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

Having regard to the Treaty establishing the Euaop@ommunity, and in particular Article 6

of the common provisions concerning respect fod&mental rights,
Having regard to the EC Treaty, and in particulaiofe 152 on public health,

Having regard to the Charter of Fundamental Rightfie European Union of 28 September
2000, approved by the European Council in Biardtz 140ctober 2000 and proclaimed
solemnly in Nice by the European Parliament, theur@€d and the Commission on 7
December 2000, and in particular Article 1 (Humagndy) and Article 3 (Right to the
integrity of the persor),

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

Council of 31 March 2004 laying down Community pedares for the authorisation and



supervision of medicinal products for human andgreary use and establishing a European

Medicines Agency,

Having regard to the Convention on the grant of ofgaan patents (European Patent
Convention) of 5 October 1973 (text as amendedhiyaict revising Article 63 EPC of 17
December 1991 and by decisions of the AdministeaBouncil of the European Patent
Organisation of 21 December 1978, 13 December 1294Qctober 1995, 5 December 1996,
10 December 1998 and 27 October 2005 and comprigieg provisionally applicable
provisions of the act revising the EPC of 29 Noven000)

Having regard to Commission Directive 2003/63/EC26f June 2003 amending Directive
2001/83/EC of the European Parliament and of thenCib on the Community code relating

to medicinal products for human use,

Having regard to Directive 2001/20/EC of the Eumpdéarliament and of the Council of 4
April 2001 on the approximation of the laws, redgialas and administrative provisions of the
Member States relating to the implementation ofdyabnical practice in the conduct of

clinical trials on medicinal products for human Oses amended in 2003 and 2005,

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

6 November 2001 on the Community code relating édiginal products for human u8e,
Having regard to Council Directive 93/42/EEC ofJithe 1993 concerning medical devies,

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

laws of the Member States relating to active imfahie medical devices,

Having regard to Directive 76/768/EC of the Eurap@®arliament and of the Council of 27
July 1976 on the approximation of the laws of thenhMbers States relating to cosmetic

products’
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Having regard to Regulation (EC) No 1907/2006 c# turopean Parliament and of the
Council of 18 December 2006 concerning the Redistra Evaluation, Authorisation and
Restriction of Chemicals (REACH), establishing adpean Chemicals Agency, amending
Directive 1999/45/EC and repealing Council RegolafEEC) No 793/93 and Commission
Regulation (EC) No 1488/94 as well as Council Diixex 76/769/EEC and Commission
Directives 91/155/EEC, 93/67/EEC, 93/105/EC and02PU/EC,

Having regard to Council Directive 80/68/EEC of D@écember 1979 on the protection of

groundwater against pollution caused by certairgdesus substancé,

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

effects of certain public and private projects lo@ €nvironment!

Having regard to the Treaty of Amsterdam of 17 JW®®7, and in particular to the

sustainable development strategy (SDS) and Arli2thereof concerning public health,

Having regard to Council Directive 90/219/EEC of 2Bril 1990 on the contained use of

genetically modified micro-organisms, as amende®igctive 98/81/EC?

Having regard to Council Directive 91/676/EEC of December 1991 concerning the
protection of waters against pollution caused lgatés from agricultural sourc&sn order to

reduce overall use of nitrates,

Having regard to Council Regulation (EEC) No 2028&f 30 June 1992 on agricultural
production methods compatible with the requiremaritthe protection of the environment

and the maintenance of the countrysitie,

Having regard to the United Nations Convention aoldgjical Diversity of 6 June 1992,
ratified by the European Union on 25 October 1988d to the Cartagena Protocol on
Biosafety, approved by the European Community oSégtember 2003,

Having regard to Council Directive 96/61/EC of 2dp&mber 1996 concerning integrated

pollution prevention and contrdl,
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Having regard to the Kyoto Protocol, adopted orD&tember 1997 with the aim of reducing
greenhouse gas emissions in order to fight gldioabte change (for the period 2005-2012),

Having regard to Directive 98/8/EC of the Europd@arliament and of the Council of
16 February 1998 concerning the placing of biocpatucts on the markét,

Having regard to the Commission communication ‘Dlilens towards sustainable

agriculture’’

Having regard to the World Trade Organisation (WT&anitary and Phytosanitary (SPS)

Agreements of 1995, in particular Article 5.1, &rd 5.3 thereof on health risk assessments,

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

of 27 January 1997 concerning novel foods and nfmeel ingredients®

Having regard to Council Directive 98/44/EC of teeropean Parliament and of the Council
of 6 July 1998 on the legal protection of biotedogaal inventions, in particular Article 6

thereof®

Having regard to Directive 2001/42/EC of the Eumpdarliament and of the Council of
27 June 2001 on the assessment of the effects ridirceplans and programmes on the

environment®

Having regard to Directive 2001/18/EC of the Eumpdarliament and of the Council of
12 March 2001 on the deliberate release into théramment of genetically modified

organisms and repealing Council Directive 90/22@EE

Having regard to Regulation (EC) No 1829/2003 c# turopean Parliament and of the

Council of 22 September 2003 on genetically modifigod and feed?

