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Biotechnologies: a defini(on 

•  "Any technological applica=on that uses
 biological systems, living organisms, or
 deriva=ves thereof, to make or modify
 products or processes for specific use.” 
United Na=ons Conven=on on Biological Diversity 



The Biotechnology Landscape 

•  History 
•  Area of applica=ons 
•  Technology toolbox 
•  Economy 

•  IP / Patent System 

•  Ethics and Social implica=ons 



Biotechnology Chronology 

•  Ancient =me 
•  Age of Science 
•  Molecular biology era 

•  Gene=c engineering era 
•  Genomics era 

•  Post‐Genomics era 



Biotech Companies / Market 

$ 11 billions 

$ 3.1 billions 

$ 14.2 billions 

$ 9.2 billions 

2% of US GDP (+20% year) - 
Rob Carlson 



•  Enabling technologies 
– Recombinant DNA 

– DNA sequencing 
– DNA synthesis 
– High throughput technologies 
– Computa=onal analysis  

Biotechnologies: technologies 



•  Applica(ons and Successes 
– Biofuels 
– Biomaterials 
– Biosensing 
– Therapeu=cs 
– Bioremedia=on 
– Plant engineering 

Biotechnologies: applica(ons 



A Diverse Biotech Community 

•  Cellular Biologists 
•  Molecular Biologists 

•  Metabolic Engineers 

•  Protein Engineers 
•  Systems Biologists 



Synthe(c Biology 

•  How does Synthe=c Biology fit into this 
exis(ng Biotech landscape ? 



Synthe(c Biology Textbook 

Synthetic Biology 

What would you expect to find inside ? 



Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 

Foundations for Synthetic Biology 

Vincent Rouilly 
Bioengineering Department 

Imperial College London 

Introduc(on to Synthe(c Biology 



Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 

Standard 
for Physical DNA Composition 

Vincent Rouilly 
Bioengineering Department 

Imperial College London 

Introduc(on to Synthe(c Biology 



Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 

Standards  
for Functional Composition 

Vincent Rouilly 
Bioengineering Department 

Imperial College London 

Introduc(on to Synthe(c Biology 



Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 

Characterising Biological Parts 

Vincent Rouilly 
Bioengineering Department 

Imperial College London 

Introduc(on to Synthe(c Biology 



Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 

Building Systems from BioBricks 

Vincent Rouilly 
Bioengineering Department 

Imperial College London 

Introduc(on to Synthe(c Biology 



Biotech Innova(on BoElenecks 

•  Innova=on pipeline is slow 
•  Mass produc=on / scale‐up can be an issue 

•  Similari=es with pre‐Industrial period 

•  What made engineering disciplines so 
successful ? 



Synthe=c biology success stories 

– Seminal papers (Toggle Switch, Repressilator) 

– Band‐pass detector 
– Edge detector 
– PoPS amplifier 

– Others ? 



Current Trends in Synthe=c Biology 

•   Speeding‐up the development cycle 
– Building suppor=ng technologies 

Fabrication Modelling 

Design Quality Control 

Specifications 



Current Trends in Synthe=c Biology 

Fabrication Modelling 

Design Quality Control 

Specifications 

CAD tools 
Registries of Parts 



BioJade 

GeneDesigner 

Clotho 
JBEIR 

SynBio CAD Systems 



Current Trends in Synthe=c Biology 

Fabrication Modelling 

Design Quality Control 

Specifications 

Automated Part Assembly 
DNA Synthesis 
DNA Sequencing 



Current Trends in Synthe=c Biology 

Fabrication Modelling 

Design Quality Control 

Specifications 

High 
Throughput 
Technologies 



Current SynBio Challenges 

Fabrication Modelling 

Design Quality Control 

Specifications 

No improvement if you can’t reuse biological parts / experience  
Need for modularity and Decoupling 



Current SynBio Challenges 

•  Rules of composi(on (modularity) 
–  It is not because you have DNA BioBricks that you 
have a Modular Biology 

– Biology appears to be a very context dependent 
language: 
•  DNA ‐ RNA ‐ Protein ‐ Networks 
•  See: RBS paper, promoter examples 

–  Inverter characterisa=on example 

– Any other problema=c composi=on ? 



Composi(on rules: Promoters 



Context dependent Promoter 

Genome / plasmid position 
Chassis compatibility 



Context dependent RBS 



Context dependent CDS 



Context dependent CDS (2) 



Current SynBio Challenges 

•  Measurements (Quality control) 
– Reliable and reproducible 
– Quan=ta=ve Measurements on the Central 
dogma: 
•  DNA ‐ RNA ‐ Protein ‐ Network ‐ Phenotype ‐ Popu 

– Minimum Informa(on Required ini=a=ve 



Part Characterisa(on 

Why does it break at some point ? 



DNA Parts Descriptors 



Current SynBio Challenges 

•  Standardisa(on 
– DNA parts ? 
– Measurements ? 
– Repor=ng ? 
– Request for Comments (RFC) 
•  examples 



Ac(ve projects in SynBio 

•  BioBrick standard + RFCs 
•  Automated DNA Assembly 

•  Promoter characterisa=on 

•  Chassis of choice (minimal, yeast, B. sub, E. coli) 

•  “POBOL”: Descrip=on Language for BioBricks 
•  BioBrick Licensing Schema 

•  Ethical issues 



Thank you 

Any Further Ques=ons ? 


