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QSAR TOOLBOX

Background

* This presentation is designed to familiarize the Toolbox user
with new structure similarity comparison features;

®* Structure similarity options in the Toolbox have been
expanded including PubChem substructure features.
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QSAR TOOLBOX

Keywords

TARGET CHEMICAL - chemical of interest
MODULE - a Toolbox module is a section dedicated to specific actions and options (e.g. Profiling)

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

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

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

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

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

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

Aims

* To demonstrate to the Toolbox user how to compare two
chemicals with respect to PubChem substructure similarity
features;

* To demonstrate to the Toolbox user how to compare a
chemical with a list of chemicals with respect to PubChem
substructure similarity features.
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QSAR TOOLBOX

PubChem features
Overview

PubChem generates a binary substructure fingerprint for each chemical
structure. These  fingerprints are used by PubChem for
similarity neighboring and similarity searching.

A substructure is a fragment of chemical structure. A fingerprint is an
ordered list of binary (1/0) bits. Each bit represent a Boolean
determination of specific atom or test features used further for similarity
neighboring and similarity searching. Seven groups of PubChem features
are defined and used:

e Hierarchical element counts;

e Rings;

e Simple atom pairs;

e Simple atom nearest neighbors;
e Detailed atom neighbors;

e Simple SMARTS patterns;

e Complex SMARTS patterns.
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QSAR TOOLBOX

PubChem features
Overview

Numbers in brackets show the number of
common substructure features between the
two compared structures out of all features
found in a single chemical.

- Green colored features are common for
both structures;

+ Red colored features are unique .

bit
bit

Each of the PubChem features has
position (1) which correspond to a
substructure (2).

The OECD (Q)SAR Toolbox for Grouping Chemicals into Categories
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Structure similarity: 96.65%
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Trs Lisos N-C-C-CC (1) 1
#010-">=2C"(11) ”609:[—(.—(:{:(:."[1/1) :
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cH pessalle-cocco )
- N2672 ¢ 10=C-C=C-C" (1/1)
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FEETBNIC-C=C-CC (1)
peeralhe-c-c=c-c(1/1)
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#45 - *C(-C)(-H)" ::rﬁ%"ozc-c-c-c-c.m" o
#52 - "CO-N)" FFTSI0=C-C-C-CCCC (177)
53 - "C~0)(~0)" |x?03=l0::-c-c-c-cm)-c 0/1)
#56- "Cl-O0)" 1709 1 1C.C(0-C-C (1/1)
£57 - "C-OLQLD)" (1/1) Le710y ge-cio-ccc (1/1)
71 - "C-HIEC! (1) FTIC-C-LO-CC (171)
72 - "C-HIO (1) ‘
77 - "CLNEQ" (1/1) v s
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QSAR TOOLBOX

PubChem features
Hierarchical element counts

« Hierarchical element counts - These bits test for the presence or count of
individual chemical atoms represented by their atomic symbol.

21 Similarity form - O pd
Structure similarity: 96.65%
Target chemical | Query chemical
They include bit positions
0
from 001 to 115. .
0 1 o
X c
S
o]
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-"e= AH(1/1) -">=4H"(111)
#010-">=2C"(1/1) #010-">=2C"(1/1)
#0011 -">=4C"(1/1) #11-"==4C"(1/1)
#0105 -"== T N"(1/1) #15-"=>=1N"(1/1)
#0019 -">=10"(1/1) #019-">=107(111)
#020-">=20°(1/1) #020-">=207(111)
#038 - ">=1CI"(1/17) #038-"==1C1" (1)
FIO-">=Tanyrngsize o (1/1) #F1/9-">= 1 any ning s1ze 6" (1/1)

#180 - "
#256 - "
#284 -
#285-"
#IAR -

>= 1 saturated or aromatic
»>= 1 aromatic ring" (1/1)

"C-H" (1)

c-c* (1)
C-N" (1/1)
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#180 -
#256 -
#284 -
#285 -
#IR6 -

»>= 1 saturated or aromatic
»>= 1 aromatic ring" (1/1)
"C-H" (1/1)

"C-C"(1/1)

"C-NT Y
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QSAR TOOLBOX

PubChem features
Rings in a canonic ESSSR ring set

« Rings in a canonic Extended Smallest Set of Smallest Rings (ESSSR) ring set -
These bits test for the presence or count of the described chemical ring system. An
ESSSR ring is any ring which does not share three consecutive atoms with any other
ring in the chemical structure. For example, naphthalene has three ESSSR rings (two
phenyl fragments and the 10-membered envelope), while biphenyl will yield a count
of only two ESSSR rings.

