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DNA is a programming language



“Computer”
Input(s) Output(s)

Swim toward sugar



Bits (0,1’s) encode software for electronic 
processors

Bases (A,T,G,C’s) encode software for cells

DNA is source code for cells.

Synthetic biology is about how to program cells 
efficiently and reliably
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So what about biological processors?
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http://academy.asd20.org/kadets/lundberg/ethics/images/chromosomes.jpghttp://www.colorado.edu/MCDB/MCDB1111/intrographics/bacterial%20chromosome.jpg
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So why aren’t programmed cells an 
everyday thing today, like computers?
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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)









May 2007  Richard Carson/Reuters 













596 TFLOPS (trillion floating point operations per second)







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 didn’t build it, we may not be able to fully understand it.



Genetic “Engineering”

Writing code





Over 3500 RE’s available
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Digital DNA

Physical DNA

sequencing
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Synthetic trend lags by about 8 years
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Applications dependent on synthetic capabilities and $

base
pairs
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single genes

genetic circuits, viruses, GEMs Engineered organisms

minimal life







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
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Training DNA programmers

Open education format…

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

Synthetic biology requires an unprecedented level of interdisciplinary cooperation, fewer 
laboratory skills, and less overhead than conventional genetic engineering.

Cooperative yet competitive









Open source biology …

• Maximizes innovation
• Empowers communities
• Generates expertise
• Legal and technical standards





















http://www.electrowiz.com/



Next generation biotechnology



Source: Bio era

















Predator-Prey E. Coli Mol. Sys. Bio



Within 10 years, if present trends continue…

• Synthesis and boot-up will become integrated 
and practical on the desktop

• 10 MB of DNA synthesis will cost <$10K

• Drag and drop metabolic design software, and 
parts libraries, will be open sourced

• A substantially different academic and industry 
than landscape than exists today



Summary

• Synthetic biology transforming life science 
into an information science

• Multidisciplinary
• Accelerating technology development and 

globally fueling innovation and competition
• IT industry-type dynamics, but greater 

ramifications for society
• Open source may play a crucial role




