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3D networks
network animation
network alignment
embedding in 4D

…

space

tim
e

compartments    tissues organs       … environment

re
ac

tio
ns

   
de

ve
lo

pm
en

t  
 …

ev
ol

ut
io

n 



Embedding in Space and Time

space

tim
e

compartments    tissues organs       … environment

re
ac

tio
ns

   
de

ve
lo

pm
en

t  
 …

ev
ol

ut
io

n

Integrative Bioinformatics
Systems Biology
Network analysis



Bioinformatics Research Areas

Representation

AnalysisVisualisation



Bioinformatics Research Areas

Representation

AnalysisVisualisation

Data structures
Databases & information systems

Data integration



Bioinformatics Research Areas

Representation

AnalysisVisualisation

Data structures
Databases & information systems

Data integration

Algorithms
Simulation

Theoretical CS
Statistics &

machine learning



Bioinformatics Research Areas

Representation

AnalysisVisualisation

Data structures
Databases & information systems

Data integration

Algorithms
Simulation

Theoretical CS
Statistics &

machine learning

Visualisation &
computer graphics
Human-computer-

interaction



Biological Networks

I Metabolic pathways

I Protein interaction networks

I Gene regulatory networks

I Signal transduction
pathways

I Hormonal networks

I Food webs

I Evolutionary networks

Protein Interactions of Mus musculus
Source: DIP (Database of Interacting Proteins)



Biological Networks

I Networks get more complex

I Methods for the analysis of
networks are required

I Several methods focus on
structural analysis of
networks

Pajek

Protein Interactions of Saccharomyces cerevisiae
Source: DIP (Database of Interacting Proteins)



Example 1: Centralities in Biological Networks

Phenotypic effect of protein removal in S. cerevisiae: likelihood of
lethal effects positively correlates with number of interactions

Effects:

I lethal (red)

I non-lethal (green)

I slow growth
(orange)

I yellow (unknown)

Lethality and centrality in protein networks [Jeong et al., 2001]



Example 2: Network Alignment and Comparison

Applications for comparative
analysis:

I Development of species-
specific drug targets

I Identification of previously
unknown parts of network in
a species

I Understanding evolutional
relationships between species

Visual comparison of metabolic pathways (BioPath)



Example 3: Network-related Data Analysis
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Example 3: Data Analysis within the Network Context

glycolysis TCA cycle

Clustering based on self-organising map (SOM)



Example 3: Data Analysis within the Network Context

glycolysis TCA cycle

Three phases in seed development
(pre-storage, intermediate and main storage)
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Graphs and Networks

I Network is an informal description for a set of elements with
connections or interactions between them and data attached
to them

I Graph is a formal description, it is a mathematical object
consisting of vertices and edges representing elements and
connections, respectively



Graphs

I Graph: G = (V ,E )

I Set of vertices: V (n = |V |)
I Set of edges: E ⊆ V × V (m = |E |)
I Neighbourhood of a vertex: N(u) = {v : (u, v) ∈ E}
I Adjacency matrix for G: (n × n) matrix, where aij = 1 if and

only if (i , j) ∈ E and aij = 0 otherwise

a

b d

c

e A =

 a b c d e
a 0 1 0 0 1
b 1 0 0 0 1
c 0 0 0 1 1
d 0 0 1 0 0
e 1 1 1 0 0





Graphs

I Degree of a vertex: number of its incident edges (d(v))

I Walk: sequence of edges connecting vertices (e1, . . . , ek)

I Length of a walk: number of edges, k = |(e1, . . . , ek)|
I Path: walk where edges are pairwise distinct

I Shortest path: a minimal length path between u and v

a

b d

c

e

d(a) = 2
Walk:
((a, b), (b, a), (a, b), (b, e), (e, c))
Path: ((a, b), (b, e), (e, c))
Shortest path: ((a, e), (e, c))



Graphs

I Distance: length of a shortest path between two vertices
(dist(u, v))

