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Who are we ? TUBINGEN

* Applied Bioinformatics group (ABI)

* Founded in 2003 by Prof. Oliver Kohlbacher

e Currently we have 15 researchers

* Expertisein:
* Proteomics/Metabolomics (OpenMS project)
e Drug design (CADDSuite project)
* Molecular modelling (BALL project)
* Sequence analysis (SegAn, joint work with FU Berlin)

» Systems biology (UniPAX project)
* Immunoinformatics
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BALL Library UNIVERSITAT

* Biochemical algorithms library
* C++ based framework for Molecular Modelling

o Offers:

e Extensive set of data structures
e Molecular Mechanics

 Molecular Dynamics
* Advanced solvation
e Supports many file formats

BALLView visualization

:
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 Computer aided drug design suite
* C++ based library for common tasks in CADD

o Offers:

* File format conversion tools

* Molecule preparation tools (ligand&receptors)
* Molecular Docking algorithms (IMGDock,..)
QSAR and analysis tools (QuEasy)

e Database functionality (storage&retrieval of
compounds and associated results)
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* Open mass spectrometry library
 C++ based library, developed at ZBIT and FU Berlin

e TOPPView == —
* Visualizer of MS data ; Mu
* QT based e x Ml

]

{uriitied) eakpicker_tutoriedtoppas B34 Quantitatin.toppss

* TOPPAS

* OpenMS Proteomics Pipeline = {, =

centroided [——>|  'DMapper

* workflow modelling engine
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SeqAn (FU Berlin) UNIVERSITAT 3

* C++ library of efficient algorithms and data
structures for the analysis of sequences with the
focus on biological data

o Offers:

* Sequence/Graph handling infrastructure
* Pairwise / multiple Alignments

e ReadMapping

* Indexing schemes of sequence data bases

* SegAn used by lllumina's Casava pipeline
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* We have several libraries, mostly C++ based, each
with a bunch of  oeenms(oPP) CADDSuite

»— >

T =<

tools - -l
:-)»T* :.}’—T‘C

e Each tool should be usable as “node” within

workflows
Workflow

'
-

;
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* Plethora of workflow modelling software out
there (even our own, TOPPAS)

* We need a WF modelling platform for desktop
prototyping of workflows

* Solution: Do not reinvent the wheel but integrate
libraries and tool kits into a well known WF
system (KNIME)




EBERHARD KARLS

' UNIVERSITAT &
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* Aim 1: integrate tools from CADDSuite,
OpenMS and SEQAN into KNIME

* Aim 2: make use of existing infrastructure
and proven concepts from OpenMS
workflow system, do not reinvent the wheael
for each project

* Aim 3: Automatic integration through a
common interface (also for future tools)
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Global view on WF problem e

* Modelling and execution of workflows happens at
three levels
: local prototyping of WFs (KNIME)

: execution of WFs on cluster, web-based
modelling and submission (Galaxy)

: execution of WFs on distributed set of clusters
(grid) (WSPgrade, Unicore)

* Overall goal is to be able to transfer WFs from
each level to next level (i.e. KNIME -> Galaxy)

s
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 We already have a tool (node) description format
(CTD) from OpenMS

»—
i -

>

Tool
Descriptio

* We also have some experience with integration

into Galaxy Workflow System and liked their
MIME type system

i
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* CTD helps us to define info needed by a node
* Each I/O file will go along one edge of a workflow
* edges/node ports are MIME typed

ProteinProtonator $¢

input file

PDBCutter B’ o (pdb)

input pdb-file IMGDock =

rec (pdb) receptor pdb-file

lig (pdb) reference-ligand
PDBDownload

configuration file

o (pdb) > GridBuilder 2

compounds to be docked
receptor pdb-file

ScoreGrid file
reference-ligand

0 (mol2/sdf/d
configuration file ( il

grd (grd.tgz)

DBExporter ®

query molecules for similarity
searching

SMARTS pattern

o (mol2/sdf/drf)

»
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Known from Email Mime types (RFC 2046) and
Jnix OSes

Used for example by Galaxy to type input ports

GKN has a central MIME type registry
New plugins can add MIME types to this registry

/0 files always have a MIME type and are
transported along edges in tables

MIME types are identified by well known file
extensions (pdb,sdf,mzML,...)

