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What happened to Biology 
at the end of XXth century?



What is Systems Biology?

Systems-wide analysis (omics)

Born: 1990s

Technologies: high-throughput, 
statistics 

People's background: molecular 
biologists, mathematicians

Key lesson: the selection of a 
phenotype is done at the level of 
the system, not of the component 
(gene expression puzzle) 

Application of systems-theory

Born: 1960s

Technologies: quantitative 
measurements, modelling

People's background: 
biochemists, engineers 

Key lesson: the properties at a 
certain level are emerging 
from the dynamic interaction 
of components at a lower level

First mention of the term: 
1928 (L Von Bertallanfy)

Modern revival of the 
term: 1998 (L Hood, H 
Kitano)

Systems Biology is the study of the emerging properties 
of a biological system, taking into account all the necessary constituents, 

their relationships and their dynamics.
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What happened to biology at the end of XXth 
century?



What did engineering bring?
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Emergence of the notion of system

Global Description of the world

Description of interacting components

Description of the components of the world

XVI            XVII          XVIII          XIX             XX              XXI

“classical” mechanic, anatomy, physiology

Statistical physics, thermodynamics, quantum mechanic,
biochemistry, structural biology, molecular biology

Cybernetics, Information theory, telecommunications, 
automata, multi-agents, Systems Biology 



Systems have been formalised for a while



“[A system consists of] a dynamic order of parts and processes 
standing in mutual interaction. [...] The fundamental task of 
biology [is] the discovery of the laws of biological systems" 
Ludwig von Bertalanfy, Kritische Theorie der Formbildung, 1928

Systems have been formalised for a while



The three paradigms of Biology

Physiology

Systems Biology

Molecular Biology

1850                    1900                   1950                   2000

Claude Bernard          Pavlov      Hill                       Eccles  
                                   Langley    Meyerhof             Katz

              Michaelis  Kossel      Watson/Crick     recombinant
                Menten         Avery       Monod/Jacob  DNA

Hodgkin    MCA       omics
Huxley      BST       



New way of doing biomedical research

Needs for cooperation 
and standardisation





Experiment
model

hypothesis

Needs for interplay between 
models and reality tests





dx

dt
= f(X;P; t)

Needs for systems thinking and 
integration of heterogeneous knowledge 







Computer simulations Vs. mathematical models



One would like to be able to follow this more general process 
mathematically also. The difficulties are, however, such that one 
cannot hope to have any very embracing theory of such processes, 
beyond the statement of the equations. It might be possible, 
however, to treat a few particular cases in detail with the aid of a 
digital computer. This method has the advantage that it is not so 
necessary to make simplifying assumptions as it is when doing a 
more theoretical type of analysis.

Computer simulations Vs. mathematical models



Birth of Computational Systems Biology



The Computational Systems Biology loop

biological model

mathematical model

computational modelsimulation



The Computational Systems Biology loop

biological model

mathematical model

computational modelsimulation

parameterisationvalidation
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90s: maturation of the community

Publication of modelling work in high visibility journals, e.g.:

Tyson. modeling the cell-division cycle - cdc2 and cyclin interactions. PNAS 
1991; McAdams and Shapiro. Circuit simulation of genetic networks. Science 
1995; Barkai and Leibler. Robustness in simple biochemical networks. Nature 
1997; Neuman et al.  Hepatitis C viral dynamics in vivo and the antiviral efficacy 
of interferon-alpha therapy. Science 1998; Yue et al. Genomic cis-regulatory 
logic: Experimental and computational analysis of a sea urchin gene . Science 
1998; Bray et al. Receptor clustering as a cellular mechanism to control 
sensitivity. Nature 1998

Structuration of the community modelling metabolism

Large-scale simulation projects 

E-Cell project 1996; The Virtual Cell 1998

Availability of high-throughput data on parts and interactions

Two-hybrids (1989); microarrays (1995) etc.

Large-scale funding for wet+dry studies of biological systems

Alliance For Cellular Signalling (http://www.afcs.org/). First of the NIH “glue 
grants”. 1998



Formal revival of Systems Biology

“Modelling” Systems Biology

1998 - Hiroaki Kitano founds the Systems Biology Institute in Tokyo

First appearance: Kyoda, Kitano. Virtual Drosophila project: Simulation of 
drosophila leg formation. Genome Informatics Series (1998)

Kitano, H. Perspectives on systems biology. New Generation Computing 
Volume 18, Issue 3, 2000, Pages 199-216

“Network” Systems Biology

First appearance: Leroy Hood. Systems biology: new opportunities arising 
from genomics, proteomics and beyond. Experimental Hematology. Volume 
26, Issue 8, 1998, Page 681

Schwikowski B, Uetz P, Fields S. A network of protein-protein interactions in 
yeast. Nat Biotechnol. 2000 Dec;18(12):1257-61.

2000 - Leroy Hood founds the Systems Biology Institute in Seattle
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What is Systems Biology?

A BLevel N

Level N+1

properties

properties

Molecular and Cellular Biology

Systems Biology

Physiology

Describes and
quantify

Describes and
quantify

explains

C

A Baffects

NOT UNIQUE!
Several systems structures

may generate the same properties



Systems Biology is the study of the emerging 
properties of a biological system, taking into 
account all the necessary constituents, their 

relationships and their dynamics



 

    

 

The four views of systems biology



Non-directional

Non-sequential

Non-mechanistic

Statistical modelling

Functional genomics

IntAct, DIP, String

Interaction networks



Activity-Flows

ERK

MEK

RAF
Directional

Sequential

Non-mechanistic

Logical modelling

Signalling pathways, 
gene regulatory networks

KEGG, STKEs



Process Descriptions

P1

P2

S1 S2

E

S3 P

Directional

Sequential

Mechanistic

Subjected to combinatorial explosion

Process modelling

Biochemistry, Metabolic networks

KEGG, Reactome



Entity Relationships

P

X
T

Z

Ub

Y
K

Directional

Non-sequential

Mechanistic

Independent rules: no explosion

Rule-based modelling

Molecular Biology

MIM



 

    

 

The four views are orthogonal projections 
of the underlying biological phenomena
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What to do?

Build the system

Put numbers

Parametrise

Analyse

perturb

bottom-up

literature

biochemistry

parameter search

Simulation

Inhibition, stimulation, 
suppression, overexpression

top-down

“pathway” database

lipid/metabol/prote/
transcript“omics”

hmm....

structural analysis, 
steady-state analysis

Bioinformatics

Modelling

biochemistry

Molecular biology
pharmacology

high-throughput




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45

