Open for Innovation

KNIME

Dear Workshop Participant:
In order to facilitate a smooth KNIME Workshop experience, please follow the instructions below:

1)  Go to www.knime.org and download the special distribution of KNIME provided for this
workshop (link below). This special package provides the latest version of the KNIME
Analytics Platform with all required extensions pre-installed. Additionally, it already contains
the KNIME Workflows and data files that we will use in the workshop. The file is large (>1gb)
so please do this well before the workshop begins.

http://tech.knime.org/forum/knime-users/strasbourg-summer-school-2014

2) Unpack the archive file (.zip, .dmg, or .tar.gz) to a local directory on your computer.

3) Feel free to post any questions you may have prior to the workshop in the linked forum
thread.

4) If you want to learn more about KNIME before the workshop, consider having a look at our

youtube channel for guides to getting started and many other topics.

http://www.youtube.com/knimetv

We look forward to seeing you all at the workshop!
Best regards,

The KNIME Team


http://www.knime.org/
http://tech.knime.org/forum/knime-users/strasbourg-summer-school-2014
http://www.youtube.com/knimetv
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Outline

* Introduction

e Chemical data in KNIME

e Introduction to RDKit

e Retrieving data from ChEMBL
* Primer on chemical similarity
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What is KNIME?

Konstanz Information Miner

Graphical programming tool

Open Source, and frequently extended

Broadly Supported by the cheminfo community
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Why use KNIME?

* It’s Free and Open Source
— Fully functional, not crippleware!

— An easy way to articulate complex
processes - just annotate and share your
workflow

* Integrate data from many potential
sources (files, databases, web services)

* Mix and mash Commercial and Open
Source tools
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Selected Open Source extensions

'QRDK“
Yeifnmgnul
$2ROKit Diversity Picker
RDKit Find Murcko Scaffolds
RDKit Molecule Fragmenter
@RDKIt R Group Decompaosition
=) Molecule to RDKit
G+ RDKit To Molecule
—9 InChi to RDKit
& ROKit To InChi
) IUPAC to RDKit
RDKit Canon SMILES
RODKit Fingerprint
3 ROKit Substructure Filter
(£ ROKit Dictionary Substructure Filter
RDKit One Component Reaction
RDKit Highlighting Atems
) RDKit Interactive Table
RDKit SMILES Headers
RDKit Descriptor Calculation
= RDKit Fingerprint Reader
A RDKit Fingerprint Writer
ROKit Functional Group Filter
ROKir Generate Coords
3 ROKit Molecule Substructure Filter
(39 RDKit Salt Stripper
€5 RDKit Substructure Counter
ﬂ RDKit Two Component Reaction
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¥ OECOK
vie 3o
1# 3D Coordinates
) 3D D-Moments
2 30 D-Similarity
A 3D RMSD
% 30 Viewer
5,030 WHIM
vellsljo

SE¥ CDK to Molecule
st Molecule to CDK

1920 Coordinates

SgnAtom Signatures

¥ ChemSpider

¢ Connectivity

T Element Filter

&= Fingerprint Similarity

) Fingerprints

H® Hydrogen Manipulator

*§Lipinski's Rule-of-Five

= Mass Calculator

O Molecular Properties

+= OPSIN

@Smxwre Sketcher
Substructure Search
Sugar Remover

CH, Sum Formula

.',f Symmetry

@, xLogP

¥ £l Wood Chaminformatics
¥ 3t Actity Ciffs

4 Oid B Veector To New Bit Vector
¥ { Dociing
3 Docking Jobs Lister
3 Docking Jobs Retriever
3 Docking Job Submizer
@
A Chemical Reactions File Reader
[ Tet input
w [ Muhi-ohjective
A Devirability
& Maitl-Gijective Loog fnd
A wcii-Gjective Loog Seart
A Paress Rasking
v Rroup Analyus
N acs Dstance
5, MACS Mdatrix
b Matched Pairs Desector
4, Matched Pairs Finder
A Rroup Efficiency
D Reaction Generation
A Reaction Cenerasor
A Reaction Vectors Darakase Reader
A Reaction Vectors Datakase Writer
- ewers
B920/30 Scanerplon
A Il Docking Pase Viewsr
A Imal Viewer
Y siilasicy Viewer
2 Vida Viewesr

