
From discoveries Mechanisms Integration

Biological Research (in the last 60 
years)    

Biology as an information science
High throughput methodologies 

Interdisciplinary approaches
Model organisms 

Molecular Biology Reduction Systems Biology



The Ultimate Goal



From networks
to phenotypes

From one gene to
one molecular phenotype

In search of
emergent 
properties

?



The New Approach



Systems Biology
N. Wiener 1946

Cybernetics – Control and Communication 
in the Animal and the Machine. 

…explicitly considered technical as well as biological
systems as objects for the same scientific approach

Identity Crisis



Systems Biology

..is all about cycles of modeling-
verifications and final simulations

..is all about engineering

..is all about -omics

..is a paradigm shift

..is a multidisciplinary integrated 
approach



Genetics
Molecular Biology Biochemistry

Taxonomy EcologyEvolution

Development
Cell BiologyPhysiology

Integrative Biology



Traditional Top Models in Biological 
research

Nematode
worm

Fruitfly

Yeast Bacterium
E. coli 

Mouse

Plant
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The ultimate model organism

ftp://download.intel.com/pressroom/kits/events/idffall_2002/legend_tianqui.tif


From models to
genomes

Complete Published Genome Projects: 961
Archaeal:56 Bacterial:801 Eukaryal:104

Ongoing Genome Projects: 3,541
Archaeal:100 Bacterial:2422 Eukaryal: 1029



From genomes to organisms
Metagenomics

Sargasso sea Antarctic Human gut
Microbes:human 10:1

Exploring the bacterial fauna
Less than 1% of the species are known

152 metagenomes completed

http://www.gly.fsu.edu/~ladner/Bermuda/sargassum.jpg


-omics or more comics?



Transform information to knowledge



Systems Biology
Defining the components    

http://www.louisville.edu/~jeemge01/images/engine bay view_jpg.jpg


Systems Biology
Defining the components    



Systems Biology
Defining how the components are related 



Integrated representations
or perhaps the ultimate reduction?

Systems Biology   
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Can we go to phenotypes?



Emergence and Robustness   

Taf5
Taf6
Taf9
Taf10

Gcn5
Spt7
Ada1,2,3
Taf12

Spt3
Spt8
Spt20



Green Biotechnology    

Food

Energy

Environment



The problem with 
Green Biotechnology



The future of green biotechnology
Safety through

1.Genomics/metagenomics
2.Systems biology
3.Synthetic life



One example 
(towards safe

food and sound environment)



Delayed leaf senescence
and drought resistance

BiP

Aldehyde dehydrogenase
Cytokinin



Genomics and Post-genomics



Systems Biology of  
leaf senescence



Metabolomics and transcriptomics
of leaf senescence



From systems analysis to 
systems engineering



Synthetic Life
Recombinant DNA



Synthetic Life
New species



Synthetic Life
Synthetic chromosomes



Synthetic life 
Synthetic cell



X →
r

X + PX      Y →
r

Y + PY                  Z1→
r

Z1+ PZ1              Z2 + PY →
y2

Z ′ 2 + PY      PX →
δ

∅

                        Y + PX →
x2

′ Y + PX         Z1+ PX →
x1

Z ′ 1 + PX      Z ′ 2 →
η 2

Z2 + PZ 2            PY →
δ

∅

                        Y + PZ1 →
j1

′ ′ Y + PZ1       Z1+ PY →
y1

Z ′ ′ 1 + PY                                         PZ1 →
δ

∅

                        Y + PZ 2 →
j 2

′ ′ ′ Y + PZ 2      Z ′ 1 →
η1

Z1                                                        PZ 2 →
δ

∅

                        ′ Y →
η1

Y                         Z ′ ′ 1 →
η1

Z1

                        ′ ′ Y →
η1

Y

                        ′ ′ ′ Y →
η 2

Y + PY

Synthetic stochastic binary cell fates





From systems analysis to engineering 
to systems analysis



A second example 
(towards Safe Energy)



Fuel from microalgae

Biomass Biodiesel Bioethanol H2

Transforn the Sunlight to:   

Zero CO2 balance   

Sun+CO2+H20=product+O2



The process



Introducing chemotrophy to phototrophy



Introducing a dark phase



Before taking the next step



The final phenotype
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It only matters on how we look 
at ourselves