I Connected graph: a walk exists between every two vertices

I Random walk: starting at vertex u chooses uniformly at
random an incident edge until reaching v

I Subgraph: of G = (V ,E ) is a graph G ′ = (V ′,E ′), where
V ′ ⊆ V , and E ′ ⊆ E ∩ V ′ × V ′

Consider non-trivial, loop-free, connected graphs

a

b d

c

e

dist(a, c) = 2
Random walk from a to c:
((a, e), (e, a), (a, b), (b, e), (e, c))
Subgraph: V ′ = {a, b, e} and
E ′ = {(a, b), (a, e)}



Graphs - Types

I Undirected graphs

I Directed graphs

I Mixed graphs

I Labelled graphs (vertices, edges)

I Multi-graphs



Graphs - Types

I Hyper-graphs
consists of a set of vertices and a set of hyper-edges, each
hyper-edge is a non-empty subsets of the node set V

I Bipartite graphs
vertex set V can be partitioned in two disjoint, nonempty sets
V1 and V2 such that each edge in E has exactly one
end-vertex in V1 and one end-vertex in V2

vertices of V 1

vertices of V2

product

reactant

co-
reactant
co-
reactant

co-
product

enzyme

reaction



Graph visualisation

I Graphical representation of a graph

I Draw a point for each vertex and a line for each edge which
connects the corresponding points of its end-vertices

I The positions of the vertices and the drawing of the lines is
called the layout of the graph
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Motivation

Motif detection in networks:

I searching

I counting

I visual exploration

Motif
size: |Ep|

Target graph Gt = (Vt ,Et) with
highlighted motif matches
size: |Et |



Motivation

Interesting motifs are found in biological networks:

I Gene regulatory networks

I Metabolic networks

I Protein-protein interaction networks

I Neuronal networks, food-webs



Network Motifs

I Particular subgraphs representing patterns of local
interconnections between network elements

I May represent basic building blocks and design patterns of
functional modules

I Overabundance may be a consequence of positive selection
due to functional or structural properties

[Babu et al., 2004]



Motifs in Gene Regulatory Networks: Feed-forward Loop

Functional properties of the feed-forward loop motif in gene
regulation

I Noise filtering: responds only to persistent activations

Network motifs in the transcriptional regulation network of Escherichia coli [Shen-Orr et al., 2002]



Analysing Networks and Finding Interesting Motifs

Frequent motifs in networks

I Motif frequency: number of matches in the target graph

I Motifs with high frequency are potential candidates for
functional network motifs

I Different concepts for frequency determination as a result of
different restrictions of the reuse of graph elements
→ Motif Frequency Concepts



Concepts for Determination of Motif Frequency

Concept Graph element reuse Frequency determination
Vertices Edges

F1 yes yes All matches
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Concepts for Determination of Motif Frequency

Concept Graph element reuse Frequency determination
Vertices Edges

F1 yes yes All matches
F2 yes no Maximum independent set
- no yes -
F3 no no Maximum independent set



Properties of the Frequency Concepts

F1 I Does not exclude matches

I Shows the full potential of the motif

F2 I Matches does not share relation of elements

I Shows the maximum number of instances of a particular
motif which can be active at the same time

F3

I Matches can be seen as non-overlapping clusters
I Allows specific analysis and navigation methods

I Folding and unfolding of clusters
I Motif preserving layout of the matches



Frequent Motif Search - Problems

I Many different motifs:
Rev. edges - + - +
Self loops - - + +
Motif size

2 3 4 5 6
3 10 12 18 21
4 39 53 76 97
5 169 237 361 478
6 876 1306 1978 2762
7 4834 7537 11658 17002
8 29316 47913 74494 113528
9 189054 322253 505277 801966

I Many different matches for one motif: O(|Et ||Ep |)

There is an giant number of possible motif matches!