Having regard to Regulation (EC) No 1946/2003 c# turopean Parliament and of the
Council of 15 July 2003 on Transboundary movemehgenetically modified organisnis,

% 0J L 123, 24.4.1998.

7 COM(1999) 22, 27.1.1999.
80OJL42,14.2.1997.

190J L 213, 30.7.1998.

200J L 197, 21.7.2001.

210J L 106, 17.4.2001.

20J L 268, 18.10.2003.
Z0J L 287, 5.11.2003.



Having regard to Council Regulation (EC) No 12342®f 22 October 2007 establishing a
common organisation of agricultural markets and specific provisions for certain
agricultural products (single CMO regulatidh)creating a horizontal legal framework for the

agricultural markets,

Having regard to the Commission communication ‘208@vironment policy review’
describing the action taken by the EU on the envirent®®

Having regard to the Commission communication ‘N&dn review of the Sixth Community
Environment Action Programme’ with reference to tpotion of the environment,

biodiversity and natural resources,

Having regard to the Commission communication anplementation of the Community

strategy for dioxins, furans and polychlorinatephginyls’’

Having regard to the Council Regulation (EC) No4/2B00 setting up a Community regime

for the control of exports of dual-use items arzht®logy® and its amendments,

Having regard to the Commission communication ‘Brayg for the ‘health check’ of the
CAP reform’ on the overview of the adjustments rezkih the CAP?

Having regard to the Treaty of Lisbon, signed onDE2ember 2007 and currently open for

ratification,

Having regard to Article 6 of the Seventh Framewdtkogramme of the European
Community for research, technological developmemi a@emonstration activities (2007-
2013), which states that ‘All the research acegtcarried out under the Seventh Framework

Programme shall be carried out in compliance witidmental ethical principles’,

Having regard to the Commission communication ‘Suppg early demonstration of

sustainable power generation from fossil fudls’,

Having regard to the Commission communication ofPr@posal for a Directive on the

promotion of the use of energy from renewable sesift
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Having regard to the Council of Europe Convention uman Rights and Biomedicine,
signed on 4 April 1997 in Ovied,

Having regard to the Additional Protocols to theu@adl of Europe Convention on Human
Rights and Biomedicine, in particular the Additibrirotocol on Prohibition of Human

Cloning and the Protocol on Biomedical Research,

Having regard to the Universal Declaration on thartdn Genome and the Rights of Man
adopted by UNESCO on 11 November 1897he Declaration on Human Genetic Data
adopted by UNESCO on 16 October 2003 and the Usavddeclaration on Bioethics and
Human Rights adopted by UNESCO on 19 October 2005,

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

Biology,**

Having regard to the European Commission RepofgP0n Synthetic Biology, Applying
engineering to biology, by a NEST high-level exggdup® and the European Commission
Paper (2007) on Synthetic Biology: A NEST pathfinihitiative *°

Having regard to the hearings of experts and Cosionisdepartments by the EGE during
their January 2009, February 2009, March 2009,|28@9 and May 2009 meetin@%,

Having regard to EGE Opinion No 21 on ‘Ethical Asfseof Nanomedicineg®
Having regard to the Roundtable organised by thE BG19 May 2009 in Brussels,

Having heard the EGE Rapporteurs, Rafael CapuuianJKinderlerer, Paula Martinho da

Silva and Pere Puigdomenech Rosell,

Hereby adopts the following Opinion:
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Scope of the Opinion

On May 28, 2008 President José Manuel Barroso aie@8GE to issue an Opinion on the
ethical, legal and social implications that mayikefrom synthetic biology. In his letter, the
President advocated that ‘(...) the debate abouletfitmacy of engineering new life forms
has mainly focused on safety issues and a worlherethical, legal and social implications

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

The EGE is aware that synthetic biology raisesgsiophical, anthropological, ethical, legal,
social and scientific issues. It is equally awdrat the convergence of multiple technologies
in synthetic biology, each based on different difierparadigms, increases the complexity of
assessing the ethics of synthetic biology andridglycts. The EGE has, however, agreed that,
apart from safety issues associated with synth@titogy, an ethical, legal, and political
governance of synthetic biology is needed in the &id worldwide to ensure that the
interests of society are respected. The Group hesefore accepted President Barroso’'s

request.



