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e http://www.aporc.org/doc/wiki/Course001

e Contains all course-related materials (lecture
slides & further readings), regularly updated.

Materials
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Nurturing
Scientists
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 An introduction to Systems Bioloqgy: Design Principles of Biological Circuits

by Uri Alon.
June 2006, Chapman&Hall/CRC, Taylor and Francis Group

« Systems Biology : Properties of Reconstructed Networks
by Bernard Palsson.

January 2006, published by Cambridge Univ. Press

Systems Biology in Practice: Concepts, Implementation And Application
Klipp, E et al. John Wiley & Sons Inc. 2005

Systems Biology: A Textbook Edda Klipp, et al. 2009
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http://www.systems-biology.org



http://www.crcpress.co.uk/shopping_cart/products/product_detail.asp?sku=C6420&parent_id=&pc=
http://www.cambridge.org/uk/catalogue/catalogue.asp?isbn=0521859034
http://www.wiley-vch.de/publish/en/books/bySubjectLS00/ISBN3-527-31078-9/?sID=c2f6d6be1ce028445fd29873e1ca6cc3
http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Edda+Klipp
http://www.systems-biology.org/
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State-of-Arts

e Science, Nature, Cell, PNAS
 Molecular Systems Biology

« BMC Systems Biology
 |IET Systems Biology
e Other related journal

e Google, Wik



We focus on biomolecular networks

as well as highly related topics

BIOMOLECULAR
SIS

Luonan Chen, Rui-Sheng Wang, Xiang-Sun Zhang.
Biomolecular Networks: Methods and Applications in Systems Biology. ,
John Wiley & Sons, Hoboken, New Jersey. July, 2009.



http://www.amazon.com/Biomolecular-Networks-Methods-Applications-Bioinformatics/dp/0470243732
http://www.wiley.com/WileyCDA/WileyTitle/productCd-0470243732.html

[Systems Biology J

Transcriptional Protein interaction
regulatory network network
[Gene regulatory Functional )
network linkage network
T T _
Network —

Metabolic o Stljucture
network similarity netwcrk_ﬁ
Signaling
Network

Theoretical / Computational ~g

methodologies problems Qualitative
/ l Quantitative .
analysis
computation / l
Machine Differential Statlstn: & Quervin
learning equation Probabilistic TDPE“DQI'DE' rying _
methods properties Integration

Graph theory Optimization Reconstruction 2ignment

or prediction

Network Systems Biology
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= NCBI Resourc My NCBI Sign In

. Limits Advanced search Help
T —

U.5. Maticnal Library of Medicine sygtems biglggy Clear

National Institutes of Health

PubMed

PubMed comprises more than 20 million citations for biomedical literature from MEDLINE, life nce journals, and online

books. Citations may include links to full-text content from PubMed Central and publisher web sites.

Using PubMed PubMed Tools More Resources
PubMed Quick Start Guide PubMed Mobile MeSH Database
Full Text Articles Single Citation Matcher Journals in NCEI Databases
FPubMed FAQS Batch Citation Matcher Clinical Trials
FPubMed Tutorials Clinical Queries E-Utilities
New and Noteworth},g!:] Topic-Specific Queries LinkQut

<

“ou are here: NCBI = Literature = PubMed Write to the Help Desk

GETTING STARTED RESOURCES POPULAR FEATURED NCBI INFORMATION
NCBI Educaticn Chemicals & Bipassays PubMed GenBank About NCBI
NCBI Help Manual Data & Software Nucleotide: Reference Seguences Research at NCBI
NCBI Handbook DNA & RNA BLAST Map Viewer NCBI Mewsletter
Training & Tutorials Domains & Structures PubMed Central Genome Projects NCBI FTP Site
Genes & Expression Gene Human Genome MCBl on Facebook
Genetics & Medicine Bookshelf Mouse Genome NCBl on Twitter
Genomes & Maps Protein Influgnza Virus MCBl on YouTube
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Google Scholar
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Systems biology: a brief overview

H Kitano - Science, 2002 - sciencemag.org

Abstract To understand biology at the system level, we must examine the structure and
dynamics of cellular and organismal function, rather than the characteristics of isolated parts
of a cell or organism. Properties of systems, such as robustness, emerge as central issues, ...

