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PrefacePrefacePrefacePreface    

 
IRGC is an independent organisation whose purpose is to help the 
understanding and management of emerging global risks that have impacts 
on human health and safety, the environment, the economy and society at 
large. IRGC’s work includes developing concepts of risk governance, 
anticipating major risk issues and providing risk governance policy 
recommendations for key decision makers. 
 
IRGC’s work programme is deliberately focused on the governance of risks 
and their associated opportunities. In addition to ongoing work on the 
concept and practice of risk governance itself, IRGC’s work programme 
encompasses all emerging, global risks of a systemic nature. IRGC is 
currently addressing the governance of a number of risks and opportunities 
posed by the mitigation of and adaptation to the effects of climate change, 
the security of energy supply, unconventional crises, and innovative 
technologies, and has identified synthetic biology as a new technology where 
there may be significant deficits in risk governance structures and processes. 
 
Every IRGC project commences with the writing of a "concept note" to 
provide an overview of the particular topic being addressed and of its 
associated risks and opportunities. This is the objective of the following 
document, which is not intended to be a complete and in-depth description of 
the current status of synthetic biology and of the associated debate but, 
rather, merely provides a brief summary of synthetic biology and of the 
issues it raises and suggests a number of questions relating to its risk 
governance. The document thus seeks to inform and guide any future work 
by the IRGC on the subject. 
 
More information on the project can be obtained from Alexandre Sabbag, at 
alexandre.sabbag@irgc.org 
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IntroductionIntroductionIntroductionIntroduction    

    
Synthetic biology is one of a range of technology developments that IRGC has 
identified as raising unresolved challenges for risk governance. In life sciences 
and nanotechnology, for example, scientific knowledge is progressing very 
rapidly and speculation about potential novel applications of path-breaking 
discoveries and their risk governance begins many years before actual 
products emerge from the inevitably long research and development process.  
 
Some of these potential innovative products and processes raise risk issues for 
which there is no clear regulatory precedent. And yet, effective risk regulation 
is usually a pre-requisite for financial investment in developing a particular 
technology. National and international regulatory systems thus often struggle to 
develop timely and effective responses to the challenges raised by products 
emerging from fundamental discoveries in science, medicine and engineering.  
 
Several aspects relevant to innovative technologies have yet to be explicitly 
addressed by IRGC – for example: 
 

• Linking risk governance and regulation to the requirements of 
commercially based innovation systems for the further development of 
novel scientific discoveries, including:  

� the inhibiting effect of uncertainty about future regulatory systems, 
particularly for products with long lead times for delivery from 
conception to market 

� how different forms of regulation (enabling / constraining; 
discriminating / indiscriminate) interact with innovation processes 
(Tait, et al., 2008) to determine the fate of individual innovations and 
also the relative competitive advantage of companies and even 
countries 

� the potential for a lack of harmonisation between different national 
regulatory systems, leading to potential trade-related and other 
conflicts 

• The effectiveness and wider implications of existing regulatory 
approaches in encouraging the provision of public benefits from 
innovative technology without compromising on workplace, 
environmental or product safety or inhibiting industry competitiveness; 

• The nature of stakeholder needs and concerns and the processes by 
which competing and sometimes conflicting perspectives can be 
reconciled, including: 

� the problems of stakeholder and public engagement about 
innovations where there is ignorance or at best uncertainty about the 
eventual nature of new products and processes;  

� the volatile nature of public opinion about innovative technology so 
that decisions based on the balance of stakeholder attitudes today 
may face a very different set of public opinions in ten years’ time; 
and 

� the need to take decisions on an inclusive basis, particularly where 
there is irreconcilable ideologically-based conflict over innovative 
technology and its application (Tait, 2007).  

 
By addressing synthetic biology, IRGC is thus responding to a need for the 
development of guiding principles for the risk governance of a broad range of 
innovative technologies that are internationally applicable and are based on a 
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thorough understanding of how risk regulatory and governance approaches 
interact with innovation processes. This study of synthetic biology is seen as 
a test case for such a development. 
 
The purpose of this concept note is to raise some of the risk governance 
issues associated with synthetic biology. It is important to consider these 
issues even at this early stage of the field’s development, because the kind 
of policy instrument that is adopted can have serious implications. Regulation 
can shape the future development of the science, guide product development 
in certain directions, and potentially generate conflict between stakeholder 
groups. Rather than providing concrete recommendations, the purpose of 
this note is to provide a background to and a stimulus for further discussion. 
 