13



Integration approach

Generic Knime
Nodes

’

Tool
Descriptio

Marc Rottig

Node Generator
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GKN Base Plugin
BaseNodeModel BaseNodeDialog

01011101010010
10001010110101
01010010101111
01010010010100
01101010010101

01011101010010
10001010110101
01010010101111
01010010010100
01101010010101

ToolNode

Model
ToolNode

Dialog

KNIME Plugin

14
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 Each TOPP tool can generate description of its
interface (Common Tool Description, CTD)

<tool status="internal">
<name>hoiseFilterSGolay</name>
<version>1.9.0</version>
<description><! [CDATA[Removes noise from profile spectra by using a Savitzky Golay filter.]]=</description>
<manual><! [CDATA[Removes nolse from profile spectra by using a Savitzky Golay filter.]]=</manual>
<docurl>http://www-bs2.informatik.uni-tuebingen.de/services/OpenMS/OpenMs- release/hinl/TOPP_ NoiseFilterSGolay.html</docurl>
<cateqory>Signal processing and preprocessing</category>
<PARAHETERS version="1.3" xsi:noNamespaceSchemalocation="http://open-ms.sourceforge.net/schemas/Param_1 3.xsd" xmlns:xsi="http://www.w3.0rg/200
<NODE name="HolseFilterSGolay" description="Removes noise from profile spectra by using a Savitzky Golay filter."=
<ITEH name="version" value="1.9.0" type="string" description="Version of the tool that generated this parameters file." tags="advanced" />
<NODE name="1" description="Instance &apos;l&apos; section for &apos;NolseFilterSGolayiapos; "=
<ITEH name="1n" value="" type="string" description="1nput raw data file " tags="input file,required" restrictions="*.mzM." />
<ITEH name="out" value="" type="string" description="output raw data file " tags="output file,required" restrictions="*.mzM." />
<NODE name="algorithn" description="Algorithm parameters section"=
<ITEH name="frame length" value="11" type="int" description="The number of subsequent data points used for smoothing." />
<ITEH name="polynomial_order" value="4" type="int" description="Order or the polynomial that is fitted." />
</NODE=
</NODE=>
</NODE=~
</PARAHETERS=
</tool>

15
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* General tool description in header

<tool>

<name>NoiseFilterSGolay</name>

<version>1.9.0</version>

<description>Removes noise using a Savitzky Golay filter.</description>
<manual>Some manual text here.</manual>
<docurl>http://openms.de/1.9/doc/NoiseFilterSGolay.html</docurl>
<category>Signal processing and preprocessing</category>

</tool>

i
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* Parameter and |/O channel description

<tool>

<ITEM name="in" value="" type="string" description="input raw data file"
tags="input file,required" restrictions="*.mzML" />

<ITEM name="out" value="" type="string" description="output raw data file"
tags="output file,required" restrictions="*.mzML" />

<NODE name="algorithm" description="Algorithm parameters section">
<ITEM name="frame_length" value="11" type="int"
description="number data points used for smoothing." />
<ITEM name="polynomial_order" value="4" type="int"
description="0rder of the polynomial that is fitted." />
</NODE>

</tool>

»
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GKN Node Dialog UNIVERSITAT

Dialog - 2:2 - NoiseFilterSGolay

File

l/ Parameters rDutputTyPEE rFInw Variables |/ Memory Policy |

Parameter | Walue | Type
9 [CJ MoiseFilterSGolay
¢ 1
[ log string
[y debug 0 integer [-inf:+inf]
¢ [ algorithm
[y frame_length 11 integer [-inf:+inf]
[ polynomial_o... 4 integer [-inf:+inf]
[ test false bool
[y no_progress false bool
D threads 1 integer [-inf:+inf]
E| version 1.8.0 string

Order or the polynomial that is fitted.

OK l [ Apply l [ Cancel l

Marc Rottig



GKN plugin ingredients

* To create a GKN plugin we need:

e Set of CTDs describing the tools
* One mimetypes.xml file describing the MIME types

<mimetypes>

EBERHARD KARLS
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<mimetype name=" "ext=" "descr="...."/>
</mimetypes>
* Payloads for each platform (Wm Mac, *nix)
| ||.mettlg||cnnps||cadds||paylnad| = .. 64.zi = EE)]
Archiv Bearbeiten Ansmht HilFe
|J . iy | Ork: [,." l
binaries_Ilnx_64.ini e
£ lib
() data
(7 bin

[>]

19
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For each defined MIME type X (i.e. FASTA)

* aclass XFileCell and
* an interface XFileValue extending DataValue

is created, allowing storage of MIMEFile
“handles” within KNIME tables i o o

Row D 7 MIMEFILE
Row 0 PDEMimeFileCell

For each Tool an NodeConfiguration object is
created from the CTD

Execution of Nodes is completely handled by base
GKN NodeModel’s execute

3
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[tmp l [ mlmetypes]

Name v Grofie Typ Anderungsdatum
| | BinaryGridFileCell.class 1,6 KB Java-Klasse ~ Mo 03 Okt 2011 15:32:32 CEST
| | BinaryGridFileValue.class 229 Bytes Java-Klasse Mo 03 Okt 2011 15:32:32 CEST
| | PDBFilecCell.class 1,5KB Java-Klasse Mo 03 Okt 2011 15:32:32 CEST
| | PDBFilevalue.class 215 Bytes Java-Klasse Mo 03 Okt 2011 15:32:32 CEST
GridBuilder
=
E b