1. Scientific Aspects

Synthetic biology is a new research field withiniethscientists and engineers seek to modify
existing organisms by designing and synthesisinidicial genes or proteins, metabolic or

developmental pathways and complete biologicalesgstin order to understand the basic
molecular mechanisms of biological organisms angketdéorm new and useful functions. This

research sector is heterogeneous and results fremanvergence of different technological
and scientific tools (from information technology themistry, engineering, biology,

mathematics and computer modelling). Syntheticdgiplhas two main goals: 1) to be a tool
to improve understanding of biological systemsirtbemplexity and emergent properties that
derive from the interaction of complex pathways @)do use the organisms as factories to
obtain products which may have a direct, clearianmdediate use (pharmaceuticals, bio-fuels,
raw materials or biomedical tools (e.g. vaccinesnew bio-defence agents). This distinction
diversifies not only the potential uses of synthéiblogy but also the goals on which current
research activities are being developed acroswhkel by private or public research bodies.
The following paragraphs aim to describe the redearctivities currently ongoing and to

indicate potential future uses of this researchal fie

1.1. Historical overview

The desire to know and understand the world arausthas been deeply rooted in humans
since ancient times. The first approach to theysufdlife has beeranalyticaf®: to break
down complex systems into smaller and simplifie@mo facilitate their observation and

understanding.

During the early XIX century ayntheticapproach emerged in biology as a complementary
approach to analysis. Using the knowledge of theetithe first synthesis experiments of
biological compounds were carried out in the fieldorganic chemistry. For example in
18287° urea, a component of human urine and an impofaatiliser, was first synthesised
from ammonium salts, showing that organic compoucaisid be chemically synthesised

from inorganic compounds. This was revolutionarywsieas common knowledge was that,

%9 Such an approach has been used since beforarteofiAristotle, and, in a more formal way, by Darses,
G. Galilei and Newton.
0 F. Woehler, Poggendorff's Ann. Phys., 12, 253-pHE8).
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although organic matter could be decomposed intoganic constituents (e.g. through
heating or other treatments), the reverse woultinp@ssible because inorganic matter would

lack the ‘vital force’ to transform it into organmatter.

As time passed and research advanced, the saneenpétom analysisto synthesiy was
observed not only in chemistry, but also in geretim 1953, the DNA structure was
described by Watson and CritkFor the first time, the double helix structure wegealed in
DNA, which is a polymer formed from monomers coséid of sugar molecules
(deoxyribose) linked to a nitrogen containing bd8eadenine, T=thymine, C=cytosine,

G=guanine) and a phosphate group.

From the mid 1950’s onwards, molecular biology aesk focused on the study of DNA
regulation, replication and repair (thenalytical period). In the early 1970’s the first
restriction endonucleasésvere discovered and purified, which allowed sé@sto precisely
‘cut’ and ‘paste’ DNA fragments from one sourceatwther, paving the way for tisgnthetic
era of molecular biology. In 1973, Cohen and Jadablished the first paper on the
recombinant DNA technique, through which a fundiiioplasmid produced by joining

different DNA fragments was inserted irfo Coli to produce transgenic bactetfa.

Recombinant DNA technologies have evolved constasitice they first appeared in the
1970’s. Biology research has moved increasinglyatols the study of molecular actors and
their interaction through signalling pathways aminplex network dynamics. Due to the
great advances made since the 1970’s with regarddiecular techniques, scientists have
been able to address complicated issues by beiegtatanalyse more and more complex

molecular model systems.

Another important development for molecular biolampcurred in 1984 with the discovery of
the Polymerase Chain Reaction (PCR) by K. Miflig.allowed the enzymatic replication of
DNA fragments by using a DNA polymerase, nuclectigeNTPs, the building blocks of
DNA) and the repetition of cycles (denaturing, aalimg and elongation) through which a
DNA template is amplified. PCR relies on the auaillty of small pieces of DNA

41 J.D. Watson and F.H. Crick, ‘Molecular structufenacleic acids; a structure for deoxyribose nuckid’,
Nature, 171(4356):737-8, 25 April 1953.

