e f i S B D —— -
9 3 7 6 5 4 3 2 E 0 1 2 3 4 5 6 ‘ Set level of significance |
fog Kow B
Active descriptor X | leg Kow o { Accept prediction

1. Go to Calculation options >> Data usage; 2. Select Maximal value to be taken into account (i.e.

ve/negative data, the positive is the maximal data); 3. Click OK.
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QSAR TOOLBOX

Data Gap Filling (Ames without S9)
Subcategorization by DNA alerts for AMES, CA and MNT by OASIS
(endpoint-specific)

(
(@
LIl

Sl
oy~
Subcategorization - O X Repo
QsA
Options 4 Profilers 1 Selected [ ROt options | ?
i 5 Unselect A moE 0 o
Select All | Unselect Al vert uptmns] Target
Acute Oral Toxicity ~ Developed b -
No slert found 4 5 8 3 10 1 12 13 14 15 16 A
Bioaccurmulation - metabolism alerts
Bioaccumulation - metabolism half-ves I [
e T T O O, s e WO e | Lo | S
I 0x) aler A i T § J
Target categories based 2 L -
on the selected profiler
usion rules by BfR
M: Negative
Keratinocyte gene expression I: Positive I: Positive I: Negative I: Negative M: Negative M: Positive M: Positive
Oncologic Primary Classification . M: Negative M:Negative M:Negative M:Equivocal M:Negatve M:Negative M: Negative ~  M:Negative M:Negatve ,M:Negative
Protein binding alerts for skin sensitization accor . M: Negative M:Negative  M:Negative M:Equivocal  M:Negatve M:MNegative M:Negative M:Negative M:Negatve  M:Negatve M Positive
Protein binding alerts for skin sensitization by O M: Negative
Protein Binding Potency h-CLAT o D'\ﬁer from target by v— T M: Pegt
) Do i . @ At least one category _M:Negative _M: Negative : Positive
) () All categaries
Options 4 Metabolisms 0 Selected . et
c nalogues H
[ somcta Unselect A . 2 Categories of the
Do not account metabolism
. Documented analogues based on
|- Simulated . o . . -
> Michael-type addition, quinai ictures >> Quil the selected profl Ier - v
> Schiff base formation by aldehyde formed after mg
'
chiff base formation by aldehyde formed after mg acrass prediction for Gene mutation, on’5 values ‘ T e ‘ ~
Read- based elect / filter daf
2 > Shiff base formation for aldehydes Observed: Negative; Predicted: Negative
hiff base formation for aldehydes > > Haloalkane Subcategorize
- -
™ o0 ocCeEmIO3® OO € © Mlarkchenikals DyWS
‘ Meark chemicals by descriptor value |
L I A ‘ Filter points by test conditions |
< >
‘ Mark focused chemical |
Selected 15 (95/110) L @ @ "@0 @ ounNIIG @ GPDd 008 & ®
- ‘ Mark focused points |
‘ Select different |
Remove selected | ; ; ; ; ; ; ; ; ; ; ; ; ; Remove marked data

Clear existing marks |

profiler; 3. The chemicals different to the target according to this profiler will be highlighted in light blue; 4.
Click Remove selected.
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Data Gap Filling (Ames without S9)

Analysis of the remaining analogues

® o010 : 5
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d = Analogue Y

Filter endpoint tree... 8 9 10 1 12 13
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i (R ® 2077

—£] Gen
O 5
] Bacterial Reverse Mutation Assay (e.g...
coli 48 M:Negative M: Negative
52/55 M: Positive M: Positive M: Negative M:Negative  M:N M: Negative
73/435 M: Negative M:Negative  MiNegative MiEquivocal  M:Negative M:Negative M:Negative  M: Nega —llegative  M: Negative
96/475 M: Negative M:Negative  M:Negative  M:Equivocal  M:Negative  M:Negative  M:Negative  M:Negative  M:Negatve _M:Negative  M:Negative
i) DNA Damage and Repair Assay, U.. 1/1 M: Negative
&) in Vitro Mammalian Chromess... 13/20 M:Negative M:Negative M:Negative  M:Posive M:Negative M: Negative
) Mammalisn Cell Gene Mutation A... 44 M: Positive
resis (con. 141 M: Negative
< > 479 M: Negative
- Immunotoxicity
+ L —— lrritation / Corrosion
b Maurntnvirity v
Mo T a < >
[v]
Descriptors Read-across prediction for Gene mutati | Select/ filter data ‘”
" Obeerved: Negative: Predicted: Negatiy /A1 alog ue X
0
) Prediction rize
Mark chemicals by WS
Positive +—— @ i L i i i i e Ll i .@ Yy P ° ark chemicals by
g - chemicals by descriptor value
3
£ Equivocal T L L] liter points by test conditions
H
3 Mark focused chemical
Negative = + I + -2 + + +oor @ 06 G eEENIIDe -

Mark focused points

Remove marked data

TR USTTUATTUETTETTTATTTTTTTTTTTLT Analogue Y 5

log Kow Clear existing marks
Actv descrptor X W accept precicton

As seen there are still positive and negative analogues (1). Also there are many of the analogues
which are quite dissimilar to our target chemical (2). In order to eliminate dissimilar analogue
(structurally dissimilar), we will use one of the organic functional groups profiler for
subcategorization (see the next slide).
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QSAR TOOLBOX

Data Gap Filling (Ames without S9)

Subcategorization by Organic functional groups (US-EPA)

(empiric)

=

—
01010
10100

Subcategorization

Options 4 Profilers 1 Selected Adjust options
Select All Unselect All I ap Filling » Report
e CAUSIC FyavE e o Target o riine ?