Frequent Motif Finding Algorithm

I Search motifs of given size with maximum frequency:
I Given: graph G = (V ,E ), target size t, frequency concept F
I Result: Motif with maximum frequency (and frequency)

I Several extensions:
I Application of different frequency concepts
I Full control over the search, e.g. define frequency threshold
I Parallel implementation of the search algorithm

I Idea:
I Start of search with the motif of size 1
→ each edge of target graph used to create a match

I While (motifs for extension are left)
→ extend next motif by addition of one edge (combine match
with each incident edge to new motif)
→ compute frequency for each new motif and if frequency is
above threshold than keep motif (adjust threshold)



Traversal of the Space of all Motifs

I Each motif is assigned to parent motif of size n − 1

I Only generation of the motifs supported by the target graph
I Depth first traversal of the motif tree

I Allows pruning of infrequent branches for F2 and F3

Pattern Size

2

1

3...... ...



Problems, Complexity and Solutions

Problem Solution

I Many different motifs

Rev. edges - + . . .
Self loops - - . . .
Motif size

2 3 4 . . .
3 10 12 . . .
4 39 53 . . .
5 169 237 . . .
6 876 1306 . . .
7 4834 7537 . . .
8 29316 47913 . . .
9 189054 322253 . . .

I Only consider motifs supported
by target graph

I Building and pruning of motif
tree

Pattern Size

2

1

3...... ...

I Parallel computation



Problems, Complexity and Solutions

Problem Solution

I Many different matches for one
motif: O(|Et ||Ep |)

I Only extension of matches of
parent motif

I Maximum independent set I Use of heuristic

I Graph isomorphism I Canonical labelling

I In worst case computational
very expensive

I In practise for moderate sized
networks applicable



Problems, Complexity and Solutions

Problem Solution

I Many different matches for one
motif: O(|Et ||Ep |)

I Only extension of matches of
parent motif

I Maximum independent set I Use of heuristic

I Graph isomorphism I Canonical labelling

I In worst case computational
very expensive

I In practise for moderate sized
networks applicable



Analysis of Biological Networks

1 Motivation

2 Foundations

3 Network motifs

4 Network centralities

5 Network-related data analysis and visualisation



Network Centralities

Ranking of vertices according to
importance based on the network
structure

Applications of centralities:

I Prioritisation of potential
drug targets

I Hypothesis generation for
experiments

I Exploration of a network

I Determination which
patients should be
vaccinated first

Protein Interactions of Mus musculus
Source: DIP (Database of Interacting Proteins)



Informal Definition of Centrality

I Let G = (V ,E ) be a graph

I A function C : V 7→ R is called a centrality

I We say u ∈ V is more important than v ∈ V with respect to
a given centrality C if C(u) > C(v)

I A centrality allows us to order the vertices

I Convention: “Important” vertices get a high centrality value

a

b d

c

e

v Cd(v)
a 2
b 2
c 2
d 1
e 3

Order
e
a
b
c
d



Centralities in Biological Networks

I Ranking of vertices according to importance
I Based on the network structure
I Many different (> 20) centrality measures exist
I Examples: Degree-Centrality, Eccentricity-Centrality,

Closeness-Centrality, Random Walk Betweenness-Centrality,
Eigenvector-Centrality

Degree Closeness SPBetw
1 DIP:320N DIP:369N DIP:320N
2 DIP:24169N DIP:1048N DIP:369N
3 DIP:493N DIP:320N DIP:1048N
4 DIP:24196N DIP:24196N DIP:24196N
5 DIP:442N DIP:24169N DIP:24169N

DIP:320N protein-tyrosine kinase JAK2

DIP:493N transcription factor IID chain

DIP:1048N protein kinase raf-1

Protein Interactions of Mus musculus
Source: DIP (Database of Interacting Proteins)



Degree-Centrality

I Number of incident edges to v

I degree-centrality: Cd(v) := d(v)

I Jeong et al. reports the correlation of removal of high degree
proteins with lethality for the organism (Jeong et al., 2002)

a

b d

c

e

v Cd (v)
a 2
b 2
c 2
d 1
e 3



Eccentricity-Centrality

I eccentricity ecc of a vertex u is defined as
ecc(u) := maxv∈V dist(u, v)