¥ —aManpitam

Selected commercial extensions
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V. ChemAxon | Infocom < P MoE
P @ Input
> aﬂ o P @ Output
» = Converter )
B b @ Convert
> Marvin )
Calculater Plugins P & Transform
JChem Base P & Process
» &, JChem Cartridge b & Calculate
Standardizer b & QuaSAR
Structure Checker b o Fi it
| @ Name to Structure & Fingerprints
» [m]screen P &' Simulations
> JKIusm-r P @ Bioinformatics
» @ Reactor P & Fragment Based Design
» Markush Viewer b @ CombiChem
»[§ Metabolizer b o Miscel
":‘10: Fragmenter @' Miscellaneous
PManrin I» &' Pharmacophore
. P @ Materials

- ﬂ Schrédinger

P 'y Readers/Writers
=& Converters
A Ligand Preparation
I Property Generation
ﬂ Cheminformatics

H bocking and Scoring
H Molecular Mechanics
B Molecular Dynamics
H Quantum Mechanics
ﬂWorkF\nws

H Filtering

ﬂ Reporting

H scripting

H 1cois

B Deprecated

ﬂ Pharmacophore Modeling
ﬂ Protein Structure Prediction

< / Tripos
I /) Fingerprints
/& HQSAR
ey /O
Property Calculators

1 Tools

/& Tuplets

A UNITY

/A SYBYL Spreadsheet

4
4
4
4
4
4

/& Superimpose (SurflexSim)

/& Topomeric Distance




The KNIME Analytics Platform

Copyright © 2014 KNIME.com AG

The KNIME Workbench
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Nodes in KNIME

* May be provided by us, commercial partners, or
the KNIME Open Source Community
— Nodes ma be used to read, manipulate or write data.

— KNIME’s philosophy is to lean towards “1 node per
task”

— Mixing and matching nodes from many providers is
seamless.
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More on nodes...

A node can have 3 states:

File Reader Idle:
E The node is not yet configured and can not
A be executed with it’s current settings.
[CLE)
File Reader Configured:
The node has been set up correctly, and may
= be executed at any time
Flle Reader  Fyocyted:

E The node has been successfully executed. Results

may be viewed and used in downstream nodes.
=9
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And what is a workflow?

In KNIME, a workflow is just a few nodes
strung together to complete a task...

Step 1: Read data file

Step 3: Analyze
Step 4: Export Results

Molecule to RDKit
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Hotkeys

Node Configuration F6 opens the configuration dialog of a node
F7 executes selected nodes
Shift + F7 executes all configured nodes
Node Execution shift + F10 executes configured nodes and opens all views
F9 cancels selected running nodes
Shift + F9 cancels all running nodes

Ctrl + Shift + Arrow  moves a selected node in the workflow editor
Move Nodes and

Annotations I%tL;Ip;PSghDizt V\;rn Moves the selected up or down in z order
F8 resets selected nodes
Workflow Operations Ctrl + S Saves the workflow
Ctrl + Shift + S Saves all open workflows
Ctrl + Shift + W Closes all open workflows
Meta-node Shift + F12 Opens meta-node wizard
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The Public Example Server

aWorkﬂow Projects =0
EEIEE]
Filter - )

4 § EXAMPLES (guest@publicserver knime.or <

The KNIME Example Server provides
access to many explanatory 8 g

» i 003_Preprocessing
workflows. =
> i 006_R Integration =
3 E 007_ModularDataGeneration
- 3 008_WebAnalytics

In the KNIME Explorer panel: i o
- - - [ 010_Reportin
-right click the public server k011 FlowVarshndLoops
2 E 012_MetwoerkMining

ce 1 7 P _ANILErocessin
-select “Login |l s
> i 050_Applications

-No login credentials required + i 059 Community

» [ BeginnersLuck -
« [ v
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Exercise 1

Launch KNIME.