Skin irritation/ corrosion Exclusion rules by Bf
Skin irrtation/corrosion Inclusion rules by B
4 Empiric

Aldehyde, aliphatic attach [-CHO]
Aliphatic Carbon [CH]

Aliphatic Carbon [-CH2-]
Aliphatic Carban [-CH3]

Xoserd
(=2
>

The OECD QSAR Toolbox
for Grouping Chemicals
i tegos

Developed by LMC, Bulgaria

Miscellaneous sulfide (=5) or oxide (=0)
Olefinic carbon [=CH- or =Cx]
Tautomers unstable
-+ Toxicological
Repeated dose (HESS) M: Negative M:Negative _M: Negative M: Positive _M:Negative  _M:Negative M:Negatve M:Negative  _M:Negative . M: Positive
 Custom
Example Prioritization Scheme (PBT) M Posit
Skin sensitisation for DASS Differ from target by et
S At least one category
Al categories
ions 4 Metabolisms 0 Selected M: Negati
: Negative
Select Al Unselect Al Invert Anelegues
U TIUL ST ST o)1 B
- Documentad - , {alkexy)-1-alkanal [COC(C(OH))OC]
Observed Marralian metzbolism ,3-Trialkoxy alcohol derivative [HOCC(-0-)C(-0-)(-0-)]
Observed Microbial metabolism (1) 3-Amino-2-hydroxycarboxylate deriv. [NCC{OH)C(O)(O)]
Observed Rat In vivo metabolism (1) Acid, aromatic attach [-COOH]
Observed rat liver metabolism with quanttative data (1) Alcohol, olefinic attach [-OH]
4 Simulated
Autoxidation simulator
Autoxidation smulator (zkaline mes
Dissocation simulator 75) Aliphatic Carbon [CH
Hydrolysis smulator (acidic) (75) Aliphatic Carbon [CHI
Hydrolysis simulator (basic) (74) Aliphatic Carbon [-CH2-]
Hydrolsis smulztor (neutral) (67) Aliphatic Carbon [-CH3] 5
in vivo Rat metabolism simulator 1 [v]
Microbial metabolism simulator -
o e o o ) Selected 86 (9/95) . Read-across prediction for Gene mutation, based on 5 values L | Select / filter data |
I — I Select different | Observed: Negative: Predicted: Negative J
Mark chemicals by WS
il o ° ° com Gom 00 o
5 Mark chemicals by descriptor value
EEquivocal — ® ® Fimr it = aedfeTs
o
H
8 Mark focused chemical
MNegative e e 0 © O 0 OUBNEDG CLmD 000 @@ °
Mark focused points
e L o e o I L o o B o L A e o L o o e B e o B o LB o o o o S N B Remove marked data
-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6
log Kow Clear existing marks
Active descriptor X | log Kow O \,Accepl prediction

1. Explore the different types of organic functional groups profilers. We can see that Organic functional groups (US-EPA)
profiler removes all positive analogues, i.e. it leads to consistent results; 2. The statistic shows that 86 chemicals are
identified as different to the target and nine chemicals out of 95 analogues will remain after applying of subcategorization with
this profiler. 3. Click Remove selected.
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QSAR TOOLBOX

Data Gap Filling (Ames without S9)
Read across result

QSAR TOOLBOX

¥ Input » Profiling

Gap Filling Workflow
== b *
=] =. & 2
Trend analysis R (QISAR  Standardized Automated
) F— Filter endpaint tree.. Y 1 ltarget]

% Documer

Developed by LMC, Bulgaria

Structure

Subcategorized: T
TR e WAl [ Human Health Hazards i
Acute Toxicity 1 =) Confirm — »

A group of 9 analogues is _

obtained as a result Of the ; Are you sure you want to accept this prediction?

subcategorization by OFG (—% e - F
- ; N

(US E(P:lA)' 6 Out Ofdg- ?_re used ;M:Negalive M: Negative M:Negative ~  M:Negative  M: Negative _M:Negat‘ 2 ative M: Negative | Prediction accepted successfull)r

In rea _across pre IC Ion' ZIM: Negative  [THNEEECRS M:Negative ~ _M:Negative M:Negative M:Negative M:Negative M: Negative M

They all are structurally 7 Milegetve i Negatve e
similar (Aldehydes) and > S ?\gj
. :

negative by the experimental et bsed on  valuss \  m—
data. The prediction could be - mww
accepted.

Standardized workflows

X

Mark chemicals by descriptor value

Tqurocal T Filter points by test conditions

£
5
5
& Mark focused chemical
Negative T+ *® L @ L t ® o @t e ® @ *

Mark focused points

T T T T T T T T Remove marked data
] 05 1 15 2 25 3 35
log Kow Clear existing marks
Active descriptor X | log Kow v { Accept prediction

[ I : I n

1. Click on “Accept prediction”; 2. Click Yes to confirm he acceptance; 3. Click OK.

<

0 [
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QSAR TOOLBOX

Data Gap Filling
Results

QSAR TODOLBOX

Gap Filling Workflow
L& e

Trend analysis Read across  (Q)SAR Standardized Automated

Documents Filter endpoint tree...

ical
1] Aldehyde (Organic functional groups) Structure . / y
24:p: 1] GF(RA) B |
sage options are changed to: Maximal
beategorized: DNA alerts for AMES, CA and MNT by OASIS
ubcategorized: Organic functional groups (US EPA) (] Physical Chemical Properties
[#] Environmental Fate and Transport

O SO s

[3] Ecotoxicological Information

(] Human Health Hazards i
% Acute Toxicity ”,
ADME
r— Bioaccumulation
+—— Carcinogenicity
— Toxicity /
+—{-] Genetic Toxicity
& in Vitro
C] Bacterial Reverse Mutation Assay (...
3] Escherichia coli 48 M: Negative
=] Salmonella typhimurium
& No 59 Info 87/92 M: Negative M: Positive M: Positive M: Positive M
Data Gap Filling Settings (] With 59 87/478 M: Negative M: Negative M: Negative M: Positive  M:MNegative  M:Equivocal M: Negative M
&) Without S9
Goremnin 12520 T A s SEE i bee 9
%] DNA Damage and Repair Assay, U... 1/1 M: Negative
= (] in Vitro Mammalian Chromoso...  16/36 M:Negative M:Negative M:Negatve  M:Negative M: Positive
Standardized workflows 0 t—{#] Mammalian Cell Gene Mutation A.. 5/5 M: Positive
o

* By accepting the prediction read-across for the current endpoint (Ames mutagenicity without S9
activation) is finished and the data gap is filled (*R” stands for read-across) (1). The target is predicted
as Ames mutagenicity negative based on the read-across analysis.

®* The user can proceed with the workflow for the second endpoint, which in this case will be “"Ames with
S9”

®* Because the analogues are selected by the structure-based profiler — Organic functional groups, we can
use the same analogues for the prediction.

* In this case we need just to change the target endpoint.