I eccentricity-centrality: Ce(u) := 1
ecc(u)

I Applied by Wuchty et al. to compute the “central”
metabolites of the metabolic network (Wuchty et al., 2003)

a

b d

c

e

v Ce (v)
a 0.333
b 0.333
c 0.5
d 0.333
e 0.5



Closeness-Centrality

I Use sum of distances to all other vertices, i.e.
sumdist(u) =

∑
v∈V dist(u, v)

I closeness-centrality: Cc(u) := 1
sumdist(u)

I Also applied by Wuchty et al. to compute the central
metabolites of the metabolic network (Wuchty et al., 2003)

a

b d

c

e

v Cc (v)
a 0.143
b 0.143
c 0.167
d 0.111
e 0.2



Random Walk Betweenness-Centrality

I Betweenness: Observe communication in the network
I A vertex u can observe the communication between v and w if

u lies in the path of the communication
I Different methods to model communication

I random-walk betweenness centrality Cr (u) is equal to the
number of times a random walk from v to w goes through u,
averaged over all v and w

a

b d

c

e

v Cr (v)
a 0.5
b 0.5
c 0.7
d 0.4
e 0.833



Eigenvector-Centrality

I Value of a single vertex is determined by the values of the
neighbouring vertices

I eigenvector-centrality: Cλ(u) :=
∑

v∈N(u) Cλ(v)

I Equivalent to: Cλ(vi ) :=
∑n

j=1 aijCλ(vj)
I Well known problem of eigenvector computation λS = AS
I We use the eigenvector for the largest eigenvalue

a

b d

c

e

v Cλ(v)
a 0.497
b 0.497
c 0.342
d 0.155
e 0.604



Comparing Centrality Values

1 2 3 4 5 6 7

8

9

10 11

12

13 14

15

Vertex Cd Vertex Ce Vertex Cc Vertex Cr Vertex Cλ
8 4 5 0.2500 7 0.0286 7 0.7429 7 0.5021
9 4 4 0.2000 6 0.0263 6 0.5619 8 0.4563
7 3 6 0.2000 8 0.0238 5 0.5143 9 0.4563
2 2 3 0.1667 9 0.0238 8 0.4762 6 0.2761
3 2 7 0.1667 5 0.0233 9 0.4762 10 0.1927
4 2 2 0.1429 4 0.0200 4 0.4476 11 0.1927
5 2 8 0.1429 10 0.0182 3 0.3619 12 0.1927
6 2 9 0.1429 11 0.0182 2 0.2571 13 0.1927
1 1 1 0.1250 12 0.0182 1 0.1333 14 0.1927
10 1 10 0.1250 13 0.0182 10 0.1333 15 0.1927
11 1 11 0.1250 14 0.0182 11 0.1333 5 0.1517
12 1 12 0.1250 15 0.0182 12 0.1333 4 0.0830
13 1 13 0.1250 3 0.0169 13 0.1333 3 0.0448
14 1 14 0.1250 2 0.0143 14 0.1333 2 0.0230
15 1 15 0.1250 1 0.0120 15 0.1333 1 0.0097



Comparing Centrality Values

1 2 3 4 5 6 7

8

9

10 11

12

13 14

15
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Protein Protein Interactions for Homo sapiens

I Vertices denote proteins

I Edges denote interactions

I Undirected network

I Vertex and edge labels not shown

I Only the giant component, 563
vertices, 870 edges



Protein Protein Interactions for Homo sapiens
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Scatter plot matrix of the centrality positions for the PPI Network
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Correlation coefficients for the centrality positions for the
PPI-network

Cd Ce Cc Cr Cλ

Degree Eccentricity Closeness RWB Eigenvector

Cd – 0.2794 0.3396 0.9534 0.2703
Ce 0.2794 – 0.4231 0.2776 0.9248
Cc 0.3396 0.4231 – 0.3843 0.4726
Cr 0.9534 0.2776 0.3843 – 0.2627
Cλ 0.2703 0.9248 0.4726 0.2627 –

