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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
[www.oecd.org/env/existingchemicals/gsar] as well as
go through tutorials 1 - 3.

Outlook

* Background

* Objectives

* Specific Aims
* Trend analysis
* The exercise

* Workflow



C:/DOCUME~1/huxley_j/LOCALS~1/Temp/FrontPageTempDir/www.oecd.org/env/existingchemicals/qsar

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.g.,
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.

The OECD QSAR Toolbox for Grouping Chemicals into Categc 05.10.2012
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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.

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.

QSAR 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

QSAR TOOLBOX
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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.

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




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.
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QSAR TOOLBOX

Chemical Input Screen
Input target chemical by CAS#

QAR Toslbox 3.00.840 [Dosur

+ Endpoint + Category Definition  » Data Gap Filling

1. Click on CAS# and a dropdown box will appear (see next screen shot) |
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QSAR TOOLBOX

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

-
|| Search by CAS #
i

41065-07-8 » |l Tautomeric sets ) Search
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Yes
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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.
-] Search by CAS & — =R

ww065978 | [FlTsusomenceets | O search

Select Al Clear Al Invert Selection | Selected 10f 1

|names  |caspiame [2Dmame |cas/zo

Selected |cas smiles _|Depiction

1: Low QU1: Low QU1i Low

41065-97 fegusilae] 1: hexane
1:ME 1: ME|

Yes

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

Chemical Input
Target chemical identity

The OECD QSAR Toolbox for Grouping Chemicals into Categories 05.10.2012 24

12



QSAR TOOLBOX

* Background

* Objectives

® Specific Aims
* Trend analysis

®* The exercise

* Workflow
®* Chemical Input
* Profiling

Outlook

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.

11.2.2013
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QSAR TOOLBOX

Profiling
Side-Bar to Profiling

Summary information of the different profilers is provided in the “"About”.
) ! _ ———

QSR Toolbax 30,0840 [D<ument il
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i ‘9' Name
oraors kg Exvrtot, ProceriGanbie, e, Researh
rostuteforFragrance Mot RPM), Do s O Hosersl
Food bt e e Lo

Adopted Q5AR Toolbox 2.0, October 2010
Nomber of categories 85
Number of help fles 85

GJ
1. Select the name of the profiler and perform a right click on it;
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

1. Check all the General Mechanistic profilers; 2. Click Apply

The OECD QSAR Toolbox for Grouping Cl

hemicals into Categories 05.10.2012

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 v1.1 - background information can be
retrieved by double click on the box with Protein binding
by OASIS v1.1 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”.

The OECD QSAR Toolbox for Groupin
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QSAR TOOLBOX

Profiling
Profiling the target chemical

f—Protoin binding by OASIS v1 1
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1. Double click on Protein binding by OASIS profiling result
2. Click Details to see the explanation of Aldehydes category

he OECD QSAR Toolbox for Grouping Chemicals into Categories
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QSAR TOOLBOX

Profiling
Profiling results — Explain

Protein binding by OASIS

Aldehydes
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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 a few common endpoints.

* In this example, data are collected from all databases
except the RepDose Fraunhofer ITEM and the
Repeated dose toxicity NEDO.

* Expand the Human Health hazard section
* Click on the box to select database.
* Click on “Gather data” (see next screen shot).

The OECD QSAR Toolbox for Grouping Chemicals into Categories 05.10.2012

QSAR TOOLBOX

Endpoints
Gather data

|—DHA binding by OECD

|—DPRA Cysteina paptida dapiation

{—DPRA Lysine poptide deplstion

1. Select all databases associated with Physical Chemical Properties; Env. Fate and transport;

Ecotox. Information and Human Health Hazard Expand 2. Expand Human Health Hazard
section 2. Unselect both databases mentioned in the previous slide databases 3. Click
Gather

The OECD QSAR Toolbox for Grouping Chemicals into Categories 05.10.2012
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QSAR TOOLBOX

Endpoints
Case study

* 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".

QSAR TOOLBOX

Endpoints
Recap

* The work flow 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.

19
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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/dataoecd/58/56/46210452.pdf

* Re-examine slide 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.

QSAR TOOLBOX

Category Definition
Protein binding by OASIS v1.1 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.

11.2.2013
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QSAR TOOLBOX

Category Definition
Side bar to Protein binding by OASIS v1.1
grouping method

* Protein binding by OASIS v1.1 includes 85 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

1. Highlight the “Protein binding by OASIS v1.1”, 2. Click
Define;
3. Click OK to confirm the category for target chemical.
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QSAR TOOLBOX

Category Definition
Defining Protein binding by OASIS v1.1 category

QSAR Toomox 30,0855 DEUMEHCIT e

o ox BB T ] il =

Lo | 2

»—‘Click OK to confirm the name of the category. b
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QSAR TOOLBOX

Category Definition
Analogues

* The data is automatically collated.

* 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) 699
analogues (plus the target chemical) have been identified.

®* These 699 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

05.10.2012

below).
Read data? N— M
@ Allendpoints  (©) Choose... [¥] from Tautomers { v o ] [ X Cancel l
_—— — J

QSAR TOOLBOX

Category Definition
Read data for Analogues

data values.