=1 Similarity form _ O P

Structure similarity: 96.65%
Target chemical Query chemical

N
They include bit positions %hf;@\ﬁ CW‘/©/

from 116 to 263. °

4 PubChem features (101/104) ~ i 4 PubChem features (101/105) o
#0071 -">=4H"(1/1) #001-">=4H"(11)
#010-">=2C"(11) #10-"==2C"(11)
#011-">= 4 C" (1/1) 2011 -">=4C" (1)
#015-">= 1N (1/1) #015-"==1N"(111)
£019-">= 10" (11) #019-">= 10" (1/1)
#020-">=20°(1/1) #020- "= 20" (1/1)
038> 1 2038 =100
#179 - ">= 1 any ring size 6" (1/1) #179 - ">=1 any ring size 6" (1/1)
#180 - "»>= 1 saturated or aromatic carbon-only ring size 6” (1/1) #180 - ">= 1 saturated or aromatic carbon-only ring size 6" (1/1)
#256 - "»= 1 aromatic ring" (1/1) #256 - ">= 1 aromatic ring" (1/1)
#285 - "C-C" (111) £285 - "C-C" (1/1)
#286 - "C-N" (1) #286 - "C-N"(1/7)
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QSAR TOOLBOX

PubChem features
Simple atom pairs

« Simple atom pairs - These bits test for the presence of patterns of bonded atom
pairs, regardless of bond order or count.

2] Similarity form - O x

Structure similarity: 96.65%
Targat chemical Query chemical

Nf\o_
They include bit positions X I \ﬁ/©/
from 264 to 327. °

4 PubChem features (101/104) ~ | 4 PubChem features (101/105) ol
#001 - ">= 4 H" (1/1) 2001 -">=4H"(1/1)
#010-">=20C"(1/1) #010-"»=2C"(1/7)
#11-">=4C"(1/1) #011-">=4C(171)
2015 -"== 1 N"(111) 2015-">=1TN"(1/1)
#19-">=10"(11) #019-">=10"(1/1)
#020-">=20"(1/7) #020-">=20"(1/1)
#038 - ">=1C1"(1/1) #038-">=1CI"(1/1)
#179 - ">= 1 any ring size 6" (1/1) #179 - ">= 1 any ring size 6" (1/1)
#180 - ">= 1 saturated or aromatic carbon-only r #180 - ">= 1 saturated or aromatic carbon-only r
5oz 1 aromatic ring" (1/1) 2296 "> 1 aromatic ing” (1/1)
#284 - "C-H" (1/1) 284 - "C-H" (1/1)

#285-"C-C" (1) #285-"C-C" (1)
#286 - "C-N" (1/1) #286 - "C-N" (1/1)
#287 - "C-0" (1/1) #287 - "C-0" (1/1)

#295 - "C-CI" (1/1)
#302 - "N-0" (1/1)

- *C-CI* (1/1)
- "N-0" (1/1)

RS

#334 - "C(~C)(~O)(~C)" (1/1) #334 - "C(~C)(~C)~C)" (1/1)
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QSAR TOOLBOX

PubChem features
Simple atom nearest neighbors

- Simple atom nearest neighbors - These bits test for the presence of atom nearest
neighbor patterns, regardless of bond order (denoted by "~") (1) or count, but where

bond aromaticity (denoted by ":") (2) is significant.

They include bit positions

from 328 to 416.