Degree
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Centralities in Biological Networks

I Ranking of vertices according to importance

I Based on the network structure

I Many different (> 20) centrality measures exist

I None of them uses biological relevant information

I New or adapted centralities necessary



Gene Regulatory Networks

I Genes are either transcription factors or targets genes

I Transcription factors regulate genes

I Regulatory interactions between genes form a network

Regulation of lactose degradation in E. coli
Source: RegulonDB



Global Regulators in Gene Regulatory Networks

Understanding gene regulation ⇔ identification of global regulators

Different criteria for identification of global regulators:

I Number of regulated genes

I Number and type of co-regulators

I Number of other regulators they control

I Size of their evolutionary family

I Number of growth conditions under which they are active



Centralities for Gene Regulatory Networks

I Specific centrality for the analysis of GRN necessary

I Should help in identifying global regulators

I Network motifs are relevant for GRNs!



Motif-based Centrality

I Combination of centrality measures and network motifs

I Use the occurrences of a motif in the network

I Incorporation of functional substructures into centrality
analysis

Feed-forward loop (FFL) Target graph



Motif-based Centrality

I Combination of centrality measures and network motifs

I Use the occurrences of a motif in the network

I Incorporation of functional substructures into centrality
analysis

Vertex Centrality

V2 3
V3 2
V4 2
V1 1
V5 1

Feed-forward loop (FFL) Target graph Centr. for FFL motif



Roles of Motif Vertices

Different vertices have different roles

Feed-forward loop Bi-fan



Extended Motif-based Centrality

Count the number of
matches according to roles

Vertex Centrality value
Role A Role B Role C

v2 2 1 0
v1 1 0 0
v3 0 1 1
v5 0 1 0
v4 0 0 2

Feed-forward loop

Target graph



Motif Classes

Motifs with similar structure grouped into motif classes

Example: Single Input Motif (SIM)

Role A regulator for a set of genes

Role B exclusively regulated genes
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Motif Classes

Motifs with similar structure grouped into motif classes

Example: Single Input Motif (SIM)

Role A regulator for a set of genes

Role B exclusively regulated genes



Regulatory Chains

I One regulator regulating another, which in turn
regulates a third one and so forth

I Regulators at the top of chains start regulatory cascades

Role A regulator starting a regulatory cascade

Role B target gene of regulatory cascade

Other intermediate regulators



Summary: Varieties of Motif-based Centralities

Three varieties of motif-based centralities

I Plain

I With roles for the vertices of the motif

I Using classes of similar motifs

All based on the same concept:
count the matches of functional substructures in the target graph



Gene Regulatory Network of E. coli

I Based on data from
RegulonDB

I 1250 vertices and 2515
edges

I Global regulators?



Motif-based Centrality for E. coli

Gene Cent.

crp 254
fnr 203
arcA 111
fis 110
narL 100
ihfAB 61
hns 53
fur 43
gadX 34
hyfR 33
marA 29
flhD 21
nagC, soxS 19
modE, tdcA, yiaJ 18
gutM, ompR, srlR 17

Top 20: 10 of the 18 global
regulators

Mart́ınez-Antonio & Collado-Vides: Identifying global
regulators in transcriptional regulatory networks in
bacteria, Current Opinion in Microbiology, 2003



Extended Motif-based Centrality for E. coli

Cent.
Gene A B C

crp 254 0 0
fnr 150 53 0
ihfAB 61 0 0
arcA 58 53 0
fis 40 70 0
modE 18 0 0
soxS 18 1 0
hns 14 39 0
fhlA 11 0 0
gadE 11 0 0
cpxR 11 0 0
rob 10 0 0
galR 8 0 0
gadX 8 26 0
gntR 6 0 0
fur 6 36 1
oxyR 6 1 0
tdcR 6 0 0
narL 5 95 0
nagC 5 14 0

