A,

ANGELINI

KNIME WORKFLOWS FOR CHEMOINFORMATICS
TASKS AT ANGELINT

Candida Manelfi
Molecular Modelling Lab.
Angelini Research Center

“4th KNIME Users Group Meeting”, Zurich March 3rd 2011



e D)
' Outline &jﬁ;{l

%) v Goal
Generate a representative subset of a proprietary library

v’ Materials and Methods
" verioinian,.  * Fingerprints
‘ " Similarity measure
o~ i j
o ° e Subset generation methods

v Process for subset selection

KNIME 43,

é v Subset characterization WORKFLOWS

®) v Conclusions

ANGELINI  “4th KNIME Users Group Meeting”, Zurich March 3rd 2011 - KNIME workflows for chemoinformatics tasks at Angelini 1



' Goal

Select a representative and structure-diverse sub-library
of compounds of our proprietary library capable of:

» fully mimicking the profile of the entire library

» maximizing the structure diversity

The approach usedimilarptperty gringiplet:he ¢

structurally similar molecules have similar physicochemical
properties and possibly similar biological activities

... then maximum coverage of the activity space should be
achieved by selecting a structurally diverse set of compounds.
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Materials

KNIME workflow
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Materials

KNIME workflow
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ile File

Dialog - 0:832 - Fingerprint Generation (Radial) x
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Methods

o= _a. HET P

..,‘100,1 10111011..

'Applications of fingerprint methods VTS

Fingerprints are binary string representations of the molecules
as a sequence of “0” and “1”, encoding the absence or
presence of a set of structural fragments (or chemical features).

J Clustering of molecules

- Diversity analysis and selection of molecules

- QSAR model building
) Similarity search of a database

Jdet c ...
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' Fingerprints: descriptions of molecules

-Structure keys

Each bit of a structure key maps to a specific,
predefined substructure or molecular feature
specified using a fragment dictionary.

-Hashed fingerprints

Bits are enumerated from the molecules

generating all possible fragments according to

the fingerprint type.

- May be applied to any type of molecule.

- May map two distinct fragments to the same
bit (collision).

Methods
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Methods

o= _a. HET P

..,‘100,1 10111011..

' Fingerprints in Canvas o
4

- Hashed fingerprints

» Linear 1 ) 9
O 7 “\

» Dendritic [ Y'\rﬂ{ '/\ J

. . . . - %/0“ 9 -~

» Radial (Circular fingerprints)

» Molprint2D (Circular fingerprints)  Linear Dendritic Pairwise

» Pairwise

» Triplet

» Torsion

- Structure keys
» MACCS keys

Radial Molprint2D
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25,344 combinations!

Atom Typing Schemes

1 - All atoms equivalent; all bonds equivalent.

2 - Atoms distinguished by HB acceptor/donor;

all bonds equivalent.

3 - Atoms distinguished by hybridization state;
all bonds equivalent.

4 - Atoms distinguished by functional type:

{H}, {C}, {F.CI}, {Br.I}, {N,0}, {S}, {other}
bonds by hybridization. (Radial)

5 - Mol2 atom types; all bonds equivalent.

(MOLPRINT2D)

6 - Atoms distinguished by whether terminal,
halogen,HB acceptor/donor; bonds distinguished
by bond order.

7 - Atomic number and bond order.

8 - Atoms distinguished by ring size, aromaticity,
HB acceptor/donor, ionization potential, whether
terminal, whether halogen; bonds distinguished
by bond order.

9 - Carhart atom types (atom-pairs approach).

(Pairs, Triplet)

10 - Daylight invariant atom types; bonds
distinguished by bond order. (Linear, Dendritic,
Torsion)

Methods

0= _.4. HET Ay

10011011101 1..

. . o e
8 Fingerprints o g

FP Scaling options

0 - no scaling (default)

1 - scale counts by feature size to unity

2 - scale counts by feature size to feature size

3 - scale counts by feature size to molecule size

4 - scale squares of counts by feature size to unity

5 - scale squares of counts by feature size to feature size
6 - scale squares of counts by feature size to molecule size
7 - scale sqrt of counts by feature size to unity

8 - scale sqrt of counts by feature size to feature size

9 - scale sqrt of counts by feature size to molecule size
10 - use raw feature counts

11 - use raw feature counts squared

12 - use sqrt of raw feature counts

Metrics

Buser, Cosine, Dice, Hamann, Hamming, Dixon,

Euclidean, Kulczynski, Matching PatternDifference, Tanimoto,
modifiedTan, Shape, Size, Simpson, Petke, Tversky, Yuel
Variance, Soergel, rogersT, Pearson, Minmax
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Methods

0= _.a. HET Ay

..,'100'1 10111011..