1 Similarity form

Target chemical

Structure similarity: 96.65%

Query chemical

Q
I
+
CH

e~
Cl \’((Q:(I:H
(0]

I W e L & WL

Lo

#333 - "C(~C)(~C)" (1/1)

#3234 - "C(~C~CH~C)" (1/1)
#3471 - "C(~CY~CY~MN)" (1/7)
#343 - "C(~CM~CI)" (1/7)
#345 - "C(~C)(~H)" (1/1)
#352 - "C(~C)[~N)" (1/7)
#353 - "C(~C)(~0Q)" (1/1)
#356 - "C(~C)C)" (1/7)
#357 - "C{~C)OWCY" (1/1)
#3771 - "C(~H)(:C)" (1/7)
#372 - "C(~H):C)(:C)" (1/7)
#3TT - "C{~N)(:C)" (1/1)
#378 - "C(~N)(zC){-C)" (1/1)

#333 -
#334 -
#341 -
#343 -
#345 -
#352 -
#353 -
#356 -
#357 -
#371 -
2372 -
#377 -

#385 -

"C~C)~C)" (/1) \
"C~CH~CH~C)" (1/7)
"C~CH~CTH~N)" (1/7)
"C~CH~CN" (1/1)
"Cl~C)~H)" (1)
"C(~C)(~N)" (1/7)
"Cl~C)~0)" (/1)
"C(~CEC) (17)
"Cl~CIECHEC)™ (1)
"C~HIECY" (147)
"C{~HIECHEC)™ (1/7)

“Cl~MNIEC)" (1/1)

- "C(~N)C)(C)" (1/1)
"CECIEC)™ (1/1)

" " #396 - "N(~C){~0)" (1/1)

1 - " 2 #402 - "N(~0)(~0)" (1/1)
T c=c -2 4 A O Ol T ]
21 -"C=0" (1/1) 2421 -"C=0"(1/1)
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QSAR TOOLBOX

PubChem features
Detailed atom neighborhoods

- Detailed atom neighborhoods - These bits test for the presence of detailed atom
neighborhood patterns, regardless of count, but where bond orders are specific, bond
aromaticity matches both single and double bonds, and where "-", "=", and "#"

matches a single bond, double bond, and triple bond order, respectively.

=] Similarity form — O s

Structure similarity: 96.65%
Target chemical Query chemical

They include bit positions

from 417 to 460. . IO o
QNL] /OC\EI/ Cl\ﬁ/©/

= El) o LS - "..I'l A3 ;- \“1’41
ﬂ:ﬁ?- "C=C" (1/1) #417 - "C=C" (1/1) 7\
#421 - "C=0" (1/1) #421 - "C=0" (1/1)

#424 - "N=0" (1/1) #424 - "N=0" (1/1)
#431 - "C{-CH-C)(=C)" (1/1) #431 - "C(-C)(-CH=C)" (1/1)
- "C{-CH-CI{=0)" (1/1) 34 - "C(-C)(-CI{=0)" (1/1)
£435 - "C(-C)H-H}=C)" (1/1) #435 - "C-C)(-H)(=C)" (1/1)
£438 - "C(-C)H-N)}=C)" (1/1) #438 - "C-C)(-N}=C)" (1/1)
#442 - "C(-CH=C)" (1/1) #442 - "C-C)(=C)" (1/1)
£444 - "C(-CH(=0)" (1/1) F444 - "C-C)(=0)" (1/1)
#445 - "C(-C){=0)" (1/1) #445 - "C-C=0)" (1/7)
#4447 - "C(-H)(=C)" (1/1) FA44T - "C-HN=C)" (1/1)
£450 - "C({-N){=C)" (1/1) #450 - "C-N)(=C)" (1/1)
£455 - "N[-C)(=0)" (1/1) #455 - "N{-C(=0)" (1/1)
kzlss - "N(-O)(=0)" (1/1) #456 - "N{-C)}=0)" (1/7)
#4717 - "C:C-C=C" (1/1) #4T1 - "CC-C=C" (1/7)
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QSAR TOOLBOX

patterns,

PubChem features
Simple SMARTS patterns

Simple SMARTS patterns

regardless of count,

These bits test for the presence of simple SMARTS

aromaticity matches both single and double bonds.

They include bit positions
from 461 to 713.

The OECD (Q)SAR Toolbox for Grouping Chemicals into Categories

(=) Similarity form

Target chemical

Structure similarity: 96.65%

Query chemical

Q
"
N

CH -
e
.

