Toxmach UserVinul



IDEACONSULT

Toxmatch User Manual

Nina Jeliazkova
Ideaconsult Ltd.

4 Angel Kanchev St.
1000 Sofia, Bulgaria
Phone +359 886802011

Email nina@acad.bg

Grace Patlewicz, Ana Gallegos Saliner
European Chemicals Bureau, TP 582

Institute for Health & Consumer Protection
Joint Research Centre, European Commission
21020 Ispra (VA), Italy

Phone +39 332789616, +39 332789291
Email grace.patlewicz@jre.it

ana.gallegos@jre.it

-“[ ™
e

* X %

* *

* *

* *

* 5 *

EUROPEAN COMMISSION



mailto:nina@acad.bg�
mailto:grace.patlewicz@jrc.it�
mailto:ana.gallegos@jrc.it�

Table of contents

IR OAUCHIO . cncenannnannnennennnenreninnensnencsensssessesssesssnsssesssessssesssessssessns
BACKGIOUR a...nnnanaannanaanvinnnanrinnsnnniioscsansiosssssssossssssssssssssssssssssssssssssssans
Main features At @ GIANCE .......ueueeueeoneaerosuevossueesssaresssrssssresssssssssssssanses
Y T 7)) L A 1 K
Launching TOXMALCH........u.eeeeeeoneeeeoueeessseressurisssrssssrssssrssssssssssssssassees

MaiN SCPEEN LAPOUL..anaaaaeennaaaereossuevieosssansrosssssssesssssssssssssssssssssssesssssssases

STHULATTLY cavvevonnernsvuriossarnsssarissssrisssssisssssissssssssssssssssssssssssssssssssssssssssssssssss

Background

How to

TOSE SO auneeeenneeereenneeerreneeeersessesessessesessssssssssasssssssessesessssssssssssssssssensasssansane

STIILAVILY ALTIX aoovoonnnneiosissnriossssariocssssssssssssssesssssssssssssssssssssssssssssssssssss
File PPOCESSING c.uuueeoennevevsuvrnisuernsssvnssssnnsssasissssssssssssssassssssssssssssssssssssansssses
) 5 2]/
CORSIGUTALION cuuannnneeennnernsvernssaerossasisssasissssssssssssssssssssssssssssssssssssssssssssssss
EXTluuuueeriiiisericssssaniicsssssssosssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
Case Study — BCF 1ead QACEOSS a....uueveueeeeossuvesssueessssssssssnsssssssssssrssssssssssses

Load training set

............................................. 39

............................................. 40

Load test set

............................................... 4

41
42




Exploring the descriptor space 44

Similarity in descriptor space — Euclidean distance 46
Similarity assessment of the test COMPOUN...........coiiriiriiiiie ettt st esteeseenseesaeesaesseeseas 49
Exploring similarity asSESSMENLE TESUILS ......cueeieriieriierieeieeiertese et et e eteeetesteesseeseetessaesaeesseenseenseessesseesseeseensesnsesnnesses 51

Structural similarity - Fingerprints 53
Training set
Test set..........

Exploring similarity assessment reSults — (SCALET PLOTS)......eerueeruieriieiieiietieit ettt et s 54
Exploring similarity assessment results — (SIMilarity MatriX) .......ccceoevereriririeieniieneneseseee et 54

Structural similarity — atom environments 59




List

Figure 1: Main application screen upon launch
Figure 2: Selecting and opening a training set
Figure 3: Group selection
Figure 4: Main application window with training set loaded
Figure 5: Selecting data fields to be saved
Figure 6: Descriptor calculation
Figure 7: Descriptors import dialog
Figure 8: Groups selection
Figure 9: Defining a new group by different criteria

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:

Figure 25: Available similarity measures to the training set

Figure 26:
Figure 27:
Figure 28
Figure 29:
Figure 30:
Figure 31
Figure 32:
Figure 33:

Figure 34. Application version

Figure 35:
Figure 36:
Figure 37:
Figure 38
Figure 39:
Figure 40:
Figure 41
Figure 42:
Figure 43:
Figure 44.
Figure 45:
Figure 46:
Figure 47:
Figure 48:

of figures

S Co N W

Defining a group consisting of chemicals with reactive mode of action (MOA=REACTIVE)
Group attributes

Defining new group by parameter range (1.0 < LogP < 2.0)

Group visualization

Data fields selection

Prediction based on similarity and k-nearest neighbours (k most similar chemicals)
Classification based on similarity and k-nearest neighbours (k most similar chemicals)
Similarity method selection

Similarity method configuration

Further similarity options

Similarity vs. activity plot

Predicted activity by kNN vs. measured activity plot

Training/Test similarity

Identifiers selection tab

Descriptors selection tab

Similarity to the training set vs. similarity to the test set. (Euclidean distance)

The interpretation of training / test comparison plot

Structure view

Table view

Dataset information

Structure diagram editor

Scatter plot of the training data set for Aquatic toxicity, X=LogP, Y=eLUMO

Pair wise similarity between compounds from group "Inert chemicals (narcotics)”

Toxmatch configuration

Endppoints selection

Groups selection

BCF training set loaded

Prepare .csv file with text editor

Prepare .csv file with MS Excel™

Descriptors selection

Exploring descriptor space with scatter plot

Zoom into user defined area

Labels

Zoomed area with LogBCF as labels

The Similarity menu for the training set (top panel)

Similarity methods

Similarity method options

11
12
13
13
14
14
15
16
20
21
22
23
23
24
25
26
27
28
29
30
31
32
33
34
35
36
38
39
40
41
42
42
43
43
44
45
45
46
46
47
47
48




Figure 49:
Figure 50:
Figure 51:
Figure 52:
Figure 53
Figure 54.
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61:
Figure 62:
Figure 63

Similarity method options

Selecting fields to display

Similarity calculation

Displaying results

Predicted vs. observed LogBCF

Predicted vs. observed LogBCF

Selecting fingerprints for similarity assessment

Similarity assessment of the test set

Tanimoto distance vs. observed LogBCF

Similarity matrix for the training set

Similarity matrix for the test set

Most similar structures to the test set structure (Tanimoto distance)
Selecting descriptors to be displayed

Selecting similarity indices and predicted LogBCF to be displayed

Dataset display in table mode

48
49
50
51
52
52
53
54
54
55
56
57
58
58
59




Introduction

Toxmatch is a fully-featured and flexible user-friendly open source application, which
encodes a variety of chemical similarity indices including several structural and
descriptor based chemical similarity indices. A number of file formats are supported.

The Toxmatch application is suitable for use on a standalone PC. It has been designed
with flexible capabilities for future extensions (e.g. other similarity schemes that might
be developed in the future).

Background

Chemical similarity is a widely used concept in toxicology based on the hypothesis that
similar compounds have similar biological activities. This hypothesis has a number of
supporting examples as well as many examples where the relationship does not hold.
In the latter case, a small change in chemical structure can lead to a significant change
in biological activity (the so-called “similarity paradox”). Philosophy teaches us that
similarity is not an absolute concept, but a relative one. This has important
consequences on the precise definition of chemical similarity. Hence two objects
cannot be similar in absolute terms, but only with respect to some property of the
object. In the same way, two chemicals can only be similar with respect to some
measurable key feature. A computerised analysis of similarity is based on numerical
representation of the compound and a measure (similarity index) between these
representations. There are a plethora of numerical representations (e.g. descriptors,
structural or 3D representation) available for chemicals in addition to a range of
approaches to measure the similarity. Toxmatch is able to determine the representation
from structures supplied and to extract descriptors imported from a file. Since there is
a vast number of published representations (more than 3000 descriptors available),
Toxmatch provides implementations for only a subset. Two structural similarity
approaches are encoded into Toxmatch. These are based on fingerprints and atom
environments.

The objective of assessing chemical similanity in toxicology is to enable a more
systematic identification of chemicals with similar biological activities. Given the

“similarity paradox”, it is unlikely that a single similarity measure exists which will be
universally appropriate, instead similarity is best related to a given endpoint. Toxmatch
provides several endpoint specific similarity measures, where descriptors are selected
using a training set in combination with data mining methods.
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Main features at a glance

»  Ability to load datasets from .7, .sdf files, or from a list of SMILES codes
arranged in #xt, .cvand .x/s files;

»  Structural information can be complemented with descriptors stored elsewhere
Le. .sdf, .txt, .oy and .x/ks files. In this case, a primary key linking the structures
and other information needs to be defined;

= Descriptors can be calculated on the fly or imported from separate files;

»  Pair wise and composite (average) similarity measures can be calculated;

»  Results are displayed in a table which can be subsequently exported;

»  Chemicals may be ranked with respect to a chosen similarity index;

»  Readyexport of calculated similarity indices and similarity matrix in sdf; .txt, .cv

and/or .x/s formats;

» Various graphical displays including scatter plots, pair wise/composite
similarity histograms and similarity matrices which can be exported as jpg and
prgformats;

» Implementation of a range of similarity indices, including:

» Distance-Like similarity indices:

*  General definition:
D, (k,x)=[k(Z,, +Zy)/2-xZ,,]" ,D,, =[0,0)

» Euclidean Distance Index (k=x=2):
1/2
D, (k,x)= [ZAA + 25— 2ZAB]

»  Correlation-like similarity indices:
*  General definition: V ,, (k,x) = (k—x)Z ,,D 5 (k,x),V ,, =[0,1]
* Hodgkin-Richards index: H ,, =27 ,[Z ,, +Z,,]"

* Tanimoto index: T, =2Z ,[Z,, + Zps = Z 5]
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» Cosine-like  similanty  index or  Carbdé  index:
Cin =ZplZ 112 ]71/2

Development tools

The Toxmatch application is implemented in Java™. The basic cheminformatic
functionality relies on the open source LGPL licensed Java™ library The Chemistry
Development Kit (CDK). The Integrated Development Environment (IDE) Eclipse,
in conjunction with Apache Ant is the main development tool. Some of Toxmatch’
capabilities are provided by the following open source libraries:

= JChemPaint - a structure diagram editor, which recently became part of CDK;

»  orgxmleml - CML support;

= gnujaxp - XML support;

» jgrapht - graph algorithms library;

= apache log4j - application logging;

* javax.vecmath - vector and matrix classes;

"  junit - test suite framework;

»  JFreeChart - scatter plots and histograms;

»  Weka - classification and clustering algorthms;

» Toxtree - decision tree approach to estimating toxic hazard.