S| FERy : 2107 - 1AZ30E - BrE 58 A

The systems biology markup language (SBML): a medium for representation and exchange of

uu.nl S 87 [PDF]

oxfordjournals.org & & [PDF]

biochemical netwerk models

M Hucka, A Finney, HM Sauro, H Bolouri... - ..., 2003 - Oxford Univ Press

Abstract Motivation: Molecular bioctechnology now makes it possible o build elaborate
systems models, but the systems biclogy community needs information standards if models
are to be shared, evaluated and developed cooperatively. Results: We summarize the .

IS FRACEY - 1308 - FHES - FfrE 59 MhiAR

roF] Computational systems biclogy

H Kitano - Nature, 2002 - people.mbi.ohio-state.edu

To understand complex biolagical systems requires the integration of experimental and
computational research—in other words a systems biology approach. Computational
biology, through pragmatic modelling and theoretical exploration, provides a powerful ..

S| FACHY : 1146 - fHXCE - HTML hE - BT 56 hEds

Evolving a lingua franca and associated software infrastructure for computational systems biclogy:

ohio-state.edu F B [PDF]

caltech.edu =FEJ [PDF]

the Systems Biclogy Markup Language (SBML) project

M Hucka, A Finney, BJ Bornstein... - Systems ..., 2004 - authors.library_caltech.edu
Biologists are increasingly recognising that computational modelling is crucial for making
sense of the vast quantities of complex experimental data that are now being collected. The
systems biology field needs agreed-upon informationstandards if models are to be shared ..

S| RS 145 - IAXCE - BT H 19 i

A new approach to decoding life: systems biology

T Ideker, T Galitski... - Annual review of genomics and _._, 2001 - annualreviews.org

* Abstract Systems biclogy studies biological systems by systematically perturbing them
(biologically, genetically, or chemically); monitoring the gene, protein, and informational

pathway responses; integrating these data; and ultimately, formulating mathematical ...

WG| . 980 - AT E -BFH 57 T EE A

buscario.com.br 1§} [PDF]
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| Philip Bourne

Professor of Pharmacology, UCSD
Computational Biology - Scholarly Communication
Verified email at ucsd.edu

Homepage
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The protein data bank
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13295 2000

Protein structure alignment by incremental combinatorial extension (CE) of

[ the optlmal path 1516 1098
IN Shindyalov, PE Bourne
Protein engineering 11 (9), 739-747

The protein data bank
] HM Berman, T Battistuz, TN Bhat, WF Bluhm, PE Bourne, K Burkhardt, Z Feng ... 686 2002
Acta Crystallographica Section D: Biclogical Crystallography 58 (6), 899-907

The RCSB Protein Data Bank: a redesigned query system and relational
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Search Authors
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Assistant Professor of Academy of Mathematics and Systems Science, Chinese
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Verified email at amss.ac.cn
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Identification of overlapping community structure in complex networks using
r fuzzy c-means clustering

S Zhang, RS Wang, XS Zhang

Physica A: Statistical Mechanics and its Applications 374 (1), 483-490

Quantitative function for community detection
[ ZLi, S Zhang, RS Wang, XS Zhang, L Chen 67 2008
Physical Review E 77 (3), 036109

Discovering functions and revealing mechanisms at molecular level from
[ biological networks

S Zhang, G Jin, XS Zhang, L Chen

Proteomics 7 (16), 2856-2869

Alignment of molecular networks by integer quadratic programming
[ ZLi, S Zhang, Y Wang, XS Zhang, L Chen 55 2007
Bioinformatics 23 (13), 1631-1639

Uncovering fuzzy community structure in complex networks
bopo D Alornq at=Tala!

141 2007

57 2007
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Systems Biology

* Networking the whole biological system, rather
than studying its isolated parts.

 |ntegrating large amounts of data in the context
of biological network (Sequence, structure,
function, gene expression, protein expression,
protein interaction, protein-DNA interaction, and
literature data).

