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VANTED - Visualization and Analysis of Networks containing Experimental Data
Overview

O Motivation

O System overview
O VANTEDs Features
o Demo

O Discussion




Motivation

O Massively-parallel techniques generate more and more data

» A top-down view on the biochemistry of a organism is made possible

0 The amount of work needed to evaluate the data increases

» New tools need to be evaluated or developed

O Goals

Show large amounts of data in a readable and understandable form

Consider related networks

Fast data evaluation with the help of statistic functions like t-test or
correlation analysis, and clustering algorithms




System overview

oots of VANTED

DBE-Website  [-*\»[  DBE-Pictures

R

A 4
Excel-Importer DBE-Oracle Database

|

namnn nunn
[N K

PrqtohﬁfM“ARG Beng

F. oy

B [t Anslysis Cdges Lot Wodes Yindow el

e OB X8 2¢ Q@ RQ LomE s senh o

[IEAET] e mcrments 5755 | stattes | Mobwars | £6ge | Noc|
. ———

&

Sekect oeganion;_| e atackgss thalena -

® Gytelpss | Glionsoguass (H27111)
® it e (1EA eycha) (B1072)

=D tart
?&» pr%gartaamsar

. - # Potoin snd ghicuainate etaessversions (451

® Fruchoes wnd rannas matsboen (45127)

® Stanch and axroce swtshoben (5{56(162)
» Phucieckide sugars mataboben (L2774
@ devincmaysrs maksbler, (0]35184)

® Iroskal phosphate metababam (/36(71)
» Ghprosphingolpid et sholen (17777}

» Blood group ghyeolid biosymibasic-lactooanes (011,
® Pymasee rstabobers SEL]1LT)

® Gproylate s desrbicocplabe metaboben (0517112 |
® Frcpancate metsboken (1357}
# Butanaste metabobam {D}40/402)




System overview
Related Tools and Devices

Web-Server
with SOAP API

FLAREX
Database
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SOAP Access to FLAREX

O APl designed together with Andreas Stephanik and Matthias Lange, implemented by Karl
Spies

o Contains 19 methods

O Sequence — Diagram (Example for access to not-normalized spot-intensities):

VANTED SOAP Server FLAREX DB
I T I
getProviderIDs SQL Query ] SQL Queries
Create el TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTC l
Provider List of provider 1Ds I List of provider 1Ds I
List _ : > g |
getProviderDetails _______________ P ,
| 1 1
getHybridisationlDsOfProvider @&, T
"""""""""""""""" I List of hybridisation IDs I
Prepare > >j
Hybridisation List getLabeledProbelDsOfHybridisationID g ------ - - - __________
for selected !
Provider > #h
getLabeledProbeDetails =0 @ -- - - oo ___
_____________________________ I
| | |
g > long
etRawSpotlIntensities
Load Array Data g P :4_ _______________________________ _: processing
and Mapping j Spotintensities, EMBL-IDs I i3
Information Rg¢ """ """"TTTTTTTTooTTTTommmme . .
getECmappingByEmblid l<, _______________________________ _l BLAST based lookup
________________________ EC Mapping !

) I | |
time * 1 |




Key Features

o Data sources

= Measurement data
DBE-Database (= VANTED-DB)
FLAREX (Array experiment database at the IPK)
Excel Files (VANTED-template)

Text Files (J-Express format)

= Pathway data (GML, Pajek-.NET, SBML)

o Data transformation and evaluation

= t-test, U-test, Pearson- and Spearman correlation, SOM-data clustering, various layout
commands, search and filter operations, extensible with script commands

o Data export
= Image files (JPG, PNG, PDF, SVG)
= Print out

= Graph files (GML, Wilmascope-.XWG, DOT)




Loading of experimental data

Data hierarchy

Experiment

Genotype Genotype
A B

Meas.values:
Time, unit,
value

VANTED Excel Template

J-Express Text/Excel Files

A B C
1
2 [1:09-0:0lcn50895 qi|1586G702|Hipid metabolism.exctics”
3 |2:02-GC:11cnB525 Qi|32483200|*lipid metabolism. zxotics”
4 |2:02-P:05cn8525 Qi|2L7427 81 eklipid metabolism. axotics”

FLAREX Hybridizations
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Data-Visualization
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Statistic Tests

O Analyze data samples...