Launching Toxmatch

On a Windows ™ platform, Toxmatch may be launched either by using the “Start”
menu, or by double clicking on the Toxmatchjar file (the full path name is
“C\Ideaconsult\ Toxmatch-vX.YZ\bin\ Toxmatch.jar”).
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On all platforms (having Java™ 2 Runtime, Standard Edition 1.5 or newer installed),
Toxmatch may be launched by executing the following command (after
decompressing the ZIP archive distribution of Toxmatch):

java —jar Toxmatch.jar

Please, note that in the above mentioned command ‘java” and
“Toxmatch.jar” should be eventually prefixed with the full path to java and
Toxmatch on the destination platform.

Main screen layout

The main Toxmatch application window that appears upon launch is shown in Figure 1
below. The areas can be designated into the following: training/test dataset areas,
training/test set groups and a visualisation area. The training dataset is akin to the
terminology used in the (Q)SAR field. Here investigations on a starting dataset of
chemicals and/or data are referred to as “training dataset”. A dataset that is used to
investigate the utility of the results derived from the training dataset is known as the
test dataset.

In grouping approaches, the training dataset may represent a series of existing
categories whereas the test set would represent the new chemical(s) under evaluation.
Note the training dataset and test dataset can contain only one compound each as a
minimum.
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Figure 1: Main application screen upon launch

Training set

Toxmatch is able to open the following file types: CML, CSV, HIN, ICHI, INCHI,
MDL MOL, MDL SDF, MOL2, PDB, SMI, TXT and XYZ file types.

Please, note that whilst CSV files can be read/written by MS Excel™
attention should be paid to the cell format (namely ‘text’). Input of CSV and
TXT requires a column with a “SMILES” heading in order for the structure
to be read correctly. All other fields are optional and will be read and
displayed as molecule properties.

Toxmatch includes data sets for six toxicity endpoints — Aquatic txicity, Bioconentration
Jactor, Skin sersitization, Skin irvitation, Caranogeriaty and Mutageridty

The aquatic toxicity dataset is a copy of DSSTox EPA Fathead Minnow Acute
Toxicity dataset (April 2006 update) [1]. It contains 617 chemicals with information
pertaining to organic chemical class assignments (ChemClass FHM), acute toxicity in
fathead minnow (LC50 mg), dose-response — assessments  (LC50 Ratio,
ExcessToxicitylndex), behavioural assessments (FishBehaviourTest), joint toxicity
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MOA evaluations of mixtures (MOA MixtureTest), and additional MOA evaluation
of fish acute toxicity syndrome (FishAcute ToxSyndrome) in rainbow trout [2].

The bioconcentration factor dataset comprises LogBCF values for 610 non-ionic
chemicals taken from [3]. The dataset was used to develop the model in EPISuite
BCFwin. CAS numbers, chemical names, LogP and LogBCF values are provided.

The skin sensitisation dataset contains local lymph node assay (LLNA) data for 210
chemicals, as published in [4]. In addition to the numeric LLNA EC3% values, a
quahtauve classification of potency category and reaction domain is reported for each
compound, where potency category is one of non-sensitiser, weak sensitiser, moderate
sensitiser, strong sensitiser, extreme sensitiser (as defined by Kimber et al., 2003 [5])
and reaction domain is one of Michael acceptors, SyAr electrophiles, S\2 electrophiles,
Schiff base formers, Acylating agents, Nonreactive and special cases (as defined by
Roberts et al., 2007 [6))

The skin imtation dataset consists of 72 chemicals, labelled according to EU/GHS
classification for skin irritation potential (NI - not irritating, MI - mild irritation, R38 -
irritating). The data arises from several sources including the US EPA TSCA (Toxic
Substances Control Act) inventory and the ECETOC databank [7].

A second dataset with skin irrtation data has been added since ToxMatch-v1.07,
namely Skin irritation and corrosion: reference chemical data bank as per ECETOC
Technical report No.66. Skin irritation potential is summarized as the Primary Irritation
Index (PII), calculated from erythema and oedema grades. The maximum possible PII
is 8.

The carcinogenicity dataset is a copy of ISSCAN - Istituto Superiore di Sanita,
"CHEMICAL CARCINOGENS: STRUCTURES AND EXPERIMENTAL
DATA", available at http://www.epa.gov/comptox/dsstox/sdf_isscan_external.html
It contains 1153 chemicals with information pertaining to carcinogenicity y studies of rat
and mouse (male and female), as well as summary carcinogenicity data (field “Canc”
with values 3 (carcinogen), 2 (equivocal) and 1 (noncarcinogen)). The ISSCAN dataset
contains also data for mutagenicity in Salmonella typhimurium (Ames test), in the data
field SAL, with possible values: 3 (mutagen), 2 (equivocal) and 1 (nonmutagen).

These may be opened by using the “Training set — File — Predefined sets” menu,
and selecting the corresponding endpoint as shown in Figure 2. Clicking the “New”
option will create and open a new empty file as a training set in which users are able to
manually add training set compounds. At least one compound should be present in the
training set in order to perform further similarity computations. Other training sets can

be imported by clicking on the “Training set — File — Open” menu.
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% Select an endpoint u

Endpoints

i@ Aguatic toxicity training set

(7 Bioconcentration factor
(7 Skin sensitization

(7 Skin irritation

(7 Cardnogenicity

(71 Mutagenidity

(7 ECETOC Skin irritation

i) Mew

Figure 2: Selecting and opening a training set

Each of these training sets has been annotated and categorised in some way - either on
the basis of mechanistic class, mode of action or potency class, etc. The user can select
between these available categonisations (groups) or define new groups. The user is
prompted to select one of the groups as shown in Figure 3 but note these can be
modified at any later stage without reopening the file from the “Training set —
Groups — Select groups” menu.
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B select an endpoint @

Aguatic boxicity

Graups
(#) Mode OF Action as in DS5Tox database
() Mode OF Action by Yerhaar scheme
() Empty group
Inert chemicals (Marcokics)
Less inert chemicals (Polar Marcotics)
Reactive chemicals
specifically acting chemicals
Unknown mode of action

l Glaack l l GIOK J l /< Cancel

Figure 3: Group selection

The selected dataset and the groups are visible in the training set areas, as shown in
Figure 4.

[ Toxmatch

File Traming set  Testset Help

File Descriptors  Groups  Wiew  Similarity Training sek Tesk set
[:YsrotinstallersiToxmatchy 1, 1\streamibinldata\EPAFHM_v3b_617_104...
N file: data/EPAFHM_v3b_617_10Apr20..,
Skructure Propetties . -
[] Inert chemicals {Marcotics)
Ox # 1 ) [] Less inert chemicals (Polar Marcatics)
CasRM 61096-534-2 W [] Reactive chemicals
ChemMame IU... [4-(hexyloxy)-. .. [] specifically acting chemicals
~ IMChI [] unknown mode of action
0 LCS0_ma 2,67
0 Names
SMILES Cl=Co{c=0. .,
v
Heo =I» 7 & = K 44 bbbl
File Descriptors Groups  Wiew  Similarity
Structure Properties

imilarity matrix

I& Chart mu Similarity histograrm " :

0,0000000 -

©0,0000000

~ lile dalaiEPAFHM_v3b_£17_10Apr2006_50.sdI]

() TrainingfTest similarity () Descriptors () Similarity vs. Activity () Descriptg

H - =i & = 14 44 bk bl

Figure 4: Main application window with training set loaded
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The dataset, chemicals together with their properties and calculated similanity indices
may be exported in a varety of formats e.g. sdf, .oy .xk or .xxt, by clicking on the
“Training set — File — Save” menu. The application will prompt the user for a file
name as well as for any other fields to be saved. These can be selected using the dialog
box as shown in Figure 5.

Select data fields to save E|
identifiers | descriptors | endpoint | similarity | subsets |
¢ Select all Unselect all Invert selection
Property Type
[v] LagP
[v] MLogP
Z LMo
[v] MalwWeight
[v] EHOMO
[v] CLagF

Figure 5: Selecting data fields to be saved

Descriptors

A range of descriptors can be calculated by Toxmatch. Those currently implemented
are listed in Figure 6.
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Descriptors to calculate ﬁ

Available descriptaors

[ Molecular Surface area -
[ Molecular Weight
[[]  Moment of Inertia
Mumber of Br atoms
Mumber of C atoms
Mumber of Cl atoms
[[]  Mumber of H atom acceptors nHACC E
[ Mumber of I atoms
[ Mumber of N atoms
[ Mumber of O atoms B
[ Mumber of P atoms
[ Mumber of 5 atoms
[ Mumber of atoms
[ The number failures of the Lipinski's Rule ... ™
Select All Unselect all

| ok || cancel

Figure 6: Descriptor calculation

A dataset with pre-calculated descriptors can be imported from a .o .sdf; .txt or .xls
file. In this case, a dialog to select relevant descriptors is shown (Figure 7). If the
descriptors have been calculated independently from the structures, the file of
descriptor information can be subsequently imported so long as a primary key linking
the two files is included. The primary key will ensure that the nght descriptor
information is attributed to the correct structure. In the example shown in Figure 7 the
correspondence is established by CAS RN, which is specified in the Lookup field.

