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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 trend analysis based on a category
formed with data pruning.

If you are a novice user of the Toolbox you will want to
review the "“Getting Started” document available at
[http://www.oecd.org/chemicalsafety/risk-
assessment/TB3%200 GettingStarted rev2.pdf] as well
as go through tutorials 1 - 3.
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QSAR TOOLBOX

Objectives

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

®*Entering a target chemical by SMILES notation and
Profiling

* Identifying analogues for a target chemical by
molecular similarity

®* Retrieving experimental results available for those
analogues, and for multiple endpoints

* Filling data gaps by trend analysis
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QSAR TOOLBOX

Specific Aims

* To reacquaint the user with the workflow and 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 to the rationale behind each step of the
exercise.
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QSAR TOOLBOX

Trend analysis

* For a given (eco)toxicological endpoint, the members of
a category are often related by a trend (e.qg,,
increasing, decreasing or constant) in potency.

* The trend could be related to molecular mass, carbon
chain length, or to some other property.

* A demonstration of consistent trends in the toxicity of a
group of chemicals is one of the desirable attributes of a
chemical category and one of the indicators a common
mechanism of action for all chemicals in the category.

* When some chemicals in a category have measured
values and a consistent trend is observed, missing
values can be estimated by simple scaling from the
measured values to fill in the data gaps.
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QSAR TOOLBOX

The Exercise

* In this exercise we will predict the toxicity towards the
Tetrahymena pyriformis, of the substance, 4-
Methylhexanal [CAS# 41065-97-8], which will be the

“target” chemical.

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

* The category will initially be defined based on a protein
binding mechanism.

* The initial category will be pruned via subcategorisation.
* Trend-analysis will be used for data gap filling.
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QSAR TOOLBOX

Side-Bar On Tetrahymena

Tetrahymena pyriformis is a free-living ciliated
protozoan that is found in fresh-water ecosystems
throughout the world.

It is a well-studied genus with understood nutrient
requirements, growth characteristics, and cell biology
and genomics.

The ability to culture it axenically in simple media,
coupled with its rapid doubling time of makes it a good
test organism.

Strain GL-C is amicronuclated and thereby genetically
extremely stable.
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QSAR TOOLBOX

Side-Bar On TETRATOX

Population growth impairment testing with Tetrahymena
pyriformis is conducted in a static assay uses population

density quantified spectrophotometrically as its
endpoint.

The endpoint 50% inhibitory growth concentration from

this assay is one of the largest aquatic toxicity
databases in the Toolbox.
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QSAR TOOLBOX

Workflow

°* By now you should be familiar with the six
modules which are used in a sequential workflow
within the Toolbox. These are:

®* Chemical Input

* Profiling

®* Endpoints

* Category Definition
* Filling Data Gaps

* Report
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QSAR TOOLBOX

Chemical Input
Overview

®* This module provides the user with several ways of
entering the target chemical into the Toolbox.

* This is important because all subsequent functions are
based on chemical structure.

* The goal of this module is to make sure the molecular
structure assigned to the target chemical is the
correct one.
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QSAR TOOLBOX

Chemical Input
Ways of Entering a Chemical

User Alternatives for Chemical ID:

A.Single target chemical
* Chemical Name
®* Chemical Abstract Services (CAS) number (#)

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

* Drawing chemical structure
®* Select from User List/Inventory/Databases
® Chemical IDs such as EC number, Einecs number

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

Chemical Input

®* Turn on the computer and open the Toolbox. This will
take some time as the databases will be populated.

* Note that the Toolbox opens to the first Module “Input”
(see next screen shot).

* Since we have described this modules in the earlier
tutorials, we will go through it rapidly.

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 19



QSAR TOOLBOX

Chemical Input Screen
Input target chemical by CAS#
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1. Click on CAS# and a dropdown box will appear (see next screen shot)
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QSHR TOOLENDY

Chemical Input Screen
Enter CAS# 41065-97-8 of 4-Methyhexanal

41065-37-8 » |[C] Tautomeric sets e oK [ X Cancel ]
N N N )
[ selectal | cClear Al Lljertﬂelectim ]5electnl 2}1 LEJ

Selected  Cas Smiles Depiction Mames CAS/Mame 2D/Mame CAS/2D
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41065-95 CCC(C)C 1:
&

1. Type the CAS# In the field; 2. Click Search button; 3. Press OK
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QSAR TOOLBOX

Chemical Input
Target chemical identity

The Toolbox searches the databases to find out if the CAS# you entered
is linked to a molecular structure stored in the Toolbox. It is displayed as

a 2D image.
EETTEDR e
41065-97-8 - [] Tautomeric sets ) Search E w” OK ; [ X cancel ]

Select Al |[ clear Al ][ Invert Selection | Selected 1 of 1
Selected CaAs Smiles Depiction Mames CAS/Mame 20D/Mame CAS/2D

1:: Lowe ¢ 1:: Low € @ Low
1:: M 1:: M

41065-97 CCC(C)C 1:
B

one substance more than one chemical identity could be retrieved. In this case the user can
decide which substance is to be retained for the subsequent workflow.

. In case a structure has several CAS numbers or a structure could be related to more than
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QSAR TOOLBOX

Chemical Input
Target chemical identity

* Double left click “"Substance Identity”; this displays the
chemical identification information (see next screen
shot).

* Note that existing in the Toolbox names of target
chemical are in different colours.

* The workflow on the first module is now completed, and
the user can proceed to the next module (see next
screen shot).
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QSAR TOOLBOX

QSAR TOOLBOX
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QSAR TOOLBOX

Profiling
Overview

* As in the other tutorials, "“Profiling” refers to the
electronic process of retrieving relevant information on
the target compound stored in the Toolbox database,
other than fate and toxicity data.

* Available information includes likely mechanism(s) of
action, as well as observed or simulated metabolites.

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 26



QSAR TOOLBOX

Profiling
Side-Bar to Profiling

Summary information of the different profilers is provided in the “"About”.