= Check for normal distribution
v David et al. quick test
- Chi-square test

= Detect/Remove outliers

Grubbs test

= Detection of significant mean differences
with
t-test (2 variants)

v U-test (rank-sum test)
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Correlation Analysis (1/2)

O Calculation of the Pearson (linear) or Spearman
(rank-order) correlation
o Detection of correlations, shifted in time:

= Repeated correlation calculation (r;) for multiple time-
offsets (i=-3...3, t;..t, ;)

= Using max]r;| for data visualization

O Test of significance with approximation to the t-
distribution
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Correlation Analysis (2/2)

Scatter Matrix

Correlation network




Summary & Outlook

O Website
= http://vanted.ipk-gatersleben.de

O Publications

= Borisjuk, Hajirezaei, Klukas, Rolletschek, Schreiber: Integrating data
from biological experiments into metabolic networks with the DBE
information system. In Silico Biology (2004)

= Rolletschek, Radchuk, Klukas, Schreiber, Borisjuk: Oil storage in
soybean seeds: evidence for a key role of photosynthetic oxygen
release. New Phytologist (2005)

= BMC Bioinformatics ?

O Outlook

= Improve analysis and visualization of array data

Based on discussions with colleagues and feedback from users of the system

= Display of simulated experimental data, generated with SyBME




Thanks to Colleagues

O Ljudmilla Borisjuk, Mohammad-Reza Hajirezaei, Bjérn Junker,
Hardy Rolletschek, Nese Sreenivasulu, Winfriede Weschke, Ruslana
Radchuk
> Discussion of system features and data provision

O Matthias Lange, Uwe Scholz, Andreas Stephanik, Karl Spies
> Database services and SOAP access to FLAREX

O Dirk Koschutzki, Falk Schreiber
> Support and Inspiration




Software Demo

1. Loading of Array Data

m 23 Hybridizations:
O Wild type / trangenic line

O 6 time points
m| —~ 146000 measurement values
O ~ 3800 clones

2. Filter Dataset

O Remove 50% of the data with highest average standard deviations

O Remove 90% of remaining nodes with low differences between wild type
and transgenic line

3. Detect Common Developmental Patterns (SOM-Clustering)
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I VANTED BETA

File Edit Analysis Edges Graph Layout  Modes  Mindow  Help

Re BB X0 de ALAAE LaTESES s o

:‘ Experiments | KEGG | Statistics |

DBE-Database 4
Flares: (in development, not working) e
[ List Providers ][ Login ]
User 19:

Ruslana Radchuk

CITY: Gatercleben

COUMTRY: Germmany

EM&IL: ruslanar@ipk-gaterclaben,de
HYBRIDISATIONS: 38

STREET: Corrensstr, 03

TEL: ++49 39482 5264

Hybridisation 25:

Hybridisation 8&:

Hybridisation

Hybridisation !

FLAREX: Get Gene Intensities
S0aP Call: Gek Data For Hybridisation IDs 85, 86, 37, 83, 89, 90, 91, 92,...

Please Wait, .. (up to a few minutes)

( .

Get Data for Hybridisation 1D 85 (1/38)... ‘

comenmemeoso.




m
File Edit #Analysis Edges iGraph Layout  Modes  Window  Help
BEa BER X &6 & € @%@%@g@k i 4 M & & S SE-arch:i K
f Expetiments | KEGG || Statistics|
CBE-Database ¥
Flarex (in development, nok working) 4
Load Input File W)

YWielcome to WVANTED - Visualization and Analysis of Networks containing Experimental Datal

In the Help menu wou find atutorial section which quickly gives an owenview of the warious features of this application.
Furthermoaore ywou will find [?] buttons throughout the system which point directly to the topics of interest.

Ifyou experience problems arwould like o suggest enhancements, feel free to use the Send feedback command in the Help menu!




Compose Experiment Dataset E]

Experiment Marme* | ‘Enter Experiment-rame] |

Remark.

Coordinakar® Ruslana Radchuk,

Experiment Started

Time Points -

Time Poinks

Time Unit | davs after pollination
Plant Marmes* Flank Marnes 4
Genotypes® Genoktypes -

Seleck Identifigr* |IP'K Gene Identifiers W |

* walues must be set

[ Ok, H Cancel ]

Compose Experiment Dataset g|

Experiment Mame* | ‘Enter Experiment-Mame] |

Remark.