Open a workflow by double clicking on it.

Right click on a node, and look view the
resulting table (bottom option in the context
menu)
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Chemistry data in KNIME
reading, writing and types
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Overview of types in KNIME

» Basic KNIME types
e string, integer, double

© O O Read molecules - 0:17 - SDF Reader(read data)

* KNIME core chemistry types:
* smiles, sdf, mol, mol2

e Structures in these formats [~ FH o
can be rendered in KNIME
tables

Copyright © 2014 KNIME.com AG




Nodes for type manipulation

» Molecule Type Cast

« Casts any string as a chemical type (ie. ~SVRexer MoleculeTypeCast MarvinSpace

It tells KNIME “This is a smiles string™) E_“' D_"ﬁ

» Useful when reading data form a csv Rt cat toaics —
file or database.

e Marvin MolConverter
MarvinSketch MolConverter CSV Writer

e Provided by Chemaxon/Infocom =1 ’E

e Translates seamlessly between types =2 =D @D
. Draw Com Wri
(smiles < sdf < mrv) " " ¢
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Nodes for reading and writing files

Reader and writers provided for:
- sdf, smiles, mol, mol2

Smiles Dileclnly Smiles Directory
Writer SDF Reader SDF Writer Molfile Writer Mol2 Reader Mol2 Writer

Copyright © 2014 KNIME.com AG




A bit more about reading sd files

Property handling | Flow Variables | Memory Pali(yJ—

|fiIe:fUsers,’knime{DesktopfSimpleZ.sdf T] Browse... Il“i”i'
| T] Browse... ILHL”L'

Sl EG T Flow Variables | Memory Policy ]—

[_] Limit number of read molecules 0 |:\

[_] Extract all properties

("] Use molecule name as row 1D E Extract SDF blocks [ ——T J [ Stop scanning | E

"] Extract molecule name [ Extract Mol blocks Exract | Name I Type |
[_] Add column with source location [_] Extract CTab blocks ™ slogp Double
[] Extract counts ™ ExactMw Double
E NumLipinskiHBA Integer
T4 NumLipinskiHBD Integer
[ Select all ) f Deselect all ]
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Sketching chemical structures — use Marvin

MarvinSketch
*  Provided by Chemaxon/Infocom
e Sketch structures in the configuration dialog
* Execute node to inject structures into workflow

el L g el
_ Wit 00 t8E A AR g Row0
¥ &3 ChemAxon / Infocom MarvinSketch

¥[8 Marvin
MarvinSketch ﬁ}
MarvinView
MarvinSpace CLX=)|

@ MolConverter TR TR I Row2 @@@

;
3
©

LTl L]
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Exercise 2

Use MarvinSketch to draw a chemical structure.

Use the MolConverter node to replace the Marvin
column with a smiles column.

Write the smiles to your desktop using a CSV Writer.
Read the CSV file back into KNIME with the CSV Reader.

Convert the structure from a string to smiles column
with the Molecule Type Cast node.
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Introduction to RDKit

Open-Source Cheminformatics
and Machine Learning
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@ rokit

¥ &) Converters
+) RDKit From Molecule
(3 RDKit To Malecule
3 RDKit From InChl
ERDKit To InChi
) RDKit From IUPAC
ERDKit Canon SMILES
¥ @ Modifiers
B RDKit Add Hs
2 ROKIt Remove Hs
Q) roKit Aromatizer
Q) RDKit Kekulizer

e Wrappers for KNIME maintained by the open Lo s e
source Community (B) RDKit Descriptor Calculation

