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Biology is the study of life
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Between 2 and 100 million species

We know virtually nothing about 
microorganisms

http://www.sciencedaily.com/releases/2003/05/030526103731.htm
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Digital Biology

Genomics







DNA is the machine language 
program for biochemical 
processes



Genomes are programs encoding:

• Biochemical processors

• Machinery to duplicate and install the 
program onto processors



http://www.ornl.gov/sci/techresources/Human_Genome/faq/compgen.shtml#genomesize





Nobel foundation

Reading code



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)





280.6 TFLOPS with 131072 nodes 

Comprehension



http://www.sanger.ac.uk/Projects/E_carotovora/gfx/erwinia.gif



http://mkweb.bcgsc.ca/circos/tutorial/004/summary.png
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Reduction

http://www.linesandcolors.com/category/digital-art/

Complexity



Biological understanding
• Just storing data is a challenge

• Finite human comprehension > finer 
specializations > greater barriers

• Machine-learning, self-organizing, and 
other naïve techniques increasing 
necessary – Systems Biology









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.   



Genetic “Engineering”

Writing code



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



First rDNA molecule reported, October 1972

First synthetic DNA molecule reported, November 1973





DNA vs Electronics
• Basic elements: DNA (1953/nobel ‘62) 

and transistor (1947/nobel ‘56)

• Similar potential for great influence on 
society

• Similar industry growth curves







Hand Baldung Grien: Witches. Woodcut 1508 



Genomic 
programming





http://en.wikipedia.org/wiki/Image:Metal_movable_type.jpg



Digital DNA

Physical DNA

sequencing

synthesis



Controlled 
Pore Glass 
Solid 
Support

Activation 
(acid) and 
new base 
addition

Coupling and Capping







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
• Only one rule: share back!



2006 Jamboree – 400 gengineers





iGEM 2007
• 57 teams – 20 countries

• USA (26)
• Scotland (3)
• Colombia
• Italy (2)
• Mexico
• Taiwan
• Russia
• Germany
• South Africa

• Middle East
• Canada (6)
• Japan (2)
• Australia
• England
• Switzerland
• China (4)
• Spain
• India
• France
• Slovenia

















Looking forward



Source: Bio era
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Next generation biotechnology industry?























http://www.electrowiz.com/
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