42 For this discovery the Nobel Prize for Medicinesveavarded in 1978 to W. Arber, D. Nathans and Hitfsm
3 S.N. Cohen et al., ‘Construction of biologicallynttional bacterial plasmids in vitro.” PNAS 70,48244
(1973).

# K. Mullis et al., ‘Specific enzymatic amplificatioof DNA in vitro: the polymerase chain reactioBold
Spring Harb Symp, Quant Biol. (1986).
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(oligonucleotides) that are produced by chemicatlsgsis. The development into a routine
technique of oligonucleotide synthesis was a larminma synthetic biology. This was made
possible in the early ‘80s and the development wbraatic synthesisers resulted in a

technique accessible to most molecular biology ratooies.

Technology key in shifting paradigms

Information technology

 Gen techriolagy Genomics Synthetic blology

1.2. Moving from analytical molecular biology to syithetic biology

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

molecular biology. [...] But the real challenge wstiart when we enter the synthetic biology
phase of research in our field. We will then deviesv control elements and add these new
modules to the existing genomes or build up whody genomes. This would be a field with

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

circuits’ and [...] finally other ‘synthetic’ orgamss [...].’

Synthetic biology was born, therefore, at leastotbcally, in 1974, although the term
synthetic biology can be traced back at least th21®@hen Stephane Leduc published his

12



Biologie Syntetiqué& However, in practice, the term was not used faurther twenty years,
until scientists began to think about assemblingtlsstic genetic regulatory networks
(circuits) in the laborator§? The first formal conference on synthetic biologgsaheld in
2004, showing that by that time a scientific comitywugrouped under the name of synthetic

biology was present and active.

L] L] L] L]
. B il
Historical timeline:;  smamwen s
12,300 bp
Bridgen & Elliot, 1996

2700 bp plasmid created Synthetic Polio  HERV-K (HML2) provirus
using PCR to a_ssemble constructed using (endogenous Retrovirus)
55?;1‘7',9;2”3:7"1225 only sequece data reconstructed from cloned

- and 'mail-order’ & point mutated commercial
oligonucleotides ~ human BAC library
7,741 bp 9,400 bp
Cello et al., 2002  Dewannieux et al., 2006

1970 1980 1990 2000 today
1 1 1 1 1 1 | I‘ ‘I
207 bp polynucleotide Ph”‘T‘; ph;ge L
chemically synthesized creake Itnth M. genitalium _
Khorana et al., 1972 weexs at e genome synthesized
\s/i%toerblnstltute, at the Venter Institute,
g P 582,970 bp
Influenza A ’
Infectious Polio constructed using Smith et al, ‘2003 Gibson et al,, 2008
created using cDNA virus segments 1918 Infii
stitched ¢cDNA clones (without helper virus) recons’;'rul;f:dza
7410 bp 13,600 bp 13.600 b
Racaniello & Baltimore, 1981 Neumann et al., 1999 Tur;vpey 5 al., 2005

sl

R

Synthetic biology experts believe that the fieldwd not be defined only by its applications
and that it may contribute significantly to the gmess of biology. For instance, knowledge of
the minimum number of genes needed to support arooriganism is relevant to
understanding the essential functions of livinghgei They also claim that knowing whether
the components of basic biological machinery cdifedifrom those existing in present
organisms including, for instance, the genetic codey enlighten us as to the origins of life.
All these important basic biological questions leg to research into what we call synthetic
biology, which has a number of objectives in a efgriof fields of application. From a

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

> Stephane Ledud,a Biologie SynthétiqueParis 1912. Also seBzostak, J.W., Bartel, D.P., Luisi, R2001)
Synthesizing life. Nature 409:387-390.

¢ M.B. Elowitz and S. Leibler, ‘A Synthetic Osciltayy Network of Transcriptional Regulators’; Natugf00
Jan 20;403(6767):335-8.
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developmental processes are essential for unddistpoell dynamics. Synthetic biology may
therefore be a heuristic tool to improve our ungerding of the main biological mechanisms

of life.

1.3. Towards a working definition of synthetic biobgy

It is not easy to find a working definition of shetic biology. It depends on the desired
outcomes, either on its applications (or aims) orarin general on the broad concept of basic
research and therefore its experimental natumaalt not be possible to find an unequivocal
definition and it could change over time as awassrd# this discipline increases and becomes

more widespread.

A recent (2008) description of synthetic biologgds:The fundamental idea behind synthetic
biology is that any biological system can be regardas a combination of individual
functional elements — not unlike those found in-made devices. These can therefore be
described as a limited number of parts that cancbenbined in novel configurations to

modify existing properties or to create new oriés.

