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What is 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)



Federici, Rudge, Pollak, Haseloff, Gutierrez, 2013



Triggers for gene expression
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Federici, Rudge, Robertson & Haseloff 
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Temporal switching



Marchantia polymorpha

Testbed for synthetic biology in plants



The properties of living systems are 
governed by parallelism and feedback 



1. Specification and 
design of the system 
using computer 
models of the 
biological system 

2. Construction of 
genetic circuits using 
standard DNA parts 
and high throughput 
assembly techniques

3.  Transformation of 
chassis and 
visualisation of gene 
expression, cell states 
and phenotype

Design cycle for Synthetic Biology systems



High throughput chromosome engineering

homologous 
recombination in Bacillus 
subtilis 

Agrobacterium mediated 
plant transformation

Bacterial chromosome integration

Plant chromosome integration

pGREEN2 Ti plasmid vector

AmyE integration plasmid vector

Gibson assembly

Gibson assembly
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Synthetic Biology Open Language: is a software standard for the electronic exchange of 
speci!cations and descriptions of genetic parts, genetic devices, genetic modules, 
genetic systems, and engineered genomes.

SBOL: symbolic description of DNA parts



	  

Gene$c	  Engineering	  of	  Cells	  (GEC):	  a	  tool	  for	  programming	  cells

Step	  1:	  Program	  device	  design

Pedersen	  &	  Phillips.	  Royal	  Society	  Interface,	  2009

Step	  2:	  Compile	  device	  behaviour Step	  3:	  Simulate	  device

Step	  5:	  Insert	  DNA	  into	  cellsStep	  4:	  Compile	  device	  to	  DNA	  

Microso8	  Research	  Cambridge

Software for compilation of DNA circuits 
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Measurement of circuit behaviour in vivo

James Brown



*Federici F., *Dupuy L.,et al. Nature Methods (2012) 9: 483-485. 

Characterisation of DNA parts for plants

In planta cytometry
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Automated cell geometry
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Ratiometric
Quantification
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Ratiometric
Quantification
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Federici Rudge Robertson & Haseloff (work in progress)

In planta cytometry II
Sharing numbers

mKate2-LTI6b

TagRFP-T-LTI6b

sfGFP-LTI6b

H2B-mKate2

H2B-mTurquoise2

H2B-sfGFP

H2B-Venus

Reference Standard Promoters for Plants
UBQ10

Calculation of  transcription rate

P ss =
γM (a + γ I + µ)( γF + µ)[F ]sscell

ρan
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Smart Libraries of DNA parts

h"p://www.jbei.org/fuels3synthesis/synth.shtml

JBEI%Inventory%
for%Composable%
Elements%(ICE)%

Open9source9registry9
so;ware9for9DNA9parts

Nathan9Hillson
Tim9Hamm9

Smart Registry for DNA parts



Display page for 
a plasmid entry 
in the PlantFab 
Registry.



Import/export compatibility with Genbank sequence annotations.



Storage and automatic display of sequence trace files.



Built-in vector editing functions.



Documents can be attached to 
sequence entries.
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http://www.biofab.org

http://www.synbio.org.uk
http://www.synbio.org.uk


The BioBricks Foundation
■ Develop and implement legal strategies to ensure that BioBrick™ standard biological parts 

remain freely available to the public.

■ Support the development of open technical standards that de!ne BioBrick™ standard 
biological parts.

■ Develop and provide educational and scienti!c materials to allow the public to use and 
improve existing BioBrick™ standard biological parts, and contribute new BioBrick™ 
standard biological parts.



biobricks.org

http://www.synbio.org.uk
http://www.synbio.org.uk


Applications

• open source and free-to-operate tools
• open standards to promote innovation
• international scienti!c exchange











The Industrial Revolution:
based on innovations in steam power, coal, iron 
founding and mechanical engineering
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Standardisation of parts for construction

Joseph Whitworth 1842



Interchangeable parts led to continuous production methods