() ROKit Calculate Charges
¥ @2 Geometry
(£ RDKit Generate Coords
@ ROKit Optimize Geometry
(@ RDKit Add Conformers
& ROKit Open 3D Alignment
@ RDKit RMSD Filter
¥ @) Fingerprints.
o RDKit Fingerprint
=3 RDKit Fingerprint Reader
g8 RDKIt Fingerprint writer
R R D ROKit Diversity Picker
InChi conversion 7@ foarens

2 RDKit Molecule Fragmenter
) RDKit Find Murcko Scaffolds

Standardizing smiles v

D RDKit Melecule Substructure Filt
D RDKit Dictionary Substructure Fil
JIRDKit Functional Group Filter
&8 ROKIt Substructure Counter

@) Reactions

(#3 RDKit One Cempenent Reaction
(Z4 RDKit Twe Component Reaction
¥ @) Viewing

) RDKIt Interactive Table

{2 RDKIt SMILES Headers

€2 RDKit Highlighting Atoms.
and more... ¥ @ Experimental

(# ROKit R Group Decomposition
¥ @ Testing

& ROt SDF Difference Checker

What is RDKit?

e Open source cheminfo library in c++

e Useful for:
Descriptor calculation
Cleaning structures

Fingerprints
Scaffolds/substructures
Reaction simulation
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Popular RDKit nodes: Descriptor Calculator

. DR Mol column: | €9 Molecule (RDKit Mol |
° I n put Sm I I eS/Sdf Available descriptors: (Hover your mouse over a descriptor to get a shon description)

Exclude ——————————— - Select - Intlude
- [ | [Csearen | || [ adds> | ||| | [ searcn |
» Can predict/calculate many | O oz
. D SiogP
descrl pto rS I MursaturatedCarbocyces D sk
| NumblighaticCarbocycles D Labuteasa
D Fraction(srs D TEsA
D Chidy  Asd AN s | O MW
B Chilv D Fxacw
(e.g. logP, MW, HBA, HBD) B ? s
© chitv | NumUiprskHaD
D Chiv | NumRotatableBonds
D Chiln | NumHBD
D chizn | HumHBA
D chidn ‘mj } HumAmideBonds
D Chidn ) | NumHereroAsoms
RDKit Descriptor D HalltierAlpha I HumHeavyAsams
© kapgal | Numatoms
Calculation B kapnaz I Numhings
D kappad | NumasematicRings
=l shoge_VSAlL..12] ) | NumSasuratedRings
@ el smr_VSAIL10] < Ramowe All I NumASprRatcRings
] proe VSALL14] I NumaremaricHererocyeis
1 MaN[1,.42] § NumSaturatedHeteroeyches
| NumAdphatcHeterocyches
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Popular RDKit nodes: Cannon Smiles

* Input smiles/sdf

e Calculate smiles such that one string is produced per
molecule. Useful for resolving duplicate structures in
data from several sources

—m Flow Variables =~ Memory Policy I—
RDKit Canon SMILES RDKit Mol column: @ Molecule (RDKit Mol) 4

//_b o D\ New column name: |Smiles |
=g

| Remove source column
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Popular RDKit nodes: InChi Keys

* Input smiles/sdf

» Generate InChi keys and codes. Useful when
searching for information about your structure,
without revealing it.

|| Remove source column
InChi Code Generation

New column name for InChi codes: | InChi

RDKit To InChl

InChi Key Generation

\_[} C.E [;_/ [ Generate also InChi keys

HNew celumn name for InChl keys: !_I_nChI Key

*oe - Extra InChi Generatian Information

New column name prefix for extra [ i

[ Return Code Column || Aux Info Column (| Message Column [ | Log Column
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Popular RDKit nodes: RDKit Fingerprint

» Generate chemical hashed fingerprints using a
variety of methods. May be later used for building
activity models, diversity picking, or clustering.