#559 - "0

#553 - "C:C-C:C" (1/1)

=C-C=C" (1/1)
“C=0C-
=MN-C:C™ (1/1)

-C-C-C" (1471}

C-C* (/1)

-C-C-C7 (1/1)
-C-C™ (1/1)
=C-C" (1/1)
-C-C-C* (1/1)
-C-C-C" (1/1)

-C-C:C” (141)
-[#11" (1/1)

N-C:C:C-C™ (1/1)

" (1/1) T - 3 :
:c (/1) "C-CCC-C (1/1)
- -c-c:c-{m) "N-C-C-C:C (1/1)
"0=C-C:C" (1/1) "C-C-C-C:C™ (1/1)
#503 - "N-C=C-[#11" (1/1) “CHC-C-CC™ (141)
#515 - "0O-N-C-C" (1/1) -
#517 - "[#1]-C=C-[#1]" (1/1) :
#5271 - "C=C-C:C~ (1/1) h
#525 - "C-C=C-C" (1/1) "
#536 - "0=C-C-C" (1/1) "
#546 - "N-C:C-C™ (1/1) B
#547 - "N-C:C-[£1]" (1/1) "
#550 - "N-C-C=C™ (1/1) "
#551 - "CI-C-C-C" (1/1) h
“C
"C
=
M
"0

A

- "C-C-C{C)-C-C" (1/1)

= (1/1)
-C* (1/1)
c-c” (1)
C-C-C-C-C" (1/1)
-C-C-C-C-C-C™ (1/1}

(C)-C-C-C™ (1/1)

April 2020

TTTCCCUS LT o T

- "CCICCON)CCT™ (0/1)

but where bond orders are specific and bond
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QSAR TOOLBOX

PubChem features
Complex SMARTS patterns

« Complex SMARTS patterns - These bits test for the presence of complex SMARTS
patterns, regardless of count, but where bond orders and bond aromaticity are

specific.

=0 Similarity form

- O X

Structure similarity: 96.65%

Target chemical Query chemical
o
c:—‘i‘ﬁ‘clH L /lNli\D
. . ey Oy e C.O?
They include bit positions - I N

from 714 to 881.
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o

#665 - "C-C=C-C=C" (1/1)
#666 - "N-C:C-C-C" (1/1)
#669 - "C-C:C-C-C" (1/1)
#672 - "0=C-C=C-C" (1/1)
#673 - "0=C-C=C-[#1]" (1/1)
#678 - "C-C=C-CC* (1/1)
#679 - "C-C-C=C-C" (1/1)
#680 - "C-C-C-C-C-C" (1/1)
#684 - "N-C-C-C-C-C" (1/1)
#685 - "0=C-C-C-C-C" (1/1)
#5686 - "0=C-C-C-C-N" (0/1)
#6809 - "C-C-C-C-C-C-C" (1/1)
#6093 - "0=C-C-C-C-C-C" (1/1)
#705 - "0=C-C-C-C-C-C-C* (1/1)
#709 - "C-C(C)-C-C" (1/1)
=710 - "C-C{C-CoCoC (1)

#666 - "N-C:C-C-C" (1/1)

#660 - "C-C:C-C-C" (1/1)

#672 - "0=C-C=C-C" (1/1)

#673 - "0=C-C=C-[#1]" (1/1)
#678 - "C-C=C-C:C" (1/1)

#679 - "C-C-C=C-C" (1/1)

#680 - "C-C-C-C-C-C* (1/1)
#684 - "N-C-C-C-C-C* (1/1)
#685 - "0=C-C-C-C-C" (1/1)
#689 - "C-C-C-C-C-C-C" (1/1)
#603 - "0=C-C-C-C-C-C" (1/1)
#606 - "0=C-C-C-C-C-N" [0/1)
#705 - "0=C-C-C-C-C-C-C" (1/1)
#708 - "0=C-C-C-C-C(N}-C~ (01)
#709 - "C-C(C)-C-C" (1/1)

£710 - "C-CC)-C-C-C™ {(1/1)

#7171 - "C-C-C(C)-C-C" (1/1)
#738 - "Cclec{M)ccc1” (0/1)
#8071 - "CC1CC(N)TCCT™ (0/1)

=711 - "C-C-C(C)-C-C* (1/1)
#7T17 - "Cclecc(N)cc1” (0/1)
#780 - "CCICOC(N)CCT" (041)

April 2020

17



QSAR TOOLBOX

Outlook

* Background

* Aims

* PubChem features
* The exercise

* Workflow

The OECD (Q)SAR Toolbox for Grouping Chemicals into Categories April 2020 18



QSAR TOOLBOX

The Exercise

* In this exercise we will compare:

1. Two chemicals with respect to PubChem substructure similarity
features (we will use m-Chloroaniline and benzoic acid);

2. One chemical with a list of chemicals with respect to PubChem
substructure similarity features (we will use m-Chloroaniline and
Skin sensitization ECETOC database ).