QSAR TOOLBOX

Outlook

* Background
* Keywords
* Objectives
* Specific Aims
®* Read-across
* The exercise
* Workflow of the exercise
* Input
* Profiling
®* Data
* Category definition
* Data Gap Filling
* Ames without S9
* Ames with S9
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QSAR TOOLBOX

Data Gap Filling (Ames with S9)
Define the target endpoint

QSAR TOOLBOX @ T rh SB100

» Input » Profiing P Category definition  » Data Gap Filling

Gap Filling
for Groupi

k= . - - into Categories

Trend analysis Read across  (QJSAR  Standardized Automated Developed by LMC, Bulgaria

Documents Filter endpaint tree... Y |1 [target]
: 1] Search chemical . . =
. e .
Structure o e e jo s At L o .h%/@] -%"n@\] o ENEN .
(%] Physical Chemical Properties
[#) Environmental Fate and Transport
(%] Ecotoxicological Information
(] Human Health Hazards
+—{%] Acute Toxicity 1”7,
—{%) ADME
= Bioaccumulation
L Carai ici
arcinogenicity g Export Data matrix
— Toxicity / T
) Genetic Toxicity 4 Export CAS list
& in vitra € Expand branch
] Bacterial Reverse Mutation ASsay (29.AME () o lapee branch
5] Escherichia coli W: Negative
£ Salmonella typhimurium e | Eand All y
T R g il g ———— —— —— M: Negative M: Positive M: Positive M: Positive M: Negative M: Ne
(~] Data Gap Filling Settings 2] With 50 @ Target endpoint » B o (]
W . ‘m:;$s.;&mg — o T 7 ative M: Positive M:Negative  M:Equivocal  M:Negative  ,M:Negative M: Ne
ouf =—o MR
At this position: . ) ) Copy path ¢ | Define from clipboard igative M: Negative M: Equivocal M: Negative M: Negative M: Negative M: Ne
- o ne mutation i 5 | Undefi fative M: Negative M: Negative M: Negative M: Negative W: Negative M: Ne
Select a cell with a rigid (bold) path & Remove chemicals without data ] FLEAe . " " " "
e T %] DNA Damage and Repair Assay, Unschedul M Negative
Standardized workflows. ] in Vitro Mammalian Chromosome Aberrat, Function * : Negative . M: Negative . M: Negative M: Positive
% Mammalian Cell Gene Mutation Assay Sort »
'3 Single Cell Gel Electrophoresis (comet) Ass. § M: Negative
N Activate AOP
= in Vivo M: Negative
L, . Activate Effectopedia Wizard
mmunotoxicity -
I~ Irritation / Corrosion
—— Neuratoxicity
r— Photoinduced toxicity
+—— Repeated Dose Toxicity .
r— Sensitisation AW SWAOP |
—— ToxCast

1. Apply right click to the row corresponding to Human Health Hazards >> Genetic Toxicity >> in Vitro >>
Bacterial Reverse Mutation Assay (e.g. Ames Test) >> Salmonella typhimurium >> With S9 >> Gene
mutation; 2. Select Target endpoint >> Define. The window with the defined target endpoint will appear
(see next slide)
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QSAR TOOLBOX

Data Gap Filling (Ames with S9)
Define the target endpoint

o TR
—_ 01 0 -
L|a 10100 (=)

=5

» Profiing P Category definition P

| — Immunotoxicity Add
- Iritation / Corrasion

— Neurotaxicity

r— Photoinduced toxicity

—— Repeated Dose Toxicity i
—— Sensitisation AW SWAOP |
— ToxCast

[~ Taxilty to Reproduction \ Vi 3

Ca [ / — .
, Ty P G =y | I ,

1. A window with the automatically fulfilled fields appears. 2. The only difference with respect to the previous endpoint
is field “"Metabolic activation”. In this case “With S9” is preselected. Keep it as it is; 3. Click Finish button.

Up Down

Clear Remove

‘s
Trend analysis Read across  (QISAR  Standardized Automated
o Documents Filter endpoint tree. Y 1 [rarged]
& Document 1 -
1] Search chemical Select endpoint
TP Structure N I NE NN -
4 Human Health Hazards
5] Physical Chemical Properties Genetic Toxicity
) Environmental Fate and Transport NN N N N N N N N N N gy,
2] Ecotoxicological Information P s N
[5] Human Health Hazards . / \
%) Acute Toxicity ", 7 \
—{%) ADME ' ‘
— Bioaccumulation I
— Carcinagenicity 1
— Toxicity / T 1 1
-] Genetic Toxicity I l
] in Vitro I s
) Bacterial Reverse Mutation Assay (e.g. Ames Test) -~
5 Escherichia coli 48 1 Type of method R | inVitro v
8 SETETE = it FI Test type R | Bacterial Reverse Mu 1
) No 50 Infa 87/92 M: { P | itive M: Negative M: Ne
Data Gap Filling Settings ) With 59 A . A
° ! i Test arganisms (species) R | Salmanella typhimuri.., -
Oy enclooint relevent e mrEi 877478 MiNegative M I 2 pative _MiNegative M: Ne
nly endpoint relevan
e 1 Wihou: 59 1 Letabolic sctivation R_| with s . ditional
At this position: Gene mutation 11538 R: Negative M: " hative M: Negative M: Negative M: Ne
: Negati : - - metadata nelds: i : Negati : Negati :
Select a cell with a rigid (bold) path itHegatre | Endpaoint M | Gene mutation v R i Neoath CRPM Neratrve) LA
Automated workfiows —£] DNA Damage and Repair Assay, Unschedule... 111 i
Standardized workflows. & in Vitro Mammalian Chromosome Aberrat.. 16/36 M: ;] Strain n ot
) Mammalian Cell Gene Mutation Assay 5/5 M:
"] Single Cell Gel Electrophoresis (comet) Assay 171 1 v
& in Vivo 6/11 i
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Data Gap Filling (Ames with S9
Define the target endpoint

01010 Xo6e®
QSAR TOOLBOX @ 5 l'h So100 % P&

=&

The OECD QSAR Toolbox
for Grouping Chemicals

Automated Developed by LMC, Bulgaria
Filter endpoint tree... Y 1 ltarget]