' Choice of fingerprints <

» Among the wide variety of possible 2D fingerprint methods there is no
one that, a priori, consistently performed better than the others.

» In the similarity searching based on 2D fingerprints it is rarely known
which fingerprint is most suitable for the particular target and query.

» Several investigations into the information content of fingerprints and
atom-typing schemes revealed that no approach works better in all
cases.

» The choice should be validate case by case exploring different
fingerprinting methods.

» Chemical and molecular similarity are strongly dependent on how
the molecular structure is measured and described.
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Methods

0= _.a. HET Ay

..,'100'1 10111011..

' Fingerprints in Canvas g

- Hashed fingerprints : DRt = G878 - Earmbls Pirgarprives
> Linear
» Dendritic
» Radial (Circular fingerprints)
» Molprint2D (Circular fingerprints)
> Pairwise Cotumn > containing input : [ Fingerprint |+

Input files must have the same molecule IDs in the same order

fFingerPrintComhine r Flow Variables rMemonr Policy |

» Torsion
Fingerprint | ok |[ Ay |[ cancel

- Structure keys seneration -

C bi
> MACCS keyS Molecule Re.. DE\\ i?i?erl'::ints ;l;::ematrix
- Combined fingerprints o3\ Goeerene /w_
> Dendridic + Radial @l = |™
» Dendritic + Triplet g™
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25,344 combinations!

Atom Typing Schemes
1 - All atoms equivalent; all bonds equivalent.
2 - Atoms distinguished by HB acceptor/donor;
all bonds equivalent.
3 - Atoms distinguished by hybridization state;
all bonds equivalent.
4 - Atoms distinguished by functional type:

{H}, {C}, {F.CI}, {Br.1}, {N,0}, {S}, {other};

bonds by hybridization. (Radial)
5 -Mol2 atom types: all bonds equivalent.

(MOLPRINT2D)

6 - Atoms distinguished by whether terminal,
halogen,HB acceptor/donor; bonds distinguished
by bond order.

7 - Atomic number and bond order.

8 - Atoms distinguished by ring size, aromaticity,

HB acceptor/donor, ionization potential, whether
terminal, whether halogen; bonds distinguished
by bond order.

9 - Carhart atom types (atom-pairs approach).

(Triplet)
10 - Daylight invariant atom types; bonds
distinguished by bond order.
(Linear, Dendritic, Torsion)

Methods

o= _a. HET P

..,‘100,1 10111011..

. . o e
8 Fingerprints o g

FP Scaling options
0 —no scaling (default)

4 7 oovAalve vuulilo lJ_y realur o QIL’e to unlty

2 - scale counts by feature size to feature size

3 - scale counts by feature size to molecule size

4 - scale squares of counts by feature size to unity

5 - scale squares of counts by feature size to feature size
6 - scale squares of counts by feature size to molecule size
7 - scale sqrt of counts by feature size to unity

8 - scale sqrt of counts by feature size to feature size

O - erala enrt nf ~nininte hyv faatiira ejze to molecule size
10 - use raw feature counts

11 - use raw feature counts squared

12 - use sqrt of raw feature counts

Metrics

Buser, Cosine, Dice, Hamann, Hamming, Dixon, _
Euclidean, Kulczynski, Matching, PatternDifference Tanimoto
modifiedTan, Shape, Size, Simpson, Petke, Tversky, Yuel
Variance, Soergel, rogersT, Pearson, Minmax, McConnaughey
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Methods

cug
(0] B,
v (_/

' Similarity measure: Tanimoto coefficient G

Similarity measures are generally based on the presence and/or absence of
features in two molecules, estimating the number of matches or overlap

between them.

The Tanimoto coefficient is the most widely used coefficient for binary
fingerprints:

C a : number of bits=1 presentin A and absentin B
T= 0<T<1 b : number of bits=1 present in B and absent in A
at+tb+c ¢ : number of bits=1 common to both
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KNIME workflow
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Methods

St
' ‘Distance-based” methods: (}/ -
- Cluster anrs)\ps3s B

- DIssimiiarity-hased compaounc seiection
b

A clustering algorithm divide a group of objects into clusters where
molecules within each cluster are more closely related to one
another than objects assigned to different clusters.

Hierarchical Clustering

It iIs a non-overlapping clustering method. Clusters increase in size,
starting from a situation of a single compound per cluster.