The OECD (Q)SAR Toolbox for Grouping Chemicals into Categories April 2020 19



QSAR TOOLBOX
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o Substructure similarity between two chemicals
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QSAR TOOLBOX

Workflow
Substructure similarity between two chemicals

r— Koeed

01010
QSAR TOOLBOX ne % e
=B

The OECD QSAR Toolbox

gory definition » Data Gap Filling » Report

Profiling Custom profile

Apply View New Delete Measure

Molecular features

Calculation loped by LMC, Bulgaria

O Tanimato (Jaccard
[~} Documents 9 Dice o Uaceard) [ Atom pairs
& Document 1 Kulezynski-2 [ Topologic torsions ) Fingerprint
A Selection from database 'Aquatic OASIS' ) Ochiai(Cosine) [[] Atom centered fragments @® Hologram
& Document 2 ) Yule [] path
3 [ Cycles
BubChem feafursy O Average by features
@® Combine all features
Options
Formula Description Atom characteristics
The PubChem System generates a binary
¢/0.5[(a+c)+(b+0)] substructure fingerprint far chemical structures, Atom type
A substructure is a fragment of a chemical structure, Count H attached
Afingerprint is an ordered list of binary (170) bits. [ Count heavy atoms attached
Description Each bit represents 3 baclean determination of, or test Hybridization
for, the presence of, for example, an element count, 3 [ Incident pi-bonds
type of ring system, atem pairing, atom environment
. [ Valency
(nearest neighbers), <tc, in a chemical structure,
[] Charge
[ cyclic
t Haider (che Structure
B c
4 101
o
II*
N,
~o
Metabolism/Transformations = 96.851% .
Options 4
Select All Unselect All ° e
I D ted

1. Go to Profiling module;

2. Right click over the Structure similarity profiler and select Options;

3. Uncheck all molecular features and select only PubChem features. The additional similarity options
(e.g. Calculation and Atom characteristics) do not have influence to the PubChem features.;

4. Double click on the structure in left which will be our target. 2D editor window appears.

The OECD (Q)SAR Toolbox for Grouping Chemicals into Categories April 2020 21




QSAR TOOLBOX

Workflow
Substructure similarity between two chemicals

] 2D Editor _ O |

[smiles ~ | [0AIN+I(=0)ctccec(e)C(CI=0 =) 2D Editor 4 - O x

DEDE OEE OB

=) Clear All p 4
o ‘ .
\ /C Want to clear everything?

o~ | VES\\ | | No

2

| Smiles + | C1=6C(=CC=C1)CNINHZLS [x1-]

HEEE 088 OEN

EEEERREEEEOODO
=
EEEEEEEEEEOOO0
=]
BAS——

:

1. Click on the Blank page button;
2. Confirm that you want to clear everything by click on Yes;

3. Draw m-chloroaniline structure; or paste the SMILES: C1=CC(=CC(=C1)CIH[NH2] (4) in the
filed with SMILES

5. Click on OK

The OECD (Q)SAR Toolbox for Grouping Chemicals into Categories April 2020 22



QSAR TOOLBOX

Workflow
Substructure similarity between two chemicals

12] Similarity options - O s

Measure Molecular features Calculation
) Tanimoto Jaccard| .
@® Dice ( ) [ Atom pairs
() Kulczynski-2 [] Topologic torsions () Fingerprint
O OchiaifCosine) "] Atom centered f ® Hologram
O Yule [ Path

[ Cyeles

PubChem feat
[ PubChem features ) Average by features
® Combine all features

Formula Description Atom characteristics
The atom-centered fragment is a topological sphere
C/Ol 5[(3 +c)+ (b+c)] with center a selected atom and radius specified in Atom fype
Any atom distance. For aromatic carbon as a center Count H attached
of the sphere is assumed the aromatic system that D Count heavy stoms attached
Description contains this atom of concern. Hybridization

[] Incident pi-bonds

[ Valency
[ Charge
[ Cydic

Structure
| | Define
Example
A B c
[ s [ ¢ [ 3]
1 | /@\ Similarity = 30.000% 0, /©/&j - 2
TR Y C \\\N_ -_|_
T2 &
[ et || Help |
| oK ‘ | Cancel ‘

The structure which you have drawn appears (1). Double click on the structure in right (2) to
draw the second chemical.
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Workflow
Substructure similarity between two chemicals

(] 2D Editor — O .

