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A quick note on this handout:

Some of these slides might not make much sense in the 
absence of the verbal presentation they were prepared 
for.  In some cases, they could even be potentially 
misleading if taken out of context... you have been 
warned!

That said, please feel free to use them as a teaching 
resource - just remember to acknowledge me (Andrew 
Maynard), and any other relevant sources, if you do so.

Andrew Maynard
andrew.maynard@wilsoncenter.org
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Sequencing the Human Genome

Human Genome Project

13 years

James Watson

2 months
1988 - 2001 2007

3 minutes
2013

The near future?

Science 291:5507, pp. 1304-1351, 
2001.  doi: 10.1126/science.1058040

Nature, 1 June 2007.  
doi:10.1038/news070528-10

Nature, 6 February 2009.  
doi:10.1038/news.2009.86



The Minimal Genome



Thursday, Jan. 24, 2008

Scientist Creates Life — Almost
By Alice Park

Complete chemical synthesis, 
assembly, and cloning of a 

Mycoplasma genitalium 
genome.
Gibson et al.  Science 319(5867): 
1215-1220.  2008



Complete chemical synthesis, 
assembly, and cloning of a 

Mycoplasma genitalium 
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Modular Biology
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hp://partsregistry.org/Part_Types
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hp://partsregistry.org/cgi/partsdb/pgroup.cgi?pgroup=inverter
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hp://partsregistry.org/wiki/index.php?title=Part:BBa_Q04510
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International Genetically 
Engineered Machine Competition 



2008

http://2008.igem.org/

21 Countries

84 Teams
1200 Participants

BACTO-BUILDERS

BCCS-BRISTOL, iGEM 2008

http://2008.igem.org
http://2008.igem.org


Treating Malaria 
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cerevisiae

Artemisia 
annua

Artemisinic acid

Artemisinin

Artemisinin
via a synthetic biology route

Production of the antimalarial drug precursor artemisinic acid in 
engineered yeast.  Ro et al. Nature 440:940-943 (2006)
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atcttgtgat catcccaaga caaaaccaga gaaaaagacc tgtctgtttt tttaagaagt 
ctttatatta ttttttttgt cggagaatct tataagcatg gcttcaggag gatcaaagtc 
ggcagctttc atgcttctga tgctgaatct tggtctctat ttcgtcatca ccatcatcgc 
ttcttgggct gttaatcacg gcatcgagag aactcgcgag tctggtaact aacaaagata 
acaactgatt aagtaacaat taatccaacg ttagaaaatg tcatcatcaa tcttcttttt 
gtggtatttt gcagcgtcga cactgtcact tccggcgaag atattcccga tatacttccc 
ggtggggaac atggcgaccg gttttttcgt aatattcacg ttaatcgccg gcgtcgtcgg 

Making a plant gene
look like a microbial gene

After Jay Keasling

atcttgtgat catcccaaga caaaaccaga gaaaaagacc tgtctgtttt tttaagaagt 
ctttatatta ttttttttgt cggagaatct tataagcatg gcttcaggag gatcaaagtc 
ggcagctttc atgcttctga tgctgaatct tggtctctat ttcgtcatca ccatcatcgc 
ttcttgggct gttaatcacg gcatcgagag aactcgcgag tctggtaact aacaaagata 
acaactgatt aagtaacaat taatccaacg ttagaaaatg tcatcatcaa tcttcttttt 
gtggtatttt gcagcgtcga cactgtcact tccggcgaag atattcccga tatacttccc 
ggtggggaac atggcgaccg gttttttcgt aatattcacg ttaatcgccg gcgtcgtcgg 
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Artificial Biology



Fellermann, H., S. Rasmussen, H.-J. Zioch and R. V. Solé (2007). "Life cycle of a minimal protocell - A 
dissipative particle dynamic study." Artificial Life 13(4): 319-345.

The “Los Alamos” bug
http://protocells.lanl.gov/

Encapsulation

Metabolism

Information

http://protocells.lanl.gov
http://protocells.lanl.gov
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Challenges...
Pitfalls...

Opportunities...