8 ®

About Update

QSAR TOOLBOX

Profiing Profiing Schemes ECD QSA

Donator(s)
Protein binding by QASIS v1.4 Laboratory of Mathematical Chemistry (LMC), Bourgas, Bulgaria;  »

L'Oréal; ExxonMobil; Procter & Gamble; Unilever; Research Institute .,
— g et A St S
Short description Author(s)

The protein binding alerts have been developed by industry

consortia invalving ExxonMabil, Procter &Gamble, Unilever,

Research Institute for Fragrance Materials (RIFM), Dow and
Danish Mational Food Institute with the Laboratory of

Laboratory of Mathematical Chemistry (LMC), Bourgas, Bulgaria

Mathematical Chemistry Bourgas and the partnership of Dr Website

Options D.Roberts, as a part of the TIMES mode! to predict skin

Show boundaries L _ sensitisation. ) v

S Disclaimer Details

elect all =

Unselect all U= =
Adopted QSAR Toolbox 2.0, October 2010
Number of categories 146
Number of help files 128

CHFUTTIEN e fazard

Metabolism/Transformations

seectal | unseiectal

Documented

Simulated

e 1. Select the name of the profiler and perform a right click on it;
Deso W 2. Select About; 3. After reading the material click on Close.
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QSAR TOOLBOX

Profiling
Profiling the target chemical

* Click in the box next to the Profiling methods related to
the target endpoint

* This selects (a green check mark appears) or deselects
(green check mark disappears) profilers

* For this example check all the mechanistic methods.
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QSAR TOOLBOX

Profiling
Profiling the target chemical
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o T 1o | 1. Check all the General Mechanistic profilers; 2. Click Apply
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QSAR TOOLBOX

Profiling
Profiling the target chemical

* The actual profiling will take several seconds depending
on the number and type of profilers selected.

* The results of profiling automatically appear as a
dropdown box under the target chemical (see next slide)

* Please note the specific protein-binding profiler — Protein
binding by OASIS v1.4 - background information can be
retrieved by double click on the box with Protein binding
by OASIS v1.4 result (see next slide)

* This result will be used to search for suitable analogues in
the next steps of the exercise.

* Move to next module “Endpoint”.
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QSAR TOOLBOX

Profiling
Profiling the target chemical

— oo
QSAR TOOLBOX © i o
¥ Category Definition  » Data Gap Fi

Profiling Profiling Schemes

#

Profiing methods |F\Ir.er endpoint tree... 1 [target]

Structure

| Profiling results V O X

~((Chemical profile )
~ - Protein binding by OASIS v1.4

- 5chiff base formation

i 5chiff base formation » > Schiff base formation with carbonyl compounds

i 5chiff base formation = Schiff base formation with carbonyl compounds =3 Aldehydes

|—DNA binding by OECD

J

—DPRA Cysteine peptide depletio’

—DPRA Lysine peptide depletion
— Estrogen Receptor Binding

— Hydrolysis half-life (Ka, pH 7)(Hy
—Hydralysis half-ife (Ka, pH 8)(Hy

[—Hydralysis halfife (Kb, pH T)(Hy 7 Detsis j-'L Close

— Hydrolysis half-life (Kb, pH 8)(Hyarawiny O CEICUEED

— Hydralysis half-life (pH 6 5-7 4) Mot calculated
| : - Acidic [0.10)
- . v lonization at pH =1 Basic [0.10)
_ Acidic [0,10)
Metabolism/Transformations —lonization at pH =4 Basic [0.10)
T Aeidic 010
H Documented : Basic [0.10)
Acidic [0,10)

F—lonization at pH = 9

==

= E Protein binding by OASIS v1.4 -

Sc
—Protein binding by OECD Schiff Base Forme...
Schiff Base Forme...
c —Protein binding potency. Mot possible to cla...

1. Double click on Protein binding by OASIS profiling result
2. Click Details to see the explanation of Aldehydes category
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QSAR TOOLBOX

Endpoints
Overview

* As you may remember, “Endpoints” refer to the
electronic process of retrieving the measured data for

fate and toxicity that are stored in the Toolbox
database.

* Data gathering can be executed in a global fashion (i.e.,
collecting all data of all endpoints) or on a more
narrowly defined basis (e.g., collecting data for a single
or limited number of endpoints).
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QSAR TOOLBOX

Endpoints
Case study

* We will gather data for acute aquatic toxicity endpoints
* For this purpose, data are collected from all Ecotox
* Click on “Select All” from Ecotoxicological part

* Click on “"Gather data” (see next screen shot).
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QSAR TOOLBOX

Endpoints
Gather data

QSAR_TOOLBOX

B » Profiling » Endpaoint } Category Definition » Data Gap Filling
Data Import Delete Tautomerize

<\ a o N &
: Import IUCLIDS Xpo ( 3 Jatabas Inw Y Database

Databases |Fi|ter endpaint tree... |1 [target] |
H Phv hemical Properties e
HEm ‘ntal Fate and Transport Structure ; .
i pgical Information E
Aquatic ECETOC

Aquatic Japan -
FHSubstance |dentity _

HPhysical Chemical Properties
B Human Health Hazards [HEnvironmental Fate and Transport
[HEcotoxicological Information

EHuman Health Hazards

1. Select all databases from Ecotoxicological Information section.
2. Click Gather

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 36



QSAR TOOLBOX

Endpoints
Case study

* Aquatic Toxicity information on the target chemical is
electronically collected from the selected dataset(s).

* In this example, an insert window appears stating there
was “no data found” for the target chemical .

* Close the insert window by right clicking on “"OK".
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QSAR TOOLBOX

Endpoints
Recap

* The workflow in this exercise is the same as you have
observed with the preceding tutorials.

®* You have entered the target chemical being sure of the
correct structure.

* You have profiled the target chemical.

* You have found that no experimental data is currently
available for this structure.

* In other words, you have identified a data gap, which
you would like to fill.

* Proceed by right clicking on “Category definition” which
move you to the next module.
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QSAR TOOLBOX

Category Definition
Overview

* As before, this module provides the user with several
means of grouping chemicals into a category that
includes the target molecule.

* Remember this is the critical step in the workflow.