[smites - | ci=0)Che1cceIN-1(=000-Deet [xT.1

Z (5] 20 Editor _ O %
BERN O8E OEE |-
(-

[smiles ~ | c=0)c1=CC=CC=C1)0 [x]-]

1 oEn oEN

OH

EEEEEEREREDO00

EEEEEEREEE0000

.
)

Click on the Eraser button (1) and remove the nitro group (2). Select the oxygen symbol (3) and
click over the chorine atom (4). Now you are ready with drawing of benzoic acid and have to click
on OK (5)
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Substructure similarity between two chemicals

Workflow

#333 - "C(-C)(~C)" (171)
#341 - "C~C)(~C)(~N)" (041)
#343 - "C(~C)(~CI)" (0/1)
#£345 - "C-C)(~H)" (111)
#352 - "C(~C)(~N)" (0/1)

(=] Similarity options - m} X =1 Similarity form — O e
Measure Molecular features Caleulation i s?m-ila:i'l; 53.75% |
) Tanimoto (laccar S -
@ Eice o aceard) [ Atom pairs Target Chemical | Query Chemical
Kulezynski-2 [ Topologic torsions ; Fingerprint
© OchiailCosine) [] Atem centered fragments ® Hologram
O Yule ] path
[ Gycles
[ PubChem features ©) Bverage by festures
® Combine all features
Options
0,
Formula Description Atom characteristics
The PubChem System generates a binary
¢/0.5[(a+c)+(b+c)] substructure fingerprint for chemical structures. Atom type HoN Cl
A substructure is a fragment of a chemical Count H attached
structure. [ Count heavy atoms attached H OH
Deseription A fingerprint is an ordered list of binary (1/0) bits. Hybridization
‘Erasclhfhit‘r:presents a b?o'lean dater‘minatiin of, or [ Incident pi-bonds
or, the presence of, for example, an elemen O vateny
count a type of ring system, atom pairing, atom [ Charge 4 PubChem features (43/76) ~ | 4 PubChem features (43/84)
environment (nearest neighbors), etc., in a chemical Oe ‘9 £001 - ">= 4 H* (1/1) 2001 - * aH (17
structure. yelic L # B # -
#010-">=20C"(11) #010-">=20C" (1)
Structure #011-">=4C" (1/1) #011-">=4C" (1/1)
| - #015 - ">= 1N (0/1) #019-">= 10" (0/1)
a . c #0328 - "==1CI"(0/1) =20"{0M1)
b #179 - ">= 1 any ring size 6" (1/1) #179 - ">= 1 any ring size 6" (1/1)
1 2 #180 - ">= 1 saturated or aromatic #180 - ">= 1 saturated or aromatic
[ 1 #256 - ">= 1 aromatic ring" (1/1) = 1 aromatic ring" (1/1)
Igl 1| Similarity = 53.750% e 3 #284 - "C-H"(1/1) #284-"C-H"'(11)
HaN o WEIETE | #285 - "C-C" (1/1) #285 - "C-C" (1/1)
#286 - "C-N" (0/1) #287 - "C-0" (0/1)
OH
#2095 - "C-CI"(0/1) #309 - "0-H" (0/1)
<>
£300 - *N-H" (0/1) #333 - "C(~O)(~C)* (1/1)

#334 - "C(~O)~C)~C)" (0/1)
#345 - "C(~C)(~H)" (111)
#353 - "C(~C)(~0)" (0/1)
#356 - "C(~C)(C)" (111)

v #357 - "C(~C)LOEC)" (0/1)

Similarity between the two structures is calculated automatically with respect to the
PubChem features (1). Click on Details button (2) to get more information about the
common and unique structural features.
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Outlook