Another description can be found at the websitehef EU Project ‘Towards a European
Strategy for Synthetic Biology’ (TESSY, 2007-2008):

Synthetic biology uses nucleic acid elements orptexnsystems that are predefined
and chemically synthesised in the laboratory byautar approach. This approach
aims to: 1. engineer and study biological systenas o not exist as such in nature,
and 2. use this approach for i) achieving bettedenstanding of life processes, ii)
generating and assembling functional modular conepts) iii) developing novel

applications or processe®
Other definitions of synthetic biology put forwasd far include:

* [Synthetic biology] attempts to recreate in unnafuchemical systems the emergent
properties of living systems ... [the] engineeringmoaounity has given further

meaning to the title...to extract from living systdnterchangeable parts that might

“’A. Danchin, ‘Synthetic biology: discovering new Wi and new words’, EMBO reports;
doi:10.1038/embor.2008.159 (2008).
“85ee http://www.tessy-europe.eu/.
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be tested, validated as construction units, andssembled to create devices that

might (or might not) have analogues in living systgBenner and Sismour, 2005)

 The development of well characterised biologicamponents that can be easily
assembled into larger functioning devices and syst® accomplish many particular
goals. (Jay Keasling speaking at the Synthetic Biolog® 2onference at Haas

Business School, UC Berkeley)

* To advance knowledge and create products that cam@te human welfare, synthetic
biologists seek to create biological systems thlaindt occur naturally as well as

reengineer biological systems that do occur natyrgHastings Center, USA)

* [Synthetic biology is] the design and constructadmew biological parts, devices and
systems that do not exist in the natural world aiso the redesign of existing
biological systems to perform specific tagiEs.osion, Technology and Concentration
(ETC) Group, Canada)

* [Synthetic biology] describes research that combibélogy with the principles of
engineering to design and build standardised, iheangeable biological DNA
building-blocks. These have specific functions eaud be joined to create engineered
biological parts, systems and, potentially, orgamés [Synthetic biology] may also
involve modifying naturally occurring genomes... taken new systems or by using

them in new contextJK Parliamentary Office of Science and Technold@@ST)

* [Synthetic biology] is broadly understood as thdilwkrate design of novel biological
systems and organisms that draws on principlesiddited by biologists, chemists,

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

It therefore appears that a general consensusstandard classification of synthetic biology
does not exist. The definitions so far providedadepon the scientific approach taken or the
applications carried out by biologists. From thege of descriptions of the technologies it is,
possible to identify the core elements of synthéimogy that include the engineering of
biological components and systems that do not @wistature and the re-engineering of
existing biological elements. It centres on theemibnal design of artificial or re-worked
biological systems, rather than primary understagaif the biology of existing organisms in

nature. A definition of synthetic biology shouletkfore include:
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1. The design of minimal cells/organisms (includingimal genomes);
2. The identification and use of biological ‘parsolkit);

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

In addition, several experts emphasise the potewtfiasynthetic genomics Synthetic
genomics may be defined as a field within synthietidogy that uses the increasing wealth of
genomic information including the tools of oligotemtide synthesis and of genetic
modification with the aim of producing new genontbat will allow the fabrication of a
product or a desired behaviour. One of the wayadeve these goals is to use minimal
genomes that become the basic framework into wdicbw set of genes are added to achieve
new biological functions. It may make use of custbesigned base pair series, though in a
more expanded and hitherto unprecedented sengbesigrgenomics could use genetic codes

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

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

A key issue to address in synthetic biology isdifference from other disciplines, such as
those based on the insertion of recombinant DNA origanisms. For example, techniques
used in synthetic genomics (e.g. the use of syictiENA within an existing cell may be
considered to be a recombinant DNA application emtithan synthetic biology). It
nevertheless appears that no clear boundary cdralaa between genetic engineering that is
based on recombinant DNA and synthetic biology: fttet is the starting point and merges
into the second without a clear cut limit. Nevel#iss, recognition of the complexity of
biological systems and the intention to construtioeganism with radically new properties

may be described as a feature of the new discipline
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Balmer A. and Martin P. have underlif&¢hat the word ‘synthetic’ is ambiguous since it ca
mean either ‘constructed’ or ‘artificial. The foen meaning is preferred by synthetic
biologists (BBSRC/EPSRC, 2007), but it is inevieabtat the ‘artificial’ aspect of synthetics
is to some extent associated with the term. In &&empts have been made to avoid the word
‘synthetic’ by naming the field ‘constructive biglg or ‘intentional biology’ (Carlson, 2006),

but these terms have not become widely adopted.