10
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Select descriptors to be imported

Lookup Field
CASH |{§} CasRM () Mames () SMILES () INChI ()
Property name descriptors |
arnbit.data.des. .. [6.5775475492, ., A &) Guess Praperty name
ELECTROMIC E... |-33423,13819 .
- MOLECULAR WEIGHT [Maolweight
arg.openscient, ., |2 =7
arg.apenscienc, ., (336, 20893032, .. ; ELUMG ELLIMG
Molecule size org.opensdienc. . LT IONIZATION POTE. ., IOMIZATION POTE...
FINAL HEAT OF...[209,47664 sHOMo sHOMO
TOTAL EMERGY  |-3959,54273
CHEMICAL MAME |1-(Z2,3,45-Tet. .,
MO, OF FILLED ... |66
"LLMA SIs"_3 1.600000
"LLMA SIs"_1 1.600000
arnbit.data.des. .. [12.738707196,..
Title: 1-(2°,3", 45 Tet. ..
Potency cateqgo,.. [non-sensitizer
CORE-CORER... |29463,29545
Wehicle 1 Acetone
org.openscienc, .. [F.2240000000, .,
SMILES (Whale ... [Cclecfc{efc1C).. |
"LLMA Sis"_2 1.200000
Potency _numeric |0
CHEMICAL Ma,., |1-{2°,3,45-Tet...
ZAS # SoE46-68-9
Mame (whaole M., |1-(2°,3,45-Tet,., =
CTCRIV ALLIES A D139 AT
[ (0] 4 l [ Cancel ]

Figure 7: Descriptors import dialog

Groups

Toxmatch allows a user to categorise datasets into groups (e.g. potency categorisation
for skin sensitisation, a set of different ranges for a BCF endpoint value, a mechanism
of action, etc. These can subsequently be used to classify new chemicals into groups of
potency, endpoint value ranges or mechanism of action, based on similarity values (see
Similarity section). The classification procedure is dependent on the group definition; if
no groups are defined for the particular dataset then it cannot be performed.

11
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For the available example datasets, it is easy to switch between groups as shown in
Figure 8. The current groups are simply replaced by the newly selected ones and
displayed in the “Trairing groups area”.

X]

Select data subsets

Groups

{3 Made OF Action as in DSSTax database

(%) Mode OF Action by Verhaar scheme

{1 Emply graup

Class 1 {narcosis or baseline toxicity) ~
Class Z (less inert compounds)

| laze 3 funenecific reackivite

[ 8] 4 l [ Cancel ]

Figure 8: Groups selection

Alternatively new groups may be defined by following the dialog shown in Figure 9.

New groups can be either empty, parameter value or range based.. This allows the user
to define their own categorisation of the dataset thus the potential to apply
classification based on similarity values for user defined groups. For example, the user
could define groups based on ranges of LLNA EC3% values and subsequently predict
ranges of LLNA EC3% values for new query chemicals. Alternatively, the user could
define groups based on a parameter having a fixed value (e.g. Potency = “non
sensitiser” would define a group of non sensitisers, whilst Potency = “moderate”
would define a group of moderate sensitisers, etc.). The classification procedure, based
on similarity values, can then be used to assign potency labels for new chemicals.

12
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B Define new group of compounds

Define new subsek

(%) Create an emply group

() Create a group by parameter value
O Create a group by parameter range

() Create groups For all available parameter values

.Back ‘ UNext ‘ ‘ XCancel ‘

Figure 9: Defining a new group by different criteria

On defining a new group, the first step is to enter the parameter name and value, as
shown in Figure 10.

B Define new group of compounds

Define group of compounds

Parameker
w
Update walues
Yalue
REACTIVE w

‘ Glﬁack ‘ ‘ ulr'-.lext ‘ ‘ XCanceI ‘

Figure 10: Defining a group consisting of chemicals with reactive mode of action (MOA=REACTIVE)

13
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The next step is to specify other attributes of the group, as shown in Figure 11.

B Define new group of compounds

HNEEENENEENEEEEE Eroup details

Marne

|Reactive mode af ackiaon |

Colar
Parameters
Parameter Walue
tag MOA
value REACTIVE

‘ Glﬁack H @OK ‘ ‘ XCanceI ‘

Figure 11: Group attributes

To define a group by parameter range, select the corresponding option (see Figure 9),
then define parameter ranges, as shown in Figure 12.

B Define new group of compounds 5|
E“ E Cefine group of compounds
E E Farameter
: v
E E Update values
u = Min
] ]
& - 1.0 v
] ]
- H Mazx
= =
- o200 w
] [ ]
- u
| | |
] [ ]
] [ ]
] l
| | |
[ ] ]
i EEEEEEEE EEEEEN

‘ IGIEa::k ‘ ‘ ulr'-.lext ‘ ‘ XCanceI ‘

Figure 12: Defining new group by parameter range (1.0 < LogP < 2.0)

14
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The selected compounds may be displayed by clicking on the new group line in the
“Trairing groups data area”. The compounds will appear both on the scatter plot and in
the training data area as shown in Figure 13. The compounds in the group can also be
exported and saved as a new file by clicking the leftmost button on the dataset toolbar
(highlighted in red in Figure 13).

[ Toxmatch

File Training set  Test st Help
File Descriptors  Groups  Wiew  Similarity Training set Test set
[:\srchinstallers\Toxmatch!1. 1istreamibinidatat EPAFHM w3b 617 _10Apr2006_3...
[0 File datafEPAFHM_v3b_617_10Aprz00&_3...
Structure Properties N N
[0 Inert chemicals (Narcotics)
O\\ N # 1 2 [1 Lessinert chemicals (Polar Marcotics)
X o CaskN 98434-34-5 W []  Reactive chemicals
|+ Chembarme IUPAC |5-broma-4-hedr. .. [0  Specifically acting chemicals
[ INCHI [0  Unknown mode of action
\0 LCS0_mg 73,3 [] Reactive mode of action
Mames | B lloghin(l.0,2.0)
SMILES C1(0C)=C([h+]...
Br o]
fal
v
=] S| 2 o= 14 44 bbbl [ B chart musimilarity' histogram | 258 Sirilarity matrix
g B
200
File Descriptors Groups  Wiew  Similarity
700
Structure Properties
500
£ so0
=
T
£ a0 .
= o0
)
200
100
a
2 1 Q 1 2 El 4 g & T 3 a
LogP
= LogPin{1.0,2.0)
P X LagP “
P Maltweight v||:|(Lng)
() TrainingyTest similarity (3 Descriptors () Similarity ws, Activity () Descriptars vs, Activity
: Color Labels Show
= =iy /= 1444 bbb : [ J J{ ]

Figure 13: Group visualization

View modes and fields

The dataset can either be viewed as a table (text) or on a per chemical basis with the
corresponding structure diagram. A dialog to select additional data fields for display is
available (see Figure 14).

15
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Select data fields to display

identifiers | descriptors | endpoint || simnilarity || sul:usets|

. Select all Unselect all Invert selection

Property Type
] CLogP
] MLogP
" Mol'eight
EHOMO
eLUMO
LogP

(.4 l [ Zancel

Figure 14: Data fields selection

Similarity

Background

Toxmatch provides the following pair wise similarity indices:

1. Similarity in descriptor space:

= Euclidean Distance (k=x=2): D, (k,x)=[Z,, + Z,;, —2Z ]1/2

» Hodgkin-Richards index: H ,, =27 ,[Z,, +Zz5]"

* Tanimoto index: T,

= 2ZAB [ZAA g —Zy ]_1

= Cosine-like similarity index or Carbb index: C,, =Z ,,[Z,,Z,,1""

2. Structure similarity:

* Tanimoto index: T, =2Z,[Z, +Z,—7Z,,]" between 1024 bits

length hashed fingerprints. The fingerprint generation is based on the
fingerprint implementation of the open source cheminformatics library
The Chemistry Development Kit (CDK) [7] and follows the ideas of
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Daylight’s fingerprint theory [8] that states: 1) for a given molecule all
possible paths for a predefined length (default is 7) are generated, 2) the
path is submitted to a hash function which uses it as a seed to a pseudo-
random generator, 3) the hash function outputs a set of bits, and 4) the set
of bits thus produced is added (with a logical OR) to the fingerprint. We
use 1024 bit fingerprints in this study.

Hellinger distance between atom environments H, , = i(\/;, + \/E )2 :
i=1

Atom Environments (AE) [9, 10] can be regarded as fragments,
surrounding each atom in a molecule, up to a predefined level. The
calculation procedure is explained in [11]. First, atom types to be included
in the generation of AEs are selected. We use 34 atom types, as listed in
[11]. Next, a vector of length (34 * L+1) is constructed for each atom,
where L is the maximum level for generating atom environments and L=3
by default. Third, for each atom, neighbours at level 1, 2, 3 are identified
and corresponding counts stored in the vector. For example, if there are
several Csp2 atoms with the same neighbours up to 3rd level in the
molecule, they will have the same string representation. We refer to this
representation as a “fragment”. In the equation above, /Vis the number of
all fragments found in structures a2 and b, a; refers to the probability
(normalized frequency) of 7# fragment in chemical 4 and b, refers to the
probability of 72 fragment to be found in chemical &

Maximum Common Substructure similarity (MCSS)

_(A+B) s (A+B) e
“" (A+B), (A+B),

bonds in the maximum common substructure (MCS), in the s compound
and in the #* compound, respectively [12]. The MCS of two compounds is
the largest possible substructure that is present in both structures.