20
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Systems Biology Procedure

e System Perturbation

e Generating of comprehensive global data
e |dentification of key molecules

e Network modelling

e Generation of hypotheses

e Validation of hypotheses

21



e Journal club

A Predictive Model for s
Transcriptional Control of Physiolog
In a Free Living Cell

Richard Bonneau et. al. Cell, Vol 131, 1354-1365, 28 Dec. 2007

Institute for Systems Biology, Seattle, WA 98103, USA
Center for Genomics & Systems Biology, New York University, New

York, NY 10003, USA

22
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On the cover:

Brightly colored blooms of halophlic (i £ #7) organisms in the salt flats of the

South San Francisco Bay (photograph by Michael Melford, courtesy Getty
Images) serve as a vibrant backdrop(# 5¢) for a segment of a predictive
environmental and gene regulatory circuit determined for one of this
ecosystem&apos;s principal inhabitants, the archaeon( i {X2E47))
Halobacterium salinarium NRC-1(— g i) AE B, — M R AEAEAEEL/Kil
Y B2 Zh T ).

This organism possesses a number of fascinating adaptations for life in

hypersaline (& k) environments including the production of membrane
pigments (4 fE /=4 &) that mediate light-driven energy production
and flotation devices called gas vesicles for vertical mobility in search of
favorable oxic regimes (%.#%{K&). While the availability of unique adaptations
IS Important, the integrated regulation of these and many other core
physiological processes (422 #2) is vital for survival in this dynamic

environment.
23
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In this Issue,

Bonneau et al. report a systems level regulatory circuit for the
transcriptional control of 80% of all genes in this organism.
This regulatory model accurately predicts the transcriptional
changes that occur when Halobacterium is challenged with
new environmental and genetic perturbations.

Significantly, this study supports the claim that fundamental
properties of biological systems and their environments
should enable the rapid construction of highly accurate,
predictive models of global gene regulation for both
traditional model systems and for many more currently
uncharacterized organisms.

24
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Other comments

 Research Highlight by Nature Reviews
Microbiology 6, 92 (February 2008)

 Bio-IT World's Systems Biology
newsletter.(In the closing days to 2007, a
really nice piece of systems biology work
was published in the journal Cell )

26
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Why this paper

Cell publish computational biology work
From Institute for Systems Biology, Seattle

The ISB founder, also the founder of systems
biology Lee Hood Is one of the co-authors.

To taste the flavor of systems biology
(network+perturbation+data integration)

27
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What did they study?

* Alargely uncharacterized organisms
e Easy to be cultured

* The environment significantly influences
the dynamic expression

28
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Methodology

* Experiments:

1. Microarray data: Total 413 experiments (Time-course and steady state,
8 environment effects perturbation, combinatorial perturbation. 33
gene deletion and GTF overexpression)

266 experiments in training set

147 new experiments
2. ChlIP-chip data
http://baliga.systemsbiology.net/egrin.php

« Computational prediction

1. Protein structure prediction

2. Function annotation algorithm

3. Biclustering algorithm (Data integration and dimensionality reduction)
4. Transcriptional regulatory network inference

29
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At molecular level Emerging area

Network Systems Biology?

Instead of analyzing individual components or aspects of an
organism,

We study how an organism, viewed as a
dynamical network of biomolecules
and biochemical reactions, eventually
gives rise to a complex life.

35
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Main ingredients?

Molecules Interactions Pathways Networks

ol Wi Mjﬁ“

Individual molecules = Pairwise interactions = Local structures = Global networks

_ —

Hierarchical Relations

36



Biological networks

e Elements: gene, proteins, etc. Node

e |nteractions: Regulation, physical interaction,
genetic interaction, metabolic reaction,
modification, etc. Edges

e Local structures: Motif, community, functional
module, complex, etc.

e Global structures: Scale-free, small world, etc.

37
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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 < AE = B+E Metabolic network
(enzyme-substrate interactions)

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

VS.