* Several options are available in the Toolbox to assist the
user in refining the category definition. We will using
several of these options in this tutorial.
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QSAR TOOLBOX

Category Definition
Grouping methods

* You may want to review the information about grouping
chemicals which is in (Chapter 4) on the following link.
http://www.oecd.org/dataocecd/58/56/46210452.pdf

* Re-examine slide 31-32; you see that the target chemical
(4-Methyl hexanal) could react with proteins via Schiff
base formation and thus it has a potential for exhibiting
aquatic toxicity in excess of baseline potency.

* The reaction by which a target chemical binds with
proteins is relevant to deriving a group of chemicals that
may mechanistically act the same way to elicit aquatic
toxicity.
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QSAR TOOLBOX

Category Definition
Protein binding by OASIS v1.4 grouping method

* Protein binding is one of the best grouping methods in
the Toolbox. It is based on conventional organic
chemical mechanisms and reactions, and as such is
qualitative in character.

* This grouping method is particularly relevant for
respiratory and skin sensitization and acute aquatic
toxicity, but also relevant to chromosomal aberration
and acute inhalation toxicity.
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QSAR TOOLBOX

Category Definition
Side bar to Protein binding by OASIS v1.4
grouping method

®* Protein binding by OASIS v1.4 includes 617 chemical
categories.

* Each category is represented by defined 2-dimentional
structural alerts that are associated with chemicals that
act as electrophiles and covalently react with various
moieties, in particular thiol (-SH) and amino (-NH,)
groups in proteins.

* Therefore, there is a sound mechanistic basis for using
this grouping method.
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QSAR TOOLBOX

Category Definition
Defining Protein binding by OASIS v1.4 category

Lol —_ 51675"
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Delete
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Filter endpoint tree...

Structure
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Combine profiles logically [Jtnvert result

® anD Oor [strict

X Cancel

Defined Categories

1. Highlight the “Protein binding by OASIS v1.4"; 2. Click Define;
3. Click OK to confirm the category for target chemical. —

1 Document_1
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QSAR TOOLBOX

Category Definition
Defining Protein binding by OASIS v1.4 category

Filter endpaint tree... |1 [target] |

Structure
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g,

EHSubstance Identity _

EHPhysical Chemical Properties
FEnvironmental Fate and Transport
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Endpoint Specific

Acute aqua’ ity da 1

Defined Categories

1. Click OK to confirm the name of the category.
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QSAR TOOLBOX

Category Definition
Analogues

The data is automatically collected.

Based on the defined category (Schiff base formation<AND>Schiff base
formation >> Schiff base formation with carbonyl compounds<AND>Schiff
base formation >> Schiff base formation with carbonyl compounds >>
Aldehydes) 174 analogues* (plus the target chemical) have been identified.

* These 174 compounds along with the target chemical form a category, which
can be used for data filling (see next screen shot).

* The name of the category appears in the "“Defined Categories” window,
indicating the number of substances belonging to the category.
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QSAR TOOLBOX

Category Definition
Read data for Analogues

* The Toolbox automatically request the user to select the
endpoint that should be retrieved.

* The user can either select the specific endpoint or by

default choose to retrieve data on all endpoints (see
below).
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QSAR TOOLBOX

Category Definition
Read data for Analogues

Due to the overlap between the Toolbox databases same data for
intersecting chemicals could be found simultaneously in more
than one databases. The data redundancy is identified and the
user has the opportunity to select either a single data value or all
data values.

Repeated values for: 2569 data-peints, 917 groups, 681 chemicals — d x

Data points...
Endpaint CAS Structure Value Abnormal Select one
90-02-8 o 7eC
@; Invert

90-02-8 7°C
123-15-9 -100 °C E—
123-159 — -100 T

g o Unchedk all
123-15-9 -100 C
104-55-2 ; 7.5
104-55-2 L@ 7.5°C
BI-95-5 }@ 10;12 °C
— x Cancel

£ >

1. Click Select one and then 2. Click OK
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QSAR TOOLBOX

Category Definition
Read data for Analogues

The system automatically gives indication for the number of
gather experimental data points

OSAR Toolbox 3.4.0.17 >

3740 data points gathered across 159 chemicals.

.

1

1. Click OK
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QSAR TOOLBOX

Category Definition
Summary information for Analogues

* The experimental results for the analogues are inserted
into the data matrix.

Grouping methods

Filter endpaint tree...

[ Barget |2 &

Structure

HSubstance Identity
[HPhysical Chemical Properties
BEEnvironmental Fate and Transport
[HEcotoxicological Information
HHuman Health Hazards

M:17.8 mg/l, 9.79.. M: 594 mg/L, =10 M:12mg/L. 886 .. M:301mg/l. 88.7... M:1

Chemical statistics presenting the number of chemicals and
the available experimental data.
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QSAR TOOLBOX

Category Definition
Side bar of experimental data

e E - G010 “8®
- ‘_I_J o0 1
[ ) 10100 About Update
» Profiling ¥ Endpoint » Category Definition  } Data Gap

Delete

‘Filter endpoint tree. .. |1 [target] | |2 ‘ ‘3 | |4 | |5
A
J.,D
-CF =1 Sh “ra
Structure _.{/_/_<: é’_/_/_ @%@ 0”_/_/‘/ ch:/‘
Data points — O X
Endpoint Value Original value Effect Reliability ~
0.000105 moliL Mortality

M:17.8 mg/L, 9.79.0 M: 594 mg/L, =10, [UERES G IERERE [: 30.1 mg/L, 88.7... N

M: 38 milliliters per... M: 148 mg/L v

7.76E-5 molL Mortality
1GC50 114 mgiL 0.001 molL Growth
LTI T 16.5 maiL 0.000145 molL Physiology
G LCs0 12 mgiL 12 mgiL mortality 2 (reliable with
FCs0 499 mol 4 99 mo/l mnhility 1 (reliable withnut w7
>

|:| Transpose

Defined Categories
Document_5

1. Double-click on the cell with measured data to see detailed information.
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QSAR TOOLBOX

Category Definition
Recap

®* You have identified a mechanistic category by Protein

binding by OASIS v1.4 for the target chemical (4-Methy
hexanal).

* The available experimental results for these 174
analogues are collected from the previously selected
databases.

