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THE EUROPEAN GROUP ON ETHICS IN SCIENCE AND NEW TECHNOLOGIES (EGE), 

 

Having regard to the Treaty establishing the European Community, and in particular Article 6 

of the common provisions concerning respect for fundamental rights, 

Having regard to the EC Treaty, and in particular Article 152 on public health, 

Having regard to the Charter of Fundamental Rights of the European Union of 28 September 

2000, approved by the European Council in Biarritz on 14 October 2000 and proclaimed 

solemnly in Nice by the European Parliament, the Council and the Commission on 7 

December 2000, and in particular Article 1 (Human dignity) and Article 3 (Right to the 

integrity of the person),1 

Having regard to Regulation (EC) No 726/2004 of the European Parliament and of the 

Council of 31 March 2004 laying down Community procedures for the authorisation and 
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supervision of medicinal products for human and veterinary use and establishing a European 

Medicines Agency,2 

Having regard to the Convention on the grant of European patents (European Patent 

Convention) of 5 October 1973 (text as amended by the act revising Article 63 EPC of 17 

December 1991 and by decisions of the Administrative Council of the European Patent 

Organisation of 21 December 1978, 13 December 1994, 20 October 1995, 5 December 1996, 

10 December 1998 and 27 October 2005 and comprising the provisionally applicable 

provisions of the act revising the EPC of 29 November 2000),3  

Having regard to Commission Directive 2003/63/EC of 25 June 2003 amending Directive 

2001/83/EC of the European Parliament and of the Council on the Community code relating 

to medicinal products for human use,4 

Having regard to Directive 2001/20/EC of the European Parliament and of the Council of 4 

April 2001 on the approximation of the laws, regulations and administrative provisions of the 

Member States relating to the implementation of good clinical practice in the conduct of 

clinical trials on medicinal products for human use,5 as amended in 2003 and 2005,  

Having regard to Directive 2001/83/EC of the European Parliament and of the Council of 

6 November 2001 on the Community code relating to medicinal products for human use,6 

Having regard to Council Directive 93/42/EEC of 14 June 1993 concerning medical devices,7 

Having regard to Council Directive 90/385/EEC of 20 June 1990 on the approximation of the 

laws of the Member States relating to active implantable medical devices,8 

Having regard to Directive 76/768/EC of the European Parliament and of the Council of 27 

July 1976 on the approximation of the laws of the Members States relating to cosmetic 

products,9 

                                                                                                                                                   
1 Official Journal C 364 of 18 November 2000, pp. 1 – 22. 
2 Official Journal L 136 of 30 April 2004, pp. 1 – 33. 
3 http://www.european-patent-office.org/legal/epc/e/ma1.html. 
4 Official Journal L 159 of 27 June 2003, pp. 46 – 94. 
5 Official Journal L 121 of 1 May 2001, pp. 34 – 44. 
6 Official Journal L 311 of 28 November 2001, pp. 67 – 128. 
7 Official Journal L 169 of 12 July 1993, pp. 1 – 43. 
8 Official Journal L 189 of 20 July 1990, pp. 17 – 36. 
9 Official Journal L 262, 27.9.1976, p. 169. 
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Having regard to Regulation (EC) No 1907/2006 of the European Parliament and of the 

Council of 18 December 2006 concerning the Registration, Evaluation, Authorisation and 

Restriction of Chemicals (REACH), establishing a European Chemicals Agency, amending 

Directive 1999/45/EC and repealing Council Regulation (EEC) No 793/93 and Commission 

Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and Commission 

Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC, 

Having regard to Council Directive 80/68/EEC of 17 December 1979 on the protection of 

groundwater against pollution caused by certain dangerous substances,10 

Having regard to Council Directive 85/337/EEC of 27 June 1985 on the assessment of the 

effects of certain public and private projects on the environment,11 

Having regard to the Treaty of Amsterdam of 17 June 1997, and in particular to the 

sustainable development strategy (SDS) and Article 152 thereof concerning public health, 

Having regard to Council Directive 90/219/EEC of 23 April 1990 on the contained use of 

genetically modified micro-organisms, as amended by Directive 98/81/EC,12 

Having regard to Council Directive 91/676/EEC of 12 December 1991 concerning the 

protection of waters against pollution caused by nitrates from agricultural sources13 in order to 

reduce overall use of nitrates, 

Having regard to Council Regulation (EEC) No 2078/92 of 30 June 1992 on agricultural 

production methods compatible with the requirements of the protection of the environment 

and the maintenance of the countryside,14 

Having regard to the United Nations Convention on Biological Diversity of 6 June 1992, 

ratified by the European Union on 25 October 1993, and to the Cartagena Protocol on 

Biosafety, approved by the European Community on 11 September 2003, 

Having regard to Council Directive 96/61/EC of 24 September 1996 concerning integrated 

pollution prevention and control,15 

                                                
10 OJ L 20, 26.1.1980. 
11 OJ L 175, 5.7.1985. 
12 OJ L 117, 8.5.1990. 
13 OJ L 375, 31.12.1991. 
14 OJ L 215, 30.7.1992. 
15OJ L 257, 10.10.1996. 
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Having regard to the Kyoto Protocol, adopted on 11 December 1997 with the aim of reducing 

greenhouse gas emissions in order to fight global climate change (for the period 2005-2012), 

Having regard to Directive 98/8/EC of the European Parliament and of the Council of 

16 February 1998 concerning the placing of biocidal products on the market,16 

Having regard to the Commission communication ‘Directions towards sustainable 

agriculture’,17 

Having regard to the World Trade Organisation (WTO) Sanitary and Phytosanitary (SPS) 

Agreements of 1995, in particular Article 5.1, 5.2 and 5.3 thereof on health risk assessments, 

Having regard to Regulation (EC) No 258/97 of the European Parliament and of the Council 

of 27 January 1997 concerning novel foods and novel food ingredients,18  

Having regard to Council Directive 98/44/EC of the European Parliament and of the Council 

of 6 July 1998 on the legal protection of biotechnological inventions, in particular Article 6 

thereof,19 

Having regard to Directive 2001/42/EC of the European Parliament and of the Council of 

27 June 2001 on the assessment of the effects of certain plans and programmes on the 

environment,20 

Having regard to Directive 2001/18/EC of the European Parliament and of the Council of 

12 March 2001 on the deliberate release into the environment of genetically modified 

organisms and repealing Council Directive 90/220/EEC,21 

Having regard to Regulation (EC) No 1829/2003 of the European Parliament and of the 

Council of 22 September 2003 on genetically modified food and feed,22  

Having regard to Regulation (EC) No 1946/2003 of the European Parliament and of the 

Council of 15 July 2003 on Transboundary movements of genetically modified organisms,23 

                                                
16 OJ L 123, 24.4.1998. 
17 COM(1999) 22, 27.1.1999. 
18 OJ L 42, 14.2.1997. 
19 OJ L 213, 30.7.1998. 
20 OJ L 197, 21.7.2001. 
21 OJ L 106, 17.4.2001. 
22 OJ L 268, 18.10.2003. 
23 OJ L 287, 5.11.2003. 
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Having regard to Council Regulation (EC) No 1234/2007 of 22 October 2007 establishing a 

common organisation of agricultural markets and on specific provisions for certain 

agricultural products (single CMO regulation)24, creating a horizontal legal framework for the 

agricultural markets, 

Having regard to the Commission communication ‘2006 environment policy review’ 

describing the action taken by the EU on the environment,25  

Having regard to the Commission communication ‘Mid-term review of the Sixth Community 

Environment Action Programme’ with reference to protection of the environment, 

biodiversity and natural resources,26 

Having regard to the Commission communication on ‘Implementation of the Community 

strategy for dioxins, furans and polychlorinated biphenyls’,27 

Having regard to the Council Regulation (EC) No 1334/2000 setting up a Community regime 

for the control of exports of dual-use items and technology28 and its amendments, 

Having regard to the Commission communication ‘Preparing for the ‘health check’ of the 

CAP reform’ on the overview of the adjustments needed in the CAP,29 

Having regard to the Treaty of Lisbon, signed on 13 December 2007 and currently open for 

ratification, 

Having regard to Article 6 of the Seventh Framework Programme of the European 

Community for research, technological development and demonstration activities (2007-

2013), which states that ‘All the research activities carried out under the Seventh Framework 

Programme shall be carried out in compliance with fundamental ethical principles’, 

Having regard to the Commission communication ‘Supporting early demonstration of 

sustainable power generation from fossil fuels’,30 

Having regard to the Commission communication on a ‘Proposal for a Directive on the 

promotion of the use of energy from renewable sources’,31 

                                                
24 OJ L 299, 16.11.2007. 
25 COM(2007) 195, 30.4.2007; OJ C 181, 3.10.2007. 
26 COM(2007) 225, 30.4.2007; OJ C 181, 3.10.2007. 
27 COM(2007) 396, 10.7.2007; OJ C 191, 17.8.2007. 
28 OJ L 159/1, 30.6.2000 and for the amendments 2000R1334 — EN — 12.04.2006 — 007.001 — 1 
29 COM(2007) 722, 20.11.2007. 
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Having regard to the Council of Europe Convention on Human Rights and Biomedicine, 

signed on 4 April 1997 in Oviedo,32 

Having regard to the Additional Protocols to the Council of Europe Convention on Human 

Rights and Biomedicine, in particular the Additional Protocol on Prohibition of Human 

Cloning and the Protocol on Biomedical Research, 

Having regard to the Universal Declaration on the Human Genome and the Rights of Man 

adopted by UNESCO on 11 November 1997,33 the Declaration on Human Genetic Data 

adopted by UNESCO on 16 October 2003 and the Universal Declaration on Bioethics and 

Human Rights adopted by UNESCO on 19 October 2005, 

Having regard to the European Commission (2003) Reference Document on Synthetic 

Biology,34 

Having regard to the European Commission Report (2005) on Synthetic Biology, Applying 

engineering to biology, by a NEST high-level expert group35 and the European Commission 

Paper (2007) on Synthetic Biology: A NEST pathfinder initiative,36 

Having regard to the hearings of experts and Commission departments by the EGE during 

their January 2009, February 2009, March 2009, April 2009 and May 2009 meetings,37 

Having regard to EGE Opinion No 21 on ‘Ethical Aspects of Nanomedicine’,38 

Having regard to the Roundtable organised by the EGE on 19 May 2009 in Brussels, 

Having heard the EGE Rapporteurs, Rafael Capurro, Julian Kinderlerer, Paula Martinho da 

Silva and Pere Puigdomenech Rosell, 

Hereby adopts the following Opinion: 

************ 

                                                                                                                                                   
30 COM(2008) 13, 23.1.2008. 
31 COM(2008) 19, 23.1.2008. 
32 http://conventions.coe.int/treaty/en/treaties/html/164.htm. 
33http://portal.unesco.org/shs/en/ev.php-URL_ID=2228&URL_DO=DO_TOPIC&URL_SECTION=201.html. 
34 ftp://ftp.cordis.europa.eu/pub/nest/docs/synthetic_biology.pdf. 
35 FTP://FTP.CORDIS.EUROPA.EU//PUB/NEST/DOCS/SYNTHETICBIOLOGY_B5_EUR21796_EN.PDF. 
36 ftp://ftp.cordis.europa.eu/pub/nest/docs/5-nest-synthetic-080507.pdf. 
37 See agendas on the EGE website: http://europa.eu.int/comm/european_group_ethics/index_en.htm. 
38 http://europa.eu.int/comm/european_group_ethics/docs/avis20en.pdf. 
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Scope of the Opinion 

 

On May 28, 2008 President José Manuel Barroso asked the EGE to issue an Opinion on the 

ethical, legal and social implications that may derive from synthetic biology. In his letter, the 

President advocated that ‘(…) the debate about the legitimacy of engineering new life forms 

has mainly focused on safety issues and a work on the ethical, legal and social implications 

that may derive from this specific use of biotechnology is still missing.’ 

The EGE is aware that synthetic biology raises philosophical, anthropological, ethical, legal, 

social and scientific issues. It is equally aware that the convergence of multiple technologies 

in synthetic biology, each based on different scientific paradigms, increases the complexity of 

assessing the ethics of synthetic biology and its products. The EGE has, however, agreed that, 

apart from safety issues associated with synthetic biology, an ethical, legal, and political 

governance of synthetic biology is needed in the EU and worldwide to ensure that the 

interests of society are respected. The Group has therefore accepted President Barroso’s 

request. 
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1. Scientific Aspects 

Synthetic biology is a new research field within which scientists and engineers seek to modify 

existing organisms by designing and synthesising artificial genes or proteins, metabolic or 

developmental pathways and complete biological systems in order to understand the basic 

molecular mechanisms of biological organisms and to perform new and useful functions. This 

research sector is heterogeneous and results from the convergence of different technological 

and scientific tools (from information technology to chemistry, engineering, biology, 

mathematics and computer modelling). Synthetic biology has two main goals: 1) to be a tool 

to improve understanding of biological systems, their complexity and emergent properties that 

derive from the interaction of complex pathways and 2) to use the organisms as factories to 

obtain products which may have a direct, clear and immediate use (pharmaceuticals, bio-fuels, 

raw materials or biomedical tools (e.g. vaccines), or new bio-defence agents). This distinction 

diversifies not only the potential uses of synthetic biology but also the goals on which current 

research activities are being developed across the world by private or public research bodies. 

The following paragraphs aim to describe the research activities currently ongoing and to 

indicate potential future uses of this research field.  

 

1.1. Historical overview  

The desire to know and understand the world around us has been deeply rooted in humans 

since ancient times. The first approach to the study of life has been analytical39: to break 

down complex systems into smaller and simplified ones to facilitate their observation and 

understanding. 

During the early XIX century a synthetic approach emerged in biology as a complementary 

approach to analysis. Using the knowledge of the time, the first synthesis experiments of 

biological compounds were carried out in the field of organic chemistry. For example in 

1828,40 urea, a component of human urine and an important fertiliser, was first synthesised 

from ammonium salts, showing that organic compounds could be chemically synthesised 

from inorganic compounds. This was revolutionary news, as common knowledge was that, 

                                                
39 Such an approach has been used since before the time of Aristotle, and, in a more formal way, by Descartes, 
G. Galilei and Newton. 
40 F. Woehler, Poggendorff’s Ann. Phys., 12, 253-256 (1828). 
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although organic matter could be decomposed into inorganic constituents (e.g. through 

heating or other treatments), the reverse would be impossible because inorganic matter would 

lack the ‘vital force’ to transform it into organic matter. 

As time passed and research advanced, the same pattern (from analysis to synthesis) was 

observed not only in chemistry, but also in genetics. In 1953, the DNA structure was 

described by Watson and Crick.41 For the first time, the double helix structure was revealed in 

DNA, which is a polymer formed from monomers constituted of sugar molecules 

(deoxyribose) linked to a nitrogen containing base (A=adenine, T=thymine, C=cytosine, 

G=guanine) and a phosphate group. 

From the mid 1950’s onwards, molecular biology research focused on the study of DNA 

regulation, replication and repair (the analytical period). In the early 1970’s the first 

restriction endonucleases42 were discovered and purified, which allowed scientists to precisely 

‘cut’ and ‘paste’ DNA fragments from one source to another, paving the way for the synthetic 

era of molecular biology. In 1973, Cohen and Jalal published the first paper on the 

recombinant DNA technique, through which a functional plasmid produced by joining 

different DNA fragments was inserted into E. Coli to produce transgenic bacteria.43 

Recombinant DNA technologies have evolved constantly since they first appeared in the 

1970’s. Biology research has moved increasingly towards the study of molecular actors and 

their interaction through signalling pathways and complex network dynamics. Due to the 

great advances made since the 1970’s with regard to molecular techniques, scientists have 

been able to address complicated issues by being able to analyse more and more complex 

molecular model systems. 

Another important development for molecular biology occurred in 1984 with the discovery of 

the Polymerase Chain Reaction (PCR) by K. Mullis.44 It allowed the enzymatic replication of 

DNA fragments by using a DNA polymerase, nucleotides (dNTPs, the building blocks of 

DNA) and the repetition of cycles (denaturing, annealing and elongation) through which a 

DNA template is amplified. PCR relies on the availability of small pieces of DNA 

                                                
41 J.D. Watson and F.H. Crick, ‘Molecular structure of nucleic acids; a structure for deoxyribose nucleic acid’, 
Nature, 171(4356):737-8, 25 April 1953. 
42 For this discovery the Nobel Prize for Medicine was awarded in 1978 to W. Arber, D. Nathans and H. Smith. 
43 S.N. Cohen et al., ‘Construction of biologically functional bacterial plasmids in vitro.’ PNAS 70, 3240-44 
(1973). 
44 K. Mullis et al., ‘Specific enzymatic amplification of DNA in vitro: the polymerase chain reaction', Cold 
Spring Harb Symp, Quant Biol. (1986). 
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(oligonucleotides) that are produced by chemical synthesis. The development into a routine 

technique of oligonucleotide synthesis was a landmark in synthetic biology. This was made 

possible in the early ‘80s and the development of automatic synthesisers resulted in a 

technique accessible to most molecular biology laboratories. 

 

 

1.2. Moving from analytical molecular biology to synthetic biology 

As W. Szybalski foresaw in 1974 ‘Up to now we are working on the descriptive phase of 

molecular biology. […] But the real challenge will start when we enter the synthetic biology 

phase of research in our field. We will then devise new control elements and add these new 

modules to the existing genomes or build up wholly new genomes. This would be a field with 

unlimited expansion potential and hardly any limitations to building ‘new better control 

circuits’ and […] finally other ‘synthetic’ organisms […].’ 

Synthetic biology was born, therefore, at least theoretically, in 1974, although the term 

synthetic biology can be traced back at least to 1912 when Stephane Leduc published his 
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Biologie Syntetique.45 However, in practice, the term was not used for a further twenty years, 

until scientists began to think about assembling synthetic genetic regulatory networks 

(circuits) in the laboratory.46 The first formal conference on synthetic biology was held in 

2004, showing that by that time a scientific community grouped under the name of synthetic 

biology was present and active. 

 

 

 

Synthetic biology experts believe that the field should not be defined only by its applications 

and that it may contribute significantly to the progress of biology. For instance, knowledge of 

the minimum number of genes needed to support a microorganism is relevant to 

understanding the essential functions of living beings. They also claim that knowing whether 

the components of basic biological machinery can differ from those existing in present 

organisms including, for instance, the genetic code, may enlighten us as to the origins of life. 

All these important basic biological questions are key to research into what we call synthetic 

biology, which has a number of objectives in a variety of fields of application. From a 

biological point of view, interactions between different cellular pathways in metabolic or 

                                                
45 Stephane Leduc, La Biologie Synthétique, Paris 1912. Also see Szostak, J.W., Bartel, D.P., Luisi, P.L.(2001) 
Synthesizing life. Nature 409:387–390. 
46 M.B. Elowitz and S. Leibler, ‘A Synthetic Oscillatory Network of Transcriptional Regulators’; Nature. 2000 
Jan 20;403(6767):335-8. 
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developmental processes are essential for understanding cell dynamics. Synthetic biology may 

therefore be a heuristic tool to improve our understanding of the main biological mechanisms 

of life. 

 

1.3. Towards a working definition of synthetic biology 

It is not easy to find a working definition of synthetic biology. It depends on the desired 

outcomes, either on its applications (or aims) or more in general on the broad concept of basic 

research and therefore its experimental nature. It may not be possible to find an unequivocal 

definition and it could change over time as awareness of this discipline increases and becomes 

more widespread. 

A recent (2008) description of synthetic biology reads: The fundamental idea behind synthetic 

biology is that any biological system can be regarded as a combination of individual 

functional elements — not unlike those found in man-made devices. These can therefore be 

described as a limited number of parts that can be combined in novel configurations to 

modify existing properties or to create new ones. 47 

Another description can be found at the website of the EU Project ‘Towards a European 

Strategy for Synthetic Biology’ (TESSY, 2007-2008):  

Synthetic biology uses nucleic acid elements or complex systems that are predefined 

and chemically synthesised in the laboratory by a modular approach. This approach 

aims to: 1. engineer and study biological systems that do not exist as such in nature, 

and 2. use this approach for i) achieving better understanding of life processes, ii) 

generating and assembling functional modular components, iii) developing novel 

applications or processes. 48 

Other definitions of synthetic biology put forward so far include:  

• [Synthetic biology] attempts to recreate in unnatural chemical systems the emergent 

properties of living systems … [the] engineering community has given further 

meaning to the title…to extract from living systems interchangeable parts that might 

                                                
47A. Danchin, ‘Synthetic biology: discovering new worlds and new words’, EMBO reports; 
doi:10.1038/embor.2008.159 (2008). 
48See http://www.tessy-europe.eu/. 
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be tested, validated as construction units, and reassembled to create devices that 

might (or might not) have analogues in living systems. (Benner and Sismour, 2005)  

• The development of well characterised biological components that can be easily 

assembled into larger functioning devices and systems to accomplish many particular 

goals. (Jay Keasling speaking at the Synthetic Biology 2.0 conference at Haas 

Business School, UC Berkeley)  

• To advance knowledge and create products that can promote human welfare, synthetic 

biologists seek to create biological systems that do not occur naturally as well as 

reengineer biological systems that do occur naturally. (Hastings Center, USA) 

• [Synthetic biology is] the design and construction of new biological parts, devices and 

systems that do not exist in the natural world and also the redesign of existing 

biological systems to perform specific tasks. (Erosion, Technology and Concentration 

(ETC) Group, Canada) 

• [Synthetic biology] describes research that combines biology with the principles of 

engineering to design and build standardised, interchangeable biological DNA 

building-blocks. These have specific functions and can be joined to create engineered 

biological parts, systems and, potentially, organisms. [Synthetic biology] may also 

involve modifying naturally occurring genomes… to make new systems or by using 

them in new contexts. (UK Parliamentary Office of Science and Technology, POST)  

• [Synthetic biology] is broadly understood as the deliberate design of novel biological 

systems and organisms that draws on principles elucidated by biologists, chemists, 

physicists and engineers... in essence it is about redesigning life. (UK Royal Society) 

It therefore appears that a general consensus on a standard classification of synthetic biology 

does not exist. The definitions so far provided depend on the scientific approach taken or the 

applications carried out by biologists. From the range of descriptions of the technologies it is, 

possible to identify the core elements of synthetic biology that include the engineering of 

biological components and systems that do not exist in nature and the re-engineering of 

existing biological elements. It centres on the intentional design of artificial or re-worked 

biological systems, rather than primary understanding of the biology of existing organisms in 

nature. A definition of synthetic biology should therefore include: 



 16 

1. The design of minimal cells/organisms (including minimal genomes);  

2. The identification and use of biological ‘parts’ (toolkit);  

3. The construction of totally or partially artificial biological systems.  

 

In addition, several experts emphasise the potential of synthetic genomics. Synthetic 

genomics may be defined as a field within synthetic biology that uses the increasing wealth of 

genomic information including the tools of oligonucleotide synthesis and of genetic 

modification with the aim of producing new genomes that will allow the fabrication of a 

product or a desired behaviour. One of the ways to achieve these goals is to use minimal 

genomes that become the basic framework into which a new set of genes are added to achieve 

new biological functions. It may make use of custom-designed base pair series, though in a 

more expanded and hitherto unprecedented sense, synthetic genomics could use genetic codes 

that are not composed of the four base pairs of DNA currently used in life forms.  