, where (A+B) is the sum of atoms and

Given a similarity index between two compounds, a similarity index between a
chemical and a set of chemicals can be defined. Toxmatch provides the following
options for such composite similarity assessment:

1.

Similarity index between a representative (e.g. centre) point (compound) of the
set and the query compound. This is available through the following options,
appearing in the Simlarity menu:

The “Tanimoto distance (Fingerprints, KNN)” method calculates
Tanimoto similarity between fingerprint of a chemical and a consensus
fingerprint. The consensus fingerprint is 1024 bit fingerprint where each
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bit is set on, if at least one compound from the set has the corresponding
bit on.

The “Hellinger distance (atom environments, summary atom
environment)” method calculates Hellinger distance between atom
environments of a chemical and a atom environments of the set. Atom
environments of the set is simply the set of all “fragments” (as defined
above) found in the set.

2. Average similarity between a query chemical and the nearest £ chemicals.

where S, is the pair wise similarity and & is either specified by the user (default is
10), or selected by a cross validation procedure. Note that the actual list of £ most
similar chemicals will depend on the similarity measure used (e.g. the 10 most
similar chemicals selected by Euclidean distance may not coincide with the 10
most similar chemicals, selected by fmgerpnnts snnﬂanty) This average similarity is
available through the fo]lowmg options, appearing in the Simlanty menu:

The “Euclidean distance (descriptors, KNN)” method calculates
average Euclidean distance between selected descriptors for the query
chemical and £ most similar chemicals from the set. The most similar
chemicals are those with the smallest Euclidean distance.

The “Cosine similarity (descriptors, KNN)” method calculates average
Cosine index between selected descriptors for the query chemical and 4
most similar chemicals from the set. The most similar chemicals are those
with the highest Cosine index values.

The “Hodgkin-Richards (descriptors, kNN)” method calculates
average Hodgkin-Richards index between selected descriptors for the
query chemical and & most similar chemicals from the set. The most
similar chemicals are those with the highest Hodgkin-Richards index

values.

The “Tanimoto distance (descriptors, kKNN)” method calculates
average Tanimoto index between selected descriptors for the query
chemical and & most similar chemicals from the set. The most similar
chemicals are those with the highest Tanimoto index values.

The “Tanimoto distance (fingerprints, KNN)” method calculates
average Tanimoto index between 1024 bit fingerprints (as above) for the
query chemical and fingerprints for the &£ most similar chemicals from the
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set. The most similar chemicals are those with the highest Tanimoto index
values.

» The “Hellinger distance (atom environments, kNN)” method
calculates average Hellinger distance between atom environments (as
above) for the query chemical and atom environments for the £ most
similar chemicals from the set. The most similar chemicals are those with
the highest Tanimoto index values.

Toxmatch goes further than merely calculating similarity values. The K-nearest
neighbour classifier and learner algorithms [13] allow users to exploit the similarity
information in two different ways:

o to predict the activity of a chemical of interest by considering the activities of
similar compounds (nearest neighbours), or

o by “clustering”/”grouping” similar chemicals together on the basis of similarity
values.

The implementation for the descriptor-based similarity is based on the open source
Weka data mining software [14], while for the rest of the available similarity measures,
the same algorithm for K-nearest neighbour classification and prediction is
implemented specifically for Toxmatch.

The first approach results in a prediction of activity based on the weighted average of
the activity values of the & nearest neighbours ie. the activity of the most similar
(closest) chemicals are averaged proportionately and used to estimate the activity of a
chemical of interest.

k
2S04
i=1

ZSQ'

where k is the number of most similar chemicals, A4; are the activity values of these
chemicals and S, are the pair wise similarity values and P, is the predicted activity of
the query chemical. Figure 15 is an illustration of the approach.
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A, ®'¥ Dissimilar

chemical

Similarity value
between Q and
chemical 2

Activity of chemical 2

Predicted
activity Most similar
A, @ chemical
Query
chemical

Figure 15: Prediction based on similarity and k-nearest neighbours (k most similar chemicals)

In this case the most similar chemicals could be referenced as source chemicals and the
chemical of interest, the target chemical. The process of relating these source chemicals
to a target chemical could be termed as a many to one read-across. The actual set of &
most similar compounds will depend on the similarity measure. The weights are
proportional to the pair wise similarities (e.g. the activity value of most similar
compound has largest weight and vice versa). In order to predict dependent variable
(activity), the measured activity values should be available for the training set. Two
values are reported per each compound- averaged similarity to the & nearest
neighbours and predicted activity value.

The second approach performs a classification into groups of activity, based on
similarity values. The read-across is slightly different whereby the source chemicals are
binned into one group and the similarity measure provides the means to define the
likelihood that the target chemical falls into one or other bin. The procedure also relies
on k nearest neighbours and classifies the target compound into the group where most
of the £ most similar compounds belong. For this purpose activity groups should be
available for the training set (e.g. potency classes or other grouping). The values
reported are: Probability to belong to a group ( m/k , where mis the mumber of conpounds in
the group) and the predicted group. Figure 16 illustrates the classification of the query
chemical Q as an “Active” chemical, based on the majority of the most similar
chemicals (4 out of 6) being active, while only two out of six are inactive.
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I @'F Dissimilar
18 .

chemical

S Similarity value
J between Q and
chemical 2

Aare Adwe
@ T Activity of chemical 2
Predicted activity
- Aare @ Most similar
Pt chemical
Query e
chemical

Figure 16: Classification based on similarity and k-nearest neighbours (k most similar chemicals)

Toxmatch provides means to calculate similarity of a query chemical to the training and
similarity to the test set. The basic algorithm is as explained above, but in case of
similarity to the training set, the £ most similar chemicals are selected from within the
training set, while when calculating similarity to the test set, the £ most similar
chemicals are selected from within the test set.

The most common usage is to calculate similarity to the training set, since the training
set is expected to contain endpoint data, either numeric (used for prediction) or
nominal (used for classification). Calculating similarity to the test set makes sense in
cases when a comparison of the two sets is necessary (as in Figure 26).

How to

The first step is to select a similarity method. The choice of method is context
dependent on the chemicals of interest and on the knowledge of the activity measure
or endpoint. A variety of approaches may be performed and each should be carefully
evaluated in the context of the problem of interest. Toxmatch has the following
measures included: Euclidean distance, Cosine similarity, Hodgkin-Richards Index and
Tanimoto distance, Fingerprints and Atom environments. The first four of these are
descriptor based methods; the latter two are structure-based. Toxmatch also has the
Verhaar scheme encoded. This is a set of structural rules that facilitates the grouping of
chemicals into modes of action [15]. The Cluster option performs a clustering in the
descriptor space into a predefined number of clusters.

The dialog for selecting a similarity method is shown on Figure 17. After the similarity
method is selected, further information for the selected method, as shown on Figure 18
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is provided. If it is a descriptor based method, the Add button allows more descriptors
to be added from the list of available descriptors.

B Select similarity method

m Similarity methods
[ ]

H () verhaar scheme {Mode of Action classification)

() Euclidean distance (descriptors, kPR

() Cosine similarity (descriptars, kNN

() Hodgkin-Richards Index {descriptars, kM)

() Tanimato distance {descriptors, khM)

{3 Tanimoto distance (fingerprints, consensus fingerprint)

(3 Tanimoto distance (fingerprints, kir)

(" Hellinger distance {Atom environments,summary atom environment)
() Hellinger distance (Atorm environments, KR

() Maximurn Common Substructure

() Cluster

Figure 17: Similarity method selection

22



TOXMATCH USER MANUAL

B Select similarity method

Euclidean distance (descriptors, kNN) |
Descripkors ] Parameters
Bvvailable descripkars
LogP
EHOMO
eLlMO
© Add
‘ I“\I Back, ‘ Iyxl et ‘ x Cancel

Figure 18: Similarity method configuration

Aside from calculating the similarity measure, the first option (“Caladate simlarity and
predia aaiaty”) allows a prediction of activity to be made based on the nearest
neighbours. The second option (“Cdladate simlarity and dassify into groups”) enables a
classification between groups (see Figure 19) to be made. Note that the estimation may
take several minutes depending on the size and complexity of the dataset. When the
processing has finished, a number of visualisation options will become available.

B Select similarity method

m Select action:

() Calculate similarity and predict activity

() Calculate similarity and classify inka groups

‘ fb\lEack ‘ I!“\'IOK ‘ XCancel ‘

Figure 19: Further similarity options
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The “Simlarity . adity” radio button on the bottom of the scatter plot fills in existing
similarity measures into the X drop down box (see Figure 20).