The scientific community is still debating whethsynthetic biology has introduced a

paradigm shift compared with other biotechnologi®sme have indicated that, in order to
distinguish between synthetic biological fabricaiocand other approaches, like transgenic
organisms, the key difference could be that tramisgerganisms are the result of introducing
naturally occurring foreign or mutated DNA (genis) the organisit. Synthetic biology, in

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

“9 http://www.nature.com/nchembio/journal/v3/n9/pdtiembio0907-521.pdf.

0 Balmer A., Martin P., 2008, Synthetic Biology: Scand Ethical Challenges, Institute for Sciencel a
Society, University of Nottingham.

* This could include copy DNA where codons have heedified to reflect the codon usage of the modifie
organism.
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no natural counterpatf. Some reserachers are producing protocells, thaiiarthe systems
found in biology but differ in that the DNA contaimucleotides not found in already existing
organisms? Synthetic biology therefore involves the use ahsfardised parts and follows a
formalised design process (Arkin and Fletcher, 2006parallel, synthetic biology involves a
different level of sophistication and complexity tfe work done in genetic engineering
(where one gene at a time is inserted into aniegifiological system), contrary to synthetic
biology, where a whole specialised metabolic urih de constructed (Stone, 2006 and
Breithaupt, 2006:22).

One novelty that synthetic biology has introduced the design and use of different
bioengineering technological tools is the notion imtentionality. Synthetic biology uses
biotechnology tantentionally design and build engineered biological systems phacess
information, manipulate chemicals, fabricate maleriand structures, produce energy,
provide food, and maintain and enhance human health our environment. In parallel,
synthetic biologysynchronically usesnultiple technologies, such as chemistry, enginger
biology, information technology and nanotechnololgythat respect, synthetic biology uses
technology to manufacture products that are dedignegive rise to knowledge or which
serve a given aim, defined by the application areavhich they are built, from bio-remedies
to ICT, biomedicine, biofuels or biomaterials. Wietlso distinctive in synthetic biology is
recognition of thecomplexityof the systems that researchers want to reprodiobedact that
they work on not just molecular cloning of singlengs or gene components as in standard
molecular biology, but on whole interacting genetaworks, genomes and ultimately entire
organisms. In this sense, the results of systeoisdyi, a discipline that studies the relations
of different metabolic or developmental pathwayghimi an organism, are important to

synthetic biology.

52 Bhutkar A., 2005, Synthetic Biology: Navigatingetlhallenges Ahead, J. BIOLAW & BUS., Vol. 8, No 2,
p.19-29.

%3 “pProtocells are defined as self-assembling anéireptoducing chemical systems created through muma
artifice (but not merely by manipulating a natuliaing organism) that produce the following interking
chemical properties: (1) spatial localization ofnmponents by containment (2) utilization of energy aaw
materials from the environment by metabolism andc(trol of the containment and metabolism by cicam
information that can be replicated and can mutdieotn Mark A. Bedau, Emily C. Parke, Uwe Tangen,

Brigitte Hantsche-Tangen (2009) Social and ethibaickpoints 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 appesato biology is a reductionist view,
which accepts that biological phenomena are exjpressof chemical-physical processes.
There are numerous examples of this paradigm, dimcduMonod (1967), Eigen (1975) and
Watson (1998). According to this view, the phenatygxpression of genes is a
physicochemical phenomenon and interaction with thndamental biological matrix would
offer us the possibility of the synthesis of ffe This paradigm has dominated the
development of modern biology for several decatiemy modern geneticists, however, are
now calling for a more complex concept of the gdr@esed on not only its DNA sequence, but
also its epigenetic interaction manual, which imtomay be defined by complex protein-DNA

interaction. The relevance of mechanistic approsdioe synthetic biology is particularly

** An antagonistic approach to determinism is orgaiismology (Ritter 1919). The central point is thea
organism is a highly organised system where itfobioal meaning (and the meaning of its activitghnot be
understood as the sum of the activity of the paftits biological constituents. This means thaewhve wonder
about the meaning of a living being we cannot drplts existence as a physicochemical phenomenon or
attribute a contingent value to a singular orgasisoonstituent (for example, the brain). On thetcany, an
organism is considered as a locus of integratedotmxity, whose meaning refers to its composite meatkigen

M. & Schuster P. (1978)he HypercycleBerlin; Eigen M. (1988) Perspektiven der Wisséiadt Jenseits von
Ideologien und Wunschdenken. Deutsche Verlags-Anstanas H. (1979Pas Prinzip Verantwortungnsel
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strong since the attempt to manufacture intentlgndesigned organisms relies on the

assumption that their expression will be controlbgdhe synthesised DNA sequences.