 

1.3.1. To what extent does synthetic biology differ from other existing disciplines? 

A key issue to address in synthetic biology is its difference from other disciplines, such as 

those based on the insertion of recombinant DNA into organisms. For example, techniques 

used in synthetic genomics (e.g. the use of synthetic DNA within an existing cell may be 

considered to be a recombinant DNA application rather than synthetic biology). It 

nevertheless appears that no clear boundary can be drawn between genetic engineering that is 

based on recombinant DNA and synthetic biology: the first is the starting point and merges 

into the second without a clear cut limit. Nevertheless, recognition of the complexity of 

biological systems and the intention to construct an organism with radically new properties 

may be described as a feature of the new discipline. 
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Figure 1. a) Analysis and synthesis in organic chemistry; b) Analysis and synthesis in synthetic biology49. 

 

Balmer A. and Martin P. have underlined50 that 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 synthetics 

is to some extent associated with the term. In fact, attempts have been made to avoid the word 

‘synthetic’ by naming the field ‘constructive biology’ or ‘intentional biology’ (Carlson, 2006), 

but these terms have not become widely adopted. 

The scientific community is still debating whether synthetic biology has introduced a 

paradigm shift compared with other biotechnologies. Some have indicated that, in order to 

distinguish between synthetic biological fabrications and other approaches, like transgenic 

organisms, the key difference could be that transgenic organisms are the result of introducing 

naturally occurring foreign or mutated DNA (genes) into the organism51. Synthetic biology, in 

contrast, would result in the manufacturing of elements with synthetic raw materials and with 

                                                
49 http://www.nature.com/nchembio/journal/v3/n9/pdf/nchembio0907-521.pdf. 
50 Balmer A., Martin P., 2008, Synthetic Biology: Social and Ethical Challenges, Institute for Science and 
Society, University of Nottingham. 
51 This could include copy DNA where codons have been modified to reflect the codon usage of the modified 
organism. 
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no natural counterpart.52 Some reserachers are producing protocells, that mimic the systems 

found in biology but differ in that the DNA contains nucleotides not found in already existing 

organisms.53 Synthetic biology therefore involves the use of standardised parts and follows a 

formalised design process (Arkin and Fletcher, 2006). In parallel, synthetic biology involves a 

different level of sophistication and complexity of the work done in genetic engineering 

(where one gene at a time is inserted into an existing biological system), contrary to synthetic 

biology, where a whole specialised metabolic unit can be constructed (Stone, 2006 and 

Breithaupt, 2006:22).  

One novelty that synthetic biology has introduced in the design and use of different 

bioengineering technological tools is the notion of intentionality. Synthetic biology uses 

biotechnology to intentionally design and build engineered biological systems that process 

information, manipulate chemicals, fabricate materials and structures, produce energy, 

provide food, and maintain and enhance human health and our environment. In parallel, 

synthetic biology synchronically uses multiple technologies, such as chemistry, engineering, 

biology, information technology and nanotechnology. In that respect, synthetic biology uses 

technology to manufacture products that are designed to give rise to knowledge or which 

serve a given aim, defined by the application area on which they are built, from bio-remedies 

to ICT, biomedicine, biofuels or biomaterials. What is also distinctive  in synthetic biology is 

recognition of the complexity of the systems that researchers want to reproduce, the fact that 

they work on not just molecular cloning of single genes or gene components as in standard 

molecular biology, but on whole interacting genetic networks, genomes and ultimately entire 

organisms. In this sense, the results of systems biology, a discipline that studies the relations 

of different metabolic or developmental pathways within an organism, are important to 

synthetic biology. 

 

                                                
52 Bhutkar A., 2005, Synthetic Biology: Navigating the Challenges Ahead, J. BIOLAW & BUS., Vol. 8, No 2, 
p.19-29. 
53 “Protocells are defined as self-assembling and self-reproducing chemical systems created through human 
artifice (but not merely by manipulating a natural living organism) that produce the following interlocking 
chemical properties: (1) spatial localization of components by containment (2) utilization of energy and raw 
materials from the environment by metabolism and (3) control of the containment and metabolism by chemical 
information that can be replicated and can mutate.” From Mark A. Bedau, Emily C. Parke, Uwe Tangen, 
Brigitte Hantsche-Tangen (2009) Social and ethical checkpoints for bottom-up synthetic biology, 
or protocells Syst Synth Biol (2009) 3:65–75 
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1.4. The conceptual basis of synthetic biology 

The conceptual basis underlying many modern approaches to biology is a reductionist view, 

which accepts that biological phenomena are expressions of chemical-physical processes. 

There are numerous examples of this paradigm, including Monod (1967), Eigen (1975) and 

Watson (1998). According to this view, the phenotypic expression of genes is a 

physicochemical phenomenon and interaction with this fundamental biological matrix would 

offer us the possibility of the synthesis of life54. This paradigm has dominated the 

development of modern biology for several decades. Many modern geneticists, however, are 

now calling for a more complex concept of the gene, based on not only its DNA sequence, but 

also its epigenetic interaction manual, which in turn may be defined by complex protein-DNA 

interaction. The relevance of mechanistic approaches to synthetic biology is particularly 

                                                
54 An antagonistic approach to determinism is organismic biology (Ritter 1919). The central point is that an 
organism is a highly organised system where its biological meaning (and the meaning of its activity) cannot be 
understood as the sum of the activity of the parts, of its biological constituents. This means that when we wonder 
about the meaning of a living being we cannot explain its existence as a physicochemical phenomenon or 
attribute a contingent value to a singular organisms’ constituent (for example, the brain). On the contrary, an 
organism is considered as a locus of integrated complexity, whose meaning refers to its composite nature. Eigen 
M. & Schuster P. (1978) The Hypercycle. Berlin; Eigen M. (1988) Perspektiven der Wissenschaft. Jenseits von 
Ideologien und Wunschdenken. Deutsche Verlags-Anstalt; Jonas H. (1979) Das Prinzip Verantwortung Insel 
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strong since the attempt to manufacture intentionally designed organisms relies on the 

assumption that their expression will be controlled by the synthesised DNA sequences.  

 

 

Some of the basic disciplines of modern biology such as biochemistry and molecular biology 

are based on a reductionist approach. The hope was that by deconstructing the systems and 

understanding individual parts of the system in great detail it would be possible to reconstruct 

pathways, cell systems and cellular interactions. This has been facilitated by the new methods 

available to scientists that permit the removal of parts of the organism. A number of scientists 

including Venter and colleagues have attempted to identify a minimal organism where the 

only remaining genes are those absolutely essential for a functional organism. Synthetic 

biology can then use a less complicated approach than the total synthesis of a new organism – 

using the basic cellular structures of micro-organisms or combinations of existing parts in a 

new cellular environment. 

 

1.4.2. Key enabling approaches to synthetic biology 

There are several key enabling technologies that are critical for the growth of synthetic 

biology. The key issues include standardisation of biological parts and hierarchical abstraction 

                                                                                                                                                   
Verlag; Jonas H. (1987) ‘Creazione dell’uomo’ il Mulino (XXXVI) Bologna pp. 615-626; Monod J. (1967) 
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to permit the use of those parts in increasingly complex synthetic systems.55 Achieving this is 

greatly aided by basic technologies to read and write DNA (sequencing and synthesis), which 

are exponentially improving in price/performance (Kurzweil, 2001). Measurements under a 

variety of conditions are needed for accurate modelling and computer-aided-design (CAD). 

Sequencing 

Synthetic biologists use DNA sequencing to obtain information about naturally occurring 

organisms (large-scale genome sequencing). The information obtained for many organisms 

will (eventually) permit the construction of biological components and devices. Other goals of 

DNA sequencing for synthetic biology aim at verifying that the manufactured engineered 

systems correspond to the expected goals and to facilitate rapid detection and identification of 

synthetic systems and organisms. Over the last twenty years, astonishing progress has been 

made in increasing the efficiency of DNA sequencing, synthesis and amplification. 

Progress in DNA sequencing has been constant and extraordinarily rapid. It started with the 

conversion from manual to automatic DNA sequencers that used fluorescence techniques and 

from sequencers that used electrophoresis gels to capillary sequencers. During the last two or 

three years, a new generation of DNA sequencers has emerged that allow the sequencing of 

gigabases (1 x 109 basepairs of DNA sequence) per run and new machines are in the pipeline. 

That means that the possibility of sequencing a single human individual’s genome in a single 

experiment for about 10.000 USD could soon be reached.  

 

                                                                                                                                                   
Chance and Necessity N.Y. Vintage Books; Ritter W. E. (1919) The Unity of the Organism 2 vols. Boston. 
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http://www.nature.com/news/2009/090206/pdf/news.2009.86.pdf 

 

DNA synthesis 

As of now, the manufacturing of engineered genetic sequences is time consuming and the 

cycle of design, fabrication, testing and redesign used in bioengineering may be accelerated 

by the techniques developed for synthetic biology because it may provide rapid and reliable 

de novo DNA synthesis and assembly of fragments of DNA. The acceleration of technical and 

heuristic capacity in this use of synthetic biology is impressive. In 2002, researchers at SUNY 

Stony Brook succeeded in synthesising the 7741 base poliovirus genome from its published 

sequence, producing the first synthetic organism.56  

In 2003, the 5386 bp genome of the bacteriophage Phi X 174 was assembled in about two 

weeks.57 In 2006, the same team at the J. Craig Venter Institute constructed and patented a 

synthetic genome of a novel minimal bacterium, Mycoplasma laboratorium, and is working 

on getting it to function in a living cell.58 In 2007, it was reported that several companies were 

offering the synthesis of genetic sequences up to 2000 bp long, for a price of about USD 1 per 

base pair and a turnaround time of less than two weeks.59  

 

                                                                                                                                                   
55 Group, Bio FAB; Baker D, Church G, Collins J, Endy D, Jacobson J, Keasling J, Modrich P, Smolke C, Weiss 
R (June-2006). ‘Engineering life: building a fab for biology’. Scientific American 294 (6): 44–51. PMID 
16711359. 
56 Couzin J (2002). ‘Virology. Active poliovirus baked from scratch’. Science 297 (5579): 174–5. 
doi:10.1126/science.297.5579.174b. 
57 Smith, Hamilton O.; Clyde A. Hutchison, Cynthia Pfannkoch, J. Craig Venter (2003-12-23). ‘Generating a 
synthetic genome by whole genome assembly: {phi}X174 bacteriophage from synthetic oligonucleotides’. 
Proceedings of the National Academy of Sciences 100 (26): 15440-15445. doi:10.1073/pnas.2237126100. 
58 Wade, Nicholas (2007-06-29). ‘Scientists Transplant Genome of Bacteria’. The New York Times. ISSN 0362-
4331; Gibson, DG; Benders GA, Andrews-Pfannkoch C, Denisova EA, Baden-Tillson H, Zaveri J, Stockwell 
TB, Brownley A, Thomas DW, Algire MA, Merryman C, Young L, Noskov VN, Glass JI, Venter JC, Hutchison 
CA 3rd, Smith HO. (2008-01-24). ‘Complete chemical synthesis, assembly, and cloning of a Mycoplasma 
genitalium genome’. Science 319 (5867): 1215–20. 
59 Pollack, Andrew (2007-09-12). ‘How Do You Like Your Genes? Biofabs Take Orders’. The New York 
Times. ISSN 0362-4331. 
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Modelling 

Synthetic biology models are informative tools for the design of engineered biological 

systems to better predict system behaviour prior to fabrication. Because of the intentional 

nature of manufacturing synthetic biology products, modelling is a key factor allowing 

synthetic biologists to predict how the functions of biological systems will develop, for 

example how biological molecules bind substrates and catalyse reactions, how DNA encodes 

the information needed to specify the cell and how multi-component integrated systems 

behave. Multiscale models of gene regulatory networks are being developed to focus on 

synthetic biology applications. Simulations have been used to predict bio-molecular 

interactions in transcription, translation, regulation, and induction of gene regulatory 

networks, guiding the design of synthetic systems.60 Research is also ongoing into improving 

accurate quantitative measurements of biological systems to elucidate how biological systems 

work and provide the basis for model construction and validation. Technologies which allow 

many parallel and time-dependent measurements will be especially useful in synthetic 

biology.  

                                                
60 Y. N. Kaznessis, (2007) ‘Models for Synthetic Biology’, BMC Systems Biology, 2007, 1:47 
doi:10.1186/1752-0509-1-47. 
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In addition, since biological systems are extremely complex and often involve thousands of 

interacting components, bioinformatic methods are useful to elucidate interdependencies in 

various biological processes.61 For instance, insights into the distributions of mutational 

effects are vital for understanding robustness, and thus for both the genetic engineering of 

synthetic biological systems and the genetic modification of existing systems.62 Thanks to the 

use of ‘in silico’ methodology, it may be possible to provide accurate predictions of the 

underlying networks from expression data generated with artificial genomes and explore 

computationally future genome-wide redesign experiments in synthetic biology.63 

Cell-free approach  

For certain applications of synthetic biology, there is now a developing trend towards using a 

cell-free approach, an alternative to developing minimal cells. The cell-free approach uses a 

different strategy, where only biochemical extracts containing the components necessary to 

operate the synthetic DNA circuit or a complex metabolic process are employed.64  

 

1.5. State of art and medium- to long-term forecast 

There are two complementary approaches to synthetic biology, which take opposite starting 

points for research but share the same aim, namely to artificially reconstruct biological 

systems. 

The first is called the ‘top-down’ approach because it takes as a starting point an existing 

organism (e.g. a bacterium or a virus) and ‘strips down’ redundant genetic elements to get to 

the ‘minimal’ cell configuration (see C. Venter). 

The second approach is called ‘bottom-up’ because it takes as a starting point the creation of 

an inventory of ‘standard parts’ (e.g. MIT’s registry of biological parts65), which constitute 

the building blocks of the biological systems to be reconstituted. This approach is based on 

the idea of modularity, meaning that all biological systems can ultimately be decomposed into 

                                                
61 Jane Synnergren*, Björn Olsson and Jonas Gamalielsson. Classification of information fusion methods in 
systems biology. In Silico Biology 9, 0007 (2009). 
62 Loewe L. A framework for evolutionary systems biology. BMC Syst Biol. 2009 Feb 24;3:27. 
63  Carrera J, Rodrigo G, Jaramillo A. Model-based redesign of global transcription regulation. Nucleic Acids 
Res. 2009 Apr;37(5):e38. Epub 2009 Feb 2. 
64 24. Forster AC & Church GM, Molecular systems biology 2: 45 (2006 Ref. in Synthetic Biology: scope, 
applications and implications, Royal Academy of Engineering 2009. 
65 See http://partsregistry.org/Main_Page. 
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independent functional modules; the reconstitution of even complex networks can therefore 

be seen and designed as the combination of several modules according to the properties one 

wants the system under investigation to have.66 

Two strategies

living 
system

Theoretical and experimental 
comparative genomics: minimal 
genome. Synthetic genome in a 
genome-free cell. New genetic 
and metabolic circuits. 
Interchangeable parts...

Top-down

Fundamental concepts 
(autonomy/autopoiesis, self-
replication) and their chemical 
implementation

Bottom-up

Peretó J and Català (2007) 
“The Renaissance of Synthetic 
Biology” Biol Theor 2:128-130

 

Source: Modified graphic from a presentation by Andrés Moya "Synthetic Biology: Goethe's Dream", available 
at http://ec.europa.eu/european_group_ethics/activities/docs/ege_moya.pdf  

 

1.5.1. Current research in synthetic biology 

Pan-European research funded through the EU research programme on synthetic biology 

address the following areas:  

• To produce generic capabilities in ‘bio-inspired’ tools and processes that will offer 

breakthrough answers to many needs of industry and the economy;67 

                                                
66 Please note that the concept and definition of ‘module’ is somewhat arbitrary and can be subjective. As a 
general rule, a ‘module’ should be the smallest functional entity of a biological system, but it is not very clear cut 
in an absolute sense. 
67 For example, while some pharmaceutical compounds are already produced bio-technologically using 
genetically engineered organisms, the capacity to design synthesis pathways based on pre-existing elements could 
greatly accelerate the development speed and the complexity achievable in this novel application. 
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• To fabricate engineered biological devices based on modular assemblies of genes and 

proteins to (a) detect and combat disease at a very early stage and (b) for tissue repair 

and cell regeneration purposes; 

• To fabricate synthetic biology products to produce useful materials, such as 

biodegradable plastics from cheap and renewable raw materials, or to convert 

sustainable feedstocks to fuels; 

• To fabricate synthetic biology products to give rise to materials with new and improved 

properties. The ability to control biological structures at molecular level could also lead to 

devices such as machines and electronic circuitry on an ultra-small scale; 

• To control cell membrane behaviour to develop innovative applications, such as 

biosensors, mainly in the pharma-industry. 

According to the UK Parliamentary Office of Science and Technology - POST68, the potential 

applications of synthetic biology research could include:  

 

New biological production techniques for existing or novel biological materials and 

chemicals, including food ingredients and biofuels 

Engineering organisms to produce hydrocarbons has received considerable interest as 

a possible outcome of synthetic biology given the aspiration to develop new and more 

sustainable sources of energy (POST, 2008). A major focus is to examine the potential 

for using synthetic or modified organisms to generate ethanol from plant matter. 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 University of California recently 

received 600 million USD from BP and the USA Department of Energy for bioenergy 

research. Several biotech companies are researching industrial applications to produce 

biofuels using bioengineered organisms. They speculate that fuels could be on the 

                                                
68 POSTNOTE — Synthetic Biology, January 2008, No 298 report 
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market within five years. Similar to genetically engineered bacteria for degrading oil 

residues, synthetic organisms and their metabolic pathways could be engineered to 

breakdown specific environmental pollutants at a much lower cost than we see today. 

Researchers aim to engineer bacteria which produce isoprenoids (naturally-occurring 

substances) that have the right characteristics to substitute for petrol. There are also 

plans to engineer microorganisms which produce hydrogen fuel from water, using 

sunlight as the energy source. 

 

New bio-based manufacturing and chemical synthesis 

The development of alternative production routes could also be used for the 

production of new bio-based manufacturing and chemical synthesis. 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). Bacteria have been engineered to produce 

spider silk by a process that is non-toxic to the cells.69 Spider silk has significant 

industrial potential, being as strong as Kevlar and ten times more elastic. Future 

research now aims to scale up production to an industrially useful level. 

Microorganisms that produce the bulk of today’s raw material for the organic 

chemical industry have been envisaged.  

 

New and improved diagnostics, drugs and vaccines 

The production of some drugs or vaccines may need important modifications of living 

organisms and therefore the approach of synthetic biology may be useful in this case. 

Artemisinin is a naturally occurring, effective anti-malarial drug. It is currently 

obtained through extraction from a plant at high cost and with low efficiency. A 43 

million USD project at the University of California at Berkeley funded by the Gates 

                                                
69 See http://royalsociety.org/displaypagedoc.asp?id=31191, p6. 
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Foundation has extensively engineered new pathways in yeast which produce a 

precursor to the active drug. This potentially high-yield method may mean that the 

drug may become cheaper, of consistent quality and more widely available.  

Synthetic biology models of human physiology may also give rise to a number of 

medical applications, such as regulatory circuits designed to trigger insulin production 

in diabetes (ITI Life Sciences, 2007), and bacteria or viruses 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 AIDS70 (De Vriend, 2006). Synthetic biology uses for new vaccines 

have been hypothesised for SARS and Hepatitis C (Garfinkel et al., 2007). 

European scientists are combining their expertise in immunology and molecular biology 

to develop a new technique for producing monoclonal antibodies with the aim of creating a 

library of over one million cells, each expressing unique antibodies. A novel screening 

technique, based on cell signalling, should enable cells that specifically bind an antigen to be 

selected and purified.  

By carefully linking certain genes and regulatory sequences, scientists are able to design and 

construct ‘gene networks’ that can sense and respond to specific conditions or signals in the 

cell. A multi-disciplinary team is working to develop one such network that will sense 

errors in p53 signalling (a pathway implicated in almost all cancers) and respond either by 

killing the cell or by actually repairing detected mutations. The technology could have a 

wide range of applications from gene therapy to diagnostics. 

 

Biosensors 

A team at the University of Edinburgh has designed and engineered bacteria as 

biological sensors for arsenic in water. A sequence of genes in the bacteria stimulates 

                                                
70 ‘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 antimalarial drug (Martin et al. 2003, Ro 
et al. 2006). It has been suggested that an approach such as this could be used to produce 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).’ Balmer A., Martin 
P., 2008, Synthetic Biology: Social and Ethical Challenges, Institute for Science and Society, University of 
Nottingham P.10-11. 
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them to produce acid if arsenic is present above the safe level for human consumption. 

The resulting change in acidity can be read cheaply and simply using existing pH test 

devices. According to the Nuffield Council Background paper on Synthetic Biology 

(2009), a biosensor has been developed which can detect early-stage urinary catheter 

infections.71 The biosensor consists of an engineered system suspended in a liquid that 

can be applied to the catheter end that is outside the body. The liquid contains a 

protein which binds the molecule AHL, associated with this kind of infection, thus 

activating a second protein that glows green and makes the liquid fluoresce. The 

system allows doctors to detect urinary catheter infection within 3 hours, whereas 

currently, doctors can often only identify urinary catheter infection once it has spread 

and infected the patient. 