[l Toxmatch

File Training set Test set Help

File Descriptors  Groups  View  Similarity Training set. Tesk set.
[ \srclinstallers\ Toxmatchi 1 . 1streamibintdatalEPAFHM_w3b. .. = —
Structure Properties il Gl A —
Inert chemicals (Marcokics)
O;\ # 1 L] Less inert chemicals (Polar Marcokics)
CasRN 61096-84-2 Reactive chemicals
Chemiame... [4-(hesxylo. .. Specifically acting chemicals
~ fLCS0_mg 2,67 Unknown mode of action
0 | G 3,758
0 MOA REACTIVE
eHOMO -9,6333
eLUMO -0,9057
3 Su Chart m Sirilarity histagram :EE Simnilarity matrix

B e =tw.? 3= = 14 4949 bk Pl fes

Fle Descriptors  Groups  View  Similarity

1ed

Structure Properties

1e0

0,000 0025 0050 0075 0400 0425 0450 0475 0200 0225 0250 0275 0300 0,328
Training set.Euclidean distance (descriptors kM)

= Inert chemicals (Marcotics) Less inert chemicals (Folar Narcotics) Reactive chemicals

= Specifically acting chemicals » Unknown mode of action

S Training set.Euclidean distance (descriptors,kNN) £

Cy LC50_mg ~| Mo

() Training{Test similarity () Descriptors (3 Similarity vs, Activity (O Descriptors vs, Activity

=] =T _] o= 14 44 BB BI [ Colar ] [ Labels ] l Show ]

Figure 20: Similarity vs. activity plot

For descriptor-based similarity, the calculated distance is the averaged distance between
the point and its £ nearest neighbours. This is usually available under “Training
set.Distance” (see Figure 20).
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[ Toxmatch

File Training set Test set  Help
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Figure 21: Predicted activity by kNN vs. measured activity plot

When the “Calculate similarity and predict activity” option is selected, the nearest
neighbours are also used to estimate the activity. The result is found as a data field
labelled as “Training set.Distance.Actvity” (e.g. Training set.Euclidean
distance LC50 mg in Figure 21).

When the “Calculate similanity and classify into groups” option is selected, the
similarity measure is used to perform classification between the groups ie. each
compound is assigned a probability of belonging to each group. These probabilities are
located as “Training set.Distance.Group name” fields (e.g. “Tining set.E udidean
distance Inert dheniaals™) and can be displayed in both the chart and data areas. A scatter
plot with these fields is displayed when “Twming/ Test sinalarity” radio button on the
bottom of the chart is selected (see Figure 22).

The group with the highest probability is considered to be the one assigned and this is
available in the Trairing set. Distance Group tield.
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Figure 22: Training/Test similarity

The similarity to a test set option is only available if a test set has been already loaded

and a similarity to the test set estimated by running the “Test set — Similarity —
Similarity to the test set” operation.

Test set

A supported file type with test set data can be opened by using the “Test set — File —
Open” menu. A multi-tab dialog for choosing identifiers and descriptors is presented,
as shown in Figure 23 and Figure 24.
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Figure 23: Identifiers selection tab
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Figure 24: Descriptors selection tab

The dataset, chemicals together with their properties and calculated similanity indices
may be exported in a variety of formats e.g. sdf, .6y .xIs or .ixt, by using the “Test set
— File — Save” menu.

Test set descriptors, groups and views menus/actions are the same as those used for
training sets (as already described in previous sections of the manual).

The Sinalanty to the training set option is only available if both training and test sets have
been loaded and a similarity to the training set estimated by selecting the “Training set
— Similarity — Similarity to the training set” menu. A choice between available
similarity measures is offered, as shown in Figure 25. Each compound from the test set
will be assigned values for the corresponding similarity measure.
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Available similarity measures to the Traini... E|

Similarity methods

() Euclidean distance {descriptors, k) [prediction]
() Euclidean distance (descriptors, kM) [dassification]
() Tanimato distance (fingerprints, kMM [prediction]
() Tanimato distance (fingerprints, kM) [classification]

oK |[ Cancel ]

Figure 25: Available similarity measures to the training set

Similanity to the test set is essentially the same as Sinalanty to the training set, but here the
similarity is calculated with respect to the test set. Note that since the data field,
representing the measured activity is usually missing in test sets, predicting activity
value or performing classification with respect to the test set groups may not be
available. The recommended use of this option is to calculate similarity to the entire
test data set and then to visualise Test set.Simlarity vs. Traming set.Sinalarity. This allows a

user to make a comparison between the training and test sets as shown in Figure 26.
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Figure 26: Similarity to the training set vs. similarity to the test set. (Euclidean distance)

One possible interpretation of the training set vs. test set comparison plot is llustrated
mn Figure 27.
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Figure 27: The interpretation of training / test comparison plot

Data area

The data area is where compounds are displayed. The “Training set — View — View”
menu allows the user to switch between two views, as shown in Figure 28 and Figure 29
respectively.
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Figure 28: Structure view
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14 |methanol 67-56-1 29400 & 953, 1593 |Inert chemicals {Marcotics) MARCOSIS T
15 |propan-z-ol 67-63-0 3630 4 527,4065 Inert chemicals {Marcotics) MARCOSIS I
16 |acetone 67-64-1 7 160 1 647,0338 Inert chemicals {Marcokics) MARCOSIS I
17 |dimethyl sulfoxide 67-68-5 34 000 14 477,5376 [Inett chemicals (Marcokics) MARCOSIS I
18  |hexachloroethane 67-72-1 1,42 73,7885 (Inert chemicals (Marcotics) MNARCOSIS I
19 |1-(¢-aminophenyl)propan-1-one |70-69-9 146 93,2868 Inert chemicals (Marcotics) MNARCOSIS I
20 |propan-1-al 71-23-8 4550 1 577,6622 |Unknown maode of action MNARCOSIS I I
Ho =iy 7 <& = 14 44 bb bl

Figure 29: Table view

The fields displayed in table view could be selected by “Training set — View —

Fields” menu.
The buttons on the bottom of the data area have the following functionality:
»  Save currently displayed dataset.

* Dataset information - displays information about the currently displayed
dataset (see Figure 30);

»  Go to record number (entered by user) - asks for a record number and makes
it the current one;

= Search by CAS RN - asks for CAS RIN and makes the record with this CAS

number the current one (if such record exists);

» Edit current structure - launches structure diagram editor for editing the
current structure (see Figure 31).

= Append empty record - appends an empty record;
= Delete current record — deletes the current record;

= First record - selects the first record;
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= Previous record

= Next record

= Last record - selects the last record;

Group details

Group details

Marne

| Inert chemicals (Marcotics)

Color

Paramekers
Farameter Yalue
Lag MOA
color DOFFO0
=l Inert chemicals (Mar., ..
note MOA=MARCOSIS T, ..
value [MARCOSIS T and I1...

[ 0K ] [ Cancel ]

Figure 30: Dataset information
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JChemPaint Structure diagram editor

File Edit Wiew Insert Report  Plugins Help
O] [1] 2} ~(B][0]0] Eaans
I 'l o2 @-mﬁr
. o)l o< [0]O]e] 55
.
\§</ )\/\)\
L
DiFaw Z,eH @ (of these 15 Hs implicit)
[ O ] l Cancel l

Figure 31: Structure diagram editor

Chart

The chart can display data points right after a file is loaded. By default all points from
the loaded dataset are displayed. The descriptors on X and Y axis can be selected by
the corresponding drop down boxes. The Y axis can be toggled between logarithmic
and normal mode. The chart has several display modes, controlled by radio buttons at
the bottom (see Figure 32):

*  Training /Test similarity - clicking on this button fills the X and Y drop down
boxes with available similarity indices names. Note: similarity names only
become available after launching certain similarity calculations;
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= Descriptors - clicking on this button fills the X and Y drop down boxes with
available descriptor names;

»  Similarity vs. Activity - clicking on this button fills the X drop down box with
available similarity indices names and the Y box - with the endpoint name;

» Descriptors vs. Activity - clicking on this button fills the X drop down box
with available descriptor names and the Y box - with the endpoint name;

»  Colour button - clicking this button displays drop down box with available
similarity indices names plus default “guups” entry. The later is used to colour
the points with the colour defined for each group;

= Labels button - clicking this button brings up a list of possible labels that can
be displayed for each point;

= Show button - allows displaying all visible points in the training or test dataset
area, correspondingly. This functionality is useful when the chart has been
zoomed and allows displaying a subset of points.

[l Toxmatch E”Elgl

File Training set  Testset Help
File Descriptors  Groups  View  Similarity Training sek Test seb
D \srctinstallers| Toxmatch! 1. 1stream|binidatalEPAFHM_w3h_617_104pr... "I SRR B i e defadt oo
v ffile data/EPAFHM _v3b_617_10Apr2006_3D... | Fi .
# | Chembame IPAC | CasRN LCS0_mg | MOA L] TR EE T e IEEe e deralt. =
O Inert chemicals {Marcotics)
L iheryloyl-3-ime .. BL09E-54-2 2,67|REACTIVE o) O Less inert chemicals {Polar Narcatics)
2 S-bromo-4-hydrowy, .. [98434-34-5 73,3|REACTIVE [0  Reactive chemicals
3 dioctyl benzene-1,3... |4654-18-6 D O Specifically acting chemicals
4 1-[{4-chlorophenyl)... |39145-47-6 1,92|MARCOSIS T O Unknown mode of action
S M-(3-chloro-2-meth,.. [71862-02-7 46,6|NARCOSIS T
6 dibutyl benzene-1,... [3126-90-7 0,9(MARCOSIS T
7 1,1-dphenylprop-2... [3923-52-2 11,1{MARCOSIS T
i} 1,1'-[ethane-1,2-di... [22037-97-4 7,52|NARCOSIS T
9 dioctyl benzene-1,4. .. [4654-26-6 (o]
10 |2,2-butane-1,4-diy... [117932-73-7 D
11 |1,4-histpropylthiob. . |56348-39-1 2,99|MIZED DChﬁl’t | [LlSirmIarity histogram : = Similarity matrix
12 |tris(S-methyl-2-nitr,., 201742-26-9 (i}
4
13 |trisC3-nitrophenyDp,.. |31638-89-8 (i} LA v w g
r"‘ ¥ ¥ T W
14 |-rhlneoethd cvcln. .. [3150P-57-5 ASRFACTIVE | ¥ 2 ,‘" ¥ '*' Yo T ox h
v
&= sIv J o o= 1 44 kb bl
2
File Descriptors Groups VWiew  Similarity -
molecules o !
Struckure Properties % o ¥ rroT
=
-1
v
-2
v
-3
-4
2 1 0 1 2 2 4 5 [ 7 ] ]
LogP
| * file datafEPAFHM_v3b_B17_10Apr2006_30.50f + file defaultsdf‘
* LagP -
¥ eLUMO v ‘ [ {Log)
OTra\nlng,l’Test similarity @Dascrlntors OS\mlIarlty WS, ACkiviey ODescr\ptors w5, Activity
- [ Color ] [ Labels ] [ Show ]
5] =l /o= 4o kRl

Figure 32: Scatter plot of the training data set for Aquatic toxicity, X=LogP, Y=eLUMO
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The “Trairing set groups™ area allows toggling on or off the visibility of the corresponding
groups on the chart. Additionally, clicking on a group will display all compounds from
this group into data set area on the left.