* Background

* Keywords

* Aims

* PubChem features
* The exercise

* Workflow

o Substructure similarity between of two chemicals

o Substructure similarity between single chemical and
chemical list
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Workflow
Substructure similarity between single chemical
and chemical list

=

Xo6ed
QSAR TOOLBOX @ 000 B

=5

Target Endpoint The OECD QSAR Toolbox

» Input » Profiling » Category definition » Data Gap Filling

Single Chemical Chemical List

. & —- 1 for Grouping Chemicals
o -y j fﬁ, T ] . Y @ into Categories

New Open Cl e CAS# Name  Structure Compositio Select Substructure (SMARTS)  Query Developed by LMC, Bulgaria

O X

Select database

Select All Unselect All Invert Options

EYe UTLdLUU ECE UL

Food TOX Hazard EFSA

GARD Skin sensitization

Genotoxicity & Carcinogenicity ECVAM
Genotoxicity OASIS

Genotoxicity pesticides EFSA

Hurran Half-Life

Keratinocyte gene expression Givaudan
Keratinocyte gene expression LuSens
Micronucleus ISSMIC

Micronucleus OASIS

MUMNRO non-cancer EFSA

REACH Skin sensitisation database (normalised)
Receptor Mediated Effects

Rep Dose Tox Fraunhofer ITEM
Repeated Dose Toxicity HESS

Rodent Inhalation Toxicity Database
Skin Irritation

Skin Sensitization

ToxCastDB
3 Toxicity Japan MHLW
Toxicity to reproduction (ER)
ToxRefDB US-EPA
Transgenic Rodent Database
Yeast estrogen assay database 4
ZEBET database v

& Document 1
X Selection from database ‘Aquatic OASIS' Options 4
i

~

1. Go to Input module;
2. Click on Chemical List > Database;

3. Select Skin sensitization ECETOC database;
4. Click on OK.
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QSAR TOOLBOX

Workflow

Substructure similarity between single chemical
and chemical list

QSAR TOOLBOX

Profiling Custom profile

Apply View New Delete

° Documents Filter endpaint tree...

4 Document 1
£ Skin sensitization ECETOC

Structure

[ Structure info

Parameters

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

Profiling methods [#] Human Health Hazards

M Tautomars nnstahle
M Toxicological
Ml Repeated dose (H

Metabolism/Transformations

Options 4

Select All

Documented

Unselect All

[ iovert |

—
01010

01 0
10100

“1 Similarity options

Measure

Molecular features

[ Atom pairs
[[] Topalogic torsions
[] Atom centered fragments

Byelogmm m——
] PubChem features |

Calculation

O Fingerprint
Helogram

) Average by features

Xe6ed
(=2
=&

The OECD QSAR Toolbox
Chemicals

1. Go to Profiling module;
3. Select only PubChem features;

5. Click on OK.

2. Right click over the Structure similarity profile and select Options;

4. Click on the Define button and draw m-chloroaniline (see slide 22);

==== ® Combine ol features 0 ol
Formula Description Atom characteristics
The PubChem System generates a binary
¢/0.5[(a+c)+(b+c)] substructure fingerprint for chemical structures. Atom type
A substructure is a fragment of a chemical structure, Count H attached
A fingerprint is an ordered list of binary (1/0) bits. [] Count heavy atoms attached
Description Each bit represents a boolean determination of, or test Hybridization
for, the prasence of for example, an element count, a [ Incident i-bonds
type of ring system, atom pairing, atom environment 0] Valen
(nearest neighbors), etc,, in  chemical structure, v
[ Charge
[ cyelic
Structure
[Netecectened] ine
Example
A B c
9 38 | &7
o]
ll+
M.
\O'
Similarity = 74.033% [ Details | -
e - 5
(]
N
[« [ oc || cme |
¥
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QSAR TOOLBOX

Workflow
Substructure similarity between single chemical
and chemical list

010 X846 e®

l‘I‘I 00 )
QSAR TOOLBOX 0100 % e
¥ Category definition P Data Gap Filling Y-

Doniing i The OECD QSAR Toolbd

for Grouping Chemical
0 e,
B | T N,

oy Delete Developed by LMC, Bul

Documents Filter endpoint tree...