 

Bioremediation tools to process contaminants 

Bioremediation is the use of biological systems to treat environmental contaminants. 

Researchers are using knowledge of natural processes to develop micro-organisms that 

can accumulate and/or degrade substances, such as heavy metals and pesticides. For 

example, a team at Berkeley has engineered a strain of Pseudomonas to degrade an 

organophosphate (commonly used as a pesticide). Synthetic biologists are 

endeavouring to engineer microorganisms that remediate some of the most potent 

environmental contaminants, such as heavy metals, pesticides and nuclear material. A 

strain of Pseudomonas bacteria has been developed to degrade an organophosphate 

that is commonly used as a pesticide.72 Bacteria have also been designed to act as 

biosensors of arsenic in water.73 

 

Other research sectors in synthetic biology concern biosecurity and biodefence (military 

research and applications (warfare, bioterrorism). Synthetic biology could be used to produce 

biosensors to detect biological weapons or to create biological weapons, or single cellular 

organisms could be designed to emit a signal (e.g.: fluorescence) in the presence of certain 

                                                
71 See http://www.sciencedaily.com/releases/2007/11/071107103105.htm. 
72 See http://pbd.lbl.gov/synthbio/aims.htm. 
73 Aleksic J, Bizzari F, Cai Y et al. (2007) Development of a novel biosensor for the detection of arsenic in 
drinking water, Synthetic Biology, IET 1: 87–90. 
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environmental toxins. Examples of the dangerous synthesis of pathogen viruses already exist. 

For example, in 2002 scientists synthesised the polio virus, which had been previously 

eradicated.74 In 2005, scientists synthesised the 1918 Spanish flu virus,75 which prior to its 

extinction had caused a pandemic killing 20–50 million people. Military applications of 

biotechnology (including synthetic biology) could include biodefence, biowarfare, and 

bioweapons. The latter could be designed to target special groups of humans and/or other 

living beings.76  

 

Virus Type: length of 
nucleic acid 

Select 
Agent 

Where Found Difficulty of Synthesis 

Variola dsDNA;180kb Yes Locked lab Difficult 

1918 influenza ssRNA, negative 
stranded; 8 

segments ~10kb 
total 

Yes Locked lab Moderately difficult 

H2N2 
influenza 

(extinct 1968) 

ssRNA, negative 
stranded; 8 

segments ~20kb 
total 

No Laboratories Moderately difficult 

Poliovirus ssRNA, positive 
stranded; ~7.7kb 

No Laboratories; 
widely in 

nature, Africa 
and Asia 

Easy 

Filoviruses 
(Ebola, 

Marburg) 

ssRNA, negative 
stranded; ~19kb 

Yes During 
active 

outbreaks 

Moderately difficult 
to difficult 

Foot-and-mouth 
disease virus 

RNA, positive 
stranded; ~9kb 

Yes Certain hoofed 
animals 

Easy 

SARS ssRNA, positive 
stranded; ~30kb 

No 2003 strain in labs Moderately 
difficult to 
difficult 

The column labelled ‘Difficulty of Synthesis’ is the consensus of various virologists and molecular biologists who 
participated in our workshops and meetings. The judgment applies to someone with knowledge of and experience 
in virology and molecular biology and an equipped lab but not necessarily with advanced experience (‘difficulty’ 
includes obtaining the nucleic acid and making the nucleic acid infectious).77 

                                                
74 Cello J, Paul AV, Wimmer E (2002) Chemical synthesis of poliovirus cDNA: generation of infectious virus in 
the absence of natural template, Science 297: 1016–8. 
75 Tumpey TM, Basler CF, Aquilar PV (2005) Characterisation of the reconstructed 1918 Spanish influenza 
pandemic virus Science 310: 77–80. 
76 See Alexander Kelle (2007). Synthetic Biology & Biosecurity. Awareness in Europe, 
http://www.synbiosafe.eu/uploads///pdf/Synbiosafe-Security_awareness_in-Europe_Kelle.pdf. 
77http://www.jcvi.org/cms/fileadmin/site/research/projects/synthetic-genomics-report/synthetic-genomics-
report.pdf. (page 16 of 66) 
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The military use of synthetic biology is often covered by secrecy clearance78 (classified 

research). It should be noted that, according to a figure presented at the Synthetic Biology 

2007 World Conference, the USA spends 23 billion USD on biosecurity issues per year (civil 

part only) and synthetic biology is part of this research area.79 Other countries may use 

synthetic biology for biosecurity or biowar. According to the United States Office of 

Technology Assessment (since disbanded), seventeen countries were believed to possess 

biological weapons in 1995: Libya, North Korea, South Korea, Iraq, Taiwan, Syria, Israel, 

Iran, China, Egypt, Vietnam, Laos, Cuba, Bulgaria, India, South Africa, and Russia. 

 

1.5.2. Future uses of synthetic biology  

Although the use of synthetic biology to manufacture new life forms of complex organisms 

does seem futuristic, some synthetic biologists have advocated the possible use of this science 

to synthesise new biological organisms or to extensively modify higher forms of life, 

including mammals. 

One possibility so far envisaged to modify the genome of complex organisms, including 

humans, is via the use of artificial chromosomes. De novo human artificial chromosomes 

have been generated in human cells following the introduction of bacterial artificial 

chromosomes or P1-derived artificial chromosomes containing large arrays of cloned or 

synthetic alphoid DNA repeats from chromosomes 5, 13/21, 14/22, 17, 18 and X. This has 

opened up the possibility of expressing large human transgenes in murine cells, and 

complement murine models of human genetic diseases. Human artificial chromosomes are 

therefore potentially useful vectors for gene therapy approaches where there is a need to 

transfer large segments of the genome. However, development of human artificial 

                                                
78 Garfinkel M., Endy D., Epstein GL., Friedman RM., 2007, Synthetic Genomics — Options for Governance. 
79 USA Defense Department investment in synthetic biology for passive defence (by law [PL 103-160, all DoD 
work on chemical and biological defence is limited to passive defensive): From the forms submitted to Congress 
with the budget (called the Congressional R-form) detailing funding, inclusion of synthetic biology is mentioned 
under the Chemical and Biological Defence’s Basic Research Program. The FY2009 budget request is available 
at http://www.dtic.mil/descriptivesum/Y2009/CBDP/0601384BP.pdf (page 4) The FY2010 budget request, 
which is the most recent, is available at  http://www.dtic.mil/descriptivesum/Y2010/CBDP/0601384BP.pdf 
(page 3)In general, CBDP budget documents can be found at http://www.acq.osd.mil/cp/budget.html. 
Information on the Transformational Medical Technologies Initiative (TMTI) is available at 
http://www.acq.osd.mil/cp/cbdreports/tmti.pdf. Within DARPA’s Defence Sciences Office (DSO), the program 
most involved in synthetic biology is the ‘Protein Design Processes’ 
http://www.darpa.mil/dso/thrusts/bwd/act/pdp/index.htm. DARPA’s budget is available at 
http://www.darpa.mil/Docs/2010PBDARPAMay2009.pdf. Discussion of DSO’s Biological Warfare Defence 
Program starts on page 103 of the pdf file. 
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chromosomes to transfer large genomic loci into mammalian cells has been limited by 

difficulties in manipulating high-molecular weight DNA, as well as by the low overall 

frequencies of de novo human artificial chromosomes.80
  

 

 

In April 2009, the creation of a self-replicating ribosome was announced. Although 

ribosomes were reconstituted 40 years ago, this appears to be the first time it has been done 

successfully and synthetically. Ribosomes provide the scaffolding for synthesising proteins, 

making them a main component of all living organisms’. A main goal of the Harvard team has 

been to fabricate a so-called ‘mirror-image protein’, a protein which is not susceptible to 

enzyme breakdown and can last longer than natural ones. This application of synthetic 

biology may have commercial applications to create basic molecular biology tool kits to 

synthesise proteins for molecular biology research or for therapeutic proteins. The proteins 

                                                
80 See http://www.biomedcentral.com/1472-6750/5/21. 
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themselves could be engineered to undergo ‘Darwinian evolution to evolve even better 

therapeutic proteins’.81  

Another use of synthetic biology converging with other new disciplines recently published in 

Science82 was the combined use of synthetic biology and nanotechnology to produce 

genetically engineered high-power lithium ion batteries using multiple virus genes. 

Scientists have adopted a strategy for attaching electrochemically active materials to 

conducting carbon nanotubes networks through biological molecular recognition. By 

manipulating two genes of the M13 virus, viruses were equipped with peptide groups with 

affinity for single-walled carbon nanotubes (SWNTs) on one end and peptides capable of 

nucleating amorphous iron phosphate (a-FePO4) fused to the viral major coat protein. The 

produced virus has demonstrated, according to the research team involved, 10 times greater 

affinity for SWNTs, increasing their power performance in terms comparable to that of 

crystalline lithium iron phosphate. The electrodes produced with this technique have shown 

that this environmentally benign low temperature biological scaffold could facilitate the 

fabrication of electrodes from materials that have been excluded due to their extremely low 

electronic conductivity. 

 

1.6. Research funding 

To date, the embryonic stage of the research sector has mainly attracted investment from the 

public sector, but the vast range of applications of synthetic biology (if and when the science 

produces reliable products) is likely to attract private investment with the potential to open up 

new markets in the global economy. In the short term, application areas include materials, 

biofuels and industrial chemistry. The production of new medicines including synthetic 

viruses as vaccines could be promising from a scientific and socio-economic point of view. 

Synthetic biology is at this moment a domain which largely depends on public funding, both 

at EU and international level, but it is inevitable that private finance will follow 

developments.  

The USA dominates research activities in synthetic biology in terms of numbers of scientific 

publications, number of scientists involved, number of post-graduate courses for students and 

                                                
81 http://www.masshightech.com/stories/2009/03/30/weekly15-George-Church-creates-building-block-for-
artificial-life.html. 
82 http://www.sciencemag.org/cgi/content/abstract/1171541?eaf. 
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research funding. In line with a broader international discussion, for example, President 

Obama’s speech to the USA National Academy of Science on April 27, 2009, emphasizing 

the merit of knowledge for the good of humankind (and the subsequent decision to increase 

the USA budget allocated to this research sector). The majority of US funding comes from the 

National Institutes of Health (NIH), but other funding sources exist, such as from the 

government defence and energy agencies. The Massachusetts Institute of Technology (MIT) 

and some other US centres have so far dominated the field of synthetic biology, in particular 

with the creation of new terminology and language. Apart from the MIT registry of standard 

biological parts, the iGEM (‘international genetically engineered machine’) summer 

competition has been the main pillar of these activities.  

According to data from the US research body Woodrow Wilson International Centre 

(Washington DC, USA), the US research budget in synthetic biology is in the order of 1 

billion USD and 200 labs (100 universities and 60 companies) benefit from it. The US 

National Science Foundation has funded SynBERC (Synthetic Biology Engineering Research 

Centre)83, a network of USA institutions (especially universities) receiving 16 million USD 

over a period of five years. In addition, major investment from the private sector (Bill and 

Melinda Gates Foundation) has started in the USA. The Sloan Foundation supports activities 

on societal issues (ethics, risk perception, etc.). 

With some exceptions European national agencies and programmes are not yet very active84. 

Europe has, so far, been relatively slow to embrace the potential opportunities from synthetic 

biology, despite the substantial pool of expertise which could be tapped to contribute towards 

an effective EU programme. Efforts have been made, however, to coordinate developments at 

pan-European level. In the EU Research Programme the budget is €30 million and 20 

organisations benefit. EU funding for synthetic biology is mainly via the Framework 

Programmes for Research and Technological Development85 (FP). For instance, FP6 funded 

NEST (New and Emerging Science and Technology), a part of which is dedicated to synthetic 

biology applications. In 2003, synthetic biology was identified as an emerging and innovative 

research area and a NEST High-Level Expert Group reported on the subject. As a result, FP6 

funding was granted to 18 synthetic biology research and policy projects. Five current EU-

                                                
83 http://www.synberc.org/institutions.html. 
84 http://www.royalsoc.ac.uk/news.asp?id=6753. 
85 European Commission (2006), Synbiology. An Analysis of Synthetic Biology Research in Europe and North 
America, http://www2.spi.pt/synbiology/document/news/D11%20-%20Final%20Report.pdf. 
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funded projects will run to the end of 2009 and aim to stimulate and coordinate synthetic 

biology research in Europe. Some examples of EU-funded research projects include: 

BIOMODULAR H2, specifically aims to generate building blocks to harvest solar energy for the 

production of useful chemicals. The project seeks to pave the way for designing a standards-based 

methodology using engineered bacteria to photosynthesise hydrogen, an environmentally-friendly 

potential replacement for dwindling fossil fuels.86 

The CELLCOMPUT project proposes a highly innovative approach to defining basic cellular 

computation systems. By combining expertise in molecular cell and chemical biology, complex 

systems design and mathematical modelling, CELLCOMPUT aims to demonstrate reliable fault-

tolerant designs based on predictable communications between engineered yeast cells. This 

solution makes it much easier to build complex biological circuitry, such as memory units and 

programmable structures.87 The resulting biological-based computers would have potential in 

many areas, not least in developing modular assemblies of genes and proteins that would be 

able to detect and respond to changes in the body and so combat diseases at a very early stage. 

Similar devices could also be used for tissue repair and cell regeneration. 

The possibility of artificial systems controlling living cells and influencing the genetic information 

processes might seem like science fiction to many, but the ORTHOSOME project is doing just that. 

A multidisciplinary consortium is building an artificial genetic system which will be able to be used 

in genetic engineering without the danger of contaminating natural systems. Such a system will 

represent a major breakthrough for synthetic biology and will give the EU’s pharmaceutical sector 

the leading edge against its competitors. 

The COBIOS project aims to develop synthetic biology devices for therapy in medicine, in 

particular to create methods to treat diabetes through the innovative use of novel biological 

delivery systems. Among its objectives, COBIOS intends to deliver a systematic approach to 

developing well characterised, engineered biological devices in higher eukaryotes that will 

constitute re-usable ‘building blocks’ for future engineered systems design. The project will also 

                                                
86 In BIOMODULAR H2, six European universities are collaborating to solve this problem by constructing an 
artificial photosynthetic bacterium containing suitably engineered chemical pathways. At the same time, they will 
lay the foundation for an engineering approach that will provide the next generation of synthetic biology engineers 
with a toolbox to design complex circuits of high potential, for even more industrial applications. 
87 While the focus is on well-documented yeast cells and their cell-to-cell communication pathways, the long-term 
aim would be to build programmable biodevices using other cells as well. These engineered systems would have 
standardised functionalities and be substantially different from naturally-existing systems. 
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provide computer-aided design tools for the building and simulation of synthetic gene circuits, 

tools that will be available to the scientific community. 

 

EU-funded research projects88: 

• BIOMODULAR H2: Energy project promises a new biotechnology  

• BIONANO-SWITCH: Matching up living organisms with computers  

• CELLCOMPUT: Building computers in the body  

• COBIOS: Solution for complex diseases  

• EMERGENCE: Coordination puts synthetic biology on firm footing  

• EUROBIOSYN: A sweeter way to make saccharine  

• FuSyMEM: Functional synthetic membranes to mimic nature’s sense of smell  

• HIBLIB: Monoclonal antibody production made quick and easy  

• NANOMOT: Nature’s motors tuned for delivery on demand  

• NEONUCLEI: Synthetic analogues of cell nuclei  

• NETSENSOR: Genes join up to detect and defend  

• ORTHOSOME: When artificial nucleic acids control microbial genetics  

• PROBACTYS: Programming bacterial catalysts à la carte  

• SYBHEL: Synthetic biology for human health – ethical and legal issues  

• SYNBIOCOMM: Pushing the boundaries further  

• SYNBIOLOGY: A European perspective on synthetic biology  

• SYNBIOSAFE: Safety and ethics of synthetic life  

• SYNTHCELLS: The bare necessities of life  

• SYNTH-ETHICS: Ethical and regulatory challenges raised by synthetic biology 

• TESSY: Foundations for a European synthetic biology.  

 

                                                
88 ftp://ftp.cordis.europa.eu/pub/nest/docs/5-nest-synthetic-080507.pdf. 
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2. Legal, Governance and Policy Aspects 
Specific legislation on synthetic biology has not been introduced in European Union Member 

States. Most of the existing regulations result from transposing EU legislation into national 

legal systems. This is supplemented by some global provisions, issued by the World Trade 

Organisation (WTO), and an international framework on ethics and human rights. The latter is 

only to a limited extent legally binding. These rules are described briefly below according to 

their legal force, focusing on their importance for synthetic biology, with special reference to 

definitions, procedures and the content of the provisions. The legislative framework applying 

to synthetic biology is strictly dependent on the applications of this scientific sector and 

include legal and policy provisions at different levels: 

(A) European Union (EU) legislation on GMOs, bio-medicine, bio-safety, chemicals, data 

protection and patents; 

(B) Global provisions issued by the World Trade Organisation (WTO) and bio-safety 

standards issued by the World Health Organisation (WHO); 

(C) International framework on ethics and human rights.  

At the moment virtually all approaches to synthetic biology involve the use of genetic 

modification techniques. Therefore within the EU they are regulated through the Directives 

and Regulations for genetic modification introduced initially in 1990 and substantially 

modified during the ensuing years. 

Legislation adopted by the European Union is binding for the Member States, but there are 

differences in the nature of obligations. Legislation related to the placing of products on the 

EU market, e.g. medical devices, medicinal products and cosmetics, is harmonised at Member 

State level, whereas legislation on Good Clinical Practice may be supplemented by national 

rules, as Community law establishes minimum provisions. Data protection and patent 

provisions are binding for the EU Member States.  

WTO agreements ratified by a great number of nations form the legal ground rules for 

international commerce. They are binding for the States that have signed and ratified them.  

The international framework on ethics and human rights is legally binding only to a limited 

extent. The Council of Europe Convention on Bioethics (1997), based on the Convention for 
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the Protection of Human Rights and Fundamental Freedom (4.11.1950), is binding for the 

States that have signed and ratified it, but not all EU countries have done so.89 However, 

European projects funded under the EU research framework programmes also have to comply 

with the principles enshrined in that Council of Europe Convention. The UNESCO 

Declarations and the EU Charter of Fundamental Rights are not legally binding, but they have 

moral authority. All three types of rules may be supplemented by national regulations.  

 

2.1. EU legislation 

There is a wide range of EU legislation related to issues relevant for synthetic biology, either 

existing or in preparation. These issues primarily concern risk assessment.  

European Union legislation of specific importance for risk assessment and risk management  

includes Directive 2001/18/EC on the deliberate release into the environment of genetically 

modified organisms (replacing Council Directive 90/220/EC90) Regulation (EC) No 

1946/2003 on transboundary movements of genetically modified organisms that implemented 

the provisions of the Cartagena Protocol on Biosafety within the European Union;91 and 

Council Directive 98/81/EC amending Directive 90/219/EEC92 on the contained use of 

genetically modified micro-organisms.93 

Most of the work in synthetic biology falls within the remit of Directive 98/81 which deals 

with the contained use of genetically modified micro-organisms. It regulates the contained 

use of genetically modified micro-organisms (GMM) and therefore has environmental and 

human health protection purposes as stated under Article 1 of the Directive94 

A microorganism is defined in Article 2 of the directive to be “any microbiological entity, 

cellular or non-cellular, capable of replication or of transferring genetic material, including 

viruses, viroids, animal and plant cells in culture”. This includes cultures of cells derived from 

human tissue. The Article also defines a genetically modified microorganism as “a micro-

                                                
89 As of November 2006, the Convention has been signed by 21 EU Member States and ratified by 13. 
(http://www.coe.int/t/e/legal_affairs/legal_cooeration/bioethics/texts_and_documents/1Treaties_COE.asp#TopO
fPage. 
90http://europa.eu/eur-lex/pri/en/oj/dat/2001/l_106/l_10620010417en00010038.pdf. 
91 http://europa.eu/eur-lex/pri/en/oj/dat/2003/l_287/l_28720031105en00010010.pdf. 
92 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31990L0219:EN:HTML. 
93 http://europa.eu/eur-lex/pri/en/oj/dat/1998/l_330/l_33019981205en00130031.pdf. 
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organism in which the genetic material has been altered in a way that does not occur naturally 

by mating and/or natural Recombination”. Hence any new organism produced through 

synthetic biology will be regulated through this directive. 

The Directive provides the regulatory framework for assuring the safety of organisms used in 

containment (whether physical or biological)95. At the very least, any organization working 

with genetically modified organisms has to register with a Competent Authority within a 

Member State (Article 7). If the organism (synthetic or otherwise) poses no conceivable risk 

to human health or the environment, no further action is necessary. If, however, there is a risk 

(even a low risk) of damage to human health or the environment the authorities must be 

informed of each individual ‘experiment’. If the risk is moderate or high, prior assent must be 

obtained from the Competent Authorities. 

Directive 98/81/EC also defines the 'user' as "any natural or legal person responsible for the 

contained use of GMMs" and 'notification' as "the presentation of the requisite information to 

the competent authorities of a Member State."  A difference is made between first and 

subsequent uses and as regards to risk classification category. 

Moving from the laboratory to the commercial world, whether for the introduction into the 

environment of an organism or for marketing brings Directive 2001/18/EC96 into play. It 

defines a ‘genetically modified organism’ (GMO) as an organism, with the exception of 

human beings, in which the genetic material has been altered in a way that does not occur 

naturally by mating and/or natural recombination. Within the terms of this definition, a 

genetic modification occurs at least through the use of one of the techniques listed in Annex 

IA of the Directive.97 Risk assessment, marketing and labelling requirements are spelled out 

in Regulations (EC) 1829/2003 and 1830/2003.. 