Molecules . — Networks
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Types of Biological networks

Genetic network: Interactions between genes, gene products,
small molecules

Transcriptional regulatory network: Network of control
decisions to turn genes on / off, Subset of genetic network
Signal transduction network: Network of the movement of
signals from outside the cell to inside. Undirected

PN

Protein-protein interaction network: Physical or genetic

network

Metabolic network: Network of interactions between proteins, A
Synthesize / break down molecules (enzymes, cofactors) /\

Others: Gene co-expression network, Functional linkage o o

network, protein structure network, protein folding network, Directed
neural network, Domain interaction network

39
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Genetic network

Node: gene

Edge: causality
regulatory
relationships

Directed

Edge weighted

Genetic network consists of set of genes, proteins, small molecules, and their mutual
regulatory interactions.

42
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Transcriptional regulatory network

(a) Basic unit (b) Motifs (c) Modules
¢ 9
Transcription factor 0;: ,{ 3::\0 a\ \:\}.
. " g?‘\"' M
i ? / \/ 3
J ‘ 20
] Y] g
TN /
o ¢ 2 \
MIM ./ J Q/. s J
— NV
Jd Q‘/ ./.\' / ./‘
Target gene and l\ 0// 1 Ny ]
binding site 3 J
o—0
FFL

Subset of genetic network

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

(d) Transcriptional regulatory network

Current Opinion in Structural Biology
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Enzymatic Reactions

Reaction View

intermediate
complex
C e

E
l(c.d,e) E+S —p ES —p D E

S—— P d
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= Definition of Metabolic network G(V,E) :

= Forevery enzyme z; in Z - a node v; exists
= (V;,v)) In E iff z; consumes the product of z;

A — A=) 2B [ — AR

=  Example:

enzyme

metabolite

2711 p
C00267 C00668
2712 F

51323 >
! enzyme

{ 2.7.1.2
2.7.1.63
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Representation 1:
Node: metabolites
Edge: enzymatic steps
Directed

Unweighted

Representation 2:

Node: Enzymes

Edge: Enzymes working on
adjacent steps

Undirected

Unweighted

e ZRANGroup o

Metabolic network

47


http://en.wikipedia.org/wiki/Image:A_thaliana_metabolic_network.png

transductiomn
pathwway

Plants have developed sophisticated signal transduction
mechanisms to be able to respond to changing environmental conditions.
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http://networkbiology.net/images/0/0e/Transcription_translation.jpg

Signal transduction network

Node: proteins, signal molecules, Edge: interaction relationships, Undirected, Unweighted

Ligand-gated
ion channel

urn@

GPCR RTH GPCR GPCR GPCR

"

=]

oﬁ = @ —
Y ATR&M p T
PKA

‘ p38 pathway

JNK pathway

MKKK
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Protein Interaction

Proteins: Domains: ORFs: Interactions:

YBR118W<€->YALOO3W PF03144 PFO0009 € >
P02994 --- YBR118WE->YALO03W PF03143 PE00009 € >
YBR118W<->YALOO3W PF03143 PF03144 € >

PFO0009 PF03144 PF03143
YPROSBOW<->YALOO3W PF03144 PFO0009 € >
P32471 sttt YPROSOW<->YALOO3W PF03143 PEO0009 €& >
YPROSOW<->YALOO3W PF03143 PF03144 € >
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Protein Interaction Network

i i'\ L .‘ \ L". e
o / L :. ] \ \
5 Mo 5
P4

Yeast protein interaction network
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Protein interaction network in Human by yeast two-hybrid method, 2006.
Protein number: 1705, links: 3186

n..ﬂ.l-._ .EI-;_- E E- |I- -- ]

W@E"“" Wz h:H:-.. | h'ﬂ'--'qH'_.Pn-_Ah{.m

: L — P, b . -
"By Wprg Wpn Tram "ll-lll'i.:-.:'.l.:-l"..:"m Boam Sy T T

52



N e ZHANGroup o

Representation of PPI network
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Node: proteins, Edge: interaction relationships, Undirected, Weighted
(Binary or Strengthed)
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