The concept note starts by addressing the issue of how synthetic biology is 
defined, because this has implications for how it should be regulated. It 
explores the distinctions between synthetic biology and genetic engineering, 
and looks at the relationship of synthetic biology to systems biology. It 
examines the three most prominent areas of research activity that go on 
under the heading of ‘synthetic biology’ and then turns to the environmental, 
health and industrial applications of the field. It examines the risks of 
synthetic biology in the areas of biosafety, biosecurity and intellectual 
property, and it also addresses ethical issues, particularly concerning the 
distinction between the ‘natural’ and ‘unnatural’. Finally, it turns to the present 
regulatory context, and considers some of the suggestions that have been 
put forward for the regulation of synthetic biology in the areas of biosecurity 
and biosafety. It also explores proposals for self-governance – such as 
voluntary codes of practice – and the objections raised to these initiatives. 
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1111.... Background/ Background/ Background/ Background/ddddefinitionsefinitionsefinitionsefinitions    

 

What is synthetic biology? 

 

It is hard to provide a precise definition of any new and emerging scientific field, 
but defining synthetic biology is particularly difficult because it incorporates a 
number of disparate research activities under its banner. However, the way 
synthetic biology is defined will have important implications for how it is 
regulated. For example, if one concludes that synthetic biology is merely an 
extension of genetic engineering then it may make sense to apply the existing 
regulatory thinking on genetic engineering to synthetic biology. If one were to 
decide that it is a completely different type of activity then it may demand 
regulations for which there are no precedents. 
 
The term ‘synthetic biology’ is the dominant one which is attached to most of 
the conferences and funding initiatives in the field. 1  Some scientists and 
commentators use the term ‘synthetic genomics’ (e.g. Garfinkel et al. 2007), 
but their focus is usually on narrower issues to do with the synthesis of DNA, 
whereas ‘synthetic biology’ includes research which extends beyond the 
synthesis of genetic material alone. From this perspective, ‘synthetic genomics’ 
falls within the broader category of ‘synthetic biology’. 
 
The word ‘synthetic’ is ambiguous since it can mean either ‘constructed’ or 
‘artificial’. The former meaning is preferred by synthetic biologists 
(BBSRC/EPSRC 2007), but it is inevitable that the ‘artificial’ aspect of synthetic 
is to some extent associated with the name. In fact, attempts have been made 
to avoid the word ‘synthetic’ by naming the field ‘constructive biology’ or 
‘intentional biology’ (Carlson 2006), but these names have not become widely 
adopted. 
 
Most definitions of synthetic biology have two parts: synthetic biology is defined 
as the construction of completely novel biological entities, and the re-design of 
already existing ones. For example, a group of leading scientists in the field 
defines synthetic biology as “the design and construction of new biological 
parts, devices, and systems and the re-design of existing, natural biological 
systems for useful purposes”.2  A high-level expert group similarly describes 
synthetic biology as “the engineering of biological components and systems 
that do not exist in nature and the re-engineering of existing biological 
elements” (NEST 2005). 
 
The emphasis on engineering in the above definition is important, because 
synthetic biology has been described as ‘the engineer’s approach to biology’ 
(Breithaupt 2006). This arguably distinguishes the field from previous more 
‘biologically’ oriented activities. Some synthetic biologists are explicit about the 
engineering approach, saying that their aspiration is to make biology into an 
engineering discipline (Endy 2005, Arkin and Fletcher 2006), something that 
requires the reduction of biological complexity (Pleiss 2006). The engineering 
approach to biology, combined with synthetic biology’s heavy reliance on 
information technologies, makes the field intrinsically interdisciplinary. 

                                                
1 See for example the series of conferences Synthetic Biology 1.0, 2.0 and 3.0, which took place in 
MIT, Berkeley and Zurich respectively (http://www.syntheticbiology3.ethz.ch) 
2 http://syntheticbiology.org 
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Some commentators think that synthetic biology is a new discipline that will 
emerge out of biology like electrical engineering emerged from physics (De 
Vriend 2006). Parallels are often drawn between today’s synthetic biology and 
the early days of the nascent computer industry, with the intended implication 
that the technological revolution that synthetic biology brings will be as 
important as the revolution in ICTs brought about by electrical engineering 
(NEST 2005, Royal Society 2008a). 