The definitions in the Directives differ significantly. Directive 2001/18/EC regulates the 

deliberate release into the environment of genetically modified organisms and therefore has 

environmental and human health protection purposes as stated under Article 1 of the 

                                                                                                                                                   
94 This Directive lays down common measures for the contained use of genetically modified micro-organisms 
with a view to protecting human health and the environment. 
95 “contained use” shall mean any activity in which micro-organisms are genetically modified or in which such 
GMMs are cultured, stored, transported, destroyed, disposed of or used in any other way, and for which specific 
containment measures are used to limit their contact with the general population and the environment (Article 2) 
96 Directive 2001/18/EC on the deliberate release into the environment of genetically modified organisms. 
97 Regulations (EC) No 1829/2003 and 1830/2003 refer to the definition of GMO laid down in Directive 
2001/18/EC. 
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Directive. In accordance with the precautionary principle, the objective of this Directive is to 

approximate the laws, regulations and administrative provisions of the Member States and to 

protect human health and the environment when: 1) carrying out the deliberate release into the 

environment of genetically modified organisms for any other purposes than placing on the 

market within the Community, 2) placing on the market genetically modified organisms as or 

in products within the Community. The Directive defines a GMO as an ‘organism, with the 

exception of human beings, in which the genetic material has been altered in a way that does 

not occur naturally by mating and/or natural recombination’. The techniques covered in the 

Directive include:  

(1) recombinant nucleic acid techniques involving the formation of new combinations 

of genetic material by the insertion of nucleic acid molecules produced by whatever 

means outside an organism, into any virus, bacterial plasmid or other vector system 

and their incorporation into a host organism in which they do not naturally occur but 

in which they are capable of continued propagation; 

(2) techniques involving the direct introduction into an organism of heritable material 

prepared outside the organism including micro-injection, macro-injection and micro-

encapsulation; 

(3) cell fusion (including protoplast fusion) or hybridisation techniques where live 

cells with new combinations of heritable genetic material are formed through the 

fusion of two or more cells by means of methods that do not occur naturally. 

(2001/18/EC, Annex 1A) 

Deliberate release under Article 2.3 ‘means any intentional introduction into the environment 

of a GMO or a combination of GMOs for which no specific containment measures are used to 

limit their contact with and to provide a high level of safety for the general population and the 

environment.’ 

The standard authorisation procedure for deliberate release of GMOs for any other purpose 

than for placing on the market is laid down in Article 6 of the Directive, whilst placing on the 

market of GMOs as or in products is regulated by specific provisions on the notification 

procedure in Article 13. Both procedures lay down a number of requirements that need to be 

met in order for the competent authorities to take a decision on authorisation of GMO release. 
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Furthermore, Article 9 of Directive 2001/18/EC on ‘Consultation of and information to the 

public’ provides for active involvement of the public and groups.  

In addition, the Commission has recently prepared a replacement Draft Directive on the 

contained use of genetically modified micro-organisms (GMM) to amend Directive 98/81/EC. 

The above Directive aims to establish common measures to evaluate and reduce the potential 

risks arising in the course of all operations involving the contained use of GMMs and to set 

appropriate conditions of use. The Directive also seeks to lay down requirements for risk 

assessment and advocates that contained uses of GMMs should be classified in relation to the 

risks they present to human health and the environment. It states that where there is any 

uncertainty, appropriate containment and other protective measures for higher classification 

should be applied until less stringent measures are justified by appropriate data. Appropriate 

containment measures should be applied at the various stages of an operation to control 

emissions and the disposal of material from contained uses of GMMs, and to prevent 

accidents.  

The above EU regulatory framework addresses the biosafety of synthetic biology but, as the 

Nuffield Council underlines in its 2009 background paper, under the current regulatory 

framework, risk assessments of genetically modified organisms (GMOs) compare the altered 

organism with the natural organism on which it is based, considering the individual traits 

introduced. Synthetic biology will produce organisms with multiple traits from potentially 

several different donor organisms. The use of an artificially expanded genetic information 

system or the insertion of multiple genetic traits or the synthesis of new synthetic biology 

products, while not excluded per se in the EU biosafety framework may not provide sufficient 

reliability to the risk assessment and analysis framework. 

The application areas of synthetic biology are already regulated at EU level and synthetic 

biology products will have to comply with the existing regulations. In addition to the 

requirements identified above, there are further requirements depending on the use to which 

the products of synthetic biology might be put. A list of possible uses of synthetic biology is 

provided in Chapter 1.5 of this Opinion, hence the regulatory framework that would apply to 

the various synthetic biology applications would include:  

• new medicinal products (Regulation (EC) No 726/2004, Directive 2001/83/EC, 

Directive 2003/94/EC and Directive 2003/63/EC);  
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• medical devices (Directive 93/42/EEC and 90/385/EEC);  

• gene therapy, cell therapy and tissue engineering (Regulation (EC) No 1394/2007 

amending Directive 2001/83/EC and Regulation (EC) No 726/2004, Directive 

2001/83/EC, Directive 2004/23/EC and Directive 2002/98/EC);  

• clinical trials (EC 2001/20 amended in 200398 and 200599); 

• cosmetic products (Directive 1976/768/EC);  

• data protection (Directive on the processing of personal data and the protection of 

privacy in the electronic communications sector100); 

• chemicals (REACH rules101); 

• biological risks (Council Directive 82/894/EEC and Council Directive 2000/29/EC of 

8 May 2000102 );  

• safety and health for workers exposed to biological agents at work (Directive 

2000/54/EC). 

The above regulations are described and discussed in the EGE Opinion on Nanomedicine103 

(biomedicine), the EGE Opinions on animal cloning for food supply104 (food safety, IPR) and 

                                                
98 Directive 2003/63/EC. 
99 http://clusters.wallonie.be/servlet/Repository/Directive_2005/28/EC_EN__comp.PDF? 
IDR=5482. 
100 Directive 2002/58/EC, Directive 95/46/EC. 
101 The REACH Regulation was formally adopted on 18 December 2006 by the Council of Environment 
Ministers following the vote in second reading of the European Parliament on 13 December 2006. REACH will 
enter into force on 1 June 2007. The text of the Regulation was published on 30 December 2006 in Official 
Journal of the European Union L 396  (Regulation (EC) No 1907/2006 of the European Parliament and of the 
Council of 18 December 2006 concerning the Registration, Evaluation, Authorisation and Restriction of 
Chemicals (REACH), establishing a European Chemicals Agency, amending Directive 1999/45/EC and 
repealing Council Regulation (EEC) No 793/93 and Commission Regulation (EC) No 1488/94 as well as 
Council Directive 76/769/EEC and Commission Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 
2000/21/EC. See:  
http://ec.europa.eu/environment/chemicals/reach/reach_intro.htm). See also: Council Directive 96/82/EC of 9 
December 1996 on the control of major-accident hazards involving dangerous substances (Seveso II) aims at 
mitigating the consequences of accidents. It focuses on safety, the formulation of emergency plans, and 
information exchange in case of incident. Council Directive 98/24/EC of 7 April 1998 on the protection of the 
health and safety of workers from the risks related to chemical agents at work lays down the requirements for the 
protection of workers from risks to their safety and health arising, or likely to arise, from the effects of chemical 
agents that are present at the workplace or as a result of any work activity involving chemical agents. The 
Standing Committee of Experts on Precursors addresses the risks posed by chemical precursors. The standing 
committee has been meeting since the beginning of 2008. 
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modern developments in agriculture technologies105 (biosafety, IPR). There are however, 

three regulatory frameworks which will apply to synthetic biology products that have not been 

fully addressed in previous Opinions: 1) patenting, 2) open access, 3) security policy and 

Chemical, Biological, Radiological or Nuclear (CBRN) substances.    

The Patent Directive,106 deals specifically with the protection of biotechnological inventions 

and is designed to ensure effective legally harmonised protection of patents. In doing so it 

aims to encourage innovation and promote investment in the field of biotechnology and 

establish legal certainty. The inventor secures exclusive rights to control commercial 

exploitation of his invention for 20 years and, in return, he must disclose a detailed 

description of his invention, making the new knowledge publicly available. This disclosure 

enables others (researchers etc.) to build on the knowledge gained. The patent may be a 

product claim, a process claim or both.107 The standard criteria for patentability include 

novelty, inventive steps and industrial application. According to Article 3, ‘biological material 

which is isolated from its natural environment or produced by means of a technical process 

may be the subject of an invention even if it previously occurred in nature’. The Directive 

contains provisions laying down restrictions based on ethical concerns, i.e. ordre public or 

morality (Article 6108). The applicability of the morality clause to patents for some synthetic 

biology products may be controversial.. The Directive above also states (Article 7) that the 

EGE ‘evaluates all ethical aspects of biotechnology’. Article 7 is the only Article of the 

Directive that has not been implemented in the rules of European Patent Office or any 

Member State’s Patent Office. 

Open Access (OA) is broadly defined as ‘free access to knowledge at no charge to the 

user.’109 Under open access policies, authors published in research publications grant free 

internet access to their scientific contributions, as well as the possibility to use them, subject 

                                                                                                                                                   
102This directive creates a compulsory notification system: when an outbreak occurs, Member States have to 
notify the Commission. Member States have also to notify the Commission when there is an interception at the 
customs on imported/exported goods, http://europa.eu/scadplus/leg/en/lvb/f85001.htm. 
103 http://ec.europa.eu/european_group_ethics/activities/docs/opinion_21_nano_en.pdf. 
104 http://ec.europa.eu/european_group_ethics/activities/docs/opinion23_en.pdf. 
105 http://ec.europa.eu/european_group_ethics/docs/opinion24_en.pdf. 
106 Directive 98/44/EC. 
107 See also EGE Opinion No 16 on ‘Ethical aspects of patenting inventions involving human stem cells’ 
(http://ec.europa.eu/european_group_ethics/docs/avis16_en.pdf). 
108 According to the Directive on biological inventions, ‘inventions shall be considered unpatentable where their 
commercial exploitation would be contrary to ordre public or morality; however, exploitation shall not be 
deemed to be so contrary merely because it is prohibited by law or regulation’. Directive 98/44/EC, Article 6(1). 
109 EU handbook on open access — http://ec.europa.eu/research/science-society//document_library/pdf_06/open-
access-handbook_en.pdf. 
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to proper attribution of authorship.110 This means free, immediate, permanent and full access 

to texts, online for any user of internet Scientific and Digital Scholarship material, mainly 

research articles published in scientific journals . Although there is no specific legislation 

applicable, there are at least three main international declarations on the subject: the first one, 

BOAI (Budapest Open Access Initiative) dated February 2002, followed by the ‘Bethesda 

Statement on Open Access Publishing’ (June 2003) and the ‘Berlin Declaration on Open 

Access knowledge in the Sciences and Humanities’ (October 2003). 

In an open access publication, ‘the author(s) and copyright holders(s) grant(s) to all users a 

free, irrevocable, worldwide, perpetual right of access to, and a license to copy, use, 

distribute, transmit and display the work publicly (...)’ (Bethesda Declaration). This is viewed, 

by some, as a potential way of improving access to and dissemination of publicly funded 

scientific information, in particular peer-reviewed scientific publications. In fact this 

approach, although not new to synthetic biology, has been discussed over the last few years 

regarding the sharing of scientific information. It is now emphasised where synthetic biology 

models are mostly used in modelling synthetic biology structures. Including in concept of OA 

and applicable to software, Open Source software is software that includes source code and is 

usually available at no charge, but carries a general licence that may identify that which may 

(or may not) be done with the software111. 

In 2008, the European Commission launched a pilot project that was planned for in 

Commission Communication (COM(56)2007) on ‘scientific information in the digital age: 

access, dissemination and preservation’112 in reaction to which European research ministers 

adopted Council Conclusions inviting the Commission to experiment with open access in 

FP7.113 The pilot project is to give unrestricted online access to EU-funded research results 

(covering around 20 % of the €50 billion FP7 program budget) in areas such as health, energy, 

environment, social sciences and information and communication technologies. The legal 

basis for the pilot project is the so-called special clause 39 on Open Access114 adopted in 

August 2008 that requires a) deposit of an electronic copy (published version or final 

manuscript) in an institutional or subject-based repository at moment of publication and b) 

                                                
110http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/08/548&format=HTML&aged=0&language
=EN&guiLanguage=en. See also the 2003 Berlin Declaration on Open Access to Knowledge in the Sciences and 
Humanities, http://oa.mpg.de/openaccess-berlin/berlindeclaration.html. 
111 See http://creativecommons.org/licenses/by-nc-sa/2.0/uk/  and http://www.bios.net/daisy/bios/home.html .. 
112 http://ec.europa.eu/research/science-society/document_library/pdf_06/communication-022007_en.pdf. 
113 http://ec.europa.eu/research/science-society/index.cfm?fuseaction=public.topic&id=1680. 
114 http://ec.europa.eu/research/press/2008/pdf/annex_1_new_clauses.pdf. 
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best efforts to ensure that this electronic copy becomes available ‘open access’ (freely and 

electronically available to anyone).115 

 

2.1.1. EU biosecurity policy frame 

Either through an Open Access system or illegal action (such as biopiracy), access to DNA 

sequences and synthetic biology models may raise biosecurity concerns. Concerns raised 

regarding safety have triggered important legislation in the EU116 as well as in the Council of 

Europe with the Convention on Cybercrime (Budapest, 23.11.2001) as tools to ‘deter action 

directed against the confidentiality, integrity and availability of computer systems, networks 

and computer data as well as the misuse of such systems, networks and data’ at international 

level. Additionally, open access may apply to synthetic biology project results where 

information related to pathogenic and/or dangerous synthetic biology products are published. 

Over the past ten to fifteen years, the threat of a terrorist group acquiring Chemical, 

Biological, Radiological or Nuclear (CBRN) materials has led governments and international 

organisations to adopt far-reaching regulations117 and programmes to defend populations 

against the associated risks. Tackling terrorist access to CBRN material is currently 

considered a key priority for the European Union.118 This is acknowledged by the European 

Union Counter-Terrorism Strategy adopted by the Council on 1 December 2005, and by the 

‘EU Strategy against proliferation of weapons of mass destruction and their means of delivery 

(WMD)’ adopted by the European Council on 12 December 2003.119 In addition, the Council 

adopted specific Conclusions in 2007 that called for further EU level work on CBRN 

security.120 

The Member States are responsible for protecting their citizens from CBRN threats by a host 

of different measures, and with the involvement of a wide range of authorities. The Ghent 

European Council of 2001 instigated the first steps in countering the CBRN threat at EU 

                                                
115 http://ec.europa.eu/research/science-society/document_library/pdf_06/ec-open-access-pilot-ppt_en.pdf. 
116 Directive 2006/24/CE of the European Parliament and of the Council of 15 March 2006 on the retention of 
data generated or processed in connection with the provision of publicly available electronic communications 
services or of public communications networks and amending Directive 2002/58/EC 
117Such as UN Security Council Resolution 1540. 
118 The Council Conclusions of 6 December 2007 ‘addressing Chemical, biological, radiological and nuclear 
risks and on bio-preparedness’ provide the most recent EU-level overview of the ongoing activities. 
11915708/03 and SN 400/03, no 68. See also infra, paragraph 7. 
12016589/07, of 17 December 2007. 
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level,121 followed by the adoption of the ‘Programme to improve cooperation in the European 

Union for preventing and limiting the consequences of chemical, biological, radiological or 

nuclear terrorist threats’ in December 2002.122 The Programme was superseded by the 

Council and Commission’s EU Solidarity Programme of 3 December 2004 on the 

consequences of terrorist threats and attacks, that extended, revised and replaced the 2002 

CBRN Programme following the attacks in Madrid on 11 March 2004.123 Aspects of the 

Solidarity Programme were included in the overall Strategy and Action Plan on Combating 

Terrorism established in 2005 after the London attacks.124 Whilst the responsibility for 

responding to CBRN incidents rests with the Member States, robust crisis management 

procedures and tools to support the Member States in the event of a crisis with cross-border 

implications have been developed at EU level. In order to prepare the current CBRN policy, 

in February 2008 the Commission established a CBRN Task Force. The final report of the 

Task Force was published in January 2009 and contained 264 separate recommendations. On 

June 24 2009,125 the Commission adopted an action plan defining the new EU CBRN 

policy.126 The Action Plan sets out three main areas of CBRN security work: 1) Prevention — 

ensuring that unauthorised access to CBRN materials of concern is as difficult as possible; 2) 

Detection — having the capability to detect CBRN materials in order to prevent or respond to 

CBRN incidents; 3) Preparedness and response — being able to efficiently respond to 

incidents involving CBRN materials and recover from them as quickly as possible. 

The most important part of current EU external relations policy related to the CBRN threat is 

the EU Strategy against Proliferation of Weapons of Mass Destruction — also known as the 

EU WMD strategy, adopted in December 2003. This Strategy was recently updated and 

reviewed, resulting in the adoption by the Council of ‘New lines for action by the European 

Union in combating the proliferation of weapons of mass destruction and their delivery 

systems’ in December 2008.127 Issues related to the threat of CBRN materials are also 

                                                
121SN 4292/01 REV 2. 
12214627/02. 
12315480/04. 
12414469/4/05, paras 20 and 31. 
125 COM(2009) 273 final ; SEC(2009) 874 ; SEC(2009) 790 ; SEC(2009) 791. 
126 The EU CBRN Action Plan is not a legal instrument. Therefore, immediate legal and budgetary consequences 
for the EU could only derive from possible future legal instruments implementing the Action Plan, which would 
be subject to separate prior impact assessment — including an assessment of their impact on economic sectors 
and research environments and systematic and rigorous monitoring to ensure compatibility with the Charter of 
Fundamental Rights of the European Union. 
12717172/08, 17 December 2008. 
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discussed in a significant number of international fora128, and are dealt with by international 

organisations such as the International Atomic Energy Agency (IAEA), the Organisation for 

the Prevention of Chemical Weapons (OPCW), the BTWC Conference, Interpol and the 

Global Health Security Initiative (GHSI). In a more general sense, counter-terrorism efforts 

form part of many cooperation agreements in place or being negotiated between the EU and 

third countries. The Council decided in 2002 that a standard counter-terrorism clause should 

be inserted in all agreements with third countries. Additionally, since November 2003, WMD 

clauses have been inserted in all new or renewed mixed agreements now covering almost 100 

countries. Work on CBRN issues with strategic partners, such as the United States, can be 

further developed based on the current policy package. From the public health perspective, the 

Commission will present a Communication on health security in 2009, outlining the internal 

and external aspects of health security. 

 

2.2. Global provisions  

2.2.1 WHO biosafety standards  

The World Health Organisation (WHO) published the first edition of the Laboratory bio-

safety manual in 1983. The manual encouraged countries to accept and implement basic 

concepts in biological safety and to develop national codes of practice for the safe handling of 

pathogenic microorganisms in laboratories within their geographical borders. Since 1983, 

many countries have used the expert guidance provided in the manual to develop such codes 

of practice. Subsequent editions of the manual were published in 1993 and in 2005. The last 

edition of the WHO bio-safety manual129 stresses the importance of personal responsibility 

and addresses risk assessment, safe use of recombinant DNA technology and transport of 

infectious materials. It also introduces biosecurity concepts — the protection of 

microbiological assets from theft, loss or diversion, which could lead to the inappropriate use 

of these agents to harm public health.  

 

2.2.2 The Cartagena Protocol 

                                                
128Such as the Global Initiative to Counter Nuclear Terrorism (GICNT), and dual-use export control regimes 
such as the Nuclear Suppliers Group, the Wassenaar Arrangement, the Australia Group and the Missile 
Technology Control Regime. 
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On 29 January 2000, the Conference of the Parties to the Convention on Biological Diversity 

adopted a supplementary agreement to the Convention known as the Cartagena Protocol on 

Biosafety.130 The Protocol seeks to protect biological diversity from the potential risks posed 

by living modified organisms resulting from modern biotechnology. It establishes an advance 

informed agreement (AIA) procedure for ensuring that countries are provided with the 

information necessary to make informed decisions before agreeing to the import of such 

organisms into their territory. The Protocol contains a reference to the precautionary approach 

and reaffirms the precautionary language in Principle 15 of the Rio Declaration on 

Environment and Development. The Protocol also establishes a Biosafety Clearing House to 

facilitate the exchange of information on living modified organisms and to assist countries in 

the implementation of the Protocol. Countries shipping GMOs for intentional introduction 

into the environment will have to give prior notification to the importing country that they are 

party to the Protocol under the Advance Informed Agreement (AIA) procedure if it is not 

intended for food, feed or processing and is the first such movement of that GMO between the 

countries. The notification must provide the information needed to enable the importing 

country to make informed decisions. The Protocol contains documentation requirements for 

shipments of GMOs and establishes a Biosafety Clearing House (BCH) to facilitate the 

exchange of information on GMOs and to assist countries in implementing the Protocol. 

The Protocol is designed to protect biological diversity and human health from the potential 

risks arising from genetically modified organisms (GMOs) by providing a clear legal 

framework for transboundary movement. The Advanced Informed Agreement (AIA) 

procedure established by the Protocol will ensure that countries can make informed decisions 

on whether to import GMOs intended for introduction into the environment. To date, 153 

instruments of ratification or accession have been deposited with the UN Secretary-General 

from the Parties to the Convention on Biological Diversity. The EU and all EU Member 

States have ratified the protocol.131 (Regulation (EC) No 1946/2003 on transboundary 

movements of genetically modified organisms is the regulatory instrument that implements 

the provisions of the Cartagena Protocol on Biosafety within the European Union132 ). The 

risk assessment requirements of the Protocol are similar to those identified in the EU 

legislation identified earlier. 

                                                                                                                                                   
129 http://www.who.int/csr/resources/publications/biosafety/Biosafety7.pdf. 
130 http://www.cbd.int/biosafety/background.shtml. 
131 http://www.cbd.int/biosafety/signinglist.shtml. 
132 http://europa.eu/eur-lex/pri/en/oj/dat/2003/l_287/l_28720031105en00010010.pdf. 
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2.2.3 World Trade Organisation (WTO) agreements and Trade-Related Aspects of 

Intellectual Property Rights (TRIPS) 

The World Trade Organisation (WTO) has developed a multilateral system of trade to lower 

customs and trade barriers, and abolish discrimination in international trade. WTO agreements 

are the legal ground rules for international commerce which were negotiated and signed by a 

large majority of the world’s trading nations and ratified by their parliaments. The General 

Agreement on Tariffs and Trade (GATT) and the Sanitary and Phytosanitary (SPS) agreement 

include measures that may be relevant for trading synthetic biology products.   

