
Synthetic Biology

syn·thet·ic   [sin-thet-ik] –adjective

1. Prepared or made arti"cially, not of natural origin.

2. Relating to, or involving synthesis 
    (construction of a coherent whole from separate elements)



The Industrial Revolution:
based on innovations in coal, iron, steam and 
mechanical engineering



Standardisation of parts for construction

Joseph Whitworth 1842



Interchangeable parts led to continuous production methods



Standardisation of parts for digital electronics

Standard mechanical and electrical interfaces were established 
for integrated devices by the early1960’s, and form the basis for 
today’s microelectronics industry



1953 - discovery of the structure of DNA...

James 
Watson

Francis 
Crick

Meanwhile, in biology...



1975 - invention of DNA sequencing methods...

Fred Sanger



2001 - sequencing of the human genome...



2008 - DNA synthesis of the first bacterial genome...



19th Century: Harnessing Energy

20th Century: Information Flow

21st Century: Assembly of Matter

Promise of biologically driven 
systems for refinement, 
conversion and assembly of 
matter for low-cost 
manufacturing.

(after Tom Knight, MIT & Ginkgo BioWorks)



Invention of standardised parts for biology...

Tom Knight, MIT
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BioBricks
Standardised, interchangeable parts for Biology



Abstraction
Insulate relevant characteristics from process from excessive details

gcaactagcggcatggttagtaaaggagaagaact
tttcactggagttgtcccaattttagttgaactagatggc
gacgtgaacggtcataagttcagtgtctccggcgaa
ggtgagggtgatgcaacgtacggtaagttaactttga
agttaatatgtacaaccggcaagctgcctgttccctg
gcctaccctggtgacaacgttaggttatgggttgatgt
gctttgctagatacccagatcacatgaaaaggcatg
acttctttaaatctgcaatgccagaaggttacgtccaa
gaacgtactattttctttaaagatgacggtaattataaa
actagggctgaagttaaattcgaaggtgacacacttg
taaatcgaatagagttaaaggggattgatttcaaaga
ggatggtaatattctaggccataaacttgaatataact
ataattcacacaacgtttacattaccgccgacaagca
gaagaatggaatcaaagccaccgca



Standardisation
Construction from “o# the shelf” parts with known characteristics

gcaactagcggcatggttagtaaaggagaagaact
tttcactggagttgtcccaattttagttgaactagatggc
gacgtgaacggtcataagttcagtgtctccggcgaa
ggtgagggtgatgcaacgtacggtaagttaactttga
agttaatatgtacaaccggcaagctgcctgttccctg
gcctaccctggtgacaacgttaggttatgggttgatgt
gctttgctagatacccagatcacatgaaaaggcatg
acttctttaaatctgcaatgccagaaggttacgtccaa
gaacgtactattttctttaaagatgacggtaattataaa
actagggctgaagttaaattcgaaggtgacacacttg
taaatcgaatagagttaaaggggattgatttcaaaga
ggatggtaatattctaggccataaacttgaatataact
ataattcacacaacgtttacattaccgccgacaagca
gaagaatggaatcaaagccaccgca

gattcgtacgtgtgacgcaactagcggcatggttagt
aaaggagaagaacttttcactggagttgtcccaatttt
agttgaactagatggcgacgtgaacggtcataagttc
agtgtctccggcgaaggtgagggtgatgcaacgtac
ggtaagttaactttgaagttaatatgtacaaccggca
agctgcctgttccctggcctaccctggtgacaacgtta
ggttatgggttgatgtgctttgctagatacccagatcac
atgaaaaggcatgacttctttaaatctgcaatgccag
aaggttacgtccaagaacgtactattttctttaaagatg
acggtaattataaaactagggctgaagttaaattcga
aggtgacacacttgtaaatcgaatagagttaaaggg
gattgatttcaaagaggatggtaatattctaggccata
aacttgaatataactataattcacacaacgtttacatta
ccgccgacaagcagaagaatggaatcaaagcca
ccgcagattcgtacgtgtgac



Decoupling
Insulate design process from fabrication details

gcaactagcggcatggttagtaaaggagaagaact
tttcactggagttgtcccaattttagttgaactagatggc
gacgtgaacggtcataagttcagtgtctccggcgaa
ggtgagggtgatgcaacgtacggtaagttaactttga
agttaatatgtacaaccggcaagctgcctgttccctg
gcctaccctggtgacaacgttaggttatgggttgatgt
gctttgctagatacccagatcacatgaaaaggcatg
acttctttaaatctgcaatgccagaaggttacgtccaa
gaacgtactattttctttaaagatgacggtaattataaa
actagggctgaagttaaattcgaaggtgacacacttg
taaatcgaatagagttaaaggggattgatttcaaaga
ggatggtaatattctaggccataaacttgaatataact
ataattcacacaacgtttacattaccgccgacaagca
gaagaatggaatcaaagccaccgca