®* The user can then proceed to the module “"Data gap
filling”, but before that the user should navigate through
the endpoint tree and find the gap that will be filled in.
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QSAR TOOLBOX

Category Definition
Navigation throw the endpoint tree

®* You can proceed to the module “Data gap filling”, but
before that we will navigate through the endpoint tree
and find the gap that will be filled.

* As before we navigate through the data tree by closing
or opening the nodes of the tree.

* In this example, the IGC50-48h Growth for
Tetrahymena pyriformis is the target endpoint (see next
screen shot).
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QSAR TOOLBOX

Category Definition
Navigation throw the endpoint tree

QSAR Toolbox 3.4.0.17 [Decument_3]

- X
QSAR DOLBO & = 5
Filter endpoint tree... [1 targen |[2 IE e | [ I
Structure !_/—CH’ c{/_/—/_H= ©§® !_/_/—’:H C_/"Q/ﬁﬁ 6ff_/,—c-: 6/,;’
{HCell Proliferation Inhibition (1/1)
FCell Yield (1/4)
FICell(s) (1)
HDevelopment (13/40)
{#HDissolved Oxygen Production 1)
(111)
(4/18)
e e
HGenetics (3/10)
HEECS0 (9/21) M: 26 mg
IS0
HIGCE0
HProtozoa
HCiliophora
C”?::-:hymena pyriformis (68/68) M: 152 mg/L M: 59.4 mg/L M: 114 mg/L M: 88.7 mg/L M: 194 mg/L
HEILOE (4/3)
Defined Categories EHLOEL @)
Document_5 ; FEMATC
M: 47 m
1. Double click on the specific nodes to reach the leaf of the target endpoint - W
Ecotoxicological information; Aquatic toxicity; Growth; IGC50; 48h; Protozoa; "
Ciliophora; Ciliatea; Tetrahymena pyriformis.
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QSAR TOOLBOX

Category Definition
Navigation throw the endpoint tree with the
filter box

* Remember you can also navigate through the endpoint
tree by typing the endpoint of choice in the filter box
and then double clicking through the endpoint tree to
IGC50-48h Growth for Tetrahymena pyriformis (see

next screen shot).
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QSAR TOOLBOX

Category Definition
Navigation through the endpoint tree - use
filter

= [ target |2 IE [ IB 13 |7
o
Structure gﬂ {,—/_F OO 67—/_/‘/ ch/— éf_/_ '

FHSubstance Identity
HEcotoxicological Information
HAquatic Toxicity

Protozoa

Ciliophora

CCiliatea

Tetrahymena pyriformis (68/68) M: 152 mg/L M: 68.4 ma/l M: 114 mg/L M: 88.7 mg/L M: 194 mg/L

Immobilisation

haar (M

Defined Categori

1. Type "IGC” in the filter box; 2. Open the endpoint tree to the target endpoint.
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QSAR TOOLBOX

Outlook

* Background
* Objectives
* Specific Aims

* Trend analysis

* The exercise
* Workflow
®* Chemical Input
* Profiling
* Endpoint
* Category definition
* Data Gap Filling
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QSAR TOOLBOX

Data Gap Filling
Overview

* "“Data Gap Filling” module give access to three different data gap filling
tools:

e Read-across

e Trend analysis

* (Q)SAR models

* Depending on the situation, the most relevant data gap mechanism should
be chosen, taking into account the following considerations:

* Read-across is the appropriate data-gap filling method for “qualitative” endpoints
like skin sensitization or mutagenicity for which a limited number of results are
possible (e.g. positive, negative, equivocal). Furthermore read-across is
recommended for “quantitative endpoints” (e.g., 96h-LC50 for fish) if only a low
number of analogues with experimental results are identified.

* Trend analysis is the appropriate data-gap filling method for “quantitative
endpoints” (e.g., 96h-LC50 for fish) if a high number of analogues with
experimental results are identified.

* (Q)SAR models can be used to fill a data gap if no adequate analogues are found
for a target chemical.

* In our case trend analysis is applied

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 58



QSAR TOOLBOX

Data Gap Filling
Data Gap window

1. Click on Data gap filling.

- pre
h ol

» Category Definition » Data Gap

QSAR TOOLBOX

» Profiling » Endpoint

Filling

N N RN

About Update

Data Gap Filling Method

® Read-across
O Trend analysis
@ (Q)SAR models

Structure

:
Y

Target Endpoint

EHSubstance Identity
HEcotoxicological Information

I=lAquatic Toxicity

=|Protozoa

=ICiliophora
HCiliatea
Tetrahymena pyriformis (65/68) [ M: 152 mg/L M: 59.4 mg/L M: 1
[HImmaobilisation
HProfile
< >
756 Schiff base farmation< AND> Schiff base farmation > Schiff base farmation with carbonyl compa 1/0/0
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QSAR TOOLBOX

Data Gap Filling
Apply Trend analysis

L [] G i é
2 1650 [1 target] |2 iE | [¢ 1B [ I
;&[ r 2,
Structure ﬂ_/_(: ] /_/_F O @5 ,—2_/
. o0 ®
ESubstance Identity
HEcotoxicological Information
M: 152 mag/L M: 59.4 mg/L M: 1

1. Highlight the data endpoint box corresponding to Tetrahymena
pyriformis/IGC50/48h under the target chemical; 2. Select Trend analysis;
3. Click Apply.

736 Schiff base
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QSAR TOOLBOX

Data Gap Filling
Interpreting Trend analysis

* The resulting plot outlines the experimental IGC50 results of all
analogues (Y axis) according to a descriptor (X axis) with Log
Kow being the default descriptor (see next screen shot).

* The RED dot represents the estimated result for the target
chemical.

* The BLUE dots represent the experimental results available for
the other analogues.

* The dots (which we will see later) represent analogues
belonging to different subcategories.

