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What is Synthetic Biology?

syn-thet-ic [sin-thet-ik] —adjective
1. Prepared or made artificially, not of natural origin.
2. Relating to, or involving synthesis

(construction of a coherent whole from
separate elements)
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Temporal switching

Inducible control of HAP |-mediated gene expression
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Testbed for synthetic biology in plants

ia polymorpha



The properties of living systems are
governed by parallelism and feedback

cellular anatomy S|~



Design cycle for Synthetic Biology systems

' Specification and
design of the system
using computer

models of the
biological system

Construction of
genetic circuits using S 0 W E
standard DNA parts F T A R

and high throughput

assembly techniques M 0 D E I-
. Transformation of
chassis and

visualisation of gene
expression, cell states
and phenotype

M BIOLOGICAL
SYSTEM




High throughput chromosome engineering

Bacterial chromosome integration
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SBOL: symbolic description of DNA parts

Synthetic Biology Open Language: is a software standard for the electronic exchange of
specifications and descriptions of genetic parts, genetic devices, genetic modules,
genetic systems, and engineered genomes.
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Software for compilation of DNA circuits

Step 1: Program device design
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Step 2: Compile device behaviour

Step 3: Simulate device
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Step 4: Compile device to DNA
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Genetic Engineering of Cells (GEC): a tool for programming cells
Microsoft Research Cambridge
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Measurement of circuit behaviour in vivo
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Characterisation of DNA parts for plants
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In planta cytometry
*Federici F., *Dupuy L.,et al. Nature Methods (2012) 9: 483-485.



Plant
embryo

Control
Channel

\_




'lfo t '*B' ) -i|-1 ! N
+, A
o + ’ N +
+, 2 +,
+,
K . " +,
2 4 kK 35 6
Plant & . + + + A\ o+ \3
embryo "
"4'4 -h "4'2 -{4-3
+s *s
) *s
+, . +, . N .
+, +; +, ) +,
+, %, +,
% s
5 by * +
‘Automated/cell'geometry
Control + +
Channel " + B[ %\ B
% \ . . + J




+

+

Plant
embryo

Control
Channel

eometr
— Y

*

Automated cell. |

+
ki)
+

4 T T
*
a
-
o :
& - e Y
= \ 4
Screening
Channel &
\_




Plant
embryo

Control
Channel

+
+ *+ +
"

+

S

geometry -/

Automated cell. |

e 3 3 .
%
-+ .
o é
) e 3 - ®
“»
| b »
& s o °
> ¥ .
“ _Ratio%\etric .
" Quantification .
T v n\
® @
Screening
Channel .




Plant
embryo

Control
Channel

Min

+ % 5
+ % (% w\C3

t [ £\ A ) . 9. . ».‘
. -Automated cell. | . Screening Ratiometric .
\geBmetFy NS Channel  « Quarttiflcation | |,




In planta cytometry Ii

Sharing numbers
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Smart Registry for DNA parts
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Import/export compatibility with Genbank sequence annotations.
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Storage and automatic display of sequence trace files.

pUC ori
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bla txn termnator
pTF3

(10135 bp)
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Expected 2876: GGTGACGGTCTGGTCGGTGCTCGTTTGGCACTGTGGGGTCACTACAATGATTATCTGCGT
Trace 28: GGTGNNGGTCTGGTCGGTGCTCGTTTGGCACTGTGGGGTCACTACAATGATTATCTGCGT

ACCACCTTCAATCGTGCTCGTTGGCTCGACAGCGACCCGACGCGCCGTGACGCTGCACAA
ACCACCTTCAATCGTGCTCGTTGGCTCGACAGCGACCCGACGCGCCGTGACGCTGCACAA
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|« PM_33268_SEQ_64862.pdf (page 1 of 5)

; DNA 20

Plasmid Map

pJ241:33268 - vio_complete_opt

Only single cutters are shown in the map, for a8 more complete list see table.
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Screenshots DNA Registry Haseloff lab Synthetic Biology

www.plantfab.org

Registry of DNA parts for Plants

DNA parts for the fabrication of new genetic
systems in plants and related microbes.
(construction in progress, Dec 2011)

Registry of DNA parts
A new resource for sharing details of DNA parts for use in Synthetic Biology experiments in plants

The recent development of genome-scale DNA assembly techniques allows fast, efficient multiplex fabrication of
large-scale DNA assemblies - with no need for restriction enzymes or low-efficiency ligation reactions. This
places new demands on the availability of reliable and well characterised DNA parts for assembly.