gattcgtacgtgtgacgcaactagcggcatggttagt
aaaggagaagaacttttcactggagttgtcccaatttt
agttgaactagatggcgacgtgaacggtcataagttc
agtgtctccggcgaaggtgagggtgatgcaacgtac
ggtaagttaactttgaagttaatatgtacaaccggca
agctgcctgttccctggcctaccctggtgacaacgtta
ggttatgggttgatgtgctttgctagatacccagatcac
atgaaaaggcatgacttctttaaatctgcaatgccag
aaggttacgtccaagaacgtactattttctttaaagatg
acggtaattataaaactagggctgaagttaaattcga
aggtgacacacttgtaaatcgaatagagttaaaggg
gattgatttcaaagaggatggtaatattctaggccata
aacttgaatataactataattcacacaacgtttacatta
ccgccgacaagcagaagaatggaatcaaagcca
ccgcagattcgtacgtgtgac

gattcgtacgtgtgacagtgctacgttcgaacetgca
aaggagaagaacttttcactggagttgtcccaatttta
gttgaactagatggcgacgtgaacggtcataagttca
gtgtctccggcgaaggtgagggtgatgcaacgtacg
gtaagttaactttgaagttaatatgtacaaccggcaa
gctgcctgttccctggcctaccctggtgacaacgttag
gttatgggttgatgtgctttgctagatacccagatcaca
tgaaaaggcatgacttctttaaatctgcaatgccaga
aggttacgtccaagaacgtactattttctttaaagatga
cggtaattataaaactagggctgaagttaaattcgaa
ggtgacacacttgtaaatcgaatagagttaaagggg
attgatttcaaagaggatggtaatattctaggccataa
acttgaatataactataattcacacaacgtttacattac
cgccgacaagcagaagaatggaatcaaagccac
cgctagattcgtacgtgtgac



BioBricks for the construction of new genetic systems

ATGCTTACCGGTACGTTTACGACTACGTAGCTAGCAT
GCTTACCGGTACGTTTACGACTACGTAGCTAGCATG
CTTACCGGTACGTTTACGACTACGTAGCTAGCATGCT
TACT…

DNA

Applications

Systems
IF dark
    signal-out
ELSEIF (signal-in AND light-in)
    MAKE Pigment

Parts
Promoters Coding Regions Terminators

Devices
Logic GatesInputs Outputs



2004: 6 teams
2005: 13 teams
2006: 37 teams

2007: 60 teams
2008: 83 teams
2009: 112 teams

2010: 130 teams

iGEM Genetically Engineered Machine competition



7.5 kb synthetic operon for violacein production

Multispectral pigments

The iGEM2009 
Cambridge team 
produced novel 
pigment systems for 
biosensors



Bioluminescence

Cambridge iGEM2010 team:  www.cambridgeigem.org

http://www.cambridgeigem.org
http://www.cambridgeigem.org


Application of Synthetic Biology

1.  Cell autonomous genetic circuits with self-regulating properties
e.g. microbial engineering, 
        enviromental and biomedical sensors
        engineering novel metabolic pathways

2.  Morphogenetic circuits with self organising properties 
e.g. microbial bio!lms or self-organising communities for 
        bioremediation and bio catalysis
        novel plant and algal feedstocks for bioproduction and bioenergy
        tissue engineering
        



BBC



Self-organisation and morphogenesis result from feedback 
between highly parallel genetic and physical systems



Engineering self-organising systems

   1.  Visualise cellular architecture

   2.  Computational models for cell dynamics
   and biophysics

   3.  “Social Engineering” - genetic systems to
   reprogram cell cohorts







Beech wood







state
parameters

•growth rate
•anisotropy
•growth axis
•division axis
•turgor
•morphogen rates

set divisiontype $axial
set growthtype $lateral
set growthrate 1.0
set turgor 30.0
set anisotropy 0.9

if { $V > $targetV } 
{
! divide
}

Cellphysical 
model

genetic
script

Cellular automata models for plant morphogenesis

Tim Rudge, Jonathan 
MacKenzie & Lionel Dupuy



30

Modelling growth of Coleochaete

Lionel Dupuy



GAL4 targeted proliferation of the root cap during embryogenesis

J1092

J1092 x UAS::C4



Engineering of neomorphic structures

Trigger: initiate expression of a novel gene 
circuit during development

Patterning: define cohort of proliferating cells 
via intercellular signalling

Differentiation: confer new cell fates using 
endogenous regulators



Modern crop plants are derived 
from their natural ancestors by 
thousands of generations of 
selection and breeding.

What if we could reprogram the 
distribution of existing cell 
types in living systems?