* Before accepting the estimated result for the target chemical, the
trend analysis should be further refined by subcategorisation.
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QSAR TOOLBOX

Data Gap Filling
Results of Trend analysis

e E - (57610 &8 %\ 8
QSAR TOOLBOX T3 & o100 about Update

» Profiling » Endpoint » Category Definition » Data Gap

Filling

¥ into Categories

Developed by LMC, Bulgaria

Data Gap Filing Method |1 [target] | |3 | |4 | \7 \ \3
® Read-across £
O Trend analysis ey = s =, e
Iy Structure - /_/_F O ”_/—ﬂ /,—/7
@ (Q)SAR models & : 4 (& K. i me a
Target Endpoint I
| e ——— e T Meel  MS4mel  Milmgl  MESTmgl Mgl M.
1 Aguati
< >
Descriptors ‘ I Prediction | Adequacy | Cumul, freq. Statistics | Residuals ‘ Accept prediction
Return to matrix
Trend analysis prediction of IGC50,
making a linear approximation, based on 68 values from 68 analogue chemicals,
DObserved target value’: N/A, Predicted target value: 26.2 ma/L, ' Select/filter data
Selecti ===rm
Model equation: IGCS0 = +2.64 +0.450 * log Kow Gap filling approach
Descriptors/data
HModel/(Q)SAR
500 Calculation options
Visual options
J4.50 Information
g - Miscelancous
T4
B
2320
<
g
a 300
2350
200
log Kow
Descriptor X:  |log Kow V|
756 Schiff base formation<AND>Schiff base formation >> Schiff base formation with carbonvl compe Create orediction by gan filling 0/1 e
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QSAR TOOLBOX

Data Gap Filling
Side Bar of Subcategorization

* Subcategorisation refers to the process of applying
additional profilers to a previously defined category.

* The goal here is to identify chemicals which have
differing profiling results, eliminating these chemicals
from the category, and eventually getting a more
homogenous chemical category.

* In this example, two subcategorisations are applied to
prune the analogues.
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QSAR TOOLBOX

Data Gap Filling
Subcategorization

* Due to polyfunctionality of molecules, there are
analogues which may undergo protein binding reactions
different from those of the target compound.

* In addition, there are analogues which contain organic
functional group that differ from those of the target
compound.

* These analogues can be identified and later removed
via subcategorisation.
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QSAR TOOLBOX

Data Gap Filling
Subcategorization 1 (Protein binding by OEC

Y P T 6 8 %
Grouping methods 5 ‘—I_l 01 1
Lla 10100

General Mechanistic About Update
iodeg B half-life (Bi » Profiling » Endpoint » Category Definition » Data Gap Filling

i Schiff Base Formers

Schiff Base Formers >> Diret

Schiff Base Formers »> Diret

ydeg probabil

eg ultimate (B Differ from target by
ing © At least one (ategE

F
ine peptide d _ p .. /r/_/_ O ”_/_/" FC/‘ p f_/_
e peptide depl i E: F . F. EAR - &

Estrogen Receptor Bindin
alf-life (Ka, pH

o
afife (K, o ey | .| .. J °- . ] . | B
»

[1itarget]

alf-life (Kb, pH

(2) Michael addition >> Pola ors ||Pred\dmn | Adequacy Cumul, freq. | Statistics ‘ Residuals | Accept prediction

1) Mo alert found 1 Return to matrix
(g;) gcpg x&e ;O’mers Trend analysis prediction of IGC50,
Ionization at pH = 7.4 cr 58 FOMMErs == making a linear approximation, based on 68 values from 68 analogue chemicals,
Tonization at pH 1) Schiff Base Formers >> T Dbserved target value: N/&, Predicted target value: 26.2 mg/L, " \ | Select/filter data
p- ot -b j 67 Schiff Base Formers ==
e (2) SNAr Model equation: IGES0 = +2.64 +0.450 * log Kow

S (2) SNAr >> Mucleophilic ar
Protein binding s > > Hucleophilic ar
perfragments

Mark chemicals by W5
Mark chemicals by descriptol

Mark outlier points
ic hazard classification = " =

e biodeg Filter points by test conditions
Mark focused chemical

Metabolism/Transformations Mark focused points

B
s

Remove marked chemicalsfpoints
Documented

ved Marmmalian metabol
ved Microbial metabolisn
netabol

meta

Clear existing marks
Selection navigation
Gap filling approach
Descriptors/data
Model/(Q)SAR
Calculation options
Visual options
Information
ik (b Selected 26 ( ) log Kow Miscellaneous

Open Select/filter data; 2. Select Subcategorize; 3. From Grouping methods select

Protein binding by OECD. The green dots which represent analogues belonging to different

subcategories.
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QSAR TOOLBOX

Data Gap Filling
Information on an Analogue

* Additional information may be observed for any
analogue in the trend analysis.

* Analogues which are different from the target chemical
may be removed from the category.

* In this example, we will examine the upper most data
point (see the next series of screen shot).
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QSAR TOOLBOX

Data Gap Filling
Subcategorization 1 (Protein binding by OECD)

- Biow s 6 x
h Bk

} Category Definition » Data Gap Filling

Subcategorization

Grouping methods
Biodeg probabil fifistioptons

eg probability (.Eu vin 7} Target
eg ultimate (Bi ) Schiff Base Formers

DNA binding by . Schiff Base Formers = Direct Acting Schiff Base Former,

DNA binding by O Schiff Base Formers > Direct Acting Schiff Base Former, Developed by LMC, Bulgaria
eine peptide depletic eveloped by

1e peptide depletion 1 [target] 3 n 7 5 B E a

en Receptor Binding

About Update

Differ from target by:

o
4
O At least one category i - 2 - -
® Al categories r/—(; ;/—/_/_ OO ”_/—/‘/ /‘C/‘ —
L L # A, &

Analogues

eo/es) | P (ESETATI ST RESTET SEEET K .
2>

(22) Michael addition
(20) Michael addition >> Polarised Alkenes

! (20) Michael addition >> Polarised Alkenes >> Polarised | SRely s K (e -1 Sl I T A Y rediction
Protein bindiny by O/ B (2) Michael addition >> Polarised Alkynes | | ‘ CEE
Protein binding by OECD (2) Michael addition >> Polarised Alkynes == Polarised 3 1 eturn to matrix
Protein binding po 1 Trend analysis prediction of IGC50,
perfragment: (67) Schiff Base Formers making a linear approximation, based on 68 values from 68 analogue chemicals, —
%s?i Schiff Base Formers >> Direct Actini Schiff Base Fo Ubserved target value: N/A, Predicted target value: 26.2 mg/L, 8 s
1) Schiff Base Formers >> Direct Acting Schiff Base Forl | i
67) Schiff Base Formers > Direct Acting Schiff Base Fo Model equation: IGC50 = +2.64 +0.450 * log Kow

