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Photo by Roger Lancaster (http://www.flickr.com/photos/rogeral/5813079061/); educational fair use 33
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The living bridges of Cherrapunji, India are made from the roots of the Ficus elastica tree. (http://rootbridges.blogspot.com/)
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Third sentence:

“In the use of the term 
bioengineering in this 
book we exclude 
genetic engineering; 
that is, the systematic 
design of phenotypes 
by manipulation of 
genotypes.”
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Our charge was, “to specify enabling technologies that, if 
developed, would provide a general foundation for the 
engineering of biology and make routine the creation of 
synthetic biological systems that behave as predicted.”
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Our charge was, “to specify enabling technologies that, if 
developed, would provide a general foundation for the 
engineering of biology and make routine the creation of 
synthetic biological systems that behave as predicted.”

Our stated findings were, “Three specific process 
improvements that should be pursued now are: (i) 
component standardization, (ii) substrate and component 
abstraction, and (iii) design and fabrication decoupling.”

Free .PDF of full briefing via DOI 1721.1/38455
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By process we meant 
the core of the 
engineering cycle.

Graphic from "Synthetic Aesthetics" MIT Press (2014)
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TAATACGACTCACTATAGGGAGA

DNA Construction = #1 Tech. of 21st Ctry.

From absract 
information to 
physical, living 
DNA designs.

2004: 10,000 bp
2010: 1,000,000 bp
2016: 100 million?
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Why does DNA synthesis matter?
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To build section alpha, we first cloned parts 5, 6, 7, 8, 12, 13, 14, 15, 16, 18, 20, 22, and 24 into pSB104. We 
cloned part 11 into pSB2K3. We cloned each part with its part-specific bracketing restriction sites 
surrounded by additional BioBrick restriction sites. We used site-directed mutagenesis on parts 6, 7, 14, and 
20 to introduce the sites U1, U2, U3, and U4, respectively. Our site-directed mutagenesis of part 20 
failed.We used site-directed mutagenesis to remove a single Eco0109I restriction site from the vector 
pUB119BHB carrying the scaffold Fragment 4. We cloned part 15 into this modified vector. We then cloned 
scaffold Fragment 4 into pREB and used serial cloning to add the following parts: 7, 8, 12, 13, 14, 16, 18, 20, 
22, and 23. We digested the now-populated scaffold Fragment 4 with NheI and BclI and purified the 
resulting DNA.Next, we cloned parts 5 and 6 into pUB119BHB carrying scaffold Fragment 3. We used the 
resulting DNA for in vitro assembly of a construct spanning from the left end of T7 to part 7. To do this, 
we cut wild-type T7 genomic DNA with AseI, isolated the 388 bp left-end fragment, and ligated this DNA 
to scaffold Fragment 2. We selected the correct ligation product by PCR. We fixed the mutation in part 3 
(A1) via a two-step process. First, PCR primers with the corrected sequence for part 3 were used to 
amplify the two halves of the construct to the left and right ends of part 3. Second, a PCR ligation joined 
the two constructs. We added scaffold Fragment 3 to the above left-end construct once again by PCR 
ligation as described above. We repaired the mutation in part 4 (A2, A3, and R0.3) following the same 
procedure as with part 3. We used a right-end primer containing an MluI site to amplify the entire 
construct, and used the MluI site to add part 7. We used PCR to select the ligation product, digested the 
product with NheI, and purified the resulting DNA.We isolated the right arm of a BclI digestion of wild-
type T7 genomic DNA and used ligation to add the populated left-end construct and the populated 
Scaffold Fragment 4. We transfected the three-way ligation product into IJ1127. We purified DNA from 
liquid culture lysates inoculated from single plaques. We used restriction enzymes to digest the DNA and 
isolate the correct clones.Next, we added part 11 via three-way ligation and transfection. Because the 
restriction sites that bracket part 9 (RsrII) also cut wild-type T7 DNA, we needed to use in vitro assembly 
to add this part to a subsection of section alpha. To do this, we used PCR to amplify the region spanning 
parts 5–12 from the refactored genome. We cut the PCR product with RsrII and ligated part 9. We used 
PCR to select the correct ligation product; this PCR reaction also added a SacII site to the fragment. We 
digested the PCR product with SacI and SacII and cloned onto the otherwise wild-type phage. Lastly, we 
used the SacII site to clone part 10 onto the phage. 12
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Get me my DNA!
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DNA fab. displacing classical genetic engr.

SOURCE: Joe Shih, Stanford BIOE.44
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1. Coordinate work 
among parties

2. Coordinate work 
over time 

3. Enable the otherwise 
impossible

E.g., some quarry rock, 
others assemble 
structure

E.g., we could fix a 
broken rock today, 
~2000 years later
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1. Physical genetic layout (leading to...)

3. Metrology inside cells 
(measurement and reference materials)

2. Functional composition

4. Representations

Standards in synthetic biology
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“There is no such thing as a standard (biological) component, 
because even a standard component works differently 
depending on the environment.  The expectation that you can 
type in a (DNA) sequence and can predict what a (genetic) 
circuit will do is far from reality and always will be.” 
                        Caltech Professor, NY Times, 2006

19



“There is no such thing as a standard (biological) component, 
because even a standard component works differently 
depending on the environment.  The expectation that you can 
type in a (DNA) sequence and can predict what a (genetic) 
circuit will do is far from reality and always will be.” 
                        Caltech Professor, NY Times, 2006

“... reusing the same well-characterized RBS 
(ribosome binding site) sequence for different proteins, a 
common practice, is not likely to work reliably.” 
                        MIT Professor, Nature Biotechnology, 2009
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Abstraction to manage complexity ?%&#!!!
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8 Bit Synchro. 
Counter

Abstraction barrier!  Do not cross!

Abstraction barrier!  Do not cross!

Abstraction barrier!  Do not cross!

Systems = One or more devices encoding 
a human defined function(s).  Note that my 
system becomes your device, and so on.

Devices = One or more parts encoding a 
human defined function(s).

Parts = Basic biological functions encoded 
via DNA.

DNA = Primary sequence and material.

Abstraction to manage complexity ?%&#!!!

TAATACGACTCACTATAGGGAGA

DNA Inversion
Data Latch
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Boolean Integrase Logic (BIL) gates
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