(icking on a point displays all the compounds of the corresponding group in the data
set area on the left, whilst the selected compound corresponds to the clicked point.

Similarity matrix

The similarity matrix displays pair wise similarity of the last calculated similarity
measure between selected datasets (or groups). The colour range is from blue (pair
wise similarity value =0) to red (pair wise similarity value =1). Note that the same
structures will have value of O when using a distance-based similarity (e.g. Euclidean
distance), but a value of 1 when using a similarity index such as Tanimoto coefficient.
A left button mouse click on a cell will display the compound of the selected row.
Arnght button mouse click on a cell will display the compound of the selected column.
The content of the similarity matrix is configured by the rws and @lwms drop down
boxes, found above the matrix:

»  Rous: Trairing set — the rows of the similarity matrix correspond to the selected
group/dataset of the training set. The selected group can be changed by
clicking a row on the traring data groups area above the similarity matrix;

»  Coumrs: Trairing set — the columns of the similarity matrix correspond to the
selected group/dataset of the training set. The selected group can be changed
by clicking a row on the triring data groups area above the similarity matrix;

»  Rous: Test set - the rows of the similarity matrix correspond to the selected
group/ dataset of the test set. The selected group can be changed by clicking a
row on the test data groups area above the similarity matrix;

»  Coumrs: Training set — the columns of the similarity matrix correspond to the
selected group/dataset of the test set. The selected group can be changed by
clicking a row on the test data groups area above the similarity matrix.

If rows and columns correspond both to the training set or both to the test set, then
the diagonal matrix is displayed (see Figure 33).
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[ Toxmatch

o|E] %8

File Trainingset Testset Help

=]

| =1 | .7 Append Delete | First Prev Next Last

File Descriptors Groups View Similarity

Structure Properties

=]

| =1~ | .7 Append Delete | First Prev Next Last

File Descriptors Groups View Similarity Training set Testset

F:\src\chemcast\dist\Toxmatch-v 1.07\bin\data\EPAFHM_v3b_617_1...

Structu Properts file data/EPAFHM_v3b_617_10Apr2006_3D...

ucture BN [[]  Inert chemicals (Narcotics)
£ 7 - ]  Lessinert chemicals (Polar Narcotics)
CasAN 2023522 =) [ Reactive chemicals
Chemtame ... |1, 1-diphenyl... [C]  Spedfically acting chemicals @
o N [ Unknown mode of action
LC50_mg 111 Selected pair
Names
| | SMILES CleimCeeC... Select Al Unselect al
=ne e
&= Chartl Ly Simiarity histogram | S5 Similarit
# 8 Rows Training set .] e matrix Zoomin Zoom out
ini AFHM_v3
CasRN 22037-97-4 Y U N O @ Training set [EPAFHM_v3b_... (8
ChemName I... |1,1-[ethane-...
INChl
S LCS0 7.52
L T TN ma -
E MNames P T

SMILES ccescescce .

@ Training set [EPAFHM_v3b_... 11
Similarity 0.375
Find most similar chemicals from dataset:

@ Training set [EPAFHM_v3b_617_10Apr200...

() Training set [EPAFHM_v3b_617_10Apr200...

With similarity = ~ (0.8

Different Similar Same

Coorcoding:0 [ENNINIIN: |
by distance between 1024 TengGER RGETPRNES

Figure 33: Pair wise similarity between compounds from group “Inert chemicals (narcotics)”

When rows and columns correspond to different sets (training set and test set), the full

matrix is displayed.

The Sawe mamix button allows the matrix to be saved as a picture (prg file) or as a

spreadsheet (.avfile)

File processing

The “File — File processing” menu option performs batch calculation of descriptors.
Compounds are read from a file and the results are stored in another file. The results
file can then be later loaded as training or test sets.
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Help

The “Help — About” menu option displays information about application’s version as
shown on Figure 34.

L X

ToxMatch 1.07
Developed by Ideaconsult Lid,

on behalf of Jzint Ressarch Conbre, Euvopean Commission
EUROPEAN COMMISSION

Figure 34: Application version

Configuration

The “Help — Configuration” menu option provides graphical user interface for
editing Toxmatch configuration file. Toxmatch configuration is an XML file,
containing information about the datasets, endpoints, similarity measures and groups
within datasets.

The configuration is organized as a tree. There are four top level entries, namely
[property], [similarity], [descriptors] and [endpomts] Endpoints configuration is of
main interest to end users. An endpoint entry consists of configuration for the training
set (“[trainingset]”), where the relevant file is specified, as well as the field, containing
the assay data “[result]”. Multiple groups, splitting the dataset by different criteria can
be defined.

The recommended way for editing is via copy/paste. To create a new endpoint entry,
click on existing one and use menu Edit/Copy Then click on the top-level [endpoints]
entry and use Edit/Paste This will create new endpoint tree, which can be edited to
modify name, training dataset and groups.

Modifications are not saved, unless File/Saw menu option is used. The configuration
changes will be only visible after Toxmatch is restarted.
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|£| ToxMatch config

= [ B i

File Edit

. ToxMatch configuration
# name="ToxMatch™

. [property] Directory
[property] Templates
[descriptors] Available descriptors
. [similarity]

. [endpeints]
[endpaint] Aquatic toxicity training set

- 1 [endpoint] Bioconcentration factor

. [endpoint] Skin sensitization

. [endpeint] Skin irritation

. [endpeint] Cardnogenicity

- 1 [endpoint] Mutagenicity

£t . [endpeint] ECETOC Skin irritation

name ="ECETOC Skin irritation™

(- | [descriptors] Recommended descriptors

- ) [similarityMethods]

- |, [groups] BR rules

. [trainingset]

# file="data/ECETOC_skin_scores_structures_validated.sdf™
[template]
[result] P11
.
[identifiers]

| [descriptors]
[aroups] Primary Irritation Index
# dassname="chemCast.data.RangePropertyFilter™
# name="Primary Irritation Index™
) [group] PII =0
[group] 0.01 <=PII < 1
MaxValue="1"

Minvalue="0.01"

color ="FF78FF"

name="0.01 <=PII < 1"

tag="PII"

[group] 1 <=PII <2

[group] 2 <=PII < 3

[group] 3 <=FPII <4

[group] 4 <=PII < 5

J [aroup] PII = 5

. [aroups] Chemical Class
# dassname="chemCast.data.PropertyFilter™
# name="Chemical Class”

name

PII

Update

m

Figure 35: Toxmatch configuration

Exit

The “File [ Exit” menu option quits the application.
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Case study — BCF read across

This case study describes a read across for a chemical with respect to the
bioconcentration factor endpoint. The approach will be performed in 2 stages. Firstly a
set of source data (the BCF training set within Toxmatch) will be characterised using
one or other similarity method. In this case, a weighted similarity of nearest neighbours
will be carried out using 3 methods: Euclidean distance in descriptor space, Tanimoto
distance on 1024 bit length fingerprints and Hellinger distance on atom environments
(circular fingerprints). The second stage will focus on the target chemical (the test set)
and compare it with the most similar training set chemicals to arrive at an estimate for
BCF score.

The approach will be outlined as a series of procedural steps.

Load training set
First select BCF training set from File/Predefined trairing sets menu.

Follow the wizard as below (Figure 36):

ﬁ Select an endpoint

Endpoinks

O Aquatic boxicity training set

() Bioconcentration Factor:

() Skin sensitization
) Skim irritation

() Mew

.Back ‘ umext ‘ ‘ XCanceI

Figure 36: Endpoints selection

a1



TOXMATCH USER MANUAL

Whilst the training set can be divided into different groups, here a classification
procedure will be carried out to assign query chemicals into specific LogBCF ranges.

ﬁ Select an endpoint

Bioconcentration Fackar

Groups
) Empty group

) HydrophabicfHydrophilic splik
1 5plit by CrassSectional Diameter
® Log

() Cluskers

LogBCF greater than 5 ~
LogBCF in 4,50 il
LogBCF in (3,40 =
LogBCF in (2,30

LogBCF in (1,23 —
LogBCF in (0,173 w

|| HIOK | | xc.ancel |

(.z
m
ul}
]
b

Figure 37: Groups selection

After the dataset is loaded, the Toxmatch screen should look as in Figure 38.

