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3D: Detailed
1D: Complete ~2D: Bio-molecular structural
Genetic Partslist Network understanding of
cellular machinery
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W e ZRANGrouip
Main ingredients?

Molecules Interactions Pathways Networks

ol Wi Mjﬁ“

Individual molecules = Pairwise interactions @ Local structures = Global networks

_ oo Y

Hierarchical Relations
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Transcriptional regulatory network

(a) Basic unit (b) Motifs (c) Modules
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Subset of genetic network

Node: TF and genes, Edge: regulation relationships
Directed, Edge weighted

(d) Transcriptional regulatory network

Currant Opinion in Structural Biology



Biological networks

Transcription factor
:I Gene Transcription regulatory network
\ / (DNA-TF interactions)
|

Gene regulatory network

MRNA
1 1 (gene-gene interactions)
, O @ Protein interaction network
Protein O (protein-protein interactions)

! !

Metabolite A+E = AF — B+E Metabolic ne_twork |
(enzyme-substrate interactions)

Heterogeneous ; !: 2 Signaling network
components (molecule-molecule interactions)

VS.

Molecules < — Networks
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X1 2% 53 %
« b #T (Topology)
Hub and bottleneck
Hierachy structure
Network motif
o &AM (Dynamics)
Hubs in different conditions
Subnetworks in different conditions
o M1 (Subnetworks)
Aging and disease subnetwork
Evolution in TF subnetwork
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Q1: Finding Central Nodes In
Networks: Hubs & Bottlenecks

Which are key nodes in networks ? How do we locate them ?

1 <l

B ottleneck

10

[Yu et al., Plos CB (2007)]



13:5
R

f

|

Does the Bio-molecular networks

Q2

hy structure

leralrC

posses h

Does the network has the hierarchy structure? How do we identify them? What does it mean?

XTI

~

E. coli

S. cerevisiae

11

[Yu et al., PNAS (2006)]
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Q3: Are there some building blocks
In the Bio-molecular networks?

Where are they? How do we identify them? What does it mean?

Autoregulation Muli-Companent Loop Feediorward Loop
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Science, 298:799-804, 2002

»The design principles of this network
»“Evolution preserves modules that define specific function.” 12
» Motifs are those subgraphs which occur in higher frequencies than in random graphs.
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Q4: Are all hubs equal?
From the temporal aspect!!

Party Hub
Date Hub Same time
Different time and space

and/or space

Party Hub
Han et al. Nature, 2004 Same time 13

and space
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Q5: Substructure In the interactome network
are known to be very important to the network
topology and function.
complete network cell cycle sub-network

142 TFs « /0 TFs
3,420 genes « 280 genes
7,074 interactions * 550 interactions 14

[Nature, 2004]



Q6: Aging and disease are known to be
closely related. Can we see this
relationship in the interactome?
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Bone
Cancer
Cardiovascular
Connective tissue disorde!
Dermatological
Developmental

-;gEar Nose Throat

@Endorine
Gastrointestinal
Hamatological
Immunojogical
Metabolic
Muscular
Neurological
Nutritional

L @Ophthamological

Psychiatric
Renal
Respiratory
Skeletal
Multiple

@®Unclassified
MD

OAging

[PloS CB, 2009]
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/. Regarding to evolution principles,
IS the subnetwork and the whole
Interactome the same?
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=== Physical interaction
Nucleic Acids Research. 2010.
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Network Ontology Analysis

NAR, 2011.
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Reduction of Networks

*Networks are powerful!

A Original network Kemnel
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*Networks are complicated!

*Can we reduce the network?
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Communlty structure of Networks

UDP-N-acatyl-D-glucosamine

@R Giycan biosynthesis & metabossm
@ Metaboiism of cofactors & vitamins
@ 5iosynthess of secondary metaboiites
@D /rino-scid metabolism

D Carbohydrate meatabolism

@ Nucieotide metabalism

D Lipkd metabolism

() Energy metabalism

Biodsgradation of xenobiotics

O Nea-hub connector
& Connector hub

D-glyceraldehyde 3-
W Provincial hub
~ Module-module
—— Module-node O-riboee S-phosphate e_—
—— Node-node '
Adenine

Guimera and Amaral, Nature, 2005
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Network Alignment of Networks

Biological networks

Species 1
(Conditionftypa 1)

Species 2
{Gnngiﬁmu"typ? 2)

Matched protains
Match protein pairs that are
sequenca-similar

PESDIDVDLCSELMARACSE -GV
PES +D+DLCEEL+ FAT++ +
PESSLDIDLCSELIIFRACTDCET

High-=coring
consarved subnetworks

Metwork alignmeant

Consarved
intaractions

Matched
protain pairs

Saarch
algorithm




Conditional specific pathway or
subnetwork identification
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Network representation

Transcription Translation
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Transcriptional Regulation

»é Protein

Histén modification

é Kinase

Nucleus l Although a series of regulatory events can be
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conveniently represented as a node in the
network, the dynamics of the entities and the
biological processes that make up the node

Molecular Systems Biology 5:294 are not captured. 21

Cytoplasm
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Dﬁata mtegratlon microRNA-gene
co-module identification

8 A

— gene-gene interaction
— miRNA-gene interaction
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o O gene
o <{ miRNA
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— TF-gene interaction

Bioinformatics, 2011 22
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Cancer genomics: driver genes and

pathways identification

Mutation Matrix

Genomes Bl = mutated
* [ ] = not mutated
—
*———-———
gene
* e R N ———
g —

#: somatic mutation

Maximum Coverage

Exclusive Submatrix (k=2) Maxinium Weight

Submatrix (k=3) .
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