» Input » Profiling » Category definition P D > Filling » Report

Worlflow

'@\] e Mo

| Aldehyde (Orgar | [ESTESN. oD P = o U
1] Enter GF(RA) T,

=) Human Health Hazards
%] Acute Toxicity ",
—{%] ADME .
—— Bioaccumulation

— Carcinogenicity

—— D Toxicity / icity .
—£] Genetic Toxicity
1 in Vitro
Bacterial Reverse Mutation Assay (e.g. Ames Test)
Escherichia coli 478 M: Negative
=] Salmonella typhimurium
— e s e et T
With S9
[P ] M: Negative M: Negative M: Negative M: Negative M: Positive M: Negative M: Equivocal M: Negative M: Negative
P e M: Negative M: Negative M: Positive M: Negative M: Negative M: Negative M: Negative
0 Data Gap Filling Settings M: Negative M: Negative M: Negative M: Negative M: Negative
M: Negative M: Negative M: Negative . M: Positive M: Negative
Only endpoint relevant —W
At i psiion: s S e o Wil el el el el
Select a cell with a rigid (bold) path +—%] DNA Damage and Repair Assay, Unscheduled... 1/1 M: Negative
Automated workflows ] in Vitro Mammalian Chromosome Aberrati... 16/36 M: Negative ~ ,M:Negative M:Negative  M:Negative M: Pesitive .
Stendardized warkfio +—{&) Mammalian Cell Gene Mutation Assay 5/5 M: Positive
‘—{3] Single Cell Gel Electrophoresis (comet) Assay ~ 1/1 M: Negative
] in Vivo 611 M: Negative

— Immunotoxicity
r— Irritation / Corrosion

—— Neuratoxicity i
— Photoinduced toxicity

— Repeated Dose Toxicity i
— Sensitisation AW SWAQP

The row from endpoint tree with the newly defined target endpoint is getting yellow highlighted.
Read-across will be applied for this endpoint (see next slide) .

na2 | [ |
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Data Gap Filling (Ames with S9)
Apply Read-across

QSAR TOOLBOX

Gap Filling

. &

Trend analys s Read across  (Q)SAR

» Profiling » Category definition  » Da

Standardized Automated

Yi [target]

Filter endpoint tree...

Possible data inconsistency

Document 1

oic
& [

Structure Hibo om0 \p

[~] Data Gap Filling Settings
Only endpoint relevant

At this position:

Select a cell with a rigid (bold) path
Automated workflows
Standardized workflows

142

] Human Health Hazards )
% Acute Toxicity 1",
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— Carcinogenicity

— Toxicity / icity |
] Genetic Toxicity
& in Vitro
] Bacterial Reverse Mutation Assay (e.g. Ames Test]
{7 Escherichia coli 48
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£ With 59
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7] DNA Damage snd Repair Assay, Unscheduled... 1/1
] i Vitro Mammalian Chromesome Aberrati.. 16/36 M: Negstive
5] Mammalian Cell Gene Mutstion Assay 5/5 M: Positive
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—— Immunotoxicity
— Inritation / Corrosion
—— Neurotoxicity

— Photoinduced toxicity
—— Repeated Dose Toxicity
- Sensitisation

—— ToxCast

— Toxicity to Reproduction

AW SWAOP |

and Di

[ Profiling

Metadata
4 Endpoint
+Gene mutation (87 chemicals; 478 data)
4 Metabolic activation
~With 59 (87 chemicals; 478 data)
4 Native scale/unit
[V]Gene mutation | (85 chemicals: 470 data)
(Gene mutation || (2 chemicals; 8 data)
4 Test organisms (species)
+Salmonella typhimurium (87 chemicals; 478 data)
4 Test type

+|Bacterial Reverse Mutation Assay (e.g. Ames Test) (87 chemicals; 478 data)

4 Type of method
~lin Vitro (87 chemicals; 478 data)

Select scale/unit to use

®) Gene mutation | [470 native data and 8 converted)]
: () Gene mutation Il [8 native data and 0 converted]

Converted data

M & from scale/unit Gene mutation Il

Xesed

38

The OECD OSAR Toolbox
for Grouping Chemicals
into Categories

Developed by LMC, Bulgaria

Chemicals 87/87; Data 478/478

NN e
-
M: Negative N
M: Negative N
M: Negative b
M: Negative b
M: Negative I
M: Negative M: Negative I
M:Negative _M: Negative I
vy
QK Cancel

1. Select Read across; 2. Keep the default scale. Click OK.
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Data Gap Filling (Ames with S9)
Apply Read-across

QSAR TOOLBOX
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The OECD QSAR Toolbox

for Grouping Chemicals
into Categories
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Gene mutation 82/471 RiNegative M Negative  M: Negative M: Negative M:Negative M:Equivecal M:Negative  M:Negative M:Negatve M:Negatve M:Megative M Positive
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(<l ] (=] Single Cell Gel Electrophoresis (co... 1/1 M: Negative )
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[~] Data Gap Filling Settings
Only endpoint relevant Tmerres Read-across prediction for Gene mutation, based on 54 values
P JEREIEET a Observed: Negative: Predicted: Negative
At this position: Prediction I
QSARs
oo Positive 1- ° o oo emesscoee o eme OO
Standardized workflow
In nodes below: g
£ Equivocal T ® @
QSARs <
Automated workflows E
Standardized workflows & Negative - L o 2 © @ CoDDOERCING © 0 SOy 038
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12 -10 -2 6 -4 2 0 2 4 &
lag Kow
y

1. This is the gap-filling chart with target and its analogues with their experimental data
distributed by logKow.

ept prediction
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QSAR TOOLBOX

Data Gap Filling (Ames with S9)
Results of Read across

* As while predicting Ames mutagenicity without S9, before
accepting the estimated result for the target chemical by
read-across, the user should refined the category by
subcategorization.

®* Subcategorization refers to the process of applying
additional profilers to the previously defined category. This
aim to identify the chemicals which have differing profiling
results and eventually eliminating these chemicals from the
category.