This site contains a registry of DNA parts dedicated to use in plant and related microbial systems. The formation
of the registry was driven by by the lab's need to keep our own DNA parts in an orderly manner - many of the
parts will be "work-in-progress”, and not accessible without password. Details of published DNA constructs will
be available.

The PlantFab Registry is based on the Inventory for Composable Elements (ICE), developed as an open source
reqaistry for bioloaical parts by the Joint Bio Enerav Institute (JBED UC Berkelev (with manv thanks to Tim Ham
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about the biofab

The BIOFAB: Internaticnal Open Facility Advancing Bictechnelegy (BIOFAB) was founded in December 2009 asthe werld's first biclegical design-build

navigation

o Recent posts

facility. This professicnally staffed public-benefit facility was initiated by a grant from the Naticnal Science Foundation (NSF) and isled by bicengineers )
from UC Berkeley and Stanford University. The BIOFAB is cperated in partnership with Lawrence Berkeley Naticnal Laberatery (LBNL), the BioBricks interact with biofab

Foundaticn (BBF), and the Synthetic Biclegy Engineering Research Center (SynBERC).

o Jobs
BicFab projectswill be designed to produce broadly useful collections of standard biclegical parts that can be made freely available to both academic and o Press
commercial users, while also enabling the rapid design and prototyping of genetic constructs needed to support specific needs of partner efferts such as o Membership
SynBERC Testbeds. The BioFab will thus alse represent the first significant focused investment in the development of open technology platforms o Suggested Readings

underlying and supporting the next generaticn of bictechnelegy. Once fully operaticnal the BioFab facility will be capable of preducing tens of thousands o Contact us
of professicnally engineered, high quality standard biclegical parts each year.

Read the full announcement here: user logm

http://www.berkeley.edu/news/media/releases/2010/02/20_biofab_synthetic_biclegy.shtml

Username: *

Password: *

http://www.biofab.org =
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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 define BioBrick™ standard
biological parts.

Develop and provide educational and scientific materials to allow the public to use and
improve existing BioBrick™ standard biological parts, and contribute new BioBrick™
standard biological parts.
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BioBricks
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Biotechnology in the public interest

BIOFAB success to continue in partnership with the BBF. Learn more »
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Synthetic o
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Conference

BioBrick™ l
Public \ “

Agreement

Stanford
BIOFAB

ethical, open innovation, This is 8 new paradigm,

JOIN OUR MAILING LIST

LATEST FROM THE BBF BLOG

March 20, 2013
Free! Reliable! Parts! Use 'Em! Courtesy Drew Endy

»

Januvary 18, 2013
Genspace Gives Great TED Talk »

Janvary 17, 2013
SB6.0 Conference Registration Is Now Open! »

SEE ALL UPDATES »

[ « The Synthetic Biology Network &
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Applications

e open source and free-to-operate tools
« open standards to promote innovation

» international scientific exchange
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Synthetic Biology Cambridge NA Microbes Plant ardwa Productivity

Synbionews Resources Papers Labs Education Developingwordd  Joumals

Cambridge website for Synthetic Biology resources

Compiled by Jim Haseloff at the University of Cambridge.

This site contains details of recent papers and activity in Synthetic Biology, with particular emphasison: (i)
development of standards in biology and DNA parts, (ii) microbial and (jii) plant systems, (iv) research and K/
teaching in the field at the University of Cambridge, (v) hardware for scientific computing and
instrumentation, (vi) tools for scientific productivity and collected miscellany.

W

Similar to the Cambridge-based Raspberry Pi and OpenLabTools initiatives, we promote the use of low \_\/
cost and open source tools - in our case for use in biological engineering.

Search...