[I:mp l [Gridnullder] [cunfig ]

Name A Gribke Typ Anderungsdatum
= D config 1 Objekt Ordner Mo 03 Okt 2011 15:32:32 CEST
|@| config.xml 2,1KB XML-Dokument Mo 03 Okt 2011 15:32:32 CEST
| | GridBuilderNodeView.class 558 Bytes Java-Klasse Mo 03 Okt 2011 15:32:30 CEST
| | GridBuilderNodeModel.class 4,7 KB Java-Klasse Mo 03 Okt 2011 15:32:30 CEST
\@| GridBuilderNodeFactory.xml 1,7 KB XML-Dokument Mo 03 Okt2011 15:32:32 CEST
| | GridBuilderNodeFactory.class 2,0KB Java-Klasse Mo 03 Okt 2011 15:32:30 CEST
| | GridBuilderNodeDialog.class 559 Bytes Java-Klasse Mo 03 Okt 2011 15:32:30 CEST

i



GKN plugin node repository

= & Community Nodes
<~ . CADDSuite

v 4 GenericknimeNodes

¥ a 10
k=t Input File
& Input Files
k=d Output File
&l Output Files

< 4 KNIMEConversion
@ Beanshell
4 ColumnMerger
= ColumnToList
= FileToTable
- ListZipLoopStart
Ed TableToFile

Vv A View
“\ File viewer

Marc Rottig
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P A Analysis
I A CADDSuite
I A Checks and evaluations
I A Convert, combine and store
~ . Docking
- ConstraintsFinder

" GridBuilder

4 IMGDock
- InteractionConstraintDefiner
4 PocketDetector
A SpatialConstraintDefiner
4 WaterFinder
I A GetData
P A Preparation
~ . QuEasy (QSAR)
4 AutoModel
- InputPartitioner
4 InputReader
4 ModelCreator
- MolPredictor

22
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PDBCutter Output File
Input File >

GridBuilder Node 26 =
Node 27

il
A =*g
Node 4
=)
Node 3 9

small docking workflow

5
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GKN workflow (OpenMS) UNIVERSITAT

NoiseFilterSGolay BaselineFilter PeakPickerwavelet

Input File Qutput File
(= =) =)
(** Q) Node 2 Node 3 Node 4 LI
Node 1 Node 5

small peak picking workflow

i
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* Use of explicit I/O ports for Nodes is quite
different from classical KNIME usage

e Usually data was only transported within tables
 With GKN data is now , hidden® in MIMEFiles

* This is quite handy for really big files that need to
be piped through the workflow

 Butin the end (maybe after some filtering) we‘d
like to do classical KNIME analysis (statistics,
WEKA, ...) with our data

25
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Eile Hilite View

Row ID QZ column 0

FileToTable node

Marc Réttig 26
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* GKN base plugin defines an extension point
* Demanglers can be added through this point

A Demangler interconverts between the two
worlds (MIMEFile = column of basic entries)

<extension-point id="DemanglerProvider" name="DemanglerProvider" schema="DemanglerProvider.exsd"/>

public interface Demangler extends Serializable
{
DataType getSourceType();
DataType getTargetType();
Iterator<DataCell> demangle(MIMEFileCell cell);
MIMEFileCell mangle(Iterator<DataCell> iter};

}
public interface DemanglerProvider
{
List<Demangler> getDemanglers();
}

5
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e org.ballproject.knime.extras fragment delivers a
SDFDemangler

* |t demangles SDFFileCells to KNIME SdfCells and a

| S D FC I | t - org.ballproject.knime._extras [org.ballproject.knim
diSO new e ype [ =k JRE System Library [JavaSE-1.6]
v Hsrc
+ i org.ballproject.extras
= i demanglers
b 11 sdfFileDemangler.java
[ il SDFFileDemangler.java
b test
¥ i types
P i1 SDFCell java
= 1} SDFCellvalue.java
< 4 sDFCellvalue
@ getName() : String
@ getProperty(String) : Skring
@ getSDFString() : String
b [1) Provider.java