] Skin sensitization ECETOC I E. — E — f e . E i - . N E [ -
Structure P O_iO oo \r [N - | Il N 0 : 'EF SN
N ! ! g

(%] Structure info ]
[#] Parameters

(3] Physical Chemical Properties

[#] Environmental Fate and Transport

(3 Ecotoxicological Information

[#] Human Health Hazards

(~] Profiling
M Organic functional gr
M Organic functional gr

1 Selected

A)
rt Haider (checkmol

Check the box in front of the Structure similarity profile (1)
and click on Apply (2) .

Metabolism/Transformations
Options 4 0 Selected

Keep in mind that the chemical list which you are insert have no a target
structure. Otherwise the structure similarity will be calculated based on the
target structure in the data matrix.

h quantitative data
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QSAR TOOLBOX

Workflow
Substructure similarity between single chemical
and chemical list

01010
QSAR TOOLBOX L % *| Similarity explain e e e
P Data Gap Filling » Report 1 Structure similarity 79.27% |

———

Query Chemical

Target Chemical

Prafiling Custom profile

&

Apply  View New  Delete

o Documents Filter endpoint tree.. : i
& Document 1 - - s
£ [C39:Md: 0:P: 0] Skin sensitization ECETOC - i Hyt. o *| i
Structure it N " =-£F
I HoN Cl
[ Structure info ' ' 3
[#] Parameters
[#] Physical Chemical Properties
g :"vim'-‘mfm?l F;iilitf:l'd;ﬂ"ﬂ’ﬂﬂ 4 PubChem features (65/76) -~ | 4 PubChem features (65/88) L
EIH“’ “":“9;'"“ :: on #001 - ">= 4 H" (1/1) #001 - ">= 4 H" (1/1) 1
P:;::“ calth Hazar #010-">=2C"(1/1) #002 - ">= 8 H" (0/1) 1
5 #011-">=4C"(1/1) #010-">=2C"(1/1) |
Profiling methods Structure similarity [0%,10%) [mi 3313: - == 1 I}lu {I‘ICI‘;}; fgg - sz g E Egalj - -
#038 - "==10CI" (¥ #0122 -">=8C"(0/1)
#179 - "»>= 1 any ring size 6" (1/1) #015-"==1N"(1/1) I
M Organic functional groups #180 - "»>= 1 saturated or aromatic #0716 - "== 2 N" (0/1)
Organic funct?w:mal are #£256 - "== 1 aromatic ring" )] #0324 -">= 15" (0/1) I
ST EGR T ) y — #284 - "C-H" (1/1) #179 - ">= 1 any ring size 6" (1/1)
PRI R S . - " #285 - "C-CU (/1) #180 - "»= 1 saturated or aromaty
Structure similarity 1 D Explain prediction - g #1860 ring cize 8" 0/
Tautomers unstable #286 - "C-N"(1/1) #186 - ">= 2 any ring size 6" (01
- Transfer to target #205 - "C-CI" (0/1) #187 - "»= 2 saturated or aromatk
.c.usifff,am'j dose (HESS) Set AP torget #300 - "N-H" (1/1) #256 - ">= 1 aromatic ring" (1/1)
e (T #333 - "C{~CO)(~C)" (111) #258 - ">= 2 aromatic ring" (0/1)
#341 - "C~CO)~CY~N)" (1/1) #284 -"C-H" (1) I
Copy #343 - "C(~C)(~CI)" (0/1) #285 - "C-C" (1/1) 1
#345 - "C{~C)[~H)" (1/1) #286 - "C-N" (1/1) I
[~] Metabolism/Transformations #352 - "C(~C)(~N)" (1/7) v #204 - "C-57 (0/1) v
Option: 0 Selected L - - - = = =)

Select All

Unselect All

FSZl You can see more details about the structure similarity by right click over the result and

selection of Explain (1). In the Similarity explain form you can see the exact percentage of
structure similarity (2) as well as all similar and different features (3) between the two
molecules. -




QSAR TOOLBOX

Congratulations!

®* You have now been familiarized with PubChem substructure
similarity features;

®* You have compared: 1) two chemicals and 2) single chemical

and chemical list with respect to PubChem substructure
similarity;

* Note, proficiency comes with practice!
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