First Intemnational 20 Introduction to

Mammalian Synthetic opportunities in plant -
MAY  Biology Workshop MAY synthetic biology RESEARCH STUDIES

1200 AM 10 1200 AM 07:00 PM to 07:00 PM

Recognizing the fast emergence This meeting will introduce and
and potential significance of this field, the showcase the many and varied applications PhD Studentships in Cambridge
aim of this workshop is to bring together of synthetic biclogy at the molecular, cell, The Board of Graduate Studies manages
practitioners of mammalian synthetic and whole plant level to introduce synthetic admission of the University's graduate
biclogy together with experts from other biclogy to a broad UK plant science base. students. Prospective students should start
relevant

here - for an introduction to the University of
Cambridge, the courses we offer, how to

am b does aocheaendeade abaadks hoasss aama s
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Physical Computing  DIY lab equipment  Camera control  Microscopes  Components  Computing  Software

Scientific instrumentation and computing hardware

oe0e
Latest news in scientific computing and development of low-cost hardware for laboratory instrumentation. The ° ® 8 .: .
pages in this section contain links to web sites with DIY instructions for building hardware, specialised ® 900
components and open-source or low-cost software, with a focus on Arduino and Raspberry Pi. ® 00 :
o0

Water Cooled Raspberry Pl Case

Hacker Phame has taken a low powered Raspberry Pi mini PC, which is
available to purchase for around $35, and added a pimped up cooling
system creating a water cooled Raspberry Pi mini computer, To re-cap
the Raspberry Pi mini computer which is manufactured in Wales, UK, Is
oquipped with a a 700 MHz ARM1 1 processor, which can safely be
overciock It to 1 GHz If desired. (..) Original Story

| 14 hits | Read more

Pick the Right Electronics Board for Your DIY Projects

The Arcuino, Raspberry P, and SeagleBone are all low-cost controliers
that are great for your DIY projects, but it's a little confusing when you're
trying to figure out which one Is best sulted for you. Make has a
breakcown of all three and what types of projects they’re best for. Read
more... Pick the Right Electronics Board for Your DIY Projects (Via
Litehacker)

| 20 hits | Read more

Eyes-on with Ninja Blocks 'home automation for hackers' (video)
Yet another Kickstarer Success story Is here on the Hardware Alley Floor
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OpenLabTools

Home Projects

Related initiatives

The Raspberry P fundation
Synbo.ork.uk
Makespace (Cambridge, UK)

CamBridgeSens

Data acquisition system for Raspberry Pi computers (prototype)

The OpenlLabTools project Academic team

The OpenLabTools Initiative aims to provide a forum and knowledge centre for the
development of low Cost and open access scientific tools, with an emphasis on
undergraduate and graduate teaching and research. The programme will officially start
in October 2013. In order to bootstrap this initiative, a number of MEng projects (4-5
pér year) wil be offered 10 establish the core components requined for such tools; these
Indude data acquisition, sensing, actuating, processing and 3D manufactunng.
Protocols, designs and tutorials will be published on this webste. These components wil
be subsequently combined to establsh a documented collection of instruments, to be Jim Haseloff
developed and maintained by a community of undergraduate and graduate students of Synthetic Biology)
the University,

Anurag Agarwal

Fliudas WO USTICS )

Oliver Hadeler
(CamBnidgeSens)

Simone Hochgreb

We anticpate that the core tools will be rolled out in undergraduate laboratories from flunds - Reacting fiows)
2014 onwards. We would ke to invite anybody interested in this programme to et in
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“ On an uniform system of Screw Threads.” |
By Joseph Whitworth, Assoc. Inst. C. E.

The subject considered in this paper, is the importance of
having a constant thread for a given diameter in all screws used in
fitting up steam engines and other machinery. It is argued, that
uniformity of thread would be productive of economy, both in the
use of screwing apparatus, and in the consumption of bolts and
nuts. The refitting shop of a railway or steam packet company,
affords a striking instance of the advantage to be derived from
the application of this principle. If the same system of screw
threads were common to the different engines, a single set of
screwing tackle would suffice for any repairs.

No attempt appears to have been hitherto made to attain thia
~ important object. Engineers have adopted their threads without
reference to a common standard. Any such standard must be in
a great measure arbitrary, and hence its absence may be accounted
for.

Joseph Whitworth 1842