* In this example, we are going to use several different
profilers to repeatedly subcategorise the data set.
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QSAR TOOLBOX

Data Gap Filling (Ames with S9)
Side Bar of Subcategorization

The analogues which are dissimilar to the target chemical with respect to:

- DNA alerts for AMES, CA and MNT by OASIS (endpoint specific) taking
into account in vitro SO metabolism - The categorization based on this
profiler identifies analogues having same DNA binding alerts as the target
after metabolic activation

- Organic functional groups (US-EPA) - The categorization based on this
profiler identifies analogues having the same organic functional groups

can be removed from the initial list of analogues previously defined by
primary group according to OFG (US-EPA) (see slides 49-52).
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Data Gap Filling (Ames with S9)
Subcategorization by DNA binding alerts taking into account Rat
liver S9 metabolism
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The OECD QSAR Toolbox

DART scheme for Grouping Chemicals
into Categories
Eye initation/corrosion Exclusion rules by BfR
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« Documented type q
e e ] S (A e e s : ! ! : ! ! : =
Observed Microbial metabolism =gative M: Negative M: Negative M: Negative M: Negative M: Equivocal M: Negative M: Negative M: Negative M: Negative M: Negative M: Positive
Observed Rat In vivo metabolism Carbamoylation after isocyanate formation - . . . . . . - . -
Observed rat liver metabolsm with quantitative data > Carbamaylation after isocyanate formation >> H M: Negative
lied_ Carbamoylation after isocyanate formation >> N M:Negative  M:Negative  _M: Negative M: Positive ;
 Simulats e ) _ X
Autosdation smulator ,(h!lf base formation by aldehyde formed after M: Positive
Autoxidation simulater (alkalne medium) Schiff base formation by aldehyde formed after M: Negative
Dissociation simulator > Shiff base formation for aldehydes PRI v
Hydrolysis simulstor (aci hiff base formation for aldehydes >> Haloalkan| 2
Hydrolysis simulator (ba: (77) No alert found ]
in vivo Rat metabolis (4) Non-covalent interaction Read-across prediction for Gene mutation, based on 54 values Select / filter data |
Microbial metabolism, {4) Non-covalent interaction >> DNA intercal Observed: Negative; Predicted: Negative
(1) Non—covalent interaction »> DNA intercalation > > Polycyl# _
Skin metabolsm simulator : : Subcategorize
Tautomerism |
Selected 15 (70/85) 7 | 4
| P— — herd - : : - e ‘09 CPDEOOEO0e ¢ O 09 : -
Mark chey ptor value
Remove selected ‘\
- Zquvocal £ - - L ; ; ; i i i e @ ; ; i ‘ | r— |
QSARs 5
Automated workflows £ ‘ v ical |
Standardized workflows. © Megative - L] L] ® 09O DUDE @0 880
&
Mark focused points
T Remove marked data
1 Clear existing marks

Before proceeding with subcategorization, worst-case scenario is applied. Repeat steps from slide 61.
Once ready with data usage please 1. Go to Select/Filter data >>Subcategorize 2. Select DNA alerts from AMES,
CA and MNT by OASIS profiler; 3. Combine it with the Rat liver S9 metabolism simulator; 4. Click Remove
selected
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Data Gap Filling (Ames with S9)
Subcategorization by OFG (US-EPA)

=

Category definition  » D » Report
(=] Subcategorization

Profilers
Select All | Unselect All | Invert

Adjust options
Target
| General Mechanistic Aldehyde, aliphatic attach [-CHO]
I Endpoint Specific tic Carbon [CH]

« Empiric tic Carbon [-CH2-]

tic Carbon [-CH3]

lansous sulfide (=5) or oxide (=0)
ic carbon [=CH- or =C<]

oy

M: Negative _M: Negative M:Negative  _M:MNegative M:Negatve M:Negative M:Negatve M:Negatve  _M: Negative

S, [P \/@j NN SN, ., J;O' N N e

Xoeerl
e
@

i ECD QSAR Toolbox
for Grouping Chemicals

e SO

M: Negative _M: Negative M: Negative

Tautomers unstable M Negative  M:Negatve _M: Negative M:Negative  _M:MNegative M:Negatve M:Negative M:Negatve M:Negatve _M: Negative M: Negative _M: Negative M: Negative
“ T°";°°'°‘Jt'°d"d HESS) Differ from target by M: Negative
| “epested fose .| @ Atleast one category M:Negative  _M:Negative  M:Negatve  M:Positive M:Negative  M: Negative
- O Al categories M: Positive
ons 4 Metabolisms 0 Selected M: Negative
Select Al Unselect Al | Invert Analogues :
= Ciaslect] M: Negative
Do not account metabolism {2) 2,2-bis-(alkoxy)-1-alkanol [COC(C(OH)OC]
b W"gﬁg;ed {2) 2,3 3-Trialkoxy alcohol derivative [HOCC(-0-)C}
! Simulat (1) B e ey e 1
(1) Acid, aromatic attach [-COOH]
(1) Alcohol, olefinic attach [-OH]
(34) Aldehyde, aliphatic attach [-CHO]
(35) Aldehyde, aromatic attach [-CHO] v
{4) Aliphatic Carbon [C] >
153 At Carbn [CH1 v [
al Read-across prediction for Gene mutation, based on 51 values Select / filter data -
belected 61 (9/70) Observed: Negative; Predicted: Negative
T |
Remove selected Mark chemicals by WS
Standardized workflows Positive - @ o e o () -] L =] °
Mark chemicals by descriptor value
In nodes below: H
] Filter points by test conditions
QSARs £
_ 2Equivocal 1 L]
Automated workflows £ Mark focused chemical
Standardized workflows 1
3
Mark focused points
Megative 1 ; e -t t t @ 90 © 0D oUI@MmeE @O e D o
Remove marked data
Clear existing marks
T T T T T T T T T T T T T T T
) b ! ’ ’ : ’ . ’ ’ 1 ‘ ’ ) ’ _

M [ [

/ Accept prediction

1. Select OFG (US-EPA); 2. Click Remove selected
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QSAR TOOLBOX

Data Gap Filling (Ames with S9)
Result of read-across

—— 866
QSAR TOOLBOX @ 0 De

» Profiling Jat QE
Gap Filling The OECD QSAR Toolbox

for Grouping Chemicals
= e ®
<=

into Categories
Trend analysis Read across ~ (Q)SAR Standardized Automated

° Documents Filter endpoint tree..

iment 1

Developed by LMC, Bulgaria

5

i ki

Confirm — O =

Structure

1124:P: 1] Data usage of Are you sure you want to accept this prediction?