B Toxmatch E1=]E]
File  Traiming set Testssk Help
File Descriptors  Groups  view  Similarity Training set Test set
i Iy Toxmatch-v1 .03y binldatalBCFWIN les sdf
S\t E":ms” ATaxmatch-y1. 0ot datal J";”‘D"‘(;S"” == file data/BCFWIN_nonionic_smiles.sdf
=50 UEPEES [0  LogBCF areater than s
cl # 1 = [ LogscF ini4,s)
<l CasRN 0000S0-29-3 =] [0 LogBCF in (3,43
cl LogBCF +.47 [0  LogBCF in{2,3)
Hames [0  LogBCF in(1,2)
SMILES ctea(c1)Ce1)Clx(ee. [ tegBCF inio,1)
[0  LogBCF less than zera
cl
cl
3 z
= onoos0-32-8
LogBCF 296
Hames
SMILES 1ccc2)czeca). . =, ==z
N cteleleel jecc2)cees) S Chert | .y similariey histogram | Z58 similarity matrix
| | =
H:-oswsaose2-Ivaee./
N Descriptors] Groups  Wiew  Similarity
Properties
©0.0000000 .
0.0000000
~ file dala/BCFWIN_nonionic_smiles.ser

Figure 38: BCF training set loaded

Load test set
The next step is to load the test set. In this case, a single query or target chemical will
be used. The details of which are given below. A query chemical can be introduced
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into Toxmatch in a variety of ways as previously described. Here the text from Figure
39 should be copied into a text editor or into MS Excel™ and saved as 66-25-1.csv file.

CasRN,SMILES NSCXLogPDescriptor,CrossSectionalDiameterDescriptor
[Angstrom]MaximumDiameterDescriptor [Angstrom], WeightDescriptor

66-25-1,0=C0C0CC2596,1.753,2.4897,8.1759,100.0888

Figure 39: Prepare .csv file with text editor

Note if using MS Excel™, insert the content as in Figure 40 and use File/Save As to
save as CSV (Comma delimited) (*.csv) file.

B3 Microsoft Excel - 66-25-1.csv

El] File Edit Yiew Insert Format  Tools Data  Window  2ML Toolbox  Help  Adobe PDF Typi
HRREN " RERE NI RS A SR RN - AR - TR 1 % U1 Y -
A2 - & BE-25-1
A B [ ¢ | D [ E [ F | & [ H
1 CasRM _SMILES M3C H#LogPDescriptor | CrossSectionalDiameterDescriptor MaximurnDiameterDescriptor WeightDescriptor
2 [B5-25-1 lo=ceccee 2596 1753 2.4897 8.1758| 100.0388
3

Figure 40: Prepare .csvfile with MS Excel™

Use the File/Open menu from the bottom panel to load the test set.

A window will appear (Figure 41), requesting field names to be specified. If the
descriptors in the file have different names compared with the descriptors in the

original training set then a correspondence needs to be done. For example: “E ff Dian?’
is a new name for “CrassSedional Dianeter”

Once field names have been assigned click OK to load the query chemical into the test
set panel.
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Propetty namme identifiers | descripkars | endpoint

MG Property name

WeightDescriptor - . 5 -
; zSectionalliam. .. [SilEEL
- MaximumDiameter... [LogP
Gless ¥LogPDescripkar Min Diarn
Mowve all

Mazx Diam
[ Ok, l [ Cancel ]

Figure 41: Descriptors selection

Exploring the descriptor space
The descriptor space can be explored using the chart functionality. Click on Desazptor

radio button to select X and Y descriptors from the available list (Figure 42).

In Figure 42, Eff Diam and LogP have been selected as the X and Y descriptors
respectively. The plot shows the scatter distribution of these two descriptors for both

the training set (blue) and test set (red) chemicals.

In this descriptor space the query chemical appears in a region that is not densely

populated.
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[ Toxmatch

File  Training set  Test et Help
File Descriptors  Groups  Wiew  Similarity Training set Test set
[:\srchinstallers Taxmatchi . 1} streamibintdatalBCFWIN_nonionic_. .. - — - - - -
E— — file data/BCFWIN_nonionic_smiles. sdf file C:\Documents and Settingsini...
P []  LogBCF greater than 5
cl # 1 i [0  LogBCF in(4,5)
Cl o Jcaski 0000S0-29-3 | O LogBCF in(3,4)
Cl LogBCF 4,47 [0 LogscF in(2,3)
Mames [0 LogscF in(1,2)
SMILES cfcocfe L), O LogBCF in (0,1}
[ LogBCF less than zero
Cl
Cl
# 2
ZashM 000050-32-8
LogECF Z,56
Mames
SMILES cfcfe{ccljoce. .. =
\-_l Chart mu Sirnilarity histogram :EE Similarity matriz
v
12,5 T
= = T T Tx L "
Hoe =I» 75 = 1 44 bk bl e . v v
75 S rEe P -
File Descriptors Groups  Miew  Similarity ng‘ ; - " ":, rr ¥
1 molecules - &0 '; g a," A
Structure Properties 248 ¥ ¥, ﬁv}vﬁ' WY
LA Y v M
# 1 0.0 N L > x
File C:\Documents and SettingsiningMy Docurmnentsitest, csval
CasRN 66-25-1 58 LYY gsininaity I |
EFF Diamn 2.4897 o 1 2 3 4 5 6 F 8 4@ 10 11 12 13 14 15
LogP 1.753 Eff Dlam
I} Iz Diam 3,1759
‘\M SMILES O=CCCCCC v file data/BCFWIN_nonionic_smiles sdf
« file Ci\Documents and SettingsninatMy Documentsitest.csy
¥ EFfF Diam v
Y
: () TrainingfTest similarity (%) Descriptors () Similarity vs, Activity () Descriptars vs, Activity
Color Labels Show
H o =i /7 & = 4 449 bbbl [ ][ H ]

Figure 42: Exploring descriptor space with scatter plot

Regions of the chart may be enlarged by using the zoom in/out functionality. The
mouse can be used in a click and drag mode to select a region of descriptor space to be
viewed in greater detail as shown in Figure 43.

:.= Sirnilarity makrix

|L Chart | lILl Sirnilarity histagram

12.5 4 x
10.0 4
7.5

5.0

LogP

25 4

00

2.5

n] 1 2 3 4 a G 7 2 =] 14

Figure 43: Zoom into user defined area
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The points in the plot can also be labelled if desired by using the Labels button (at the

right bottom of the chart). Available options are descriptors, endpoint, CAS RN,
Names (Figure 44).

Select how the points should be la... [Z|

Label by

Lo q BCF

[ Ok l [ Cancel ]

Figure 44: Labels

The action shown in Figure 44 results in each point being labelled by the LogBCF value
(Figure 45). Clicking on a point will display the corresponding compound. Clicking on
the Showbutton will display all the visible points in the left dataset area.

[ Toxmatch

Flle Training set  Testset Help

Fil= Descriptars  Groups  Yiew  Similarity Training set Test set
\srchinstallers) Toxmateh' 1. 1Y streambindatal ECFWIN_nonionic_s...
file data/BCFWIN_nonionic_smiles sdf file C:\Documents and Settings. ..
# CasRN EFF Diam LogP LogBCF
[ LogBCF greater than 5
[0 LogBCF in(4,5)
000060-29-7 2,5961 0,39 0,6 O LogBCF in(3,4)
000067-66-3 2,5033 1,97 0,73 O LogBCF in {2,3)
000075-25-2 2,7524 24 1,09 O LogBCF in{1,2)
0001 06-93-4 2,2141 1,96 0,66 [ LogBCF in{0,1)
000107051 2,6884 1,53 0,4 L1 LogBCF less than zero
000105-63-3 2,4645 2,64 1,14
000111-44-4 2,1729 1,29 1,04
013116-53-5 2,6042 2,72 1,53
L] o m n [T T ——_ n
|._lChart uuSmIarlty histograrn | J=8 Similarity matrix
18
Ho =% 7 & = 14 N bbbl 14 7 T
1.00
25 |
File Descriptors  Groups  Yiew  Similarity ¥
1 molecules EFF Diam in (2.123806639820327,2,8785567026338104). . 20 0.35 033 043
o 2 ¥
Struckure Properties = "
i
# 1 1.5 104
CashH 6251 N
EFF Diam 4897 10 as
fLogk 1,733
MlMaxD\am 5.1759 2,15 220 225 2,30 2,35 2,40 245 2,50 255 2,60 285 270 275 280 285
= SMILES O=CCocce EffDiam
* file data/BCFWIN_nanionic_smiles.sdf
+ filg CiDocuments and Settingsininaity Documentsitest csy
- Eff Diamn v
W LogP v||:| (Log)
() TrainingTest similarity (%) Descriptars () Similarity vs, Ackivity () Descriptors vs, Ackivity
Color Labels
Ho =% 7 & = 14 449 bk Bl i

Figure 45: Zoomed area with LogBCF as labels

Similarity in descriptor space - Euclidean distance
The next step is to calculate similarity to the training set. Use the training (top) panel
menu Stnalarity/ Similanity to the training set (Figure 46) and follow the wizard.
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ﬁ Toxmatch
File Training set Testset Help

File Descriptors  Groups  Wiew BEiEG1EY

2\ Ideaconsult| Toxmatch-v 1, 034 bin| S R T o Sy e e

SITUEILE 2 Similarity to the best set

Explare similarities

Zl
Cl Cask O00050-29-3
Cl LogBCF 4,47
MNames
J’h n 7 it =7

Figure 46: The Similarity menu for the training set (_tb-;;'p_aﬁel)

Select E udidean distance (Figure 47)

B Select similarity method

Similarity methods

() Euclidean distance (descriptars, kNNE

() Cosine similarity (descriptars, kN

() Hodghin-Richards Index (descriptors, ki)

(3 Tanimoto distance (descriptors, k)

() Tanimoto distance (fingerprints, consensus fingerprint)

() Tanimato distance (fingerprints, kKN

() Hellinger distance (Atom environments,summary atam environment)
() Hellinger distance (Atorn environments, KM

() Maximurn Common Substructure

(3 Cluster

°-

(ick Next on the following window (Figure 48)

Figure 47: Similarity methods
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B Select similarity method

Euclidean distance (descriptors, kNN) |
Descripkors ] Parameters
Bvvailable descripkars
LogP
EHOMO
eLlMO
: Add
‘ I“\I Back, ‘ Iyxl et ‘ x Cancel

Figure 48: Similarity method options

Select Caladate similarity and predia actiuty on the following window (Figure 49) and click
OK.