Most nations of the world are party to the World Trade Organisation. As part of their 

agreement to join the organisation, they have agreed and largely ratified all the component 

treaties of the General Agreements on Tariffs and Trade (GATT). The last successful round of 

trade negotiations culminated in all ratifying Member States endorsing all agreements in the 

WTO package under the ‘single undertaking’. No opting out of individual treaties (over 17 in 

total) was allowed as they were to be ratified all at once. One of these is the TRIPS 

Agreement (Agreement on Trade-Related Aspects of Intellectual Property Rights). TRIPS 

provides for each country to institute a minimum set of laws protecting intellectual property, 

so that where inventors so wish, they may protect that which they have created or invented in 

any jurisdiction. Countries may not discriminate between domestic and international 

‘creations’.133 

A business has a competitive advantage if it develops, maintains and exploits its assets 

appropriately. These must include its intellectual property where it has an advantage over its 

competitors if it has information which it has not shared (secrecy) or where it has asserted 

rights that permit it to assure that others cannot use or copy without permission. A relatively 

new concept is that the portfolio of intellectual property constitutes a currency that is 

negotiable for use in commercial or research interactions with others. Patents may then be 

used as such, without the intention to use them in advancing technology.   

The Trade-Related Aspects of Intellectual Property Rights (TRIPS) agreement also contains a 

provision (Article 25(2)) allowing Member States to exclude from patentability inventions 

                                                
133 TRIPS Article 27.1 provides that ‘…patents shall be available and patent rights enjoyable without 
discrimination as to the place of invention, the field of technology and whether products are imported or locally 
produced.’. 
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that are contrary to ordre public or morality or in order to protect human, plant or animal life, 

or in order to avoid serious detriment to the environment.134  

In most jurisdiction, patents may only be granted if they meet specific criteria. They must be 

new, involve an inventive step and be susceptible of industrial application and can be for 

processes, products or both. 

1. ‘An invention shall be considered to be new if it does not form part of the state of the 

art’135, which includes that which has been communicated to the ‘public’ by oral or 

written means. 

2. ‘An invention shall be considered as involving an inventive step if, having regard to 

the state of the art, it is not obvious to a person skilled in the art.’136  

3. ‘An invention shall be considered as susceptible of industrial application if it can be 

made or used in any kind of industry, including agriculture.’137 

 

 

2.2.4 Convention on the Prohibition of the Development, Production and Stockpiling of 

Bacteriological (Biological) and Toxin Weapons and on Their Destruction138 

The Convention on the Prohibition of the Development, Production and Stockpiling of 

Bacteriological (Biological) and Toxin Weapons and on Their Destruction — more 

commonly known as the Biological and Toxin Weapons Convention (BTWC) — was 

simultaneously opened for signature in Moscow, Washington and London on 10 April 1972 

and entered into force on 26 March 1975. The Convention bans the development, production, 

stockpiling, acquisition and retention of microbial or other biological agents or toxins, in 

types and in quantities that have no justification for prophylactic, protective or other peaceful 

purposes. It also bans weapons, equipment or means of delivery designed to use such agents 

                                                
134 In the Patent Directive (98/44/EC) there are two major exclusions from patentability: ‘ordre public’ and 
‘morality’. Where the commercial exploitation or publication of the invention would be contrary to morality or 
affect ordre public, patentability is excluded (not immoral experimentation leading to the invention). The TRIPS 
agreement permits exclusion on these grounds. There have been few exclusions on the grounds of morality, 
although Article 6(2) of the Patent Directive provides examples (stressing that these are non-exhaustive) of 
possible ‘immoral’ inventions which shall be unpatentable: (a) processes for cloning human beings; (b) 
processes for modifying the germ line genetic identity of human beings; (c) uses of human embryos for industrial 
or commercial purposes; and (d) processes for modifying the genetic identity of animals which are likely to 
cause them suffering without any substantial medical benefit to man or animal, and also animals resulting from 
such processes. 
135 European Patent Convention, Article 54. 
136 European Patent Convention, Article 56. 
137 European Patent Convention Article 57. 



 51 

or toxins for hostile purposes or in armed conflict. The actual use of biological weapons is 

prohibited by the 1925 Geneva Protocol and Article VIII of the BTWC recognises that 

nothing contained in the Convention shall be construed as a derogation from the obligations 

contained in the Geneva Protocol. As of November 2001, 162 states had signed the BTWC 

and 144 of these had ratified it.  

Article I defines the scope of the BTWC’s prohibition (the general purpose criterion). This 

includes all microbial and other biological agents or toxins and their means of delivery. 

Subsequent Review Conferences have reaffirmed that the general purpose criterion 

encompasses all future scientific and technological developments relevant to the Convention. 

The objects themselves (biological agents or toxins) are not prohibited, only their purpose. 

Permitted purposes are defined as prophylactic, protective and other peaceful purposes. The 

objects may not be retained in quantities that have no justification or which are inconsistent 

with the permitted purposes. Article IV requires States Parties to take any necessary national 

measures (e.g. passing national laws) to prohibit and prevent the misuse of biological agents, 

toxins, weapons, equipment and means of delivery within their territories. Only a small 

number of signatory states have implemented this provision. 155 countries have signed the 

BTWC, including all 27 EU Member States. However, the BWC includes no verification and 

enforcement mechanisms for preventing states from applying synthetic genomics in this way, 

and many would argue that effective measures for that purpose are not feasible. The BTWC 

does not cover research for defensive measures and dual use considerations. 

 

2.3. International Framework on ethics and human rights 

The Council of Europe Convention on Human Rights and Biomedicine (the Oviedo 

Convention) is legally binding for those States that have signed and ratified it139. Other 

relevant documents (such as the UNESCO Declaration and the EU Charter of Fundamental 

Rights) are not legally binding, but have moral authority. 

                                                                                                                                                   
138 http://www.opbw.org/. 
139 Whilst the EU is party to the convention, many member states neither signed nor ratified and are therefore not 
Party to the Convention. These include Austria, Belgium, Germany, Malta, Ireland, and the United Kingdom. 
Finland, France, Italy, Latvia, Luxembourg and the Netherlands have signed but not ratified the Convention and 
others have indicated reservations and declarations.  See 
http://www.jcvi.org/cms/fileadmin/site/research/projects/synthetic-genomics-report/synthetic-genomics-
report.pdf for detailed information. 
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(a) In 1997 the Council of Europe adopted the Oviedo Convention — Convention on Human 

Rights and Biomedicine. Its main purpose is to protect individuals against exploitation arising 

from treatment or research. The articles on the purpose and object of the Convention state that 

the Parties ‘shall protect the dignity and identity of all human beings and guarantee everyone, 

without discrimination, respect for their integrity and other rights and fundamental freedoms 

with regard to the application of biology and medicine’. The Convention also concerns 

equitable access to health care, professional standards, protection of genetic heritage and 

scientific research. The Convention is supplemented by a number of protocols.140 

(b) The Universal Declaration on the Human Genome and Human Rights, adopted by the 

UNESCO General Conference in 1997 and subsequently endorsed by the United Nations 

General Assembly in 1998, deals with the human genome and human rights. Since the 

Declaration was drafted in 1997 it does not refer explicitly to synthetic biology, but 

modifications concerning DNA may fall within its scope. It states, among other things, that 

the ‘human genome underlies the fundamental unity of all members of the human family as 

well as the recognition of their inherent dignity and diversity’. The Declaration asserts that 

‘dignity makes it imperative not to reduce individuals to their genetic characteristics and to 

respect their uniqueness and diversity’. Moreover, the Declaration prohibits financial gain 

from the human genome in its natural state, and affirms that the benefits of advances in the 

technologies should be made available to all, and that freedom of research is ‘necessary for 

the progress of knowledge’.  

The UNESCO Universal Declaration on Bioethics and Human Rights (adopted on 19 October 

2005) also contains specific provisions on ethical issues related to medicine, life sciences and 

associated technologies and advocates several ethical principles, including human dignity, 

consent, autonomy and responsibility, privacy, equity and justice, solidarity and benefit 

sharing.141 The Declaration is not legally binding, but is a reference point for the protection of 

human rights and ethics. 

(c) The most recent version of the World Medical Association (WMA) Declaration of 

Helsinki, Ethical Principles for Medical Research Involving Human Subjects142, was adopted 

by the 18th WMA General Assembly in Seoul in October 2008. The WMA Declarations of 

                                                
140http://www.coe.int/t/e/legal_affairs/legal_cooperation/bioethics/texts_and_documents/1Treaties_COE.asp#To
pOfPage. 
141 http://portal.unesco.org/shs/en/file_download.php/46133e1f4691e4c6e57566763d474 
a4dBioethicsDeclaration_EN.pdf. 
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Geneva, Helsinki and Tokyo clarify the duties and responsibilities of the medical profession 

to preserve and safeguard the health of the patient and to be dedicated to the service of 

humanity. The Declaration advocates ethical principles for medical care. In its constitutive 

articles, the Declaration states that it is the duty of the physician to promote and safeguard the 

health of patients, including those involved in medical research. Concerning potential military 

uses of medicine, the WMA adopted in October 1998 (text amended by the WMA General 

Assembly, Seoul, Korea, October 2008) a Statement on Nuclear Weapons.143 The WMA 

condemned the development, testing, production, stockpiling, transfer, deployment, threat and 

use of nuclear weapons; asked all governments to refrain from the development, testing, 

production, stockpiling, transfer, deployment, threat and use of nuclear weapons and to work 

in good faith towards the elimination of nuclear weapons; and all National Medical 

Associations to join the WMA in supporting the Declaration and to urge their respective 

governments to work towards the elimination of nuclear weapons. All these principles, 

although they address nuclear weapons, may also apply to other weapons, such as biological 

weapons. 

(d) The European Charter of Fundamental Rights144 emphasises that the Union is founded on 

the indivisible and universal values of human dignity, freedom, equality and solidarity and on 

the principles of democracy and the rule of law. It contributes to the preservation of these 

common values while respecting the diversity of the cultures and traditions of the peoples of 

Europe, as well as the national identities of the Member States and the organisation of their 

public authorities. The Charter formulates a common set of basic shared values at EU level.145 

Respect for human dignity, a ban on human reproductive cloning, respect for people’s 

autonomy, non-commercialisation of biological components derived from the human body, 

prohibition of eugenic practices, protection of people’s privacy and the freedom of science are 

examples of values enshrined in the Charter, which was adopted at the Summit of Nice in 

2001 and is an integral part of the  Lisbon Treaty. 

 

2.4. Governance 

                                                                                                                                                   
142 http://www.wma.net/e/policy/b3.htm. 
143 http://www.wma.net/e/policy/n7.htm. 
144 Approved on 28 September 2000 and proclaimed by the European Parliament, the Council and the 
Commission on 7 December 2000. 
145 For example Article 1 (respect for human dignity), Article 3 (ban on human reproductive cloning, respect for 
people’s autonomy, non-commercialisation of biological components derived from the human body, prohibition 
of eugenic practices), Article 8 (data protection issues), Article 13 (freedom of science). 
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Governance is an overarching concept including legal, political and ethical considerations. 

Since synthetic biology may result in major changes of traditional biology, governance needs 

to be reflected on all these levels, finally entering the legal sphere. 

Governance of synthetic biology is being debated at EU and international level. Key issues 

relating to the governance of synthetic biology include, inter alia: 1) definition of the actors to 

regulate synthetic biology as well as the governing principles to be promoted; 2) definition of 

the applications area of the identified governance model (national, regional or international 

governance); 3) definition of boundaries between synthetic biology and other technological 

fields that often interact in synthetic biology trials (nanotechnology; ICT; biotechnology; 

chemistry etc.); 4) definition of synthetic biology governance reflecting the complex 

heterogeneity of this technological sector; 5) definition of a governance of synthetic biology 

in absence of specific target legislation (or regulation) on this technology sector; 6) definition 

of interrelation between different regulatory systems (from protection of worker to 

environmental protection, from medical and pharmaceutical products to bio-security) that may 

conflict with one another; 7) definition of a governance model where participative democratic 

processes are implemented etc.  This indicative list shows that a governance model in 

synthetic biology, like other emerging technologies, is difficult to define.   

The Group is aware that governance models should address several dimensions of synthetic 

biology policy and activities, such as: political level (monitoring research and safety issues); 

ethical level: (monitoring ethical criteria be properly implemented in each synthetic biology 

research sector); legal level (EU legislation and international legislation or regulation 

including clarification of grey areas); professional level (self-regulation and codes of 

conduct); scientific level (justification of expected scientific results, priority setting, resource 

allocation); institutional level (risks  assessment; and implementing measures for risk 

management); societal level (public goods, citizens rights and liberties). The above 

components are interconnected and the prevalence of one of them may distort the proper 

approach to synthetic biology carried out in the EU and internationally. 

Several models of governance of emerging technologies have been proposed, including 

synthetic biology. Governance models proposed by the Industry Association for Synthetic 

Biology contemplate actions covering production, distribution and registration of potentially 
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dangerous DNA sequences. Similar requests were indicated in a report delineating options for 

governance that was authored by members of the J. Craig Venter Institute146.  

The above soft law models are however confronted with the question of whether these 

regulatory attempts should be sort a kind of self regulation for the actors of synthetic biology 

research (and then opening issues related to the legitimacy, credibility and public trust of the 

codes prepared by the scientific community to be implemented by the scientific community 

itself147) or whether the addressees of such codes should be public authorities having power to 

implement and monitor them. Additional questions relate to the role the public should play in 

the policy design of governance of synthetic biology, with subsequent issues related to market 

opening and social desirability of synthetic biology products. An editorial in Nature asserted: 

“Self-governance need not and should not be exclusive – it does not preclude other forms of 

governance, any more than the possession of conscience makes redundant the strictures of 

law.”148 

 

2.5. Public involvement and science-society dialogue 

Information, transparency and participation go hand in hand. Together, they create the sphere 

of trust that provides the space for new technologies to be developed as part of a societal 

endeavour – and not against it.   

Research on the way the general public perceives risks of in particular new and emerging 

technologies show that certain risks will be perceived as more risky than others. Some risks 

might attract more than others the attention of the media and create headlines. Important 

factors include numbers and geographical distance: risks related to events and persons closer 

                                                
146 See: http://www.irgc.org/Synthetic-biology-genomics.html; Michele S. Garfinkel, Drew Endy, Gerald L. 
Epstein, and Robert M. Friedman, “Synthetic Genomics: Options for Governance,” J. Craig Venter Institute, 
Center for Strategic and International Studies, and Massachusetts Institute of Technology, October 2007. Report 
available. at 
www.jcvi.org.http://www.allacademic.com/one/www/research/index.php?cmd=www_search&offset=0&limit=5
&multi_search_search_mode=publication&multi_search_publication_fulltext_mod=fulltext&textfield_submit=tr
ue&search_module=multi_search&search=Search&search_field=title_idx&fulltext_search=%3Cb%3EBioBrick
s+or+BioConflicts%3F+Building+Public+Trust+in+European+Governance+of+Synthetic+Biology%3C%2Fb%
3E&PHPSESSID=77e51dd113d65622bec5470855c62d05; 
http://www.jcvi.org/cms/fileadmin/site/research/projects/synthetic-genomics-report/synthetic-genomics-
report.pdf 
147 A paper, detailing areas and ways in which oversight could be implemented by the scientific community, was 
dismissed as “inadequate” by civil society organisations, who also raised concerns over scientists being allowed 
to act as “judge and jury” See http://www.etcgroup.org/upload/publication/pdf_file/602,, p46 
148 Nature Editorial (2006) Policing ourselves Nature 441: 383. 
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to us get more attention. Ethic and cultural factors also play an important role in the 

perception of risk.149  This has a bearing on the perception of the risks of different possible 

applications of synthetic biology. The differences in risk perception between different ethnic 

groups and cultures have also been object of research. 

In 2008 a first representative national survey150 on public perception of synthetic biology was 

conducted in the USA showing that just over 30% of interviewees had already heard at all 

about synthetic biology. Notwithstanding this fact, 70% of respondents were ready to give 

their description on what they believed synthetic biology was and 66% expressed their 

opinion on the risk-benefit trade-off of the technology. In the EU, as the debate on GMOs has 

showed, proper involvement of society in discussing synthetic biology appears to be of 

significant importance, according to the 2006 Rathenau Institute paper151. In different regions 

of the world, however, public discussions and consequently opinions are formed by various 

factors152, with media playing an important role in making information available to and 

subsequently (co)shaping opinions of wide audiences.  

The media coverage of synthetic biology addresses the question of public legitimacy and 

support for synthetic biology153, with articles on synthetic biology regularly appearing in the 

press and popular science magazines154. A 2008 study155 analysed how synthetic biology had 

                                                
149 See P. Slovic: The Perception of Risk. Earthscan 2000, and MacGregor, D.G., Finucane,M.L., & Gonzalez-
Caban, A. (2008). The effects of risk perception and adaptation on health and safety interventions. In Martin, 
W.E., Raish, C. & Kent, B. (Eds.), Wildfire Risk: Human Perceptions and Management Implications (pp. 142-
155). Washington, DC: Resources for the Future. 
150 Hart Research Associates (2008), Awareness of and attitudes toward nanotechnology and synthetic biology. 
Available at: http://www.synbioproject.org/process/assets/files/6019/hart_final_re8706b.pdf   
151 "social and ethical issues will play an important role in the public and political acceptance of the technology", 
De Vriend, Huib. Constructing Life. Early social reflections on the emerging field of synthetic biology. The 
Hague: Rathenau Institute; Working Document 97. Available at 
http://www.rathenauinstituut.com/files/WED97%20Constructing%20Life%202006.pdf  
152 There are two broad models for science communication: 1) the deficit model and 2) the contextual or dialogue 
model. The deficit model is based on an educational objective with the underlying assumption being that people 
are relatively uninformed about science, and that providing information on scientific facts and benefits by 
independent scientists will lead to more positive attitudes towards science. Its critics argue that it is an approach 
based on one-way traffic of information from the "informed" scientists to the public. The emphasis of contextual 
model is on dialogue and two-way streams of information exchange. It can be conceptualised along two broad 
ideas, namely 1) the notion of scientific literacy, according to which knowledge and understanding are key to 
public support and 2) the importance of social context for public support, with trust issues being seen as more 
important for public support than the knowledge of scientific facts. Contextual model provides a means to set 
science in a social context which seems to be especially relevant for the field of biotechnology. For further 
information see Osseweijer, Patricia: A Short History of Talking Biotech. Fifteen years of iterative research in 
institutionalising scientists' engagement in public communication. Vrije Universiteit Amsterdam, 2006. 
153 Joachim Boldt, Oliver Müller, Giovanni Maio, Synthetische Biologie, op.cit., pp. 104-107 
154 COGEM Report CGM/080925-01, pp. 25. Available at: http://www.cogem.net/ContentFiles/CGM080925-
01-Biological%20machines1.pdf. See also http://ec.europa.eu/european_group_ethics/docs/avis20_en.pdf  
155 See Eleonore Pauwels, Ioan Ifrim: Trends in American and European Press Coverage of Synthetic Biology. 
November 2008. Available at: http://www.synbioproject.org/process/assets/files/5999/synbio1final.pdf  
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been introduced in the media looking at press coverage of synthetic biology in the USA and 

the EU between 2003 and 2008. In the US press 51% of articles focused on the potential 

benefits of synthetic biology while in the EU press only 26% of articles addressed these. The 

EU press focused on biosafety and biosecurity issues as well as ethics and creation of life 

whilst in the USA the press focused primarily on biosecurity. 

Public opinion has already been shaped regarding some of the governance issues, e.g. firm 

opposition to the so-called soft law for synthetic biology was expressed in the response of 

civil society to the declaration on governance adopted by Second International Meeting on 

Synthetic Biology in 2006156. In parallel, the 2008 survey157 on public perception of synthetic 

biology has showed that there is no public support for self-regulation of the industry in the 

synthetic biology field. The balance between potential risks and benefits seems to be the basis 

for public confidence in synthetic biology. 

 

Source: Wodrow Wilson International Center for Scholars 

 

                                                
156 Synthetic Biology: scope, applications and implications. The Royal Academy of Engineering, 2009, pp. 45. 
Available at: http://www.raeng.org.uk/news/publications/list/reports/Synthetic_biology.pdf  
157 Hart Research Associates (2008), Awareness of and attitudes toward nanotechnology and synthetic biology. 
Available at: http://www.synbioproject.org/process/assets/files/6019/hart_final_re8706b.pdf  
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3. Ethical Aspects 

3.1. General ethical aspects 

Synthetic biology provides tools: (1) to improve our understanding of biological systems, 

their complexity and emergent properties that derive from the interaction of complex 

pathways (e.g. the minimal genome project) and methods; (2) to produce bio-products for 

different scientific, medical or market purposes (bio-remedies, bio-fuels, raw materials or 

biomedical tools (vaccines for example), or new bio-defence agents).  

The ethics of synthetic biology is part of an ongoing larger debate on the ethics of emerging 

technologies and biotechnologies. Issues addressed by the EGE in its recent Opinions on 

Nanomedicine158 and ICT implants into the human body159 are therefore relevant to this 

Opinion. 

 

3.1.1. The EU’s fundamental ethical framework 

As for other new technologies, the responsible development of synthetic biology must be 

based on fundamental ethical principles that have been enshrined in the conventions and 

declarations listed in the legal part (UN, UNESCO, Council of Europe and the Charter of 

Fundamental Rights). A consistent ethical framework is needed to undertake a thorough 

ethical analysis. 

The Lisbon Treaty160 states that ‘Human dignity is inviolable. It must be respected and 

protected’ (Article II-61), goes on to explain that ‘The dignity of the human person is not only 

a fundamental right in itself but constitutes the real basis of fundamental rights’ (Declaration 

concerning the explanations relating to the Charter of Fundamental Rights). This explanation 

does not strictly define human dignity and so various writers have attempted to fill this gap. 

One such attempt161 suggests that human dignity be defined as follows: ‘the exalted moral 

status which every being of human origin uniquely possesses. Human dignity is a given 

reality, intrinsic to human substance, and not contingent upon any functional capacities 

which vary in degree. (…) The possession of human dignity carries certain immutable moral 

                                                
158 http://ec.europa.eu/european_group_ethics/activities/docs/opinion_21_nano_en.pdf. 
159 http://ec.europa.eu/european_group_ethics/docs/avis20_en.pdf. 
160 Official Journal of the European Union, Volume 47, C 310, pages. 1 – 482, 16 December 2004. 
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obligations. These include, concerning the treatment of all other human beings, the duty to 

preserve life, liberty, and the security of persons, and concerning animals and nature, 

responsibilities of stewardship.’ This provides the basis for the following ethical principles, 

which are of direct relevance to this Opinion, where the general principle of human dignity is 

the core of the ethics framework for synthetic biology.  