Top 20: 11 of the 18 global
regulators



Motif-class Centrality for E. coli

Gene cmcc Length of chain
2 3 4 5 6 7

crp 1592 359 525 436 212 60 0
ihfAB 667 186 215 156 82 28 0
fnr 470 206 237 27 0 0 0
arcA 470 111 215 127 17 0 0
fis 387 156 121 82 28 0 0
evgA 325 4 27 90 125 51 28
ydeO 322 1 27 90 125 51 28
gadE 321 27 90 125 51 28 0
soxR 213 2 24 92 91 4 0
soxS 211 24 92 91 4 0 0
torR 191 10 15 87 51 28 0
gadW 185 4 15 87 51 28 0
cspE 184 1 2 88 65 28 0
cspA 183 2 88 65 28 0 0
gadX 181 15 87 51 28 0 0
hns 181 88 65 28 0 0 0
oxyR 166 15 73 74 4 0 0
fur 151 73 74 4 0 0 0
modE 141 32 94 15 0 0 0
narL 109 94 15 0 0 0 0

Top 20: 11 of the 18

Other effects:
evgA, ydeO and gadE



Analysis of Biological Networks

1 Motivation

2 Foundations

3 Network motifs

4 Network centralities

5 Network-related data analysis and visualisation



Analysis in Network Context - Motivation

Integration and analysis of
high-throughput data in the
context of underlying processes

I Show large amounts of data
in a readable and
understandable form

I Consideration related
networks

I Fast data evaluation
(statistic tests, correlation
analysis, data clustering)

Genes
Transcripts

Proteins
Metabolites



Analysis and Exploration of Data in Network Context

I Vanted features
I Creation/derivation of

networks
I Data mapping onto

dynamic networks
I Data analysis and

visualisation methods

Flarex

MAVisto

VANTED

VANTED
database

VANTED
XLS

input form

Meta-
All

GML
KEGGSBML Pajek .net

networks
experimental data

CentiBin

other tools

SyBME



Experimental Data

I Databases
I DBE
I FLAREX

I Excel/CSV Files
I Vanted input file

(metabolite, proteomics
and expression data)

I J-Express files
(expression data)

I Programmatic
I Script API: Java/Ruby

code

Flarex

MAVisto

VANTED

VANTED
database

VANTED
XLS

input form

Meta-
All

GML
KEGGSBML Pajek .net

networks
experimental data

CentiBin

other tools

SyBME
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Experimental Data

I Databases
I DBE
I FLAREX

I Excel/CSV Files
I Vanted input file

(metabolite, proteomics
and expression data)

I J-Express files
(expression data)

I Programmatic
I Script API: Java/Ruby

code



Network Data

I Databases
I MetaCrop (SBML)
I KEGG Pathway

- Reference-Pathway/
Organism-specific
- Bottom-Up
- Top-Down
- Super-Pathway

Flarex

MAVisto

VANTED

VANTED
database

VANTED
XLS

input form

Meta-
All

GML
KEGGSBML Pajek .net

networks
experimental data

CentiBin

other tools

SyBME



Network Data - KEGG Specific Pathway Parts

Example: Shortest paths between the substances methane, amino-
sugars and ethanol



Network Data - Exploration of KEGG Pathways



Network Data - Exploration of KEGG Pathways



Network Data

I Databases
I MetaCrop (SBML)
I KEGG Pathway

- Reference-Pathway/
Organism-specific
- Bottom-Up
- Top-Down
- Super-Pathway

I Ontologies / functional
hierarchies

I Full GO tree
I Relevant subset

I Files
I GML, Pajek-.NET, SBML

Visualisation of gene expression time series data and
corresponding gene ontology data