28
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Eile Hilite View

Row ID QZ column 0

FileToTable node

Marc Réttig 29
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Dialog - 0:29 - BeanShell
File -ﬁ'
Table View - 0:30 - Interactive Tz (= &%
FFIW "32?.‘:,',‘;5 rMerm Polley ,L\,a Srippet i IMGDock File Hilite Navigation View Output
Init: = Row ID S name |D dockin...
—.E; adk Row 1 9543416 |-15.342
e
—Erg
1] i [» Node 26
FirstPass:
Interactive Table
S — ! L leToTable BeanShell
cell = IN{R?N.getCell(G);( :
= .getP ty (" ")
e e e b 9
OUTROW. addStringCe "name",name);
DUTRDW.addDoublgCell("docking score",score); [E] [E] NDdE 3D
a4 Il I [»
Node 28 Mode 29
[ OK l [ Apply l [ Cancel l

cell = INROW.getCell(0);

score = cell.getProperty("score");

name = cell.getName();
OUTROW.addStringCell("name",name);
OUTROW.addDoubleCell("docking score",score);

Marc Rottig
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<?xml version="1.0" encoding="UTF-8"7>
<tool status="external"=
=name=BLAST</name=
<version=2.2.1l</version=
<description=<![CDATA[BLAST. ]]></description>
<manual=<![CDATA[BLAST. ] ]=</manual=
=docurl=http://www.google.de</docurl=
<category=Sequence Tools</category=

<type/=>

<mapping><![CDATA
<mapparam CLISwitch="-i" name="blastall.i"/=
<mapparam CLISwitch="-d" name="blastall.d"/>
<mapparam CLISwitch="-o0" name="blastall.o"/=
<mapparam CLISwitch="-p" name="blastall.p"/>
<mapparam CLISwitch="-e" name="blastall.e"/>
<mapparam CLISwitch="-M" name="blastall.M" />
<!-- we want XML as output--=

<setparam name="-m" value="7"/>

11>

</mapping=

<path=/usr/bin/blastall</path>
<PARAMETERS version="1.3" xsi:noNamespaceSchemaLocation="http://open-ms.sourceforge.net/schemas/Param 1 3.xsd" xmlns:xsi="">
<NODE name="blastall" description="">

<ITEM name="1i"
<ITEM name="o"
<ITEM name="p"
<ITEM name="d"
<ITEM name="g"
<ITEM name="G"
<ITEM name="E"
<ITEM name="M"
</NODE=
</PARAMETERS=
</tool=

value="" type="string" description="input file" tags="input file,required" restrictions="#*_FASTA" />
value="" type="string" description="output file" tags="output file,required" restrictions="#*.BLASTXML" /=
value="blastp" type="string" description="mode" restrictions="blastp,blastn"/=

value="" type="string" tags="required" description="database path" restrictions=""/=>

value="0.081" type="float" description="cutoff evalue" restrictions=""/=

value="-1" type="float" description="gap opening" restrictions=""/=>

value="-1" type="float" description="gap extension" restrictions=""/>

value="BLOSUMG2" type="string" description="scoring matrix" restrictions="BLOSUM&2,BLOSUM45" />

5
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Table View - 0:35 - Interactive Table

File Hilite Mavigation WView Output
Row ID S id D pid 8§ hitseq
Row 1 gnl|BL CRD 1D1 1 MELANWTEFKRALEIKEVYERPELEEGEVIVKIEAC GWVCHTDLHAAHGDWE (K] =
Row 2 gnl|BEL ORD ID|5 0.503 MRAANTKDHKASIEDKKLRALKP GEALVQTEYC GVCHTDLHVENADFGDY =
Row 3 gnl]BEL_CRD D4 0,203 MRAAATKDHKA/SIEDKKLRALKE GEALVOTEY C GWVCHTDOLHVENADFGDY |
Row 4 gnl|BL CRD ID]15 0.5 MRAANTEDHEASIEDKKLRALKP GEALNVO TEY C GWVCHTDLHYEMNADFGDY
Row 5 gnl|BL CRD 1D|14 0.5 MRAAATEDHEASIEDEKLRALKP GEALNVOTEY C GWVCHTDLHYEMNADFGDY
Row & gnl|[EL ORD ID|8 0.5 MRAAWTEDHKASIEDEFLRALEF GEALVOTEY CGWVCHTD LHVEMNADFGDY—
Maeasas 77T e w1 P o o o = EACL A A% A FTl-ATol s A sl DAL LT ALY STy ol sl LIS ﬂ/'hlAl_‘hl_n"_"l_‘\'\l
4| I | | ¥
Input File BLAST FileToTable BeanShell Interactive Table
ﬁ>—(> ab— 2 D—Di—tﬁ
==g) GLI=) (GLI=) (LI=) GLI=)
Node 32 Node 31 Node 33 Node 34 Node 35

cell = INROW.getCell(0);

pid = cell.getldentity();

id = cell.getld();

hitseq = cell.getHitSequence();
OUTROW.addStringCell("id",id);
OUTROW.addDoubleCell("pid",pid);
OUTROW.addStringCell("hitseq", hitseq);

Marc Rottig
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Global view on WF problem (status)  UNI¥ERIIAT

workflow node
conversion generation

-
C WS-PGRADE /
grid

.

CTD ;
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