:Md: 1019;P: 1] Subcatego 3uccess X
With 59
1 Enter GF{RA) Gene m... 10/66 ([N C ol M: Ne
: 1] Subcategorized: Without S 10/63 R: Negative . M: Ne | y Yes | | Mo Prediction accepted successfully
5;P: 1] Subcategy [
< [ v
2
S Read-acrosspr. Gene mutaton.based on 49 values z
Observed: . icted: Negative
(] Data Gap Filling Settings Prediction | Subcategorize |
Only endpoint relevant < Positive 11— (- LA N N O I - TN Y S S S TN I S O [ | Mark chemicals by WS |
o

RUEHE pesition: E Equivocal 1 | Mark chemicals by descriptor value

QSARs w

Automated workflows é ) Filter points by te:

Standardized workflows Negative T @ ® ® L ] ® ® L] @ ® [ ]

Mark focused,
In nodes below:
L e e N Y L s s e L s e s s s e s s LA s e e s e s e e e e .
- Mark foc

QSARs 0 05 1 15 2 25 3 35 4 i

Automated workflows log Kow

Standardized workflows

Active descriptor X | log Kow v Accept prediction

T

1. Click Accept prediction 2. Click Yes to accept the prediction 3. Click No if you decided to continue
with Subcategorization; 3. Click OK on the appeared message
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Data Gap Filling (Ames with S9)
Result of read-across

o Xo6e®
QSAR TOOLBOX @ l'h 0100 &

» Input » Profiling » Category definition  » » Report @

Gap Filling Workdlow The OECD QSAR Toolbox
for Grouping Chemicals
into Categor

Automated

Developed by LMC, Bulgaria
Filter endpaint tree...

o, :@\] Han Ay

: Structure Mo 0 WI:O> .,Y@f’“‘ Mt Mmoot
21 Enter GF(RA) T,
Data ussge 2
2
) Parap
A)

and MNT by
nal groups (US EP

Vironmental Fate and Transport
%] Ecotoxicological Information
] Human Health Hazards

5] Acute Toxicity 17,
%) ADME
+—— Bioaccumulation
I~ Carcinogenicity
—— D Toxicity / .
] Genetic Toxicity .
=l in Vitra
] Bacterial Reverse Mutation Assay (e.g...
@ escherchia col ” Wi Negatve
&) Salmonella typhimurium
(] Data Gap Filling Settings o i e e e 3 e s s ‘M: p M: Negative M: Positive M: Positive M: Positive M: Negative
1 £ With 59
Only endpoint relevant . . - - -
1 : Negative M: Negative M: Negative W Positive M: Negative M: Equivocal M: Negative M: Negative
At this position: Gene mutation [N : Negative : Negative M: Negative W Positive M: Negative : Negative M: Negative M: Negative
1 : Negative M:Negative  , M:Negatve M:Negatve M:Negative
Select a cell with a rigid (bold) path S —————————
Automated workflow: - - . _ . : .
Standardized workflows M: Negative M: Negative M: Negative M: Negative M: Negative M: Equivocal M; Negative W Negative M
Gene mutation 112/530 R: Negative M: Negative M: Negative M: Negative M: Negative M: Negative M: Negative M
M: Negative M:Negative M:Negative  _M:Negative M:Negative
%] DNA Damage and Repair Assay, U... 1/1 W; Negative
+—{ in Vitro Mammalian Chromoso...  16/26 M:Negative  M:Negative M Negative _M:Negative M: Positive .
& Mammalian Cell Gene Mutation A... 5/5 M: Positive
{3 Single Cell Gel Electrophoresis (co... 1/1 M: Negative
& in Vivo 6/11 M: Negative
I Immunotoxicity
—— Irritation / Corrosion

The read-across prediction (marked with “R"”) appears on data matrix under level of AMES with S9
(1). Also the level from documented tree is getting grey highlighted (2), indicating that at this level
there is a prediction. The user could continue the workflow with generating the report (see next
slides)

IE<
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QSAR TOOLBOX

Outlook

* Background

* Keywords

* Objectives

* Specific Aims

* Read-across

* The exercise

* Workflow of the exercise
* Input
* Profiling
* Data
® Category definition
* Data Gap Filling
* Report

The OECD QSAR Toolbox for Grouping Chemicals into Categories April, 2020 79



QSAR TOOLBOX

Report
Overview

* The Report module allows you to generate a report on the
predictions performed within the Toolbox.

* This module contains a predefined report template with
automatically populated sections as well as manually editable
sections, where the users could add some additional/custom
information.

®* The Prediction report generates three files: 1) Prediction report; 2)
Category report and 3) Data matrix .

* The generated reports can then be saved or just opened.
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QSAR TOOLBOX

Report
Generate Report

— — *| Customize report content and appearance

QSAR TOOLBOX
» Input » Profiling » Category definition
Export
= = = =
" b
Prediction Data jory OMRF  SMIFile SDFFile CASList DataMatrix e — m Add RAAF scenario
o Documents Filter endpoint tree... Y 1 Itarget] 7| Prediction
& Document 1 [ Target and prediction summary
& [C 1;Md: 0 earch chemical . .
142:Md: ] Aldehyde (Organic fund | TS ) Prediction details (1)
: 111;Md: 1124;P: 2] Enter GF(RA) [] Prediction details (Il
[#] Target profiles
Analogues selection details

10;Md: 145:P: 2] Subcategorize |CLEIERTEE]
nter GF(RA) [] Physical Chemical Properties
ubcategorized: DNA

2] Subcategorized: {

HE 1 nd T [[] Appendix: Grouping / subcategorization
nvironmental Fate and Transport

[ Appendix: Data pruning
[#] Ecotoxicological Information

5] Human Health Hazards

[[] Appendix: Specific report explanations

& Acute Toxicity ", Category
+—{%] ADME Category definition and members
— Bioaccumulation Consistency check
I—— Carcinogenicity Options
— Toxicity / icity
+—{-) Genetic Toxicity Data matrix
1 in Vitro [ Options

£] Bacterial Reverse Mutation Assay (e.g..
(%) Escherichia coli
() Salmonella typhimurium

t*) No 59 Info Move Up Move Down

[J Remove password protection of the PDF files.
Note: If the protection is removed, this will be specified in the first page of the report

Back I Next I Cancel I Create report I
M:

M: Negative
M: Negative
M: Negative

M: Negative

‘Gene mutation LHEYERM: Negative

(=] Without 59

M: Negative M: Negative M: Negative M: Negative M: Negative M: Equivocal
Gene mutation 112/539 R: Negative M: Negative M: Negative M: Negative M: Negative M
M: Negative M: Negative . M: Negative M
[ DNA Damage and Repair Assay, U.. 1/1 M: Negative
M: Positive
1. Go to the Report module
M: Negative

2. Click the cell with the read-across prediction; Vi Negatie
3. Click Prediction button;

4. The user is able to Customize the report content. Now keep the
default selections.

5. Click Create report
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QSAR TOOLBOX

Report
Generation

After clicking Create report button, Generated report files window

appears. It contains three type of files:

1) Prediction report - a PDF file containing the prediction information
related to the target.