Ultimate bio

Endpoint Specific ) (2) SMAr >> Nucleophiic arormatic substitution : : : e
Acute aquatic 2) SHAr >> Hucleophilic aromatic substitution > > Acti g f f ark chemicals by descriptor value
Acute aguatic

Mark chemicals by WS

_________ Mark outlier points
Filter points by test conditions

Mark focused chemical
Mark focused points
MetabolismTransformations

Do not account metabolism "
Documented Remove marked chemicals/paints

Observed Mammalian metabolis: : : Clear existing marks
Gap filling approach
Descriptors/data
Model/(Q)SAR
Calculation options

I X Visual options
(acidic) log Kow Information

(basic) Miscellaneous

@ Select different

’ Remove ig ‘

1. Subcategorization 2. Select Protein binding by OECD 3. Remove analogues
which have different protein binding mechanism than the target chemical.

23.0Double click on the selected dot;
2.2015

Invert existing marks

756
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QSAR TOOLBOX

Data Gap Filling
Subcategorization 1 (Protein binding by OECD)

= Subcategorization ooi0" 68 =< \8

Grouping methods _ Ll About Update
£ Adjust options b Profiling » Endpuint ¥ Categary Definition
Nii

Target The OECD QSAR
Schiff Base Formers ing Cl

Schiff Base Formers == Direct A
Schiff Base Formers >> Direct A

Developed by LMC, Bulgaria

\1 Hargef] \ |3 | |4

Differ from target b

I
f,O
O At least one catego o o e e o
@ Al categ icture //_/_(: f,_/_/_ @;@ y—/_/‘/ cFC/‘ é’_f
CTetanymens pamis G U wngl Ws4nol  Mttmel  MOTmL  MSnel M,
>

(42) Schiff Base Formers
(42) Schiff Base Formers == Dire
(42) Schff Base Formers »> Dirers | |predicton | Adequacy | Cumui,freq, | Statistis | Resduals | Accept prediction

Return to matrix

Trend analysis prediction of IGC50,
making a linear approximation, based on 42 values from 42 analogue chemicals,

Observed target value: N/, Predicted target value: 41.7 mg/L, - select/filter data

Mark chemicale by WS

Model equation: IGCS50 = +2.13 +0.588 * log Kow

Mark chemicals by descriptor value
Ionizati | 1 _________
Ionization at pH = '
Protein binding

Mark outlier paints

Filter points by test conditions

Mark focused chemical

Mark focused paints
Metabalism/Transformations I Selection navigation
Do not account metabolis
Documented ¥ Descriptors/data
red Mammalian met Model/(Q)SAR
ed Microbial metab | Calculation options
Observed R lﬁsuﬂllphnns_'
Simulated )
Miscellaneous
736 Schiff base formation< AND> Schiff base formation » > Schiff base formation with carbonyl compo Create prediction by gap filling _
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QSAR TOOLBOX

Data Gap Filling
Selecting the Data Type

* The Toolbox allows the user to decide which type of
data to be used in cases where more than one result
are available for any analogue.

* This can be all values, average values, minimum or
maximum results (see next screen shot).

* It should be noted that averaging results is only useful
for quantitative endpoints, which is the case in this
example.
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QSAR TOOLBOX

Data Gap Filling
Selecting the Data Type

categonzation
o 1
10100
» Endpoint }» Category Definition » Data Gap Filling
Target
Schiff Base Formers

Schiff Base Formers >> Direct
Schiff Base Formers >> Direct

IE |[¢ I
Differ from target by:
O At least one categua
® Al categories 4

R
binding by OA I L Tetraymena pynformis wzap [T MAAB2mgll M S04 mgl (M Mlemgl M 88Tmgll (M 184mgl M.
>

o o (42) Schiff Base Formers
Dpﬂbmmg by OE (42) 5chiff Base Formers == [
g {42) Schiff Base Farmars > [ptars ‘ [ Prediction | Adequacy | Cumul. freq. | Statistics ‘ Residusls | Accept prediction

[ Harge e

Return to matrix
Trend analysis prediction of IGC50,
making a linear approximation, based on 42 values from 42 analogue chemicals,

Observed target value: N/A, Predicted target value: 41.7 mg/L, Select/filter data
Selection navigation
half-ife (pH 6.5 Model equation: IGCS0 = +2.13 +0.588 * log Kow Gap filling approach

natpH=1 Descriptors/data
n at p 4 Q) 2
nat p K | 0 = =
Tonization at p
Protein binding b

Data usage
Prediction approach options

Set level of significance

=
Metabolism/Transformations E‘LDD Visual options
Do not account metabolis i
Documented 5350
Observed Mammalian met; =
Observed Microbial metab §3 oo

Observed Rat In vi
served Rat
Simulated
mulato
ation simulator (al

Selected 0

756 Schiff base formation<AND= Schiff base formati i i icti ing

1. Open Calculation options; 2. Select Data usage

N
o
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QSAR TOOLBOX

Data Gap Filling
Selecting the Data Points

iRl 5o KRN
QSAR TOOLBOX 6 E h 10100

About Update

» Profiling » Endpoint }» Category Definition » Data Gap Filling

Filing The OECD QSAR Toolbox
. for Grouping micals
¥ Into Cat

Data Gap Filing Method ‘1 [target] | ‘3 | |4 ‘ |7 ‘ |B

@ Read-across

F

O Trend analysis /_/_(—:-, - ”_/_/‘/u, /{c-, e
Structure

@ (Q)SAR models - f/_/_ @b E £ é’_/_

Target Endpoint

| [ Tetratymena pyrformis eae) N SNSRI GRS SR [ G b
>

<
Descriptors | I Prediction | Adequacy Cumul. freq. Statistics | Residuals | Accept prediction
Return to matrix
. ) T_renq analysis prediction of IGC50, .
T S eerven saraer vaboe: N{ P Precictoa Harget valier S17 oy o0 Select/filter data e
Selection navigation
Model equation: IGC50 = +2.13 +0.588 * log Kow Gap filling approach
Descriptors/data
Model/(Q)SAR
5.00 4 [~ Calculation options
| Data usage
24 50 Prediction approach options
E Set level of significance
Fioo | T
% Information w
=350
ol Set usage of icalk:
Ea 00 1
27 Oal
2150 b (O Minimal
(O Maximal
200 (®) Average
(O Median
1. Select type of data to use (in this case Average is selected (the
. -
default option); 2. Click OK
v LA
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QSAR TOOLBOX