800 Dlalog-0:4-ROKixFingerprine.,
Advanced  Flow Yarlables | Memory Palicy |
int type: | RDKit &
RDKit Mol column: | & Molecule 5 |
RDKit Fingerprint
L= @:i > New fingerprint column name:
Molecule (Fingerprint}
=9
|_| Remove source calumn
ok ) [ Awew | [ Concel |
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Exercise 3

Read the OSM Structures by dragging the SD File from
the explorer to your workflow.

Calculate the Molecular Weight of the structures using
RDKit Descriptors

Standardize the smiles using Cannon Smiles.
Generate InChi Keys and Codes for the OSM Structures

Write the structures to your desktop using the SDF
Writer. Include the mw as a property in the output file.
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Accessing ChEMBL & ¢
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What is ChREMBL?

A public database of bioactive druglike compounds
~1.3 mio compounds
~ 9k targets
~12 mio bioactivitities

Provided by the European Bioinformatics Institute
Accessible online at www.ebi.ac.uk/chembl
or via EBI provided KNIME nodes...
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New Node: ChEMBLdb Connector

Access data in ChEMBL via a web service call

(internet access required) -
Lookup by ChEMBLID or InChi Key ———

Retrieve structure and bioactivity data i

Compound search using smiles :
exact, similarity, or substructure S

MILES.
ChEMBLdb Ry & InCh Ky
RDKit To InChl Connector Input Seawch Type | mast
Simslarity 08K
el
=9 Er9
Get Keys Get ChEMBL IDs
on o caniz
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Exercise 4

Read the OSM Structures by dragging the SD File from
the explorer to your workflow.

Generate InChi Keys for the OSM Structures. Use these
to execute an exact search in ChEMBL

Use GroupBy on chemblid to find unique entries.

Search for bioactivities for these compounds and filter
to keep activities against target CHEMBL364
(Plasmodium falciparum) that are I1C50 values and
reported in “nM”. Hint: use 3 Row Filter nodes.
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Chemical Similarity
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Chemical Similarity Overview

Two methods commonly used for evaluating similarity:
1. Chemical hashed fingerprints

The more similar the fingerprint, the more similar the
molecule

2. Maximum common substructure
The larger the MCS, the more similar the molecules
CHF MCS
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New node: Distance Matrix Calculate
Creates a special column with pairwise similarities

(n~2-n)/2 distances = Heavy computation for large libraries

Several methods
Tanimoto for fingerprint comparison
(number of shared bits/number of bits)

Euclidean for normalized real numbers
[ i oo 1o [ g ey e

ety

Distance Matrix
Calculate L et

—

calculate tanimeto
distance
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New node: JFreeChart Heatmap

Provides a nice quick view of compound similarity.
Works directly with distance matrices

Uses RowlIDs for axis labels
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New node: Similarity Search
Query molecules in top port, corpus to search in bottom port

Find n nearest neighbors, possible within a similarity threshold
(e.g.0.7-1.0) s sk

Similarity Search

—> e ppnaes
e = e

Kot ssmpe e et s it

=9
search for nearest neighbor

Copyright © 2014 KNIME.com AG

Exercise 5

Read the sd files, import the OSM_ID for each structure.

Use a RowID node to label each row by its OSM_ID

Use RDKit to generate fingerprints for your structures

Create a Distance Matrix using Tanimoto similarity for the structures.

Create a similarity heatmap of our library. Hint: Use JfreeChart
Heatmap

Use a Row Splitter to take the first structure and search for the most
similar entry out of the remaining structures.
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Additional Resources

. KNIME pages (www.knime.org)
e APPLICATIONS for example workflows

o LEARNING HUB under RESOURCES
www.knime.org/learning-hub

. KNIME Tech pages (tech.knime.org)
e FORUM for questions and answers
¢ DOCUMENTATION for documentation, FAQ, changelogs,

e LABS where to find new experimental nodes
¢ COMMUNITY CONTRIBUTIONS for development
instructions and third party nodes

e KNIME TV channel on YouTube
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