2) Category report - a PDF file containing information for the
consistency of the final category (target plus used analogues)

3) Data matrix - a MS Excel file containing chemicals used for prediction
along with their data for selected parameters, profiles and endpoint
tree positions.

= | Generated report files — O x

Prediction report

2 Category report
Data matrix

PDF file containing the prediction report
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Report
Generated report files

Prediction report

Prediction of Gene mutation for Hexanal 2/6
Prediction of Gene mutation for Hexanal 117
Prediction details (I)
. . . . Predicted value: Negative
QSAR Toolbox plﬂdld]ﬂn for Slngle chemical Predicted endpoint {OECD Principle 1 - Defined endpoint): Human Health Hazards -> Genetic Toxicity -
in Vitro -> Bacterial Reverse Mutation Assay (e.g. Ames Test) -> Gene mutation -> Salmenella
Date: 3 Apr 2020 typhimurium -> With 59
A Prediction plot:
Author(s): Read prediction for Gene ion, based on 49 values
Contact details: ol i Negative; P 4: Negati
Target information
Structural information Numerical identifiers Chemical names
Positive 1
SMILES: CAS#: 66-25-1 hexaldehyde
CCCCCC=0 Other: EC Number:2006245 Hexanal §
Hexylaldehyde % Equivocal T
Structure |5
H 3CW\’};’O @
Negative + @ L J L L L ] L ° ° L L
Prediction summary R e R o L o
Predicted endpoint: Gene mutation; No effect specified; Salmonella typhimurium; No duration specified; 0 05 1 15 ';m 3 3 5 4
No guideline specified
Predicted value: Negative Calculation approach (OECD principle 2 - Unambiguous algorithm): takes the highest mode value from
Unit/scale: Gene mutation I the 6 nearest neighbours
Data gap filling method: Read-across analysis Active descriptor: log Kow (calculated)
Summary: manually editable field Data .EEgB._AII values . ) o .
] en multiple values are available for the same chemical, all of them are taken individually in
Not provided by the user *Wh Itipl | lable for th h I, all of th taken individually

prediction calculations
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Report
Generated report files

Category report

Chemicals category 1713
QSAR Toolbox report for category
Data matrix report
1, Category definition
1.1. Category definition
Category name manually editable field

Not provided by the user

'
i 1 Targetchemical b cgnbour oo cghbour 14 - o
Covered (target) endpoint(s) zl:m-nu-m ] et e ghbour a1 Neighbour a2 Neighbaur a3 Neigh e ghbour 13 e g 26
- Human Health Hazards/Genetic Toxicity: With 59, Salmenella typhimurium, Gene mutation, Bacterial
Reverse Mutation Assay (e.g. Ames Test), in Vitro
Seructure. B O oy LN Hfam Ml O Na‘\_/\\a o,
Category hypothesis manually editable field
Not provided by the user N
4 s mumber sezs1 10623 e 120130 13728 e 120196
1.2. Category members 5 Chemical nae Henansl ceocoo Hestana! Getanal Satans! Fropenl Wanacal
© Omer centier
Information of category members 7 sunss ceceeco cocee coceecem ceeroocczo ooz oo cecroocceso
Table of category members 5 Panmeters -
10
# [CAS TName [SMILES [Structure 1 s |
1 66-25-1 Hexanal CCCCCC=0 H3Cn 13 | aldebmyce (Organic functional groups] Aldshyde Aldehyde Adehyde Adehyde Aldehyde alebe
14| binding by QASIS with Rt liver 53 No alert ound No iert foun Noaiertfound Wolertfaund ha alertfound o alet found Wo alert feund
K = = = ey, slighatic stiach [€HO) i Aidehyde, sl 1 Aldehie Aisebe Aidabe Ao, ighatic atach [<HO]
2 110-62-3 cccce=0 cccce=o H3(M0 alihate Corbon [CH: [ —— liphstic Carbon [on]: Aiphstic Carbon [ Aighatic Carbon [ ol .
Organic functional groups (US EPA] aliphatic Carbon [-cH2-| aliphatic Carbon [-cH2-L Aliphatic Carbon [-CH2-) ‘Aliphatic Carbon [-CH2-); ‘Aliphatic Carbon [-CH2-); Asiphatic Carban [-CH2-]; Aliphatic Carban [-CH2-;
Iubcategoriation) P : Alighatic Carben [-CHIL Aighatc Carbon [<H3L Aightic Carbon [CH3L Aiphaic Carbon [CHSL Aighatic Carbon 3L
3 111717 Heptanal CCCCCCC=0 [ NPNPN=. el ) i 1 o) o i 0 Wi [ ple [E et TR = a2
- ! o an ] <4 £ g 4 Oiefnic carbon - or <] Olefinic carbon [-CH-or <] Olefinie carkon [-C4-or =]
4 124-13-0 Octanal CCCCCCCC=0 Hala 1 {conered avhombrc
17 |k inding by 0AS1S o vart oung o st foung Wo et found Wo wirtound o wirtfound o aiaet o o aiert foung
Schi base formers »»Direct cting Schif Schifbase formers »» Dinect Acting Schif S base formers »» vrect Acting S Schf base formers. » O\ect Actng Sch S base formers »» Oirect Ao Schf Schi base farmers »»Direct Aztmg Schif Schif e farmers »» Direc Azting Sch
5 123-72-8 [Eutanal CCCC=0 Hic\M 13 | PMA inding by OECO Base Formers Baze Formers > Mono 3 detydes Base Formers = Mono 8 dehydes
19 Endpoat Specic
2 Simple sldeyde Simple abdehyde Sample aldehye Simpie sldchyde Simpie ldebyde
3 123-38-6 Propanal CCC=0 H3C \ 71| Doen slerts for AMES, CA snd MNT by o alert found o e found o slert founct o slertfaunt i nlert foumd W alert found o alert found
2
\/\0 23 | Organic functions! grouss (nested) Aldshyde Aldetyde Adenyde Adende Adehyde Aldehde Alcsbuge
M
7 124-196 ananal CCCCCeece=0 [ NPS Memnedmdpedcedds |
0 25 Data used for ediction
- speces, duration, test spesie, duration, st doraton est species dortion,tee secies, durato, e speces, duration est speces, suraton, es
bievel | vaive | ume | P e af metha, e OPEODESfmetod L opeopeofmetos L opemeofmemos L opeopeafmeod L opeopeafmemod L g meofmehod
Ranges for selected and i~ o4 Rl sy, strain, test v assey, stin, Wit o ausoy, st tezt "0 O ooy, strowe test " ausay, o, gest OV oy, troin, test OO 550y, steain, hest
- auding year reference e, e eference Guidelne, yeor refeence Gurdele, yeor, refeense curdeln, yeor, referense auidein, year rference sudeine. year reeren
Not provided by user Saimensiln Saimnrils Salmensiis.
Shoot! ® o o
Purity / Impurity manually editable field