ﬁ Select similarity method

Select ackion:

: (@‘l Calculate similarity and predict ackivity ]

(") Calculate similarity and classify into graups

| IGIBan:k |\. b\IOK j ‘ XCanceI |

Figure 49: Similarity method options

This will run a calculation of Euclidean distance for the training set. The Euclidean
distances will be available in the Tring set.E udidean distance field, whilst the predicted
LogBCF values will be available in the Traiung set.E udidean distance. L ogBCF field.
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Use menu View'ViewFidds from the top panel to select which fields will be visualised.
Switch to the similarity tab and select Twing set.Eudidean distance and Trairing
set. Eudidean distance LogBCF (Figure 50). Switch to descriptors panel and select all
descriptors. Click OK.

Select data fields to display

identifiers | descriptors E!nl:lpcuint| similarity | subsets

. Select all Unselect all Invert selection

Property Type
W
Training set.Euclidean distance,LogBCF

[ Ok ] [ Cancel ]

Figure 50: Selecting fields to display
The selected fields and their values will appear in the training panel.

Similarity assessment of the test compound
Now run the similarity calculation for the test compound. Use Sinalarity/Simlarity to the
training set from the bottom (test set) panel and follow the wizard.
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E Toxmatch
File Training set Testset  Help

File Descriptors Groups  Wiew  Similariby

Z: 1 Ideaconsult Toxmatch-+1, 03 bindatal BCPWIN_nonionic_smiles, sdf

Skructure Properties
Cl * 1
cl CasRN 000050-29-3
Cl LogECF 4,47
Marmes
SMILES clooc{ o1 ZPc I, ..
Cl
Cl
#* 2
_askM o0oas0-32-3
LogBECF 2,96
| Marmes

[CIE

File Descriptors  Groups  Yiew

H:-#&ss=Ivvaee.
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Figure 51: Similarity calculation

50




TOXMATCH USER MANUAL

Exploring similarity assessment results

When ready, use menu View'View Fields from the bottom panel and select the same
fields as for the training set. The selected fields and their values will appear in the test
panel. The chart options can also be changed to label compounds by predicted
LogBCF or calculated distance.
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Figure 52: Displaying results

The chart can also be configured to display observed LogBCF vs. predicted LogBCF
or observed LogBCF vs. Euclidean distance.

The procedure outlined has characterised the training set data using the Euclidean
distance as a similarity measure. The test set query chemical has been loaded and a
Euclidean distance measure calculated. A comparison between the two sets has
enabled the test set chemical to be visualised in a range of ways in order to compare
the most similar chemicals from the training set and make an estimate of its own likely
BCF range. This could be termed as a many to one read-across.
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Figure 53: Predicted vs. observed LogBCF
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Figure 54: Predicted vs. observed LogBCF
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Structural similarity - Fingerprints
Here the same menu as in Figure 46, and the same procedure will be used but instead,

Fingenprints (rearest neighbows) will be selected instead of Euclidean distance.

Training set

Use Sinalarity/ Sinilanity to trairing set from the top panel and follow the wizard (Figure
55)

B Select similarity method

Similarity methods

() Euclidean distance (descriptars, kM)

() Cosine similarity (descriptars, kMM

() Hodgkin-Richards Index (descriptars, kN
{3 Tanimoto distance (descriptars, ki)

(3 Tanimoto distance (fingerprints, consensus fingerprint)

() Tanimoto distance (fingerprints, kLM

() Hellinger distance (Atom environments,summary atam environment)
() Hellinger distance (Atorm environments, KR
() Maximurn Commeon Substructure

() Cluster

=

Figure 55: Selecting fingerprints for similarity assessment

Test set

Use Sinalarity/Sinlarity to training set from the bottom panel and follow the wizard.

Follow the same steps explained when calculating Eudidean distane for the test set
(Similarity assessment of the test compound - p.49), but this time select Tarnuto distane
(firgerprinis, kNN) from the following menu (Figure 56).
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Awvailable similarity measures to the Trai... g|

Similariky methods

() Euclidean distance {descriptors, ki) [prediction]

{(®) Tanimoto distance (Fingerprints, kW) [prediction |

[ ok H Cancel ]

Figure 56: Similarity assessment of the test set

Exploring similarity assessment results - (scatter plots)

The field Trairing set. Fingerprinis (nearest neighbows) now contains the calculated Tanimoto
distance, where Twning set.Fingeyprints (nearest neighbours).LogBCF contains predicted
LogBCF value, based on fingerprints similarity. We could use the same menus to
visualise these fields in the training set panel and in the chart.

D Chart ll_l Sirnilarity histogram :'- Sirnilarity rnakri

R W o Ch

LogBCF

0.0 0.1 032 03 04 0.5 05 07 0.8 0.2 1.0
Training set Tanimoto distance fingerprints, ks

r file data/BCHWIN_nonionic_smiles.sdf
+« file CADocuments and Settingsininathy Documentsitest.cey

" Training =k, Tanimaoto distance (fingerprinks, kM
W LagECF v | [ iLog)

(3 Training/Test similarity () Descriptors (%) Similarity ws, Activity () Descriptars vs, Activity

’ Color ] ’ Labels ] ’ Show ]

Figure 57: Tanimoto distance vs. observed LogBCF

Exploring similarity assessment results - (similarity matrix)

The most similar structures to the structure in the text set can also be explored using
the similarity matrix. In the visualisation area (bottom right of the main screen), switch
to the Sinalarity matrix tab.
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The similarity matrix displays the pair wise similarities for the selected similarity
measure. The toolbar just above the matrix configures what is displayed in rows and
columns. The default setting is to compare the structures from the training set,
therefore the toolbar is configured for Trairang set for both rows and columns Figure 58.

A click on a cell displays the compound on the selected row, while double click
displays the compound on the selected column. The information about the clicked cell
is available on the panel at the right of the matrix.
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Figure 58: Similarity matrix for the training set

We will use this panel to select the most similar compounds to the test set. For this
purpose:

Select 7Test set for columns
(ick on the test set line in the top right comer (Figure 59)
The matrix will change to a single column, since there is only one compound in the test

set. Click on each cell to see the corresponding structure from the training set and its
pair wise similarity with the test structure.
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Figure 59: Similarity matrix for the test set

Identifying the most similar compounds could be achieved through performing the
following steps:

(ick on any cell.
Select the 7Test set radio box (lower structure in the matrix control panel).

The similarity matrix provides a useful interface to visualise and extract the
most similar chemicals up to a given similarity threshold. This range goes
from 0 to 1. Selecting a threshold of 0.31 will display the most similar
structures with a similarity value less than 0.31.

Type in 0.31 in the Threshold box.
Click the Showbutton.
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This will filter the matrix to show only 10 structures with Tanimoto distance with test
structure less than 0.31. The top left (training) area will also display only these 10
structures (Figure 60).

Test set

nents and SettingsininalM...

Selected pair

A Toxmatch
Flle Training set Testset Help
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Figure 60: Most similar structures to the test set structure (Tanimoto distance)

The properties of the nearest neighbours can be additionally explored in a table form.
Use menu View'ViewFieds from the top panel to select which fields will be visualised.

Switch to the desazptors tab and check the Ejf Diany Max diamy LogP descriptors (Figure

61).
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Select data fields to display

identifiers | descriptors | endpaint | similarity | subsets |

. Select all Unselect all Invert selection

Property Type
EFf Diamn
Maz: Diam
] Min Diam

<]

[ Ok ] [ Cancel ]

Figure 61: Selecting descriptors to be displayed

Switch to the similarity tab and select Training set.Euclidean distance.LogBCF and
Training set.Fingerprints (nearest neighbours).LogBCF (Figure 62).

Click OK.

Select data fields to display E|

| identifiers | descriptars | endpu:uint| sirmilarity | subsets |

Property Type
| Training set,Euclidean distance (descripkors, kM)
Training set.Euclidean distance (descriptors, kMM, LogBCF
] Training sek. Tanimoto diskance (fingerprinks, ki)
Training sek, Tanimoto distance (fingerprinks, kMMY, LogBCF

[ Ok, H Cancel ]

Figure 62: Selecting similarity indices and predicted LogBCF to be displayed

Use View'Viewnem to switch the display to table mode (Figure 63). Explore descriptor
values and LogBCF values predicted by weighted average of nearest neighbours.
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File Training set Testset Help
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(5 =l J & = 14 a4 BB

Figure 63: Dataset display in table mode

This example has shown that it is possible to characterise the BCF dataset with respect
to fingerprints and compute the weighted activity of nearest neighbours in order to
then estimate the BCF for the query chemical. A similarity matrix is a convenient
means of rapidly visualising the training and test set. Setting a similarity threshold can
help to identify the most similar chemicals.

Figure 63 shows the compiled table of predicted LogBCF values using the two different
similarity measures. The predicted values vary depending on the compounds tested,
further investigation to identify which types of chemicals are most accurately predicted
compared to the experimental values will help to identify which similarity approach is
most optimal for a given type of chemical.

Structural similarity - atom environments

Here a similanity weighted similarity of nearest neighbours will be carried out using
Atom environments (select Hellingr distance (Atom Eriromens, kNN) from the
corresponding wizard menu.

Use the similarity matrix to extract most similar compounds, with a threshold of 0.75 -
this will give result in 5 most similar compounds.
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