Coordinakar® Fuslana Fadchuk,

Experiment Started

Time Paoinks £ 3

Hybridisakion 85 | 13
Hybridisakion 36 | 13
Hvbridisakion 87 | 15
Hybridisakion 88 | 15
Hybridisakion 33 | 17
Hvbridisakion 20 | 17
Hybridisakion 91 | 19
Hybridisakion 92 | 19
Hybridisakion 93 | 11

Time Points Hybridisation 24 | 11
Hybridisakion 95 | 13
Hybridisakion 96 | 13
Hybridisakion 97 | 15
Hybridisakion 98 | 15
Hvbridisakion 99 | 17
Hybridisakion 100 | 17
Hybridisakion 101 | 19
Hybridisakion 10z | 19
Hybridisakion 103 | 21
Hybridisakion 104 | 21
Time Linik | davs after pollination |
Plant Mames* Flant Mames w
Genokypes™ Genokypes -

Select Identifier™ |IP'K Gene Identifiers W |

* walues must be set

[ Ok H Cancel ]




I VANTED BETA
File Edit A#nalysis Edges Graph Layout Modes ‘Window Help

s BB Xh e 2¢ B 68 6 8 DgfEss s

\ Experiments |KEGG Skatiskics

CBE-Database
Flarex (in development, not working)

Load Input File

_reake Dakasek
Processing Data. ..
Please wait., ..

| I
Frocessing data: #2948 values from 19000 samples (50%), 3823 substances




[rata Mapping Task
Map %ML data For substance PSC12K03 ko node Mode ID=1129

Add new graph node finished

(FRREREERE ) 4 min

[Enter Expetiment-Mame] |

’ Close this Tab

’ Perform Daka Mapping

[if no graph window is open, 3 node grid will be created in a new editor window)

Experiment Info

Expetiment-Mame: [Enter Experiment-Mame)
Remark,;

Coordinator: Ruslana Radchuk

Measurement values: 146092

Irnpart Eirne: Tue Mow 22 11: 1957 CET 2005
Expetiment started: Tue Moy 22 11:19:43 CET 2005

Specify Mapping-Data

Tire Paoints
s after paollination 11
ker pollination 13

ker pollination 15

Specify Mapping-Options
O] Map empky datasets
[Useful if more than one [incomplete] dataset will be mapped onto the nodes)

Create new nodes for dakasets that can otherwise nok be mapped onko
the active graphfnodes

[ ] Ask For user-given mapping if no aukomatic mapping is possible
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BSH Script
Calculate Average Standard Deviation of Samples

0 Goal:

0 Remove 50% of the data with highest average standard
deviations

1. Calculate average standard deviation for all clones (graph nodes)

//0@Nodes:Calculate Average Sample StdDevs§
series = node.getMappedSeriesData();
stddevs = new ArrayList();
for (SeriesData sd : series)
stddevs.addAll (sd.getStdDevValues());
double sum = O;
int 1=0;
for (Double stddev : stddevs)
sum += stddev;

node.setAttributeValue(“'script’, "avg stddev',
new Double(sum/stddevs.si1ze()));

> (X, - %)’
n-1

S =

The standard deviation value represents the
average distance of a set of scores from the mean.




BSH Script
Calculate Average Ratio of Sample-Mean Ditferences

0 Goal:

0 ldentify clones with high differences between wild type /
transgenic line

1. Calculate ratio-difference for all clones (graph nodes)

//@Nodes:Calculate Average Ratio of Lines§

Set timePoints = node.getMappedTimePointsCoveredByAllLines();
double sum = 0;

int i = 0;
for (int tp : timePoints) {
ArrayList meanValues = node.getMappedMeanValuesForTimePoint(tp);
iIT (meanvValues.size()==2) {
double a = meanValues.get(0);
double b meanValues.get(1);
it (a>b)
sum += Math.abs(a/b);

else
sum += Math.abs(b/a);
i++;
s
3

node.setAttributevValue(“script™, "avg ratio”, new Double(sum/1));



BSH Script
Remove 50% of clones with highest average standard deviation

//@Nodes:Delete nodes with high avg. StdDev
TreeMap m = new TreeMap();
for (NodeHelper node : worknodes) {

Double avgStdDev = node.getAttributevValue(''script', "avg stddev', null,
new Double(0d));

if (avgStdDev!=null)
m.put(avgStdDev, node);

by
int resultCount = (int)(m.size()*0.5d);
int 1 = 0;
for (node : m.values()) {
i++;

if (i>=resultCount)
graph.deleteNode(node.getGraphNode());




BSH Script

Remove 90% of clones with low average ratio between WT' / transgenic line

//@Nodes:Delete Nodes with Low Ratio Difference
TreeMap m = new TreeMap();
for (NodeHelper node : worknodes) {

Double avgRatio = node.getAttributeValue(''script™, "avg ratio', null,
new Double(0d));

it (avgRatio!=null)
m.put(avgRatio, node);

by
int resultCount = (int)(m.size()*0.9d);
int 1 = 0;
for (node : m.values()) {
i++;

if (i<resultCount)
graph.deleteNode(nhode.getGraphNode());
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I VANTED BETA
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