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Synthetic biology is a basket of 
technologies that facilitate the 
engineering of living organisms



Potentially the single most important 
technology of this century…
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Bits (0s,1s) encode information for digital 
electronic processors (computers)

DNA encodes information for analog 
biochemical processors (cells)

DNA is source code for biological systems

Change the code, change metabolism



Genomes are special programs that encode:

• Instructions for biochemical processors

• Machinery to duplicate the processor and 
install the program onto processors

Equivalent in computing not to an operating system but to all 
the software it would take to run a production line at Apple 
or Dell Inc.
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Nobel foundation



1980 1987 1995

1998 2007 – Sequencing by Synthesis
500,000 bp/day (automatic)

500 bp/day (manual)

1GB bp/day (automatic)

36,000 bp/day (semi-auto) 144,000 bp/day (semi-auto)







Ornithine biosynthesis







280.6 TFLOPS with 131072 nodes 





http://www.genetic-programming.com/jkpdf/acdm1998.pdf

J.R. Koza et al.
Automatic creation of computer 
programs for designing 
electrical circuits using genetic 
programming.   



Reduction Complexity





If we can’t build it, we don’t understand it.



Genetic “Engineering”

Writing code
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Digital DNA

Physical DNA

sequencing

synthesis
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EGFP gene 714 bp













Engineering process…

Some success

More success

Even more success

•Electronics

•Software

•Aeronautics

•Structures

•Materials

•Automotives

complexity

refinement

refinement

refinement



C0076
cinI

B0034
rbs

ccaggcatcaaataaaacgaaaggctc
agtcgaaagactgggcctttcgttttatctg
ttgtttgtcggtgaacgctctctactagagt
cacactggctcaccttcgggtgggcctttc
tgcgtttata

B0015
terminator

Name: B0015
Type: Double terminator
Length 129 bp
Designed by: Reshma Shetty
Forward efficiency: 0.984
Reverse efficiency: .295

F1760
Sender Device



ccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttc
gttttatctgttgtttgtcggtgaacgctctctactagagtcacactggctcac
cttcgggtgggcctttctgcgtttata

B0015
terminator

DNA

F1760
Sender Device

Part

Device

System

STANDARDIZED DATA

synthesis

assembly

F1760Synthetic system or cell



http://parts.mit.edu





Shares:
• DNA parts
• DNA code
• Protocols
• Experience
• Publications
• One big rule: share back!



2006 Jamboree – 400 gengineers

























http://www.electrowiz.com/



Looking forward
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Next generation biotechnology



Applications dependent on 
synthetic capabilities

base
pairs
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single genes*

genetic circuits, viruses, GEMs Engineered organisms

minimal life
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Opportunities for Alberta if..

• Can think BIG and move Fast
• Tear down barriers between professions 

and institutions and think global in scale
• Move aggressively to educate!
• Develop core resources (informational and 

physical)
• Choose exciting and valuable applications
• Support next-generation industry