    

Comparison to genetic engineering 

    

Synthetic biologists usually want to distinguish their work from genetic 
engineering (De Vriend 2006). This is not surprising, since excitement and 
funding often accompanies the start of something that is considered to be new. 
It might also be beneficial for synthetic biologists to distance themselves from 
some of the negative perceived social implications of genetic engineering. 
 
There are two ways in which synthetic biology is often distinguished from 
genetic engineering. The first is in terms of the methods that are adopted. 
Synthetic biology involves the use of standardised parts and follows a 
formalised design process (Arkin and Fletcher 2006). Here, the tools and 
intellectual approach of engineering are being applied in synthetic biology in a 
way which distinguishes it from previous genetic engineering. As one 
prominent synthetic biologist has put it: “Genetic engineering doesn’t look or 
feel like any form of engineering” (Endy quoted in De Vriend 2006). 
 
The second way of distinguishing synthetic biology is in terms of the 
sophistication and complexity of the work. For example, in genetic engineering 
one gene at a time is inserted into an existing biological system, but in 
synthetic biology a whole specialised metabolic unit can be constructed (Stone 
2006). This is because synthetic biology is not restricted to using genetic 
material from existing organisms (POST 2008), and involves “tinkering with the 
whole system instead of individual components” (Breithaupt 2006:22). Arguably 
this sophistication is only possible because of developments in knowledge of 
the underlying science, and it is often said that what is special about synthetic 
biology is that it is informed by a systems biology perspective (Barrett et al. 
2006). 

    

Relationship to systems biology 

    

Systems biology makes use of computational tools and mathematical modelling 
in an attempt to integrate and analyse the vast amounts of data that have been 
generated by genome sequencing and other high through-put data gathering 
projects. According to some synthetic biologists, the emergence of systems 
biology has led to a change in mind-set which has allowed synthetic biology to 
focus on the assembly of parts, rather than just the parts alone (Panke 2007). 
Some scientists think that the most important role of synthetic biology will be to 
provide a hard test case for the theories and models developed in systems 
biology (Benner and Sismour 2005). If it is possible to build an actual 
functioning synthetic biological system from a systems biology model then this 
is good evidence that the model is correct. 
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The close relationship between systems and synthetic biology helps explain 
why synthetic biology is emerging now, since it is heavily dependent on 
scientific developments such as the availability of the DNA sequences of a 
number of entire organisms and a better understanding of how biological 
systems function (De Vriend 2006), as well as improved computational power. 
A more specific development which has contributed directly to the emergence 
of synthetic biology is the increasing speed and ease of gene synthesis 
(Garfinkel et al. 2007). 

    

Types of synthetic biology 

    

The different types of activity which go on under the broad heading of ‘synthetic 
biology’ can be divided into three areas: DNA-based device construction, 
genome-driven cell engineering, and protocell creation (O’Malley et al. 2008). 
These areas of research are connected and interrelated. 
 

� DNA-based device construction. DNA-based device construction is the 
most well-known area of synthetic biology. This approach draws on the 
engineering principles of standardisation, decoupling and abstraction 
(Endy 2005), with the objective of developing biological components 
that are interchangeable, functionally discrete and capable of being 
easily combined in a modular fashion (Andrianantoandro et al. 2006). 
This results in the creation of standardized biological parts, devices 
and systems, called ‘BioBricks’, which are available online in an open-
access library called the Registry of Standard Biological Parts. 3 
BioBricks can be used to create genetic circuits such as logic gates 
and oscillators (showing the explicit analogies drawn with electronic 
engineering). This school of synthetic biology is notable for founding 
the Genetically Engineered Machine jamboree (iGEM), a competition 
where undergraduates use the BioBricks to develop their own synthetic 
biological devices.4 

 
� Genome-driven cell engineering. Another group of activities in 

synthetic biology focuses on whole genomes. This involves both ‘top 
down’ attempts to strip excess DNA away from existing genomes to 
make more efficient ‘chassis’ which, it is hoped, will form a basis for 
new synthetic organisms (e.g. Glass et al. 2006), as well as ‘bottom up’ 
attempts to construct genomes from scratch, including the synthesis of 
viral genomes such as the polio virus (Cello et al. 2002), and the 
φX174 phage (Smith et al. 2003). 

 
� Protocell creation. The area of protocell creation has been somewhat 

sidelined by other approaches to synthetic biology. Rather than 
aspiring to reduce the complexity of biological systems to make them 
more amenable to engineering, this approach is more interested in 
trying to recreate living cells. This often involves inserting molecular 
components into lipid vesicles (see Deamer 2005). These molecular 
components can either be synthesised from scratch, or already existing 
genes and enzymes can be used (Luisi et al. 2006). This school of 

                                                
3 http://parts.mit.edu 
4 See http://parts.mit.edu/igem07/index.php/Main_Page  
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synthetic biology, perhaps more than any other, raises the question of 
what it is to create life. 

 
There are activities going on under the heading of synthetic biology which do 
not fit easily under these three headings, such as attempts to create an 
alternative genetic alphabet with new nucleotides beyond the four found in 
nature (Pollack 2001). However, the three sub-headings capture most of the 
activities commonly called ‘synthetic biology’. 
 
The purpose of discussing the different definitions and areas of work in 
synthetic biology is to help with the question of how it should best be regulated. 
As mentioned above, it will be necessary to decide whether synthetic biology 
should be treated as a new area of research or not in order to decide whether it 
requires new forms of regulation. Since synthetic biology covers a range of 
different activities, it is unlikely that this decision could be made for the field as 
a whole. The demonstration of the diversity of activities called ‘synthetic 
biology’ suggests that different approaches in synthetic biology are likely to 
raise different governance issues. 
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2. 2. 2. 2. Scientific developments and likely Scientific developments and likely Scientific developments and likely Scientific developments and likely applicationsapplicationsapplicationsapplications        

 
The field of synthetic biology is diverse and so are the prospective 
opportunities offered by its potential applications. These fall into several 
different areas of technology, each of which may well require different forms of 
governance and regulatory oversight. Before turning to these applications it is 
necessary for a caveat. Most of the work taking place in synthetic biology today 
is far from commercial exploitation, as demonstrated by the fact that the 
majority of it is funded by public institutions, rather than companies (De Vriend 
2006). It is estimated that no products will be seen for at least a decade 
(Garfinkel et al. 2007). Perhaps all that one can be sure of is that the increasing 
speed and decreasing cost of DNA synthesis will assist the progress of 
experimental research in the biological sciences (Endy 2005). For these 
reasons, the discussion of applications and their opportunities is rather 
speculative. Nonetheless, synthetic biologists are keen to highlight the 
applications to show the potential of their field and to support its further funding. 
The potential applications of synthetic biology are also the focus of the risk 
debate and some, themselves, give rise to broader public concerns about 
future developments in the field. In this section a selection of the many 
potential applications of synthetic biology are highlighted. 
 

Environmental applications 

 

� Bioremediation. Another area with potential environmental benefits is 
bioremediation. Microorganisms or even plants could be engineered to 
degrade pesticides and remove pollutants (Tucker and Zilinskas 2006). 

 
� Biosensors. The area of biosensors also has potential environmental 

benefits. Although biosensors have a broad range of uses (including 
the production of photographic bacteria, see Levskaya et al. 2005), 
they can also be developed to detect toxic chemicals, such as arsenic 
(Chu 2007). 

    

Health applications 

 

� In vivo applications. There are a range of potential applications of 
synthetic biology which could monitor and respond to conditions in the 
human body. For example, regulatory circuits could be designed which 
trigger insulin production in diabetes (ITI Life Sciences 2007). Bacteria 
or viruses could be programmed to identify malignant cancer cells and 
deliver therapeutic agents (Serrano 2007). Viruses have also been 
engineered to interact with HIV-infected cells, which could prevent the 
development of AIDS (De Vriend 2006). 

 
� New drug development pathways. One of the avenues of synthetic 

biology that has wide application is the development of alternative 
production routes for useful compounds, and one of the most 
discussed of these is the construction of an artificial metabolic pathway 
in E. coli and yeast to produce a precursor (arteminisin) for an anti-
malarial drug (Martin et al. 2003, Ro et al. 2006). It has been 
suggested that an approach such as this could be used to produce 
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other therapeutically useful compounds for cancer and HIV treatment 
(Voigt 2005). Polyketides are another important class of drugs which 
could potentially be produced using synthetic biology (Heinemann and 
Panke 2006). 

 
� Synthetic vaccines. The fact that synthetic biology can ‘start from 

scratch’ means that new synthetic vaccines could be produced in 
response to viruses that themselves evolve rapidly, such as those that 
cause severe acute respiratory syndrome (SARS) and hepatitis C 
(Garfinkel et al. 2007). 

    

Industrial applications 

 
� Biofuels. One of the most widely discussed areas of future application 

of synthetic biology research is biofuels. There are many ways of 
engineering microorganisms to produce carbon-neutral (or more 
environmentally friendly) sources of energy. For example, bacteria 
could be engineered to synthesise hydrogen or ethanol by degrading 
cellulose, although further work is needed to overcome technical 
barriers. Plants and algae could also be engineered to produce 
biodiesel (Shreeve 2006). The aspiration to develop new and more 
sustainable sources of energy was behind BP’s $500 million, 10 year 
research collaboration with the University of California, Berkeley, 
Lawrence Berkeley National Laboratory and the University of Illinois, 
which started in February 2007 (POST 2008). 

 
� Biobased manufacturing and chemical synthesis. The development of 

alternative production routes (as in the arteminisin case above) does 
not have to be limited to health-related applications, but could also be 
used for the production of other useful compounds. For example, Du 
Pont and Tate & Lyle are involved in making corn produce a compound 
used in the textile industry (POST 2008). Plants have also been 
engineered to produce a synthetic analogue of spider silk which has 
qualities of extreme strength and elasticity (De Vriend 2006). Along 
similar lines, synthetic mollusc shells could lead to the production of 
material which is light but also strong (Academy of Medical Sciences & 
Royal Academy of Engineering 2007). 



 

 12 
 

 

3. 3. 3. 3. Risks related to synthetic biologyRisks related to synthetic biologyRisks related to synthetic biologyRisks related to synthetic biology    

 
These potential applications of synthetic biology have to be viewed in the light 
of the possible risks. There are two factors which make the risk governance of 
synthetic biology potentially problematic. The first is that synthetic biology (like 
genetic engineering) involves the production of living organisms, which by 
definition are self-propagating. The second is that with the growth of the 
Internet and the routinisation of many biotechnological procedures, the tools for 
doing synthetic biology are readily accessible (Garfinkel et al. 2007).  
 
This section will address some of the environmental risks (biosafety), social 
risks (biosecurity), economic risks (intellectual property), and ethical issues 
(natural/unnatural) raised by synthetic biology. 
 

Environmental risks: biosafety  

 
The major biosafety risk of synthetic biology is the accidental release of 
synthetic organisms, which could have unintended detrimental effects on the 
environment or on human health (De Vriend 2006). This could be a particular 
risk in the case of bioremediation, where synthetic organisms would be 
purposely released into the environment, for example to remove toxins from the 
soil. Not only are microorganisms living and self-propagating, but they also 
evolve rapidly, and they can exchange genetic material with each other across 
species boundaries. 
 
Additionally, the flexibility of synthetic biology means that microorganisms could 
be created which are radically different from existing ones, and these 
microorganisms might have unpredictable and emergent properties (Tucker 
and Zilinskas 2006), making the risks of accidental release very difficult to 
assess in advance (De Vriend 2006). 
 
Some scientists have pointed out that these problems are not imminent since it 
is currently much easier for a synthetic organism to survive in an artificial 
environment than in a natural environment (Benner and Sismour 2005). It has 
also been suggested that synthetic organisms could be made to be dependent 
on nutrients that are not found in nature (De Vriend 2006), or that they could 
have built-in safety features such as ‘fail-fast’ mechanisms (Endy 2005). Here 
arguments are being made that making synthetic organisms less natural will 
make them less risky, rather than more so. 
 

Social risks: biosecurity 

 
Biosecurity is the most heavily debated social risk associated with synthetic 
biology in the US. The potential for deliberate and malevolent misuse of 
synthesised organisms has led to concerns that ‘biohackers’ (Tucker and 
Zilinskas 2006) could recreate known pathogens and perhaps even make them 
more virulent. The level of attention paid to biosecurity issues has led to 
criticisms that these concerns have pushed aside other, equally pressing 
issues (ETC Group 2006).  
 
Biosecurity concerns were initiated by the synthesis of several pathogenic 
viruses. In 2002 an infectious poliovirus was synthesised in a laboratory using 
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only published DNA sequence information and mail-ordered raw materials 
(Cello et al. 2002). In 2003 a virus that infects bacteria (called φX174) was also 
synthesised in only two weeks. In 2005 the virus that was responsible for the 
1918 influenza pandemic was re-constructed from scratch (Tumpey et al. 
2005). 
 
Although experts argue that there are currently much easier ways of obtaining 
pathogens than synthesising them, they also predict that the relative ease of 
synthesis will change with time (Garfinkel et al. 2007). Furthermore, the 
availability of DNA sequence data and explanations of molecular biology 
techniques online, combined with the ease of getting a DNA sequence 
synthesized by a specialised company, means that these technologies are 
becoming available to an increasingly wide range of people (Garfinkel et al. 
2007, De Vriend 2006). 
 

Economic risks: intellectual property 

 
Intellectual property law, like other forms of law, can work on the basis of 
precedent and attempts to draw parallels with already existing technologies. 
This is problematic in the case of synthetic biology, which operates at the 
intersection of biotechnology, software and electronics (Rai and Boyle 2007). 
For these reasons, and because synthetic biology is such a new field, the 
intellectual property issues are still in flux. Commentators say that the main 
objective is to develop some form of protection of intellectual property “without 
stifling the openness that is so necessary to progress” (NEST 2007:15). 
 
Patents already exist that could inhibit the progress of research in synthetic 
biology (including broad patents on foundational technologies, and narrower 
patents on biological functions encoded by BioBricks). Worries about these 
potentially restrictive patents in synthetic biology are closely linked to concerns 
about the monopolisation of the field by large companies (ETC Group 2007), 
issues which were very important in the GM debate. 
 
Craig Venter’s team has filed for a patent on the smallest genome needed for a 
living organism (Glass et al. 2007), which also claims any method of hydrogen 
or ethanol production that uses the minimal genome. This patent has received 
considerable media attention because it has been interpreted as a patent on 
the ‘essence of life’ itself. However, analysts think it is unlikely to be granted on 
the grounds of lack of enablement (Nature Biotechnology 2007). The company 
Scarab Genomics has a patent on a reduced E. coli genome (Blattner et al. 
2006), which, some argue, may prove to be more important (Nature 
Biotechnology 2007). 
 
The BioBricks Foundation has been set up in an attempt to ensure that 
BioBricks are freely available in the public domain. The economic rationale for 
this is that since the products of synthetic biology are likely to require many 
different BioBricks, patenting them could lead to ‘patent thickets’. The BioBricks 
Registry is modelled on open source principles, meaning that anyone who 
takes a part from the Registry “must report any improvements and 
modifications and register new parts on the same terms” (POST 2008:3). But 
are there other ways of organising intellectual property around BioBricks? And 
is an open source model sustainable? This is currently an area of much debate 
(see for example Rai and Boyle 2007 and Henkel and Maurer 2007). 
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Synthetic biology encompasses more than just BioBricks, however, and there 
has been discussion about whether there should be different ownership 
regimes for different ‘levels’ of synthetic entity, such as parts, devices and 
systems. Some argue that since any organisms produced by synthetic biology 
will be the result of a great deal of effort, they should be subject to more 
stringent forms of intellectual property protection (Maurer 2006). This approach 
raises the question of whether it is possible to separate out different ‘levels’ of 
synthetic entity in a straightforward manner. 
 
The intellectual property issues raised by synthetic biology are closely linked to 
ethical concerns about ‘owning life’. Synthetic biology is very likely to involve 
the creation and the patenting of novel living organisms. The ‘unnaturalness’ of 
the creations in synthetic biology may actually make it easier to patent them, 
because they are clearly human inventions rather than products of nature. 
 

Ethical issues: natural/unnatural 

 
It is the perceived unnaturalness of synthetic biology which is most likely to 
give rise to ethical alarm. Statements to the effect that the next 50 years of 
DNA evolution will take place “not in Nature but in the laboratory and clinic” 
(Benner 2004:785), accompanied by inventions such as plants that produce 
spider silk, clearly challenge everyday understandings of nature and our place 
in it. 
 
Synthetic biology raises ethical questions about where the line should be drawn 
between what is ‘natural’ and what is not. A key question here is whether risk 
analysis should distinguish between totally synthetic organisms and new 
organisms based on existing organisms (De Vriend 2006). But how can one 
decide whether or not something is a totally synthetic organism? For example, 
does putting a synthetic genome into an existing cell create a totally synthetic 
organism? If the focus is at the DNA level, then it may be necessary to say it 
does. Much synthetic biology adopts this DNA-centric perspective. For 
example, it is often assumed that if the synthesis of the genome of a virus or a 
bacterium constitutes the synthesis of the organism. This thinking also 
underlies concerns about Venter’s minimal genome patent being a patent on 
the ‘essence of life’. However, if one was to take the cellular context into 
account then the conclusion may be that the new cell is actually based on an 
existing organism, and is not, therefore, totally synthetic. The Ratheau Institute 
suggests introducing a measure of ‘artificialness’ of synthetic systems to assist 
regulation, which will involve developing guidelines about how to make 
distinctions between artificial systems and natural systems (De Vriend 2006). 
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4. 4. 4. 4. Present regulatPresent regulatPresent regulatPresent regulatoryoryoryory and governance context and governance context and governance context and governance context    

    

As there have, to date, been no specific regulations introduced that pertain to 
synthetic biology this section will examine some of the recommendations that 
have been put forward, including those for self-governance from the scientific 
community. 
 
As mentioned above, most of the discussion of the risks of synthetic biology in 
the US has focused on the issue of biosecurity. Developments such as the 
synthesis of the poliovirus led to concerns about the potential misuse of the 
technology, and in 2004 the National Science Advisory Board for Biosecurity 
was established to provide advice “on ways to minimize the possibility that 
knowledge and technologies emanating from vitally important biological 
research will be misused to threaten public health or national security”.5 
 
Another development in the biosecurity area was the publication in 2007 of the 
report ‘Synthetic Genomics: Options for Governance’ by the J. Craig Venter 
Institute, the Center for Strategic & International Studies, and the 
Massachusetts Institute of Technology (funded by a grant from the Sloan 
Foundation). This report considers different options for policy intervention in the 
area of DNA sequencing, suggesting various types of regulation of companies 
selling synthetic DNA and DNA synthesizers, owners of DNA synthesis 
technologies, and end-users of synthetic DNA. The report provides a range of 
regulatory options and includes suggestions such as the screening of 
customers by DNA synthesis companies (something that most of these 
companies do already), the education of scientists on biosecurity issues, the 
formation of a professional society for synthetic biology, and a biosafety 
manual for synthetic biology laboratories (Garfinkel et al. 2007). 
 
Suggestions have also been made for dealing with biosafety issues to do with 
the accidental (rather than purposeful) release of synthetic organisms. Tucker 
and Zilinskas (2006), for example, think that the precautionary principle should 
be adopted with respect to synthetic biology saying that “it may be necessary to 
ban all uses in the open environment until a robust risk assessment can be 
conducted for each proposed application” (p.44). Others think that this step 
would make research expensive and restrict synthetic biology to a few labs 
(Garfinkel et al. 2007). 
 

Self-governance initiatives and responses 

 
The synthetic biology community is aware that their research has the potential 
to be extremely contentious, and many scientists regularly write about and 
publicly discuss regulatory issues. At the Second International Meeting on 
Synthetic Biology in Berkeley in 2006 the participants put forward a declaration 
on the governance of the field, which focused on biosecurity issues and 
emphasized self-regulation. Although the declaration demonstrated that there 
was broad awareness of the risk issues that synthetic biology raises, the call 
for self-regulation was driven by the agenda of the scientists and met with a 
strongly negative response from civil society organisations and NGOs. A global 
coalition of thirty-eight international organizations including scientists, 
environmentalists, trade unionists, biowarfare experts and social justice 

                                                
5 http://www.biosecurityboard.gov 
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advocates wrote an open letter asking for the withdrawal of the declaration, 
saying “we believe that this potentially powerful technology is being developed 
without proper societal debate concerning socio-economic, security, health, 
environmental and human rights implications” (ETC Group 2006). It 
emphasised the necessity for broad and inclusive public debate on the 
implications of the field. This call for broader engagement with synthetic biology 
is found in other commentaries on the field. The Royal Society, for example, 
maintains that “Mechanisms need to be developed to encourage the 
responsible development of synthetic biology and a range of stakeholders 
(including publics) should be involved in discussing developments from an 
early stage” (Royal Society 2008b). 
 
There are several ongoing synthetic biology projects which attempt to deal 
directly with societal issues and which involve stakeholders and policy makers. 
These include SYNBIOSAFE in Europe,6 and the Synthetic Society Working 
Group7 and the ‘Human Practices’ Thrust of SynBERC8 in the US. 
 

 

                                                
6 www.synbiosafe.eu 
7 http://openwetware.org/wiki/Synthetic_Society 
8 http://www.synberc.org 
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5. 5. 5. 5. Points Points Points Points for discussionfor discussionfor discussionfor discussion    

    

This concept note has attempted to provide a context for the discussion of the 
risk governance issues in synthetic biology. It started by examining the 
definition of synthetic biology and showing that how the field is defined has 
implications for how it is regulated, and for whether or not it is possible to 
transfer regulatory thinking from other areas (such as genetic engineering). 
Although synthetic biology can be broadly defined as the construction of 
completely novel biological parts and the re-design of existing ones, with an 
emphasis on the engineering of biology, it is a disparate field which includes 
DNA-based device construction, genome-driven cell engineering and protocell 
creation, amongst other activities. The applications of synthetic biology also 
cover a wide range, from biofuels and bioremediation to synthetic drug-delivery 
systems and novel synthetic pathways for useful compounds. The diversity of 
the applications of the field suggests that different regulatory guidelines may be 
needed for different areas of the technology. Applications within the human 
body, for example, will probably be subject to more stringent forms of 
regulation than where the synthetic organisms are easily contained (ITI Life 
Sciences 2007). 
 
In the discussion of risks it was pointed out that the field raises particular 
concerns because it produces living, reproducing organisms, and because of 
the easy accessibility of the tools for doing synthetic biology. The areas of risk 
discussed were the accidental release of synthetic organisms, the malevolent 
use of the technology, and the different options for managing the creation of 
intellectual property in this emerging field. The discussion of ethical issues 
highlighted the fact that synthetic biology raises profound questions about the 
distinction between the ‘natural’ and the ‘unnatural’. This has implications for 
risk governance, which, some have suggested, might benefit from introducing a 
measure of ‘artificialness’ of synthetic systems. The final section on the present 
regulatory context examined some of the suggestions that have been put 
forward for the risk governance of biosecurity and biosafety issues in synthetic 
biology. It also examined the self-governance initiative of the synthetic biology 
community and the response to this from NGOs, who stressed the importance 
of a more inclusive debate about the potential of this new technology. Such 
recommendations are relevant to the IRGC Risk Governance approach which 
emphasises the inclusiveness of the governance process, aspires to implement 
the principles of ‘good’ governance (such as transparency, effectiveness and 
efficiency, accountability and equity), and takes both the ‘factual’ and the 
‘socio-cultural’ dimensions of risk into account (Renn 2005). 
 
The aims of this report have been to provide a summary description of 
synthetic biology, to raise a number of important questions and to stimulate 
discussion. These discussions will take place in the wider context of the 
general questions about risk governance of innovative technology raised in the 
introduction. The following are specific questions which should be pursued in 
greater depth, both to inform risk-related decisions about synthetic biology itself 
and to contribute to the development of broader governance approaches and 
regulatory systems which meet the challenges raised by products emerging 
from fundamental discoveries in science, medicine and engineering: 
 

� How should synthetic biology be defined for the purposes of risk 
governance?   
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� What should be included within the field of synthetic biology and what 
should be excluded from it? (For example, should protocell creation be 
treated similarly to work on BioBricks?) 

� Can synthetic biology be treated as a form of genetic engineering or 
does it raise novel issues? 

� Do the different application areas of synthetic biology raise different 
governance issues? 

� Do different ‘levels’ of synthetic biological entity demand different levels 
of regulation? (For example, should BioBricks be regulated differently 
from synthetic organisms?) 

� Should synthetic organisms be patentable? 
� Would it be helpful to have a measure of ‘artificialness’ of synthetic 

systems? 
� Is self-governance an adequate solution to the risk issues raised by 

synthetic biology? 
� Would it be useful to have a more inclusive debate about the potential 

of the technology? If so, who should be part of this debate? 
� Is international investment into the field of synthetic biology a good way 

of tackling pressing medical, environmental and social problems? 
� What issues arise if different parts of the world develop different 

regulatory approaches, or if some regulate and some do not? 
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