Not provided by the user

1.3. Profiles/Metabolisms
List of profiles/metabolisms
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Outlook

* Background

* Keywords

* Objectives

* Specific Aims

* Read-across

* The exercise

* Workflow of the exercise

* Save the prediction
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QSAR TOOLBOX

Saving the prediction result

* This functionality allow storing/restoring the current state of
Toolbox documents including loaded chemicals, experimental
data, profiles, predictions etc., on the same computer.

* The functionality is implemented based on saving the sequence
of actions that led to the current state of the Toolbox document
and later executing these actions in the same sequence in order
to get the same result(s).

* Saving/Loading the file with TB prediction is shown on next
screenshots
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Saving the prediction result

S— o— =
01010 % geel
01 0 4
10100 g“
¥ Input » Profiing ¥ Category definition  » Data Gap Filling ¥ Report @
Single Chemical Chemical List Search Target Endpoint The OECD QSAR Toolbox
- = Grouping Chemicals
W -y ¥ g = . | ¥ cegori:
Jame Structure Composition  Select  ChemiDs Datsbase Inventory  List Substructure (SMARTS) Query

¥ 1ltarged

Developed by LMC, Bulgaria

Filter endpaint tree...

~ e s N A O -
hyde (Organic furd |- [N W]:} L Homemerna i ) } o
G T Save document 'Document 1 X I
er GF(RA) | < .
Data usage options |
] Subcategorized: ™ <« Config » Examples v 0 Search Examples 2
5:P: 2] Subcategorize |CRElY Toolb: % 9 P P
oolbox
GFRA) [ Physi .
2] Subcategorized: DNA| [y e 4 Organize « New folder
T2 [C: 10:Md: 145:P: 2] Subcategorized: (- S
cotc [ Desktop ™ Mame
) Hum Do you want to save changes to document 'Document 17
EA Docume [ Ecotox_EC 50_48htbd
ElA Downloa
— B
—¢ ‘Yes | | No 1
7
—D
] Genetic Toxicity i 5
& in Vitro [
] Bacterial Reverse Mutation Assay (e.g. 1 File name: NIIEI ”
(& Escherichia coli 48
(-] Salmenella typhimurium Save astype: Toolbox documents (*.thd) ~
& No 59 Info 87/92 M: Positive ! M: Negative
=] with 59 |
M: Negative M: Negative M: | Hide Folders M: Negative
Gene mutation BYZYEIM: Negative M: Negative M: | M: Negative
M: Negative W:Negatve M Negatve M Negatve  M: Negative M: Negative
£] Without 59
M: Negative M: Negative M: Negative M: Negative W: Negative M: Equivocal M: Negative M: Negative e M: Negative
Gene mutation 112/539 R: Negative M: Negative M: Negative I: Negative M: Negative M: Negative M: Negative I: Negative M: Negative
M: Negative M:Negative ~ _M:Negatve M:Megatve M:Megative M: Negative
+—] DNA Damage and Repair Assay, U... 1/1 W: Negative
+— in Vitro Mammalian Chromoso... 16/36 M: Negative _ MiNegative  M:Negative  M: Negative M: Positive R
& Mammalian Cell Gene Mutation A... 5/5 M: Positive
'] Single Cell Gel Electrophoresis (co.. 1/1 I: Negative
—& in Vivo 6/11 M: Negative
—— Immunotoxicity i
—— Irritation / Carrosion i
—— Neurotoxicity i
—— Photoinduced toxicity i
—— Repeated Dose Toxicity i
— Sensitisation AW SWAOP | v
< >

1. Go to the Input module; 2.Click on Save button; 3. Click OK;
4. Define name of the file; 5. Click Save button (Message "“File saved successfully” appears)
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Open saved file

QsAR TooLeox O

» Input » Profiling » Category definition » Data Gap Filling
Document Single Chemical Chemical List Target Endpoint
QP ™ L U = == —]
= i " Dl = —
Ré X@ mm- § 6. 83 E. .
New Oper Close Save CAS# Name  Structure Compaosition Select ChemlDs Database Inventory List Substructure (SMARTS)  Query Define

Documents
r Do

‘| Open *
1 <« TOOLB.. » TUTORIALS Contract April 2019 VN JY Search TUTORIALS Contract A... 0
Organize + Mew folder f== - In | o
L MName Date modified Type Si
7 Quick access
UPDATES File folder
[ Desktop - — = .
| Tutorial Ames.tb4 TB4 File

; Downloads  #
Documents  #
[&=] Pictures *»
LMC. Toolbox.5e
TB 44
Tutorials for TB+
UPDATES

L 4

- rerns

File name: | Tutorial Ames.thd

1. Click Open; 2. Find and select file; 3. Click Open. The saved document will be opened.
Finally, a message confirming the successful loading the file will appear.
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QSAR TOOLBOX

Congratulations

* By now you should feel comfortable with the six basic
modules of the Toolbox and how they form the work flow

of the Toolbox.

* In this tutorial you have now been introduced to several
additional functions in the Toolbox, especially using
different profilers in subcategorizing the category of the
target chemical.

* Remember - proficiency only comes with practice.
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