Data Gap Filling

Subcategorization 2

") 2UDCATEgonzatoen

Grouping methods
Bioaccumnulatic
Target

Aldehyde
Alkane, branched with tertian)

» Endpoint

(Organic functional groups (nested))

‘_I—‘ 'IGIM‘)

» Category Definition » Data Gap Fillii

About Update

ECD QSAR
ping Chemi
“ategories

by LMC, B

[1 target] ¢ I |

Eye irrit:
0 mutagenicity (
mutagenici

Differ from target by:
O At least one catego

itein binding alert:

e @;@ ,Iﬂ e

stein binding alert:

irat: nsi (1) Alkane branched with g

= Tetrahymena pyrformis

@242) | NSO VESSHTC Mre M MEe_—_ o
>

(4) Alkoxy

Adeguacy
(1) Alkyl arenes |

(3) Allyl

(1) Alpha,beta unsaturated al
(5) Aryl

7) Aryl halide

(2) Mitrobenzene
(28) Overlapping groups
uctural similarity (13) Phenol

Tautomers unstable

Metabolism/Transformations
Do not account metabolism
Documented
Observed Mam
served
Observed Rat In
erved Rat Liver
Simulated

alian m

Cumul, freg. Statistics | Residuals | Accept prediction
Return to matrix
Trend analysis prediction of IGC50,
making a linear approximation, based on 42 values from 42 analogue chemicals,
Dbserved target value: N/A, Predicted target value: 41.7 mg/L,

1= Select/filter data

Model equation: IGCS0 = +2.13 +0.588 * log Kow

Mark chemicals by WS
. Mark chemicals by descriptor value
1: Mark outlier points

i Filter points by test conditions

Mark focused chemical

Mark focused points
Invert existing marks
Remove marked chemicals /points
Clear existing marks
Selection navigation
Gap filling approach
Descriptors/data
Model/(Q)SAR
I-| Caleulation options

Data usage

(basic)
(neutral)
n simulatol

756 Schiff base formation<AMD> Schiff base formation > > Schiff base formation with carbonyl compo

methods select Organic functional groups(nested);
3. Press Remove.
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QSAR TOOLBOX

Data Gap Filling
Subcategorization 2 (Organic functional groups (nested))

o & m R
QSAR TOODLBOX 10100 About Update

» Profiling » Endpoint » Category Definition » Data Gap

Filling

¥

Data Gap Filing Method [1 arget) |l I[F IE

® Read-across

o .
QO Trend analysis s s ¥ }_(“cr:
Structure . - //_/—/_ ”_/_/‘/ 4 ”_/_ i~
4 K F; + e a

@ (Q)SAR models

Target Endpoint

| ey pyfoms W [T M el Mtmgl  WETegl Mgl Mmel WL
¥

Descriptors ||Predichun ‘ Adequacy | Cumul. freq. ‘ Statistics | Residuals | Accept prediction

<

Return to matrix
Trend analysis prediction of IGCS0,

making a linear approsimation, based on 14 values from 14 analogue chemicals,

Observed target value: N/, Predicted target value: 69.6 mg,L, = Select/filter data

| Subcategorize

Model equation: IGCS0 = +1.93 +0.577 * log Kow
Mark chemicals by W5

E . ‘ Mark chemicals by descriptor value

Mark outlier points

£
in
=1

: Filter peints by test conditions

Mark focused chemical

=
o
=1

Mark focused points
Gap filling approach
Descriptors/data
Model/(Q)SAR
|- Calculation options

Data usage

o
i
=1

1GC50 {obs.), logi1imelL}

o
=
=

Prediction approach options

I I e R g Setlevel of significance

T T
250 300 i Visual options
log Kow

Descriptor X: | log Kow ™

736 Schiff base formation<AND>Schiff base formation > > Schiff base formation with carbonyl compo Create prediction by gap filling _
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QSAR TOOLBOX

Data Gap Filling

Accepting the prediction result

;h o1 1
QSAR TOOLBOX 10100

» Profiling » Endpoint » Category Definition » Data Gap

Filling

¥

Data Gap Filing Mathod [ Harget] iE 17 18
@ Read-across
2 = .
O Trend analysis s i -CHa ]
Structure p - p /,—/_
@ (Q)SAR models & : s £ & e & o
Target Endpoint
| T Feratymena pyerms o I M s Mmgl MsTegl M.
< >
Descriptors ‘ | Prediction ‘ Adequacy | Cumul. freq. Statistics | Residuals ‘ Accept prediction /
Return to matrix
Trend analysis prediction of IGC50,
making a linear approximation, based on 14 values from 14 analogue chemicals,
observed target value: N/&, Predicted target value: 59.6 mg,/L, Select/filter data
Selection navigation
Model equation: IGC50 = +1.93 +0.577 * log Kow Gap filling approach
. Descriptors/data
Model/(Q)SAR
450 [EG lion options
Visual options
2 Information
Eq o Miscellaneous
=
]
2
$350
e
=
2
o
2300
250
Desariptor X: | log Kow
756 Schiff b. AN Sl L e Y Crmntoniad b can il LA —

1. Select Accept prediction and 2. Click Return to matrix.
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Outlook

* Background
* Objectives
* Specific Aims

* Trend analysis

* The exercise
* Workflow
®* Chemical Input
* Profiling
* Endpoint
* Category definition
* Data Gap Filling
* Reporting
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Report
Overview

* Remember, the report module generates reports on any
of predictions made with the Toolbox.

* The report module contains predefined report templates
as well as a template editor with which users can define
their own “user defined” templates.