Hubris



Biology is Complex!



Security



... as in the case of many 
technologies, synthetic genomics 
may be “dual-use:” in addition to 
useful advances for society, it may 
provide those with nefarious intent 
new ways to harm. Although dual-
use concerns exist for almost all 
technologies, the power and 
accessibility of modern 
biotechnology—with synthetic 
genomics being a prime example
—makes these concerns 
particularly salient. Examination of 
the risks and benefits of this 
technology today has become 
entwined with the events of 
September 11, 2001 and the 
subsequent anthrax attacks. 

Garfinkel, M. S., D. Endy, G. Epstein and R. M. Friedman (2007). Synthetic 
Genomics.  Options for Governance, Rockville, MD, J. Craig Venter Institute.



Safety



Adventures in Synthetic Biology.  http://openwetware.org/wiki/Adventures
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Accessible science
Hackers aim to make biology 

household practice

Boston Globe, Sept 15 2008

“CAMBRIDGE - In a third-floor loft where programmers 
build Internet start-ups, Mackenzie Cowell is talking about 
the tools he and like-minded young colleagues are using to 
fuel what they hope will be the next big thing in biology. 
The list includes a cut-up Charlie Card, ingredients bought 
on eBay to make a kind of scientific Jell-O, and a 
refrigerator, just scored on Craigslist.com, that chills to 80 
degrees below zero.”



Amateurs are trying genetic 
engineering at home

Associated Press, Dec 25 2008

“[Patterson] learned about genetic engineering by 
reading scientific papers and getting tips from 
online forums. She ordered jellyfish DNA for a 
green fluorescent protein from a biological supply 
company for less than $100. And she built her own 
lab equipment, including a gel electrophoresis 
chamber, or DNA analyzer, which she constructed 
for less than $25, versus more than $200 for a low-
end off-the-shelf model.”



Rise of the garage 
genome hackers 

New Scientist, Jan 7 2009

“KATHERINE AULL's laboratory in Cambridge, 
Massachusetts, lacks a few mod cons. "Down here I 
have a thermocycler I bought on eBay for 59 bucks," 
she says, pulling out a large, box-shaped device she 
uses to copy short strands of DNA. "The rest is just 
home brew," she adds, pointing to a centrifuge made 
out of a power drill and plastic food container, and a 
styrofoam incubator warmed with a heating pad 
normally used in terrariums.”



“Politics”



http://www.etcgroup.org
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Ethics



Arthur Caplan
Emanuel and Robert Hart Professor of Bioethics, University of 
Pennsylvania

The Key Issues:

Reductionism
Life reduced to genetics

Playing God
Exemplifies human hubris

http://www.synbioproject.org/events/archive/caplan/

http://www.etcgroup.org
http://www.etcgroup.org
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Additional Resources Synthetic Biology

General Information
2020 Science: http://2020science.org/category/synthetic-biology 
Synthetic Biology Project:  http://www.synbioproject.org
Select articles on synthetic biology: http://www.synbioproject.org/topics/synbio101/selected_synbio_readings/
The Royal Society:  http://royalsociety.org/landing.asp?id=1230

Research and Development
Keasling Laboratory:  http://keaslinglab.lbl.gov/wiki/index.php/Main_Page
SynBERC:  http://www.synberc.org/
Haseloff Laboratory:  http://www.plantsci.cam.ac.uk/Haseloff/
General synthetic biology resource:  http://www.syntheticbiology.org/
The BioBricks Foundation:  http://bbf.openwetware.org/
Registry of Standard Biological Parts:  http://partsregistry.org/Main_Page
iGEM Competition: http://2008.igem.org/ and http://2009.igem.org/

Policy, ethical and social issues
Synthetic Biology Project:  http://www.synbioproject.org 
The Hastings Center:  http://www.thehastingscenter.org/Issues/Default.aspx?v=2392
The Royal Society:  http://royalsociety.org/landing.asp?id=1230
J. Craig Venter Institute: http://www.jcvi.org
Arthur Caplan on “Playing God”: http://dsc.discovery.com/technology/my-take/synthetic-biology-caplan.html
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