Lartigue-Venter’s demonstration

The Turing

m a Ch I n e ] . CTGCACTTA AGGATACAACAGCTTTAAAAAAGAGCACACTAACGTATCTTCT.. . 1

May exist in a parallel
set up

or parallel

Species 1

A=<
&y -
%
t?aer?so;;?aentation ) @é@

Genome transplantation in bacteria: changing one species to another
Lartigue C, Glass JI, Alperovich N, Pieper R, Parmar PP, Hutchison CA 3rd, Smith HO, Venter JC
Science (2007) 317: 632-638

“Living organisms as information traps”
http://www.normalesup.org/~adanchin

Some of the basic disciplines of modern biologyhsas biochemistry and molecular biology
are based on a reductionist approach. The hopehatady deconstructing the systems and
understanding individual parts of the system iragudetail it would be possible to reconstruct
pathways, cell systems and cellular interactiomss hias been facilitated by the new methods
available to scientists that permit the removgbarits of the organism. A number of scientists
including Venter and colleagues have attempteddémtify a minimal organism where the
only remaining genes are those absolutely essefaial functional organism. Synthetic
biology can then use a less complicated approahttie total synthesis of a new organism —
using the basic cellular structures of micro-orgars 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 thatcatical for the growth of synthetic

biology. The key issues include standardisatiobioogical parts and hierarchical abstraction

Verlag; Jonas H. (1987) ‘Creazione dell’'uombMulino (XXXVI) Bologna pp. 615-626; Monod J. (1967)
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to permit the use of those parts in increasingiypgiex synthetic systens.Achieving this is
greatly aided by basic technologies to read antevidNA (sequencing and synthesis), which
are exponentially improving in price/performanceu(iveil, 2001). Measurements under a

variety of conditions are needed for accurate mioadehnd computer-aided-design (CAD).
Sequencing

Synthetic biologists use DNA sequencing to obtaiformation about naturally occurring
organisms (large-scale genome sequencing). Themiatmn obtained for many organisms
will (eventually) permit the construction of biolegl components and devices. Other goals of
DNA sequencing for synthetic biology aim at venifgi that the manufactured engineered
systems correspond to the expected goals anditibaftecrapid detection and identification of
synthetic systems and organisms. Over the lasttywggars, astonishing progress has been

made in increasing the efficiency of DNA sequenceymthesis and amplification.

Progress in DNA sequencing has been constant anaoedinarily rapid. It started with the
conversion from manual to automatic DNA sequentieas used fluorescence techniques and
from sequencers that used electrophoresis gelapilary sequencers. During the last two or
three years, a new generation of DNA sequenceremasged that allow the sequencing of
gigabases (1 x 2asepairs of DNA sequence) per run and new mashireein the pipeline.
That means that the possibility of sequencing glsihuman individual’'s genome in a single
experiment for about 10.000 USD could soon be redch

THE SEQUENCING RACE

The increasingly crowded market for genome-sequencing machines includes
new entrants looking to push the boundaries in both speed and accuracy.

1,000 Gl o445+ 4508500
Complete Genomics ($0.002)
100 Gh - © Projected for June2009 |
= = .
Hell 0.0005
5 oy LHelicsG00005[ € e —
S Projected for June 2010
B
t %7 [Acplied Biosystems (5000)] " [ilumina (50002)] @
o
@ 100 My oo
® 454/Roche ($0.05)
S 10Mb
g
- 1Mb Estimated costs are given per | ABI capillary sequencer ($1) |
thousand base pairs.
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T T 1
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Read length (log,, base pairs)

Chance and Necessily.Y. Vintage Books; Ritter W. E. (191%he Unity of the Organisi2 vols. Boston.
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http://www.nature.com/news/2009/090206/pdf/news286.pdf

DNA synthesis

As of now, the manufacturing of engineered gens¢éiquences is time consuming and the
cycle of design, fabrication, testing and redesigad in bioengineering may be accelerated
by the techniques developed for synthetic biologgause it may provide rapid and reliable
de novaDNA synthesis and assembly of fragments of DNAe @bceleration of technical and
heuristic capacity in this use of synthetic biolagympressive. In 2002, researchers at SUNY
Stony Brook succeeded in synthesising the 7741 pabevirus genome from its published

sequence, producing the first synthetic orgarism.