C Agglomerative methods start at the bottom and merge similar clusters.

Ward’s method
Clusters are formed to minimize the variance

A representative subset was selected by taking one compound
(centroid) from each cluster.

ANGELINI  “4th KNIME Users Group Meeting”, Zurich March 3rd 2011 - KNIME workflows for chemoinformatics tasks at Angelini 15



Materials

KNIME workflow
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KNIME workflow
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Materials

KNIME workflow
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Methods

' “Distance-based” methods:

- Dissimilarity-based compound selection

Attempt to identify a diverse set of compounds directly.

1) The desired size of the final subset was decided.
2) A selection method to choose the first compound of the subset
as selected.
3) / Dissimilarity was calculated with every other compounds in the
subset according to a dissimilarity algorithm.
4)\ The next compound was chosen as the most dissimilarto those in

the subset.

Most Dissimilar MaxMin
takes the compound with the chooses the compound with the
smallest sum of similarities maximum distance to its closest
to the other molecules. neighbour in the subset.
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KNIME workflow

|'_ % Dialog - 0:837 - Dissimilarity Selection (from Mati x

Build Report for TableRow i
Clustering (from Ma... Sorter Row Filter Column Filter Variable [ e
2 i
@ g " " D@l l/ CanvasDBCS r Flow Variables rMemunr Policy |
H

=
o
=]
=%

kelly penalty  Kelly minimum  n® of clusters

Column containing input : ‘@ Can\rasMatrix‘V‘
Hierarchical Clustering
(from Matrix) Row Filter Math Formula So Number of Subsets: |[400
Fingerprint Generate Inject Variables = F = 1K) > B
Molecule ReGeneration Pairwise Matrix (Data) — | Distance Threshold:
D@} = (= =2 (=2 ~H
) =3 [:i Selection Method Type: @~]
0 =9 - — - - = - -
Ubrary | Radi Tanimoto . o Dissimilarity Selection ~—

(from Matrix)
MetricTy|le:| | |

Ly
o
Ignore any scaled Finger Print values []

Similarity Matrix E P Initialization Method® |dissimilar E .
) maxmin, dissimilar [ r CSV Writer

(from Molecules) MetaNode ...

L

:@ DE&’ &> fip I> Seed for random Number generation : ﬁ
sim_hist RowlD frecy
Mnlel:_ular RowlD Jg
Descriptors Li iy - >
gL el ”
== oK ] l Apply l [ Cancel l |a|Y5i5

ANGELINI  “4th KNIME Users Group Meeting”, Zurich March 3rd 2011 - KNIME workflows for chemoinformatics tasks at Angelini 20



' 1st step: generation of several subsets

Angelini
Library

e dendritic
e radial
o triplet

Pairwise similarity * molprint2D

e maccs
measure . .
e radial-dendritic

o triplet-dendritic

Fingerprints calculation

Subsets generation

Cluster analysis: 7 subsets
Dissimilarity-based method: 7 subsets
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' 2nd step: subset selection by self-similarity S~

Angelini

Library

Process

G“~ >
N

[5)]

Self-similarity matrix calculation
and graphical representation

The smaller the mean Tanimoto

coefficient, the greater the
subset structure diversity.

Tanimoto |

Mol | AF; | AF, | AF; | AF, Mol [Max T, Similarity| Frequency | |9 meant
AF, | 1 |012]004 | 026 AF, | 0,26 0.1 0,26 s
AF, | 012 | 1 0385 | 023 || AF, | 0,35 | "] 02 0,55
AF; [ 0,04 | 0,35 1 0,42 AF, 0,42 0,19 I I
o [l -
AFn 0,26 0,23 0,42 1 AFn 0,42 1 0 0 01 02 03 04 05 06 07 08 09 1
Subset selection
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'KNII\/IE workflow
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'KNII\/IE workflow
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Subset selection
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Subset selection

' Subsets of AF library by random selection
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Process

' 3rd step: subset characterization
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' Subset physicochemical profile:
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Subset characterization

Subset chemical space profile compared to
the entire library
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Conclusions

©

'Conclusion

» We demostrated that in general no approach works better than
the other but we identified the best exploring and validating
different fingerprinting methods.

» Using knime allowed us to easily investigate different
combinations of methods.

> In the particular case of our system the best choice, in terms of
self-similarity index distribution, is the Diversity Analysis using a
combination of fingerprints Dendritic-Radial with the specific
atom typing scheme Daylight.
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