Network Data

I Databases
I MetaCrop (SBML)
I KEGG Pathway

- Reference-Pathway/
Organism-specific
- Bottom-Up
- Top-Down
- Super-Pathway

I Ontologies / functional
hierarchies

I Full GO tree
I Relevant subset

I Files
I GML, Pajek-.NET, SBML



Data Integration

I Knowledge about identifiers,
synonyms, associated genes
and annotations

I KEGG compounds
I Expasy Enzymes
I KEGG KO
I User defined

(e. g. Affymetrix)

Flarex

MAVisto

VANTED

VANTED
database

VANTED
XLS

input form

Meta-
All

GML
KEGGSBML Pajek .net

networks
experimental data

CentiBin

other tools

SyBME

VANTED



Data Analysis

Flarex

MAVisto

VANTED

VANTED
database

VANTED
XLS

input form

Meta-
All

GML
KEGGSBML Pajek .net

networks
experimental data

CentiBin

other tools

SyBME

VANTED



Data Analysis

I Visualisation methods

I Data Charting
I Data mapping,

graph-embedded view of
experimental data

I Time series data
(line chart)

I Non-time series data
(bar charts, pie charts,
ratio view)

I Filter operations
(show/analyze subset,
e.g. selected plant lines,
selected time point(s))



Data Analysis

I Visualisation methods
I Data Charting

I Data mapping,
graph-embedded view of
experimental data

I Time series data
(line chart)

I Non-time series data
(bar charts, pie charts,
ratio view)

I Filter operations
(show/analyze subset,
e.g. selected plant lines,
selected time point(s))



Data Analysis

I Combination of different -omics data

Compound / Enzyme information, mapped onto a KEGG pathway



Data Analysis

I Statistical analysis
(e.g. outliers removal, t-test)

I Correlation analysis
I Correlate time-series

profile
I Correlate samples

(replicate data)



Data Analysis

I Data clustering (e.g. SOM)
I Detection of a given

number of common time
series patterns in the data

I Connection to external data
clustering approaches



Data Analysis

I Data clustering (e.g. SOM)
I Detection of a given

number of common time
series patterns in the data

I Connection to external data
clustering approaches Expression data map onto MapMan hierarchy



Examples - Data Analysis (Barley)

glycolysis TCA cycle

Three phases in seed development
(pre-storage, intermediate and main storage)



Examples - Coverage of Processes (Barley)



Examples - Data Integration (Potato)



Examples - Data Exploration (Mouse)



Examples - Visualisation [Tognetti et al. (2007)]



System Architecture

I Based on the extensible,
plugin-based graph
visualization toolkit Gravisto

I Event management
(observer design pattern)

I MVC concept

System architecture

Gravisto

 
Plug-ins

VANTED / KGML-ED Plug-ins

External 
LibrariesEditor

Plug-in Manager

Event Listener Manager

Graph Data Structures

Adj. List Adj. Matrix…

Input‐, Output‐

 
Serializers

Algorithms

Views

Attributes, Attribute‐

 
Components, Edit‐

 
Components, 

 
Algorithm Parameter 

 
Editors

GUI‐Components

Tools



Analysis of Biological Networks

1 Motivation

2 Foundations

3 Network motifs

4 Network centralities

5 Network-related data analysis and visualisation



Tools

I Mavisto - motif analysis and visualisation
tool
http://mavisto.ipk-gatersleben.de

I CentiBiN - centrality analysis in
biological networks
http:
//centibin.ipk-gatersleben.de

I Vanted - analysis and visualisation of
experimental data in the network context
http://vanted.ipk-gatersleben.de

I MetaCrop - information system for plant
specific metabolism
http:
//metacrop.ipk-gatersleben.de

I KGML-ED - KEGG pathway explorer and
editor
http://kgml-ed.ipk-gatersleben.de

http://mavisto.ipk-gatersleben.de
http://centibin.ipk-gatersleben.de
http://centibin.ipk-gatersleben.de
http://vanted.ipk-gatersleben.de
http://metacrop.ipk-gatersleben.de
http://metacrop.ipk-gatersleben.de
http://kgml-ed.ipk-gatersleben.de