* The report can then be printed or saved in different
formats.
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Report
Generate Report

- o0 8 e\ BE
QSAR TOOLBOX 5 sh %100 Do (T

» Profiling ¥ Endpoint » Category Definition » Data Gap Filling

Filling

¥

Apply

Data Gap Filing Method [1 Rargett

@ Read-across

3 P
O Trend analysis 2y ,,ifk - 4 P
~~ s @3@ g -

@ (Q)SAR models 4

Target Endpoint

ESubstance Identity
HEcotoxicological Information

HAquatic Toxicity

CIProtozoa
FICiliophora
lCiliatea
Tetrahymena pyriformis (RT3 T- 69.6(20.8;
Immaobilisation

EPrafile Explain
Delete predi

152 mg/L M: 59.4 mg/L M: 1
Copy

Display predi
. Explain predicty
Edit predictién info
< Report
‘€1 IUCLIDS

1. Right click on the cell which contains the predicted value;2. Select Report from the menu.
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Report
Generate Report

E 67610" “ 80|
QSAR TOOLBOX

About Update
» Profiling » Endpoint » Category Definition  » Data Gap Filling

Reports Repository
pe

% ; = B

Available data to report

Print

Predictions
(Q)SARs
Categories

Prediction of IGC50 for hexanal, 4-methyl- 1/30

OSAR Toolbox prediction for single chemical

The template of the current report is based on "GUIDANCE DOCUMENT ON THE
VALIDATION OF (QUANTITATIVE) STRUCTURE-ACTIVITY RELATIONSHIPS MODELS™

published by OECD (Sep er, 2007) and "GUIDANCE ON INFORMATION
REQUIREMENTS AND CHEMICAL SAFET Y ASSESSMENT / CHAPTER R.6: QSARS AND
GROUPING OF CHEMICALS" published by ECHA (May, 2008).

The report provides information about the target substance, chemical characteristics
used for the grouping, the resulting boundaries of the group of chemicals (applicability
domain), the type of data gap filling approach that was applied (read-across, trend
analysis or QSAR models), the predicted result{'s) and in the Annex information about
the category members or training set and test set chemicals.

<

show only relevant templates

756 Schiff base formation<AND=> Schiff base formation »> Schiff base formation with carbonyl compo 1/0/0
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Outlook

* Background

* Objectives

* Specific Aims
* Trend analysis
* The exercise
* Workflow

* Save the prediction result
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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

® = B B B oS
QSAR TOOLBOX [ 10100 About Update
» Input » Profiling » Endpoint » Category Definition » Data Gap Filling
Document Single Chemical Chemical List
= 4
Query
Daocuments
Document_1
Structure
& m
3
£
[FSubstance Identity
[FlEcotoxicological Information
HAquatic Toxicity .
Save As =
Sl | A |« TB34 > Newfolder v &) | Search New folder »
ClCiliog
[cili Organize » Mew folder v e
1 Irina A MName Date modified Ty nglL M: 59.4 mg/L M1
(Fllmmabilisation Kalin .
[HProfile [ Tutorial 5.tbw TB)
Ksenia D Tutop TBY
Loreal_Cramer B
v
Mails >
File name: ~
Save as type: | Toolbox work file (*.thbw) ~
-
& . A Hide Folders Cancel
< >
JSE Schiff b, AR Schiff b biEf b, ith carbonl 1/0

1. Go to Input section 2.Click on Save button 3. Define name of the file; 4. Click Save
button
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Open saved file

A m
QSAR axmem- B O X oot Y100

» Endpoint » Category Definition  » Data Gap Filling

LN N |

About Update

Chemical List

2

Que Inven Developed by LMC, Bulgaria

Documents |F\Iher endpaint tree...

Structure

EHPhysical Chemical Properties
HEnvironmental Fate and Transport
[HEcotoxicological Information
BEHHuman Health Haz=w:

| Select file X
H « TB34 » Mewfolder v O Search New folder =)
Organize ~ Mew folder Ez » [TH o
Gergana A Name Date madified Type
Import files [ Tutorial 4.tbw 7/12/2016 10:51 AM TBW File
Install ] Tutorial 5.thw 7/11/2016 344 PM TBW File
Irina [ Tutorial 9.tbw 6/27/2016 456 PM  TEW File

Kalin [ Tutorial 11.tbw e
Ksenia [ Tutorial 24.tbw L TBW File

Loreal Cramer ¥ <€

File name: |Tutoria| itbw V| Toolbox worl ~

Cancel

... select filter type .. Apply

|

‘ 1. Create new document 2. Click Open; 3. Find and select file; 4. Click Open
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Open saved file

f&)

» Input

i
» Profiling

QSAR TOOLBOX

Document Single Chemical

¥ Endpoint } Category Definition

* Data Gap Filling

Chemical List

About Update

VFiter endpeint tree... ‘1 [target]
L o
i Docum oy - o -
- Tutorial 4. thw Structure ,r/—/_(c: ‘2’__}_’_ ,;/—/_/_ OO @5 6‘1—8_/
£ - 4 X
[HSubstance ldentity
EPhysical Chemical Properties (453/2172) M:201:202°C, 1.9 M-131°C. 441, 1. M-292°C 335°C M:270°C.191. 5. M-129°C M: 2.
HEnvironmental Fate and Transport (111/457) M: Mot ready, 21.6... M:R
[HEcotoxicological Information (163/4409) T: 69.6(20.8;232) ... M:17.8 mg/L, 9.79... M: 59.4 mg/L, =10... M: 12
EHHuman Health Hazards Information ® M: Negative, MNegat... M: 666 mg/kg M: C
oﬁle
FlGeneral Machanistic 0 The file was executed successfully
N\
CH
? CHz
|:| < >
TEE Chiff hace farmatinnz ANNS Gehiff hace farmati Cobatr bos fopnobinn it cocbon ) o o) 2/0/0
1. The file is opened successfully 1. Click OK
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Congratulation

* By now you should feel comfortable with the six basic
modules of the toolbox and how they form the workflow
of the Toolbox.

* In this tutorial you have been introduced to several
additional function in the Toolbox.

* You have used different profilers in subcategorizing the
initial category of the target chemical.

* Remember proficiency in using the Toolbox comes with
practice.
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