In 2003, the 5386 bp genome of the bacteriophageXPtv4 was assembled in about two
weeks®’ In 2006, the same team at the J. Craig Venteituistconstructed and patented a
synthetic genome of a novel minimal bacterilycoplasma laboratoriugnand is working

on getting it to function in a living ceif In 2007, it was reported that several companias we
offering the synthesis of genetic sequences u®@® dp long, for a price of about USD 1 per

base pair and a turnaround time of less than tweksrd

%5 Group, Bio FAB; Baker D, Church G, Collins J, EfdyJacobson J, Keasling J, Modrich P, Smolke CisgVe
R (June-2006). ‘Engineering life: building a fabr fbiology’. Scientific American 294 (6): 44-51. PMI
16711359.

% Couzin J (2002). ‘Virology. Active poliovirus battefrom scratch’. Science 297 (5579): 174-5.
doi:10.1126/science.297.5579.174b.

" Smith, Hamilton O.; Clyde A. Hutchison, CynthiaaRfikoch, J. Craig Venter (2003-12-23). ‘Generating
synthetic genome by whole genome assembly: {phi}XBacteriophage from synthetic oligonucleotides’.
Proceedings of the National Academy of Sciences(26) 15440-15445. doi:10.1073/pnas.2237126100.

%8 Wade, Nicholas (2007-06-29). ‘Scientists Transp&enome of Bacteria’. The New York Times. ISSN 236
4331; Gibson, DG; Benders GA, Andrews-PfannkociD€nisova EA, Baden-Tillson H, Zaveri J, Stockwell
TB, Brownley A, Thomas DW, Algire MA, Merryman C,0dng L, Noskov VN, Glass JI, Venter JC, Hutchison
CA 3rd, Smith HO. (2008-01-24). ‘Complete chemisghthesis, assembly, and cloning of a Mycoplasma
genitalium genome’. Science 319 (5867): 1215-20.

% pollack, Andrew (2007-09-12). ‘How Do You Like Yio@Genes? Biofabs Take Orders’. The New York
Times. ISSN 0362-4331.
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Modelling

Synthetic biology models are informative tools five design of engineered biological
systems to better predict system behaviour priofatwication. Because of the intentional
nature of manufacturing synthetic biology produatspdelling is a key factor allowing

synthetic biologists to predict how the functionk liological systems will develop, for

example how biological molecules bind substrates atalyse reactions, how DNA encodes
the information needed to specify the cell and howiti-component integrated systems
behave. Multiscale models of gene regulatory neétware being developed to focus on
synthetic biology applications. Simulations haveereused to predict bio-molecular
interactions in transcription, translation, reguat and induction of gene regulatory
networks, guiding the design of synthetic systéfiResearch is also ongoing into improving
accurate quantitative measurements of biologicstiesys to elucidate how biological systems
work and provide the basis for model constructiod walidation. Technologies which allow
many parallel and time-dependent measurements heillespecially useful in synthetic

biology.

® Y. N. Kaznessis, (2007) ‘Models for Synthetic Bigl’, BMC Systems Biology, 2007, 1:47
doi:10.1186/1752-0509-1-47.
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In addition, since biological systems are extrenwgynplex and often involve thousands of
interacting components, bioinformatic methods aseful to elucidate interdependencies in
various biological process&s.For instance, insights into the distributions ofitational
effects are vital for understanding robustness, thog for both the genetic engineering of
synthetic biological systems and the genetic madiifon of existing systenfé.Thanks to the
use of in silico’ methodology, it may be possible to provide acaumatedictions of the
underlying networks from expression data generatét artificial genomes and explore

computationally future genome-wide redesign experits in synthetic biolog§®
Cell-free approach

For certain applications of synthetic biology, #hé& now a developing trend towards using a
cell-free approach, an alternative to developingimal cells. The cell-free approach uses a
different strategy, where only biochemical extraotsitaining the components necessary to

operate the synthetic DNA circuit or a complex rbeta process are employéd.

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

There are two complementary approaches to syntba&ilogy, which take opposite starting
points for research but share the same aim, nameelgrtificially reconstruct biological

systems.

The first is called thétop-down’ approach because it takes as a starting poinixiating
organism (e.g. a bacterium or a virus) and ‘stdpa/n’ redundant genetic elements to get to

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

The second approach is callédttom-up’ because it takes as a starting point the creafion
an inventory of ‘standard parts’ (e.g. MIT’s regjsof biological part¥), which constitute
the building blocks of the biological systems torkeonstituