Biological Research (in the last 60

years)
From discoveries ——p Mechanisms ——p [ntegration
Molecular Biology l Reduction ¢ Systems Biology

Biology as an information science
High throughput methodologies

Interdisciplinary approaches
Model organisms



The Ultimate Goal



From networks
to phenotypes

From one gene to Ir'ch of

one molecular phenotype 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

WHAT MATTERS MOST
IS HOW YOU SEE YOURSELE.

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
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Traditional Top Models in Biological
research
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The ultimate model organism
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From models to
genomes

Complete Published Genome Projects: 961
B Archaeal:56 £l Bacterial:801 H Eukaryal:104

Ongoing Genome Projects: 3,541
B Archaeal:100 Il Bacterial:2422 B 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?

Transcriptome

Proteome

Extraction of
metabolites.

Tine

Data management
systemn

Enzymes

Selective enrichment using Receptors
various StageTips S

Mapping all "omics” data




Transform information to knowledge
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Systems Biology
Defining the components
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Systems Biology
Defining the components
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Systems Biology
Defining how the components are related
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Systems Biology
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Can we go to phenotypes?
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Green Biotechnology

Environment



The problem with
Green Biotechnology




The future of green biotechnology
Safety through
1.6enomics/metagenomics
2.Systems biology
3.Synthetic life



One example
(towards safe
food and sound environment)



Delayed leaf senescence
and drought resistance
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Genomics and Post-genomics

DNA RNA

Growing peptide chain

Equipment .,_—_;', B -f
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DNA sequencer Microarray 2-D qﬂ‘ MS/MS GOMS, NMR  Fiux and isotopomer

DNA saquence data  mRNA profila
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TRENDS in Blolechnalogy



Systems Biology of
leaf senescence

Dary dpm Dayiam Kyt pm Duyllam

purima , Dafaul imerpeetstion

Fig 3. Metwork moded derived frem developmental
titne series microasray data lor selected senescence-
enhancel genes Solid lines indicate positive and
dotted lines indicate negative influences




Metabolomics and transcriptomics
of leaf senescence
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From systems analysis to
systems engineering



Synthetic Life
Recombinant DNA

e NILL CREATE .
HE PERFECT RACE'




Synthetic Life
New species
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Synthetic life
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Synth
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Systems biology

Synthetic biology
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From systems analysis to engineering
to systems analysis
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A second example
(towards Safe Energy)



Fuel from microalgae
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The process
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Introducing chemotrophy to phototrophy

Phototrophy Chemotrophy

Light Reactions Dark Reactions Fermentation Hydrogen
Evolution




Introducing a dark phase

Renewable Oil Production Process
up fo 95% reduction in CO5 versus fossil fuels

sunlight + CO,

l algal fermentation
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Before taking the next step
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It only matters on how we look
at ourselves