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

Repeated values for: 1954 data-points, 595 groups, 348 chemicals

=)

Data points...
Endpoint cAs

value Abnormali

ity 5

50-00-0
50-00-0
50-00-0
50-00-0
Melting point 542-789
Melting point 542-789
124-130
124-130

I s =

HEx
g

HiCy
Wy

E

155K
155K

B1K
72deg C
72deg C
246K
246K

Check All

Uncheck All

XK 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

QSAR Toolbox 3.0.0.855 =5

9021 data points gathered accross 698 chemicals,

| I
- J

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.

Structure /_(f
=| ©Substance iemity @
EPhysical Chemical Prapertisk 47411699) 201202°C 19, M 131°C 4411, M 282°C,335°C M 62°C
BEnwonmental Fate snd Trans por (1040377) 150 %, 216 Pa-
BEcotoricologicsl Inormation euma) W78 mgl 879 M 594 mgl >10 M 20 %, 50
EBHuman Health Hazards (28913225
BProlie

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

‘| 1. Double-click on the cell with measured data to see detailed information. }7

The OECD QSAR Toolbox for Grouping Chemicals into Categories 05.10.2012

Category Definition
Side bar of experimental data
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The OECD QSAR Toolbox for Grouping Chemicals into Categories 05.10.2012

Category Definition
Recap

You have identified a mechanistic category by Protein
binding by OASIS v1.1 for the target chemical (4-Methy
hexanal).

The available experimental results for these 552
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.

11.2.2013
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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).

The OECD QSAR Toolbox for Grouping Chemicals into Categories 05.10.2012

QSAR TOOLBOX

Category Definition
Navigation throw the endpoint tree

ssssss

] L Enpui w3

1. Double click on the specific nodes to reach the leaf of the target endpoint -
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).

05.10.2012

The OECD QSAR Toolbox for Grouping Chemicals into Categories

QSAR TOOLBOX

Category Definition
Navigation through the endpoint tree - use
filter

QSAR TOOLBOX

1. Type “IGC50” in the filter box; 2. Open the endpoint tree to the target
endpoint.

The OECD QSAR Toolbox for Grouping Chemicals into Categories 05.10.2012
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e OECD QSAR Toolbox for Grouping Chemicals into Categorie: 05.10.2012

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.

e OECD QSAR Toolbox for Grouping Chemicals into Categories 05.10.2012
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QSAR TOOLBOX

Data Gap Filling
Data Gap window

1. Click on Data gap filling.

QSAR TOOLBOX

Structure

@Substance Identity
Ecutoxclagcs kymaon
ElAquatic Toxicity

o, . 152001

M 59.4 mgL

he OBCOEQS AR/ ing Ceeriidals, & ie 05.10.2012

QSAR TOOLBOX

Data Gap Filling
Apply Trend analysis

Qs

— —
Afgeea 0OLBOX 4 F['l
E — rormn »Endpoint  + Category Denwtion ¢

ESubstancs ldentity
ElEcotaxicological Information
EAquatic Toxicity

GPretozen
Elciiaphora
EiCiliatea
Tatrahymen pyrfommis M. 152 mglL
{Himmobslisation

M: 59.4 mgiL

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

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 for those of the target
compound.

* These analogues can be identified and later removed
via subcategorisation.
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Data Gap Filling
Subcategorization 1 (Protein binding by OECD)

= —
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3 1. 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.

QSAR TOOLBOX
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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).

The OECD QSAR Toolbox for Grouping Chemicals into Categories 05.10.2012
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QSAR TOOLBOX

Data Gap Filling
Subcategorization 1 (Protein binding by OECD)
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1. Double click on the selected dot; 2. Select one of the category from the list
3. Click Details to see the definition of the category.
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Data Gap Filling
Subcategorization 1 (Protein binding by OECD)
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! 1. Click to close the window l—
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QSAR TOOLBOX

Data Gap Filling
Subcategorization 1 (Protein binding by OECD)
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- - 1. Close the window; 2. Remove analogues which have
ST e A S e e S e different protein binding mechanism than the target chemical.
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QSAR TOOLBOX

Data Gap Filling
Subcategorization 1 (Protein binding by OECD)
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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 guantitative endpoints, which is the case in this
example.
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Data Gap Filling
Selecting the Data Type
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1. Open Calculation options; 2. Select Data usage —
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QSAR TOOLBOX

Data Gap Filling
Selecting the Data Points

1. Select type of data to use (in this case we select Median (the default option); 2. Click OK
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QSAR TOOLBOX

Data Gap Filling
Subcategorization 2 (Organic functional

groups(nested))
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I ~===2""| 1, Select Subcategorization; 2. From Grouping methods select
Organic functional groups(nested); 3. Press Remove.
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QSAR TOOLBOX

Data Gap Filling
Subcategorization 2 (Organic functional
groups(nested))
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Data Gap Filling
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1. Select Accept prediction and 2. Click Return to matrix.
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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
* Reporting

The OECD QSAR Toolbox fo

QSAR TOOLBOX

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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QSAR TOOLBOX

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

Congratulation

* 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 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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