Bioethicists have often stated that the concept of dignity is vague and open to several 

interpretations. For example, as well as serving as a fundamental value, the principle of 

human dignity may be interpreted as a restrictive principle that protects human beings — who 

are principally vulnerable to violent acts by others — against actions or practices that run the 

risk of treating human beings as mere ‘objects’ of the interests of others to whose values they 

do not subscribe. D. Beyleveld and R. Brownsword define dignity "as a particular practical 

attitude to be cultivated in the face of human finitude and vulnerability (and, concomitantly, 

the natural and social adversity that characterizes the human condition)".162 Dignity can be 

understood as an enabling principle that guarantees individual freedom of action and 

autonomy in decision-making. The Kantian understanding of human dignity emphasises 

moral responsibility. A different view emphasises the need for individuals to consider the 

general effects their actions have on others, including other human beings, animals and the 

environment. Dignity is the basis for more specific principles, rights and obligations, and is 

closely connected to the principle of justice and solidarity.  

As far as the debate on the ethics of synthetic biology is concerned, the difficulty stems from 

the overlap of several methodologies in ethics, depending on the main application fields. 

Although guiding principles have been established for quite some time in the biomedical field 

and can be used as a starting point for the ethical analysis of synthetic biology biomedicine, 

the same does not apply to environmental ethics, agriculture, or biotechnology in general. 

Furthermore, synthetic biology raises fundamental questions: 

1. a conceptual analysis of life and nature ; 

2. an analysis of procedural principles that aim to secure the freedom and autonomy of 

citizens with regard to the development of synthetic biology, such as transparency 

                                                                                                                                                   
161 William Cheshire, Ethics and Medicine, Volume 18:2, 2002. 
162 Deryck Beyleveld and Roger Brownsword, Human Dignity in Bioethics and Biolaw, Introduction, p.2, 
Oxford University Press, Oxford-New York, 2001. 
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and access to information, democratic participation in fundamental issues of science 

and research and the principle of accountability and responsibility; 

3. an analysis of substantial principles, depending on the different fields and 

applications.  

 

3.1.2. Conceptual-ethical issues 

The debate on synthetic biology addresses issues concerning or related to the ethical 

legitimacy of manufacturing living organisms. Some have advocated the ethical legitimacy of 

fabricating life163 while critics have expressed serious concerns about the radical nature of this 

intervention.   

In 1999, a group of bioethicists studied Venter’s goal to fabricate a minimal genome 

organism.164 They argued that the prospect of constructing minimal and new genomes did not 

violate fundamental moral precepts or boundaries, but did raise questions about the possible 

consequences of synthesising new free-living organisms in relation to the concept of life and 

our relation to it.165 

The concept of life has many interpretations according to the theoretical context in which it is 

used. Thought must be given to the terminology used to discuss ethical aspects of synthetic 

biology and its products, for instance, ‘artificial cells,’ or ‘living machines’.166 The 

terminology used to address the ethics of synthetic biology therefore needs to be ethically 

                                                
163 John Harris, ‘Who’s Afraid of a Synthetic Human?’ The Times, May 17, 2008. Colin Nickerson, ‘A Quest to 
Create Life Out of Synthetics,’ Boston Globe, April 2, 2008. Erik Parens, ‘Making Cells Like Computers,’ 
Boston Globe, February 18, 2008. Natalie Angier, ‘Pursuing Synthetic Life, Dazzled by Reality,’ New York 
Times, February 5, 2008. 
164 Cho MK, Magnus D, Caplan AL et al. (1999) Ethical considerations in synthesising a minimal genome, 
Science, 286: 2087–90. 
165 The Roman Catholic Church has asserted that ‘the human person does not commit an illicit act when, out of 
respect for the order, beauty and usefulness of individual living beings and their function in the ecosystem, he 
intervenes by modifying some of their characteristics or properties’. However, the Roman Catholic Church has 
also made a strong appeal for responsibility in this endeavour. See 
http://www.vatican.va/roman_curia/pontifical_councils/justpeace/documents/rc_pc_justpeace_doc_20060526_c
ompendio-dott-soc_en.html, Article 473. 
166 See Joachim Boldt, Oliver Müller, Giovanni Maio: Synthetische Biologie. Eine ethisch-philosophische 
Analyse. Eidgenössische Ethikkommission für die Biotechnologie im Ausserhumanbereich EKAH, Bern 2009. 
See also Nagel T. (1973) Mortal questions Cambridge University. Press; Nozick R (1981) Philosophical 
Explanations, Oxford University Press; Olson E. (1997) The Human Animal Personal Identity Without 
Psychology, Oxford University Press; Parfit D. (1984) Reasons and persons, Oxford University Press; Williams 
B. (1973) Problems of the self, Cambridge University Press; Wilson J. (1999) Biological Individuality 
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analysed in order to provide critical answers to questions concerning the difference between 

life and non-life 167 or between the natural and the artificial . 

‘Life’ is the condition which distinguishes active organisms from inorganic matter, including 

the capacity for growth, functional activity and continual change preceding death.168 A living 

organism can be seen as having a number of capacities that differentiate it from inorganic 

matter, such as metabolism, homeostasis, capacity to grow, reproduce and, through natural 

selection, adapt to its environment over successive generations. The concept of ‘life’ has also 

been addressed by several non-biological disciplines.  

The distinction between life in a biological sense and its use in a social context is particularly 

relevant.169 Some languages, such as Greek, have two words for this distinction, namely zoe 

and bios. Zoe applies to life processes common to all living beings, while bios refers to human 

life in its social and cultural dimension.170 This distinction is echoed today in the two 

semantic perspectives we can address human life: firstly, as bodies-as-objects (having a body 

that is linked to all living beings), and secondly, as embodied beings (being a body, linked to 

                                                                                                                                                   
Cambridge University Press; Salvi. M (2002) Rationalising individuality : the notion of individuality in biology, 
philosophy, (bio)ethics. Maastricht University Press, 300 
167 See Arjun Bhutkar: Synthetic Biology: Navigating the Challenges ahead. Journal of Biolaw & Business, Vol. 
8, No2, 2005: ‘One of the main ethical concerns is drawing a distinction between an engineered machine and a 
living organism. Building a synthetic biological system from scratch or a [sic] constructing a minimal genome 
raises the question of the difference between life and nonlife.’ (p. 26) 
(http://www.synbiosafe.eu/uploads/pdf/Bhutkar_Synthetic%20Biology_Navigating%20the%20Challenges%20A
head.pdf). 
168 The American Heritage Dictionary of the English Language, 4th edition, published by Houghton Mifflin 
Company, via Answers.com: ‘The property or quality that distinguishes living organisms from dead organisms 
and inanimate matter, manifested in functions such as metabolism, growth, reproduction, and response to stimuli 
or adaptation to the environment originating from within the organism.’ ‘The characteristic state or condition of 
a living organism.’ 
169 For a thorough analysis of life concepts, see for instance: Hans Werner Ingensiep: Lebensbegriffe — der 
Vergangenheit, der Gegenwart, der Zukunft. In: H.W. Ingensiep and Anne Eusterschulte (Eds.): Philosophie der 
natürlichen Mitwelt. Festschrift für Klaus Michael Meyer-Abich. Würzburg 2002, pp. 103-119. See also: Sarah 
Franklin: Life. In: Warren Thomas Reich (Ed.): Encyclopedia of Bioethics. Revised Ed. Vol. 3, New York 1995, 
pp.1345-1352. 
170 See P. Hadot, H. Hübner, J. Vennebusch, R. Piepmeier, U. Dierse, K. Rothe, R. Toellner: Art. Leben. In J. 
Ritter and K. Gründer (Eds.): Historisches Wörterbuch der Philosophie, Darmstadt 1980, Vol. 5, pp. 52-103. See 
Martin G. Weiß (Ed.): Bios und Zoe. Die menschliche Natur im Zeitalter ihrer technischen Reproduzierbarkeit 
Frankfurt am Main 2009. See also Nicole C. Karafyllis (Ed.): Biofakte. Versuch über den Menschen zwischen 
Artefakt und Lebewesen, Paderborn 2003. The concept of ‘biofact’ is ambiguous if one makes a difference 
between zoe and bios. Products of synthetic biology are (until now) zoofacts. For a thorough analysis of life 
concepts, see for instance: Hans Werner Ingensiep: Lebensbegriffe — der Vergangenheit, der Gegenwart, der 
Zukunft. In: H.W. Ingensiep and Anne Eusterschulte (Eds.): Philosophie der natürlichen Mitwelt. Festschrift für 
Klaus Michael Meyer-Abich, Würzburg 2002, pp. 103-119. See also: Sarah Franklin: Life. In: Warren Thomas 
Reich (Ed.): Encyclopedia of Bioethics. Revised Ed. Vol. 3, New York 1995, pp. 1345-1352 and Andreas 
Brenner: Leben. Eine philosophische Untersuchung. Beiträge zur Ethik und Biotechnologie, 3, Eidgenössische 
Ethikkommission für die Biotechnologie (Hrsg.), Bern 2007. 
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the individual and irreducible experience of a self).171 In the light of this, some bioethicists 

have advocated that from an ethical point of view, the human body should not be reduced to 

the concept of life proper to biosciences and biotechnology since it is also an expression of 

our social and cultural life deserving particular care and respect, which are at the core of the 

concept of human dignity. Some authors give zoe primacy over bios.172 But this conceptual 

distinction does not necessarily advocate a hierarchy. From an ethical point of view, it is 

crucial to see that morality (accountability and responsibility) is connected to humans’ 

specific capacity to decide upon the course of their actions.  

The first reports on synthetic biology raise the question whether synthetic biology opens up 

radically new ways of fabricating life, and as a side-effect will change how we conceive of 

ourselves:  

The production and/or modification of simple living organisms and their potential use to 

fabricate more complex ones raises the questions as to how far we want to assign a mere 

instrumental value of such organisms and our relation to the biosphere itself.173 In this regard, 

the ethics of synthetic biology, addressed within the framework of ecological ethics, raises 

questions of uncertainty, potentiality, and complexity.174  

There are many different approaches to environmental ethics, mostly grouped as 

“anthropocentric”, “biocentric”, and “ecocentric”. The EGE described the ethical debate on 

eco-centric theories in its Opinion on Modern developments in agriculture technology175. It is 

important to underline that such theories have advocated the intrinsic value of the biosphere 

or the ethical dimension of nature.176 Eco-centric environmental ethics questions the 

traditional ethics of rights and obligations, and asks instead in what kind of world we may 

wish to live in. Taken as such, ecological ethics advocates the change of traditional, if not 

modern values and goals at individual, national and global levels, and integrate the protection 

of the environment in a new view towards human beings, life, and nature.  

                                                
171 See Matthias Gutmann: Biologie und Lebenswelt. In: Ulrich Krohs, Georg Toepfer (Eds.): Philosophie der 
Biologie, Frankfurt am Main 2006, pp. 400-417. See also Simon Springmann, Asmus Trautsch (Hrsg./Eds.): Was 
ist Leben? Festgabe für Volker Gerhardt zum 65. Geburtstag. Berlin  2009 
172 See Martin G. Weiß (Ed.): Bios und Zoe. Die menschliche Natur im Zeitalter ihrer technischen 
Reproduzierbarkeit. Frankfurt am Main 2009. 
173 See Richard Maxwell, Toby Miller: Ecological Ethics and Media Technology. International Journal of 
Communication, 2 (2008), 331-353. (http://ijoc.org/ojs/index.php/ijoc/article/viewFile/320/151). 
174 See Margaret Sommerville: Creating the ethics of synthetic biology, Ottawa Citizen, June 14, 2007. 
http://www2.canada.com/ottawacitizen/news/opinion/story.html?id=936d1e43-3dc3-48a2-bee5-b3164f6f4517. 
175 http://ec.europa.eu/european_group_ethics/docs/opinion24_en.pdf 
176 Rachel Carson, ‘Silent Spring’ (1963), which brought together a number of essays published earlier in the 
New Yorker magazine giving details of how pesticides, such as DDT, aldrin and dieldrin, concentrated along the 
food chain. 
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Eco-centric theories apply to the use of synthetic biology to manufacture or modify life forms, 

as well as ecological considerations for synthetic biology in environmental protection. The 

relevance of such arguments should be considered in relation to uses of synthetic biology, 

although some theories of eco-centric ethics may intrinsically oppose synthetic biology when 

interacting with existing life forms or when (in a futuristic and hypothetical sense) 

synthesising complex organisms.  

Anthropocentric theories, on the contrary, justify making instrumental use of nature for 

human purposes, although it is underlined that there are limits to human activities affecting 

the environment because they may damage the well-being of human beings now and in the 

future, since our well-being is essentially dependent on a sustainable environment.177 

Anthropocentric ethics argues strongly that humans ought to be at the centre of our attention 

and that it is right for them to be so. Anthropocentric approaches to synthetic biology focus 

much more on consequential considerations and issues related to potential consequences from 

the use of synthetic biology for human beings (risk assessment and management and hazard 

considerations178). Where do we draw the line between what is certain, what could be certain 

and what remains, at least for the time being, uncertain?  

 

3.2. Specific ethical issues 

Specific ethical issues raised by synthetic biology concern its potential applications in the 

fields of biomedicine, biopharmaceuticals, chemicals, environment and energy and the 

production of smart materials and biomaterials, particularly but not exclusively from the 

viewpoint of bio-safety and biosecurity.179 In addition, there have been discussions on aspects 

of risk governance, justice, public perception, intellectual property and co-modification. 

Synthetic biology raises issues of the governance of human practices related to scientific, 

                                                
177 See Bookchin, M. 1990. The Philosophy of Social Ecology, Montreal: Black Rose Books.; Norton, B., 
Hutchins, M., Stevens, E. and Maple, T. L. (eds) 1995. Ethics on the Ark, Washington: Smithsonian Institution 
Press.; Passmore, J. 1974. Man's Responsibility for Nature, London: Duckworth, 2nd ed., 1980 
178 See Antoine Danchin: Nature and Artifice, 2009. 
In: http://www.normalesup.org/~adanchin/causeries/Nature.html. 
179 See Andrew Balmer & Paul Martin: Synthetic Biology. Social and Ethical Challenges, May 2008. 
http://www.bbsrc.ac.uk/publications/corporate/synthetic_biology.pdf . 
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technological, economic, political and cultural agents, no less than issues of security and 

organisational forms.180   

 

3.2.1. Biosafety 

Unexpected interactions between synthetic microorganisms and the environment or other 

organisms produce risks to the environment and public health. The risks have to be addressed 

in order to use synthetic biology responsibly. Synthetic microorganisms released into the 

environment could initiate processes of horizontal gene transfer and affect biotic balances, or 

evolve beyond their functionality and elicit unprecedented side-effects on the environment 

and other organisms.181 Synthetic biology products must therefore address bio-safety issues 

when they have consequences for ecology and human health.  

In the EU, the protection of human health is a key condition for the marketing of products 

resulting from synthetic biology, as with any other technology. Risk assessment procedures 

and methods have been established to safeguard this principle and include precaution, but 

long-term health-related risks associated with the ecological effects of synthetic biology are 

hard to predict.  

As identified in the EGE Opinion on nanomedicine, which addresses analogous issues on the 

potential health impact of nano-pollutants, risk assessments used for synthetic biology are 

designed not only as a technical tool for the safe governance of synthetic biology in order to 

protect human dignity and the autonomy of persons directly (medical applications) or 

indirectly (exposure to synthetic biology products if released into the environment).  

Similar considerations apply to environmental protection, where the precautionary principle 

plays a key role in EU policy design. The Nuffield Council on Bioethics’ follow-up 

discussion paper, The Use of Genetically Modified Crops in Developing Countries,182 stressed 

                                                
180 See Markus Schmidt, Helge Togersen, Agomoni Ganguli-Mitra, Alexander Kelle, Anna Deplazes, Nikola 
Biller-Andorno: SYNBIOSAFE e-conference: online community discussion on the societal aspects of synthetic 
biology. In Systems and Synthetic Biology (2008) September 16. Online at: 
http://www.zora.uzh.ch/3947/2/Schmidt_m_torg.V.pdf.  
Paul Rabinow & Gaymon Bennett: From Bio-Ethics to Human Practice. Working Paper # 11, 2007 
http://anthropos-lab.net/wp/publications/2007/08/workingpaperno11.pdf. 
181 Nuffield Council background paper (2009). 
182 See http://www.nuffieldbioethics.org/fileLibrary/pdf/GM_Crops_Discussion_Paper_2004.pdf. 
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the possible interpretation of the precautionary principle and its application in the governance 

of biotechnology.  

The precautionary principle requires: 

a) that there are serious and irreversible risks, 

b) a shift of the burden of proof from those potentially exposed to the hazards of a new 

technology to those who want to introduce it. 183 

According to the European Commission, the precautionary principle is a dynamic tool to 

follow developments in a sector and continuously verify that the conditions for the 

acceptability of a given innovation are fulfilled — thereby improving governance. The 

precautionary principle does not, however, require refraining from action, as this may also 

involve risks, namely the risk of major environmental threats due to global pollution. For 

synthetically produced organisms, the precautionary principle is an important part of sound 

ethical debate and of legal, regulatory and political decisions.  

An additional concern has to do with the dangers of potentially harmful organisms being 

inadvertently released during the experimental phase. Existing regulations in Europe 

contemplate these possibilities and different levels of confinement are defined, including a 

register for activities posing no risk for human health or the environment. In some cases these 

regulations may seem to contradict the freedom to use any available knowledge or tool for 

research or even recreation e.g. “bio-hackers”. Freedom of research cannot be invoked if 

serious or irreversible risks to human health or the environment may occur. Existing 

regulations do not consider exceptions for such activities. In order to address some of the 

concerns regarding the safety of synthetic organisms (including protocells) suggestions have 

been made to assure that they are contained.  This includes the traditional physical 

containment and disabling of the organisms in some way so as to ensure they cannot survive 

if accidentally or incidentally introduced into the environment. 

 

                                                
183 The Commission Communication of February 2000 states that: ‘The precautionary principle is not defined in 
the Treaty, which prescribes it only once — to protect the environment. But in practice, its scope is much wider, 
and specifically where preliminary objective scientific evaluation indicates that there are reasonable grounds for 
concern that the potentially dangerous effects on the environment, human, animal or plant health may be 
inconsistent with the high level of protection chosen for the Community’ (Communication Summary, paragraph 
3). http://ec.europa.eu/dgs/health_consumer/library/pub/pub07_en.pdf. 
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3.2.2. Biosecurity 

Ethical issues arise particularly from dangers of using synthetic lethal and virulent pathogens 

for terrorist attacks, bio-war, or maleficent uses (‘garage terrorism’, ‘bio-hacking’), 

particularly if knowledge and skills on how to produce such pathogens are freely available.184 

Applications of synthetic biology for such purposes include the production of biological 

weapons, such as new and/or modified pathogenic viruses or bacteria185 as well as synthetic 

organisms engineered to produce toxins. The literature on bio-war and the use of 

bioengineering for bio-defense, bio-offence and terrorism shows the potential of this 

technology, which may be amplified by synthetic biology.186   

This applies to the potential risks associated with the use of dangerous bio-material produced 

in governmental bio-defence laboratories as well as by terrorists. Given the present state of 

knowledge, the design and production of entirely novel pathogens for terrorist and/or 

maleficent uses may seem unlikely. There are technological difficulties and resources 

involved in producing existing and novel pathogens, and developing them into weapons. But 

states can mobilise resources and dangerous material can be obtained easily over the Internet 

or in other ways.187 The ability to carry out DNA synthesis is no longer confined to an elite 

                                                
184 See the Report on the workshop Technical solutions for biosecurity in synthetic biology held on April 03rd, 
2008 in Munich, Dr Hubert Bernauer et al., IASB (Industry Association Biology) http://ia-sb.eu. 
185 The list of diseases considered for weaponisation, or known to be weaponised include anthrax, ebola, 
Marburg virus, plague, cholera, tularemia, brucellosis, Q fever, machupo, Coccidioides mycosis, Glanders, 
Melioidosis, Shigella, Rocky Mountain spotted fever, typhus, Psittacosis, yellow fever, Japanese B encephalitis, 
Rift Valley fever and smallpox (in addition naturally-occurring toxins that can be used as weapons include ricin, 
SEB, botulism toxin, saxitoxin and many mycotoxins). 
186 See: Alibek, K. and S. Handelman. Biohazard: The Chilling True Story of the Largest Covert Biological 
Weapons Program in the World – Told from Inside by the Man Who Ran it. Delta (2000) ISBN 0-385-33496-6; 
Crosby, Alfred W., Ecological Imperialism: The Biological Expansion of Europe, 900-1900 (New York, 1986); 
Endicott, Stephen and Edward Hagerman, The United States and Biological Warfare: Secrets from the Early 
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America, Illuminet Press, ISBN 1-881532-21-6; Mangold, Tom and Goldberg, Jeff (1999), Plague Wars: a true 
story of biological warfare, Macmillan, London, ISBN 0-333-71614-0; Orent, Wendy (2004), Plague, The 
Mysterious Past and Terrifying Future of the World’s Most Dangerous Disease, Simon & Schuster, Inc., New 
York, NY, ISBN 0-7432-3685-8: Preston, Richard (2002), The Demon in the Freezer, New York: Random 
House; Woods, Lt Col Jon B. (ed.), USAMRIID’s Medical Management of Biological Casualties Handbook, 6th 
edition, U.S. Army Medical Institute of Infectious Diseases, Fort Detrick, Maryland (April 2005). 
187 According to the Nuffield Council paper on synthetic biology (2009) ‘In 2006, a journalist for the Guardian 
newspaper demonstrated a lack of DNA supply regulation by ordering DNA sequences of the small pox virus 
and having them delivered to his home (See 
http://www.guardian.co.uk/science/2006/jun/14/weaponstechnology.uk). The same journalist investigated three 
UK sequencing companies and found that one did not screen either customers or the sequences ordered. The 
second screened only customers, and the third screened customers and had carried out a pilot study on screening 
sequence orders. In addition, it has been suggested that the actual publishing of how the polio virus was 
synthesised, and the sequence and synthesis of the Spanish flu virus, could provide bioterrorists with the 
necessary information to engineer their own pathogenic organisms. Coupled with this is the availability of DNA 
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group of scientists, as was the case for the first several decades of research using recombinant 

DNA. Now, anyone with a laptop computer can access public DNA sequence databases via the 

Internet, access free DNA design software, and place an order for synthesised DNA for delivery. 

Therefore there are valid reasons for taking the bio-security of synthetic biology seriously.188  

Given this inherent dual-use risk, designing ways to impede the malicious use of the technology, 

while at the same time not impeding, or even promoting, beneficial uses poses a number of 

ethical challenges.  

Concerns over bio-terrorism have also prompted increased debate about whether or not ‘dual-

use’ life science discoveries with implications for developing bio-weapons should be subject 

to a publishing ban. Much of this debate has focused on two particular studies: the genetic 

engineering of vaccine-resistant mousepox and the artificial synthesis of the polio virus. 

Proponents of a ban complain that publishing studies like these alerts would-be bio-terrorists 

to possibilities and provides them with explicit instructions for producing biological weapons. 

On the other hand, publishing such studies can yield benefits for medicine or bio-defence. 

Issues related to the freedom of science and censorship emerge, including the process of 

censorship decision-making applicable to the publishing of scientific results that may have a 

use for virulent pathogenic product production.  

Due to the cost and analytical sophistication needed for synthesis, there are relatively few 

companies that synthesise long sequences of DNA. There have been suggestions that these 

companies screen all sequences for toxicity or infectivity before processing an order. That 

implies that databases of toxic or infective DNA sequences are available. These databases 

would of necessity fall within the ambit of the Database Directive189. Regulation should 

ensure that all necessary information is readily available to these companies to permit the 
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H. deVriend (Eds.): Synthetic Biology. The Technoscience and its Societal Consequences, Springer 2009. See 
also: Synthetics: the Ethics of Synthetic Biology. In: IDEA League Summer School, August 2007, The 
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Synthetic Biology,’ The New Atlantis, Spring 2006. 
189 Directive 96/9/EC of the European Parliament and of the Council of 11 March 1996 on the legal 
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required searches. If the copyright protection provided for databases restricts access to the 

information necessary Article 6(2)(c) or Article 9(c) should be invoked to ensure that these 

companies are able to track possible dangerous sequences before synthesis. There is software 

available from CRAIC190 termed ’BlackWatch’ for the purpose of tracking DNA sequence 

synthesis which may be hazardous.  The software is open-source (for the first generation). A 

new generation of the software is being developed in USA191, able to address the 15 million 

orders a month worldwide that are expected by 2012192. There are many questions that need to 

be addressed so as to ensure that the system works, including; 1) Support for the development 

and maintenance of open source software; 2) Assistance for companies (particularly SMEs) to 

ensure involvement and compliance; 3) Mechanisms for reduction of cost to small companies 

involved in synthesising DNA; 4) Mechanisms for reporting to Competent Authorities where 

it is likely that the companies will not synthesise a particular sequence; 5) Mechanisms for 

ensuring privacy and identifying the chain of responsibility for placing particular sequences in 

the database(s) and identifying them as potentially harmful. 

 

3.2.3. Justice  

The EGE Opinion on ethics of agriculture technologies analysed the principle of justice.193 It 

stated that current discussions on the concept of justice emerged from the philosophical 

debate on the relationship between the State and citizens, particularly distributive justice 

(J. Rawls194 and its critics) but also concerns the role of the State in protecting and advancing 

human rights. The principle of justice is therefore key to the ethics of synthetic biology. The 

global justice discourse affects issues of technology divide and common heritage, the question 

of inter-generational justice,195 with implications for preserving the environment and natural 
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190 https://biotech.craic.com/blackwatch/introduction.html 
191 Bernauer, Hubert. “Technical solutions for biosecurity in synthetic biology” (2008). 
http://www.synbiosafe.eu/uploads/pdf/iasb_report_biosecurity_syntheticbiology.pdf. 
192 “DOTS - DNA Order Tracking System.”  
http://www.mitre.org/news/digest/advanced_research/02_09/genes.html 
193 http://ec.europa.eu/european_group_ethics/docs/opinion24_en.pdf. 
194 Rawls develops what he claims are principles of justice by using an entirely and deliberately artificial device 
which he calls the ‘original position’, in which everyone decides principles of justice from behind a ‘veil of 
ignorance’. Rawls claims that all those in the original position would adopt a maximin strategy which would 
maximise the position of the least well-off. Rawls claims that parties in the original position would adopt two 
such principles, which would then govern the assignment of rights and duties and regulate the distribution of 
social and economic advantages across society (Rawls, 1971). 
195 See Rawls (1971 and 1991), D. Parfit (1987), Partridge (1981) and Miller and Kumar (2007). See also 
Dobson, Andrew (ed.), ‘Fairness and Futurity. Essays on Environmental Sustainability’, Oxford University 
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resources for future generations (e.g., human intervention in the environment and biotic 

balances, intentional or unintentional release into the environment of synthetic products, bio-

remedies, synthetic biology biofuels). The relationship between citizens’ fundamental rights 

concerning the state of nature and the concept of a social contract affecting the actions of 

leaders against the desires of citizens (bio-security, bio-war, restriction in open access etc.) 

also needs to be addressed.  

 

3.2.4. Intellectual Property  

Synthetic biology provides a new set of tools for using biology, either for the purpose of pure 

research with an intention to understand the manner in which living systems have developed, 

including their interactions, or for producing new processes or products. An argument has 

developed as to whether all or some of the fruits of synthetic biology should be patentable, for 

the commercial benefit of those who have ‘invented’ the processes or products. 

Many argue that patenting is an essential part of the protection of scientific endeavour. A 

recent paper on ‘Inventing Biological Organisms: A Reader of Selected Articles’ states the 

case succinctly: ‘The ability to patent biological inventions is central to protecting scientists’ 

work… What can be patented, for how long, and the extent of global protection are critical 

issues. However, patenting biological organisms, particularly human genes and other human 

parts, is controversial. Economists question whether patenting is the quickest and best way to 

diffuse new knowledge throughout the marketplace. Some bioethicists question whether 

genetic information is the common heritage of mankind, making gene patenting 

inappropriate’.196 Previous EGE publications deal in detail with the debate on gene 

patenting.197 The concern has shifted to the role of the patent system as technology moves 

towards a ‘knowledge economy’. It has always been assumed that there is an important 

                                                                                                                                                   
Press (1999); E. Agius, ‘Towards a Relational Theory of Intergenerational Ethics’, in Bijdragen 50 (1989) 293-
313; Miller, Jon and Rahul Kumar (eds.), ‘Reparations. Interdisciplinary Inquiries’ (2007), Oxford University 
Press; Partridge, Ernest (ed.), ‘Responsibilities to Future Generations. Environmental Ethics’, New York: 
Prometheus Books (1981); Ryberg, Jesper and Torbjön Tännsjö (eds.), ‘The Repugnant Conclusion’, Essays on 
Population Ethics, Dordrecht, Boston and London; Sikora, R.I. (2004) and Brian Barry (ed.), ‘Obligations to 
Future Generations’, Philadelphia: Temple University Press (1978). See  
http://plato.stanford.edu/entries/justice-intergenerational/#Bib. 
196 California Research Bureau (1998) http://www.library.ca.gov/crb/98/reader/reader01.pdf. 
197 A very detailed examination of the patent system, including an introduction to patent law in Europe and in the 
United States and an examination of many cases that involve patenting life forms, was produced for the EGE by 
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balance to be struck between private and public interests in the manner in which the patent 

system is designed — limited rights for a limited time. This balance has shifted towards the 

private interest, particularly when examined from the perspective of the developing world.198 

The debate on the ethics of IPR is focusing on the question of which inventions should be able 

to be patented, and hence available directly for commercial exploitation, and which should not 

(if any). It has been argued that some discoveries or inventions should be considered as the 

common heritage of mankind. Following this line of reasoning, several experts on the ethics 

of patenting biological inventions have advocated that some discoveries or inventions should 

never result in commercialisation for profit.199 These include processes the use of which 

offend human dignity, such as the production of chimeras from germ cells, totipotent cells 

from plants and animals, process for cloning human beings and modified germ-line cells.  

This would imply that ‘inventions’ in biology in general and in synthetic biology in particular 

can be categorised as follows: 

a. That which is common to all humankind, and should not be patentable or directly 

exploited for commercial gain; 

b. That which, for a variety of reasons, should be placed in the public domain for all to 

use and exploit (the ‘commons’). It may be that the process or product is so expensive 

to produce or require a vast range of expertise not available to any one organisation, or 

that the placing of the information in the public domain enables open standards that 

allow for the effective commercialisation and use of a number of products that use the 

technology or product; 

c. That which may, at the inventor’s discretion, be protected through an intellectual 

property rights system to encourage innovation. 

 

                                                                                                                                                   
Geertrui van Overwalle in 2002: EGE (2002) Study on the patenting of inventions related to human stem cell 
research. Luxembourg Office for Official Publications of the European Communities. ISBN 92-894-1987-3. 
198 Walker, Simon. 2001. The TRIPS Agreement, Sustainable Development and the Public Interest: Discussion 
Paper. IUCN, Gland, Switzerland and Cambridge, UK and CIEL, Geneva, Switzerland ISBN 2-8317-0604-1. 
199 Bovenberg JA (2006) ‘Mining The Common Heritage of our Dna: Lessons learned from Grotius and Pardo’ 
Duke Law & Technology Review 8; Miller, A.R. and Davis, M.H., 2000. Intellectual property: patents, 
trademarks, and copyright in a nutshell. West Group, St. Paul; Juengst, E.T., 1998. Should we treat the human 
germ-line as a global human resource? In: Agius, E. and Busuttil, S. (eds.) Germ-line intervention and our 
responsibilities to future generations. Dordrecht, pp. 85- 102. 
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The first category should include the human genome and large projects such as the hap-map 

project200  that address discoveries in the human genome. This would include artificial 

chromosomes introduced into human cells and would be justified under Article 53(a) of the 

European Patent Convention (inventions for which commercial exploitation would be 

contrary to morality). The International Treaty on Plant Genetic Resources attempts to return 

some of that which was removed from the common heritage of mankind in the CBD to some 

crops (64) to permit free access to their genetic resources, arguing that ‘[n]o country is self-

sufficient in plant genetic resources; all depend on genetic diversity in crops from other 

countries and regions. International cooperation and open exchange of genetic resources are 

therefore essential for food security’. 

 

The second category covers pre-competitive inventions, where the cost would be too great for 

a single organisation to bear. It should take into account the link between private and public 

interest. Where the range of information is so great as to make it impossible for a single 

organisation to develop and use during the lifetime of a patent, the basic information should 

be placed in the public domain or made available at minimum cost to others to use. This 

would ensure that information is not withheld in a way that restricts innovation. As synthetic 

biology may involve the development of building blocks which could be assembled into a 

living organism, open standards should be developed to permit interaction between systems 

developed by the engineers.  

 

The third category advocates that inventors should be mindful of the choices that they may be 

in a position to make. They could choose to patent the invention, or to place some or all of the 

information in the public domain, or use some form of open licence. Importantly, where a 

choice is made to patent, it should be remembered that, although the rules on patents are 

almost universal, the patents themselves are national, and an inventor may choose the 

jurisdictions in which protection is sought. It may be that, in order to encourage innovation in 

developing countries, inventors should be encouraged to choose not to patent their inventions 

in these countries. As the information regarding the invention (process or product) is 

disclosed in a patent application, an inventor may choose to use some sort of licence in 

countries where patent protection is not sought.  

                                                
200 See the HapMap website at http://www.hapmap.org/hapmappopulations.html.en. The HapMap is a catalogue 
of common genetic variants that occur in human beings. It describes what these variants are, where they occur in 
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All these categories are relevant to the debate on IPR and synthetic biology products. It is 

clear that there is no general consensus on the ethics of patenting biological inventions. The 

patenting system (GATT) is interpreted differently in different countries; currently there are 

differences between the USA and the EU patent regime with regard to public morality, 

technical reproducibility and patents’ utility. This also concerns issues related to the link 

between innovation and IPR. The debate has also been enriched by discussions concerning the 

patentability of the human genome and what should be eligible for patenting when common 

heritage considerations are concerned. Many international organisations hold that the human 

genome (and by extension other genomes) are ‘the common heritage of mankind’. These 

include the Human Genome Organisation (HUGO) Ethics Committee (2000),201 the Council 

on Responsible Genetics (CRG 2000),202 the International Federation of Gynaecology and 

Obstetrics (1997),203 UNESCO (1997), and the Council of Europe204 (2001). 

                                                                                                                                                   
our DNA, and how they are distributed among people within populations and among populations in different 
parts of the world 
201 Human Genome Organisation Ethics Committee, 2000. Genetic benefit sharing. Science, 290 (5489), 49. 
202 CRG, 2000. The genetic bill of rights. Council for Responsible Genetics CRG, Cambridge. [http://www.gene-
watch.org/programs/bill-of-rights/bill-of-rights-text.html]. 
203 International Federation of Gynaecology and Obstetrics, 1997. Patenting human genes. http://www.figo.org/]. 
204 The Parliamentary Assembly of the Council of Europe (Council of Europe 2001) asserted that it was ‘of the 
opinion that the results of this grandiose research effort — in which the United States has the lead over Europe 
— must be made available to all, genetic information being a common human heritage, as set out in Article 1 of 
the Universal Declaration on the Human Genome and Human Rights, adopted at UNESCO in Paris on 11 
November 1997. The Assembly in particular refers in this context to the Council of Europe Convention for the 
Protection of Human Rights and Dignity of the Human Being with regard to the Application of Biology and 
Medicine — Convention on Human Rights and Biomedicine (ETS No 164) as well as its own Recommendations 
1425 (1999) on biotechnology and intellectual property and 1468 (2000) on biotechnologies’, as well as that of 
UNESCO in its Universal Declaration on the Human Genome and Human Rights (1997). UNESCO’s 
Declaration states that, ‘The human genome underlies that fundamental unity of all members of the human 
family...in a symbolic sense, it (the human genome) is the heritage of humanity (...) The human genome in its 
natural state shall not give rise to financial gain.’ 
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4. Recommendations 

 

4.1. Defining terminology and scope of the Opinion. 

As already described in the first chapter of the Opinion, synthetic biology is a new research 

field that results from the convergence of different technological and scientific disciplines and 

allows a better understanding of biological systems, their complexity and emergent properties 

that derive from the interaction of complex pathways. At the same time it allows the 

production of bio-products which may have a direct use in a variety of sectors such as bio-

remedies, bio-fuels, raw-materials or biomedical tools –vaccines for example-, or new bio-

defence agents. The Group recognises that it is difficult to draw sharp lines between already 

established practices in biological research and the new approach of synthetic biology. 

Nevertheless, there is a gradual transition from modification to fabrication of biological 

systems, from engineering of simple to complex systems, and from adaptation of natural 

biological systems to engineering (or designing) of partially or totally artificial biological 

systems.  

An internationally agreed definition of this research sector does not exist yet and this may 

create confusion with regard to scientific and regulatory frames to apply to different uses of 

synthetic biology. An internationally recognised definition of synthetic biology is therefore 

needed in particular if the research and applications of synthetic biology are to be regulated. 

The Group´s understanding of synthetic biology205, nevertheless, includes at least: 1) the 

design of minimal cells or organisms206  (including minimal genomes), 2) the identification 

and use of biological 'parts' (the toolkit); 3) the construction of totally or partially artificial 

biological systems. 

Specific concerns address its potential applications in the fields of biomedicine, 

biopharmaceuticals, chemical industry, environment and energy, production of smart 

materials and biomaterials particularly but not exclusively from the viewpoint of safety and 

security.207 Beyond this, the debate is about aspects of justice, governance, science and 

                                                
205See chapter 1.3 of the Opinion. 
206 The term organism is here intended to include acellular, unicellular or multi-cellular biological entities that 
may be enhanced or modified.  
207See Andrew Balmer & Paul Martin: Synthetic Biology. Social and Ethical Challenges. May 2008. 
http://www.bbsrc.ac.uk/publications/corporate/synthetic_biology.pdf    
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society dialogue, intellectual property and philosophical discussions about life208 (See 

Chapters 3.1 and 3.2). As for other new technologies, synthetic biology must respect the 

international frame on ethics and human rights (see Chapter 2.3 of this Opinion) and in 

particular the respect of human dignity, which is conceived as not only a fundamental right in 

itself but 'the real basis of fundamental rights'209.  

Other ethics principles that have to also be taken into account include, inter alia, the principle 

of safety; the principle of sustainability, the principle of justice, the principle of precaution, 

the principle of freedom of research as well as by the principle of proportionality210. 

 

4.2. Safety 

In dealing with the ethical questions raised by synthetic biology a basic requirement is that 

both research and applications do not produce any specific harm to human health but also to 

the environment. In this respect safety is a pre-requisite to any use of synthetic biology. Many 

of the safety issues relevant to synthetic biology were already considered three decades ago at 

the meeting on recombinant DNA at the Asilomar Conference Centre in Pacific Grove, 

California, which opened a debate on the ethics of the newly emerging technologies based on 

DNA, focusing in particular on the safety of transmitting genes from one organism to another 

organism via a vector such as a virus or a plasmid. At present, legislation on bio-safety exists in 

the EU, including legislation to protect human and animal health and environment, or people 

exposed to biological agents and other hazardous agents. The question is whether the above 

mentioned frame responds entirely to the specific features of synthetic biology.  

When addressed from a safety viewpoint synthetic biology opens a number of concerns, such 

as, inter alia: how to assess the safety of organisms that have a genome derived using 

recombinant DNA techniques and that allow the production of systems combining elements 

from multiple sources. How to evaluate such constructions for biological safety in organisms 

                                                
208 See Markus Schmidt, Helge Togersen, Agomoni Ganguli-Mitra, Alexander Kelle, Anna Deplazes, Nikola 
Biller-Andorno: SYNBIOSAFE e-conference: online community discussion on the societal aspects of synthetic 
biology. In: Systems and Synthetic Biology (2008) September 16. Online: 
http://www.zora.uzh.ch/3947/2/Schmidt_m_torg.V.pdf  
Paul Rabinow & Gaymon Bennett: From Bio-Ethics to Human Practice. Working Paper # 11, 2007 
http://anthropos-lab.net/wp/publications/2007/08/workingpaperno11.pdf  
209 Declaration concerning the explanations relating to the Charter of Fundamental Rights 
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that may contain genes or proteins that have never existed together in a biological organism or that 

contain newly designed biological functions that do not exist in nature remains unclear.  

A further concern relates to unknown risks to the environment and public health, determined 

by unexpected interactions between synthetic microorganisms and the environment or other 

organisms in it. Horizontal gene transfer and its potential impact to the balance of the 

ecosystems, or the interaction of synthetic microorganisms with naturally-occurring 

substances or unforeseen evolution of synthetic biology agents are all risks that may derive 

from the non contained use of synthetic biology agents or from inadvertent presence of the 

organisms in the environment.  

Biosafety concerns regarding synthetic biology also affect risk assessment methods existing 

in the EU in relation to biology. The assessment methods for GMOs are based on a 

comparison of the altered organism with the natural organisms on which they are based, 

considering each individual trait introduced211. Synthetic biology will produce organisms with 

multiple traits from multiple organisms, and therefore it may be difficult to predict their 

properties.  

The biosafety of synthetic biology products is heavily debated between scientists and decision 

makers. Some scientists have even proposed that in absence of clear biosafety data all 

synthetic biology research protocols should take place in Biological Safety Level -P3 or P4 -

laboratories with clear implications for the development of this scientific sector.  

The Group is of the opinion that bio-safety considerations are pre-requisites for the promotion 

and implementation of an EU synthetic biology research program, both nationally and 

internationally.   

Recommendation N°1: The Group recommends that any use of synthetic biology should 

be conditional on specific safety issues identified in this Opinion. Therefore the Group 

asks: 

1) The Commission to initiate a study on current risk assessment procedures in the EU. 

The study should (a) make a survey of relevant bio-safety procedures, (b) identify 

possible gaps in the current bio-safety regulation to effectively assess organisms and 

                                                                                                                                                   
210 According to which (1) the goal or objective of the research must be important: (2) the methods used must be 
necessary to achieve the goals; and (3) there are no other less controversial or risky methods that could be used 
to achieve the same goal. 
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novel products developed through synthetic biology; (c) indicate the mechanism to fill 

the identified gaps.  

2) The identified risk assessment procedure should then be carried out by the competent 

Authorities within the EU (e.g. EC, EMEA and EFSA) and National Authorities. 

3) This should be conditional for financing of synthetic biology research and the 

marketing of synthetic biology products in the EU.  

Recommendation N°2: The Group proposes that, when the above biosafety rules are 

defined, the Commission starts an international debate with relevant counterparts to 

facilitate a standardised approach to bio-safety of synthetic biology for public and 

private funded trials. Instruments for the monitori ng of the implementation of such 

provisions should be conceived as integral part of the bio-safety rules (including liability 

issues).  

Recommendation N°3: The Group advocates that a Code of Conduct for research on 

synthetic microorganisms should be prepared by the Commission. The Code should, for 

example, assure that synthetic biology organisms are manufactured in a way that they 

cannot autonomously survive if accidental release into the environment would take 

place. 

 

4.2.1. Environmental applications 

The Group is aware that synthetic biology has potential environmental applications. The 

Group acknowledges current synthetic biology research, for instance, to reduce environmental 

contaminants (bioremediation), such as heavy metals, pesticides and radioactive material. The 

Group is aware of current research to produce synthetic biology agents able to degrade  

pesticides to reduce their environmental impact212 or to produce biosensors for polluted 

water213. The Group states that the goal of increasing environment protection and producing 

new detection tools is positive and may increase human welfare and environment protection. 

Specific concerns arise, however, from a bio-safety point of view when environmental 

                                                                                                                                                   
211 See risk assessment methods as discussed in the EGE Opinion on ethics of nanomedicine. 
212 See http://pbd.lbl.gov/synthbio/aims.htm 
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applications of synthetic biology are envisaged and therefore adequate assessment of safety 

and environmental impact should be carried out before any environmental release is approved. 

In the area of environmental applications, the fabrication of antipollution biological systems 

or organisms must be analyzed with respect to the protection of workers and citizens, freedom 

of consumers, and responsibility, including the responsibility for animals, plants, and the 

environment in general.  

Recommendation N°4: The Group recommends that before an organism, fabricated or 

modified via synthetic biology, is released into the environment, ecological long term 

impact assessment studies must be carried out. Data resulting from such studies should 

then be evaluated taking into account the precautionary principle 214 and the measures 

foreseen in the EU legislation (Directive on the deliberate release into the environment of 

genetically modified organisms). In the absence of a favourable assessment the release of 

organisms fabricated or modified should not be authorised.   

 

4.2.2. Energy and sustainable chemical industry 

The Group is aware that synthetic biology could contribute to the development of a 

sustainable chemical industry in particular the production of synthetic biology 

microorganisms aimed to substitute agents and methods currently used by organic chemical 

industry for its production of raw materials.  

As far use of synthetic biology for energy purposes the Group is also aware that synthetic 

biology research is currently aimed at engineering bacteria to produce organic compounds215 

aimed to substitute petrol as well as research seeking to engineer bacteria to produce the fuel 

hydrogen from different sources216.  

The Group acknowledges that these possibilities are made more significant by dwindling 

fossil fuel reserves, which currently provide the raw materials and by the impact on climate of 

                                                                                                                                                   
213 Arsenic contamination of drinking water is a problem in developing parts of the world, such as Bangladesh. 
See: Aleksic J, Bizzari F, Cai Y et al. (2007) Development of a novel biosensor for the detection of arsenic in 
drinking water Synthetic Biology, IET 1: 87–90.  
214 2001/18/EC, 98/81/EC and regulatory freame in chapter 2.1 of the Opinion. 
215 Such as fatty acids which are optimal for use as biodiesel or other energy rich compounds. 
216See also: LS9 (www.ls9.com), Amyris (www.amyris.com), OPX Biotecnologies 
(www.opxbiotechnologies.com), Solazyme (www.solazyme.com), Gevo (www.gevo.com)   
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the combustion of fossil fuels. The Group is however concerned about possible safety 

implications and therefore proposes the following: 

Recommendation N°5: The Group proposes that the use of synthetic biology for 

alternative energy supply in EU Member States would be complementary to the EU 

renewable energy plan, and that international research trials (e.g. EU-USA) be 

promoted and co-financed to favour an integrated international approach. 

Recommendation N°6: The Group recommends that competent authorities properly 

monitor the authorisation procedures for the production of synthetic biology-derived 

chemicals and materials, if not identical to equivalent substances, by taking into 

consideration (a) risk assessment factors and (b) safety of workers exposed to synthetic 

biology chemical agents and (c) environment protection.  

 

As far use of synthetic biology for chemical products and novel materials, are concerned the 

Group is aware that chemical products not intended for food or feed derived from genetically 

modified organisms do not require specific labelling identifying them as genetically modified. 

The Group is aware that virtually all synthetic biology products that contain or are organisms 

or that are derived from such organisms in food or feed, must be labelled as being genetically 

modified. The Group is however concerned about possible uses of synthetic biology in the 

cosmetic and textile industry.   

Recommendation N°7: The Group asserts that the protection of consumers´ rights is a 

key factor to consider in EU market and stresses that labelling of specific synthetic 

biology products, such as cosmetics and textiles, should be explored,.  

 

4.2.3. Biomedicine and biopharmaceuticals production 

Synthetic biology has potential in medical applications such as to improve and develop 

biosensors, drugs, therapies, devices and cells with new properties that may be used to 

improve human health or therapeutic methods. Applications of synthetic biology are expected 

in drug production, development of new vaccines, medical devices such as biosensors, 

diagnostics, virus synthesis for genetic therapies, and potential uses in cancer therapy.  
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The Group is aware that medical uses of synthetic biology at the moment are at a basic 

research stage and that clinical applications of new drugs and methods are still far from being 

available to patients.  

As described in chapter two of this Opinion, the Group argues that medical applications of 

synthetic biology must not contravene the fundamental rights and ethics framework outlined 

earlier and be conditional on strict biosafety provisions. For currently envisaged products the 

existing regulatory framework is generally adequate to regulate the use of synthetic biology 

and must be implemented. 

Recommendation N°8: The Group recommends that further to the application of 

scientific and legal frameworks, specific ethics considerations have also to be addressed 

by the competent Authorities (such as EMEA217) when drugs and medical products will 

result from synthetic biology protocols. Data on medical applications of synthetic 

biology carried out in EU MS or resulting from EU funding should be collected by 

relevant bodies in the countries where such trials take place and made available 

internationally. 

 

4.3. Biosecurity, prevention of bioterrorism and dual uses 

The EGE is aware of the possible use or misuse of synthetic biology in relation to biosecurity 

as well as of current research in this specific sector carried out in the EU and USA. Synthetic 

biology may permit the development of new tools that could be useful for military purposes 

ranging from biomaterials to bio-weapons. Ethical analysis must assess the balance between 

security and the need for transparency: 

 

• the production and potential use of synthetic biology materials or systems in national 

security policies, including the production of bioweapons. These uses must be within 

current national and international regulatory frameworks.  Transparency and release of 

information may impact on misuse for terrorist purposes – but open societies must find 

                                                
217 As required by EU legislation Synthetic biology medical products will be assessed from a safety viewpoint. 
The relevant MS and EU (EMEA) Authorities should be sure that safety considerations expressed in this 
Opinion are taken prior authorisation procedures of both clinical and research trials and marketing procedures. 
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ways to deal with the difficult balance between citizens’ right to information on the 

one hand, and the need to protect their security. 

• the production and potential use of synthetic biology materials or systems for terrorist 

purposes, above all the production of biological systems that can have a massive 

destructive potential. Misuse of any kind of synthetic biology knowledge needs to be 

addressed.  

• the production of synthetic organisms outside recognised institutions. Since synthetic 

biology materials and procedures are publicly available, biohacking is another 

scenario that requires governance with respect to security.  

 

The EGE is also aware of the recent EC Communication adopted on June 24, 2009218, 

defining the new EU Chemical, Biological, Radiological or Nuclear (CBRN) policy. The 

Group considers this initiative valuable but not yet sufficient for an ethically sound and 

democratic approach to bio-security in the EU and beyond. The Group welcomes the 

embedding of ethics into the curricula of biosecurity scientists, including specific actions to 

better clarify the ethical dimension of synthetic biology uses for bio security.  

In synthetic biology applications, however, information about the fabrication of synthetic 

viruses, for example, may lead to a new wave of bio-terrorism. There has not been much 

discussion about how this could be handled. Soldiers’ and civilians’ health must be secured, 

transparency maintained as far as possible, and research permitted only under strict 

monitoring. As described in chapter three of this Opinion, the Group argues that security and 

military applications of synthetic biology must not contravene the fundamental rights and 

ethics frameworks outlined in the opinion. The task of preventing terrorist and/or malicious 

uses of synthetic biology raises the moral dilemma of dual use for researchers as well as for 

democratic states. Some intended and unintended dual purposes can be foreseen but others 

not. One way of dealing with the dual use dilemma is through control mechanisms such as 

licensing and registering the tools used by synthetic biology.  

Examples of actions that may be used to prevent unacceptable military or terrorist  actions 

include: 1) a centralised database be developed at least at EU level, or preferably at 

international level where all DNA synthesisers would be registered by competent  authorities; 

2) departments or research groups dealing with biosecurity and biodefence use of synthetic 

                                                
218 COM(2009) 273 final ; SEC(2009) 874 ; SEC(2009) 790 ; SEC(2009) 791 
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biology should be licensed in the above registry; 3) criteria for the publication of data on 

highly pathogenic viruses or toxic agents be defined at Member State and EU level.219 

Moreover, ethical issues that arise because of the potential for dual use should be dealt with at 

the educational level. Fostering individual and institutional responsibility through ethics 

discussion on synthetic biology is a key issue. 

 

Recommendation N°9: The Group recommends that the Convention on the Prohibition 

of the Development, Production and Stockpiling of Bacteriological (Biological) and 

Toxin Weapons and on Their Destruction should incorporate provisions on the 

limitation or prohibition of research in synthetic biology.  

Recommendation N°10: The Group asks the Commission to define, in consultation with 

the EGE, a comprehensive security and ethics framework for synthetic biology.  

Recommendation N°11: The Group recommends that the European Commission 1) 

ensure that databases are available to all who use them; 2) Provides the legal systems for 

companies to report to Competent Authorities when asked to synthesise suspicious 

sequences whilst ensuring privacy; 3) Identifies the chain of responsibility for placing 

particular sequences in the database(s) and identifying them as potentially harmful.  

 

4.4. Governance 

The Group also advocates that if a technology is considered for use in the EU, its effects 

should be carefully studied and evaluated through an impact assessment that includes both the 

risks and benefits of the new technologies and the risks and benefits of the technologies 

replaced. This assessment should be in the context of the integrated approach to synthetic 

biology where environmental and social implications are taken into account. In addition to 

technical risk governance, a broader approach must be developed that is better able than 

present instruments to adjust to possible changes, in the environment, in societies, in market 

economics or in national policies. The ethics of synthetic biology should deal with a case-by-

                                                
219 Regulations are in place for genetically modified organisms which would include those fabricated using 
synthetic biology techniques in Europe that require registration and/or approval of the facilities where these 
organisms can be grown and studied. See also p.40 of this Opinion and Art. 7 of EC/98/81. 
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case study of the benefits and perils of this technology for specific ecological settings as well 

as with potential risks and benefits for the whole biosphere. 220  

A responsible use of synthetic biology would imply using governance tools in order to 

encourage scientific advances and uses of research which may benefit human health; help 

save energy and reduce the negative effects of climate change and at the same time to 

safeguard it from misuse; i.e. bioterrorism and protect biosafety and bioesecurity. This is not 

an easy task and poses a number of dilemmas for the EU to engage in. 

a) General dilemmas; How can governance tools 

- encourage beneficial use and prevent misuse; when dual use is possible?  

- encourage transparency without creating risks of misuses?  

- secure against misuse without introducing unwanted censorship on publication etc. ? 

b) Specific governance challenges: How can the EU use Governance tools to  

• Take into account that synthetic biology includes a great number of areas with very 

different levels and intensity of regulations and identified possible gaps in securing 

biosafety and bioesecurity? 

• Identify areas where soft-law will provide sufficient protection and areas where hard 

law is deemed necessarily (see recommendation 2 on biosafety rules and 

recommendation 9 on the Convention on biological weapons)? 

• Encourage professional responsibilities for individual researches and institutions 

(including scientists who are not necessarily used to work with living organisms and 

the specific problems this entails) and to supplement the Code of conduct proposed in 

recommendations N°3? 

• Play a role in the need for global governance on synthetic biology?   

                                                
220 See Markus Schmidt, Helge Togersen, Agomoni Ganguli-Mitra, Alexander Kelle, Anna Deplazes, Nikola 
Biller-Andorno: SYNBIOSAFE e-conference: online community discussion on the societal aspects of synthetic 
biology. In: Systems and Synthetic Biology (2008) September 16. Online: 
http://www.zora.uzh.ch/3947/2/Schmidt_m_torg.V.pdf  
Paul Rabinow & Gaymon Bennett: From Bio-Ethics to Human Practice. Working Paper # 11, 2007 
http://anthropos-lab.net/wp/publications/2007/08/workingpaperno11.pdf  
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The Group expresses its concerns on the existing fragmented regulatory framework, which 

may not be sufficient to properly regulate current and emerging aspects of synthetic biology. 

It also stresses the need to explore a proper model of synthetic biology governance (soft law, 

codes of conducts etc.), also taking into consideration potential risks of delocalisation of 

research trials in countries where regulation may be less stringent than the one proposed in the 

EU.  

Recommendation N°13: The Group urges the Commission to propose a robust 

governance framework for synthetic biology and put it in place in the EU. The 

Commission should review the legislation applicable to synthetic biology and assess its 

relevance to address the issues raised by synthetic biology. The above framework should 

address relevant stakeholders (scientists, industries, military agents, and political and 

administrative agents) and clearly indicate their responsibilities.  

Recommendation N°14: The relevant science communities should be encouraged to 

establish ethical, preferably global, guidelines which may act as signposts and lead 

science institutions and individual researchers to assess the impact of their work 

including the consequences of misuse221. 

Recommendation 15: EGE Proposes that the EU takes up the question of governance of 

synthetic biology in relevant global fora. 

 

4.5. Intellectual property 

4.5.1. Patenting and common heritage 

The questions raised by the patenting of biological methods and materials have been a subject 

of heated debate for some time and it is now being discussed in different disciplines. The 

function of patents to stimulate research and its applications and to promote public disclosure 

of the basis of applications may be jeopardized by the massive number of applications of 

patents related to genetic material and biological methods. At the same time the appropriation 

of elements of biological organisms by specific industrial actors has also raised a number of 

ethical questions. Article 7 of the Patent Directive in relation to Biotechnological Inventions 

states “The Commission’s European Group on Ethics in Science and New Technologies 

                                                
221 See Unesco MOST Ethical guidelines for international comparative social science research. 
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evaluates all ethical aspects of biotechnology.” This is the only Article of the Directive that 

has not been implemented in the rules implementing the Directive of the EPO or the patent 

offices of the Member States.  It is difficult to implement as it specifies no action and is not 

addressed in any of the other Articles. There have often been complaints from Patent Offices 

that the morality clauses in European Patent Law are difficult to interpret (or even that they 

should be addressed by other legislation).  The Group proposes that where there is a general 

issue raised by a particular patent application in the field of biotechnology (including 

nanotechnology and synthetic biology) that the relevant Patent Offices ask the EGE for advice 

in the general area identified in the application. 

As far as the patenting and common heritage issue is concerned, the Group acknowledges the 

complexity of the topic, as already indicated in Annex I of this Opinion. The Group stresses 

that general ethical issues involved in patent applications have to be addressed properly in the 

patent allocation system.  

 

Recommendation N°16: The EGE proposes that debates on the most appropriate ways 

to ensure the public access to the results of synthetic biology is launched. These debates 

should include also what can be object of patent and what should be available through 

open access. 

Recommendation N°17: The EU Patent Directive (98/44/EC) defines the EGE as the 

Body to assess ethics implications related to patents. The Group urges the European 

Patent Office and the National Patent Offices to take account of Article 7 of the Patent 

Directive and refer contentious ethical issues of a general relevance to the EGE for 

consideration. This is particularly important if a class of inventions that ought not to be 

directly exploited commercially222 has to be defined. 

 

4.5.2. Trade and global justice 

                                                
222 EC/98/44, Article 6.2 provides an indicative list of exclusion from patentability, namely " (a) processes for 
cloning human beings; (b) processes for modifying the germ line genetic identity of human beings; (c) uses of 
human embryos for industrial or commercial purposes; (d) processes for modifying the genetic identity of 
animals which are likely to cause them suffering without any substantial medical benefit to man or animal, and 
also animals resulting from such processes." The Directive, Art 7, also states that "The Commission's European 
Group on Ethics in Science and New Technologies evaluates all ethical aspects of biotechnology." 
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The Group is aware of the global dimension of synthetic biology and its applications and 

considers economic development and growth of social welfare as a positive goal of the EU. 

Synthetic biology may contribute to the socio-economic prosperity of the EU and beyond. 

The Group welcomes this possibility; insofar principles of the EU Charter of fundamental 

rights and main EU fundamental values are not negatively affected by this technological 

sector and the trade of its products. The EGE therefore has concerns about the possible risks 

of a technology divide within the EU and between developed and less developed countries. 

The EGE recommends the embedding of the EU fundamental values into the global trade of 

synthetic biology products. As in previous Opinions (such as Opinion 23223 and Opinion 

24224), the Group underlines the need of introducing ethics considerations in the global trade 

and World Trade Organisations policy actions.  

Actions to avoid a greater technological divide should then be taken.  If trials involving 

synthetic biology products are being conducted in developing and emerging countries the 

same ethical standards as are required within the EU must be implemented225. UN Millennium 

goals should be implemented. 

 

Recommendation N°18: The EGE recommends that when synthetic biology is discussed 

at international level, including the WTO, the ethical issues associated to the technology 

should be addressed226.  This should be taken into account in the Doha round 

negotiations. 

Recommendation N°19: The EGE urges that EU Biosafety standards for synthetic 

biology products as identified in recommendations N°1, 2 and 5 of this Opinion are 

adopted as minimal standards for EU import-export of synthetic biology products.   

Recommendation N°20: The Group recommends specific EU actions to avoid new gaps 

between EU and developing and emerging countries, or within EU Members States, and 

to put into effect the recommendations expressed in this Opinion. Such actions should be 

                                                
223 http://ec.europa.eu/european_group_ethics/activities/docs/opinion23_en.pdf 
224 http://ec.europa.eu/european_group_ethics/docs/opinion24_en.pdf 
225 http://ec.europa.eu/european_group_ethics/docs/avis17_en.pdf 
226 . See Chapters 2.2.b and 2.2.c of this Opinion. 
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introduced in bilateral and multilateral science programmes of the EU and in the EU 

policies concerning developing and emerging countries. 

 

4.6. Science and society dialogue 

As elaborated in Chapter 3 of this Opinion, the ethics of synthetic biology is complex and the 

identified conceptual questions need an effective science and society dialogue.  

The perception of synthetic biology is influenced by social, cultural and ethical considerations 

about manipulating life, economic implications for developed and developing regions, issues re-

lated to ownership and intellectual property, concerns about environmental degradation and 

potential military uses, and so on. Traditional and interactive media play an important role in 

shaping people's views on new and emerging technologies, including synthetic biology. Each of 

these issues deserves thorough consideration and public participation. This raises wider issues of 

trust and confidence building between the scientific community and the public, including the 

need to promote proper debate. It ultimately leads to issues of deliberative democracy, 

including questions about who draws the lines between what is allowed, acceptable, and what 

is not; and who overviews those who draw the lines.  

Social scientists have suggested that upstream engagement could be productive for a 

development of science and technology consistent with societal expectations, concerns, and 

wishes.227 Many scientists working in synthetic biology are already aware of the importance 

of public engagement, and to this end, they have engaged in activities such as debates, 

podcasts and blogs. 

Public debate needs to be properly informed about the effective features and potentials of 

synthetic biology and this may raise difficulties of identifying, estimating and managing risks 

in an area where there are considerable uncertainties and knowledge gaps, and when the short-

term and long-term risks may be different. Similar considerations apply to ‘hype’ benefits, 

where the public is confronted, with the assistance of media and science fiction writers,  with 

unrealistic scenarios on synthetic biology products (for example, synthetic biology hype with 

regard to the curability of all diseases or bio-remedy to environmental pollution of prospects 

                                                
227 http://www.bbsrc.ac.uk/organisation/policies/reviews/scientific_areas/0806_synthetic_biology.pdf  
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for energy crisis). Non-documented hopes or fears communicated to the public distort the 

public debate on synthetic biology. 

 

Recommendation N°21: The Group asks the EU and EU Member States to take actions 

to promote public debates and engagement amongst the stakeholders in order to identify 

main societal concerns in the different areas covered by synthetic biology. 

Recommendation N°22: The Group recommends that journalists, editors, including 

science editors, and other stakeholders promote responsible reporting on synthetic 

biology.  

Recommendation N°23: In order to promote a comprehensive approach to new 

technologies by the media the Group asks the Commission to stimulate specific actions, 

such as, inter alia, creating fora, seminars and courses, addressing the implications of 

synthetic biology in the media. 

 

4.7. Research 

It has been observed for quite some time that basic research, the fundament of all different 

applications in a given field, has been pushed to the background in research funding 

programmes. Even though basic research is not to be sharply separated from applied research, 

the former needs public funding, and this should be the policy of the European Union.  

A key novelty synthetic biology introduces in the scientific method of modern biology is the 

possibility not only to use deductive approaches from observed phenomena but synthesising 

heuristic tools that allow in themselves exploring basic biology phenomena. Basic research in 

synthetic biology is however not necessarily connected to market and industrial interests and 

is therefore dependent on public financing. The Group is concerned that this may lead to a 

lack of adequate funding of EU basic research in a near future, and that this may jeopardise 

the role the EU research may play in global governance of synthetic biology. 

In parallel, the ethical debate on synthetic biology addresses issues related to the ethical 

legitimacy of manufacturing living organisms, similar to the debate on engineering life. 

Human intervention in nature, which includes the environment and other living organisms, 
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also raises concerns over the ‘naturalness’ of intervention and ‘manufacturing life’.228 The 

Group therefore underlines the need of financing EU interdisciplinary research projects on the 

relation between humans and nature, particularly with regard to questions concerning the 

views towards life.  

 

Recommendation N°24: The Group invites the Commission to support basic 

research in the fields of biology, chemistry, energy and materials science and 

engineering and applied research as identified in this Opinion. This should be 

reflected in the R&D EU research Framework Programmes budget. A similar 

invitation is addressed to EU member states in their national R&D programmes.  

 

Recommendation Nº25: The Group requests the EU to properly finance 

interdisciplinary research on the following aspects of synthetic biology:  

- risk assessment and safety;  

- security uses of synthetic biology;  

- ethical, legal and social implications  

- governance;  

- science and society (including media and the public).  

This should be reflected in the R&D EU research Framework Programmes budget.  

Similar request is addressed to EU MS in their national R&D programmes.  

 

Recommendation Nº26: The Group notes that synthetic biology could lead, in the 

future, to a paradigm shift in understanding concepts of life. It therefore calls on the 

Commission to initiate an open intercultural forum to address the issues, to include 

philosophical and religious input. 

                                                
228 John Harris, ‘Who’s Afraid of a Synthetic Human?’ The Times, May 17, 2008. Colin Nickerson, ‘A Quest to 
Create Life Out of Synthetics,’ Boston Globe, April 2, 2008. Erik Parens, ‘Making Cells Like Computers,’ 
Boston Globe, February 18, 2008. Natalie Angier, ‘Pursuing Synthetic Life, Dazzled by Reality,’ New York 
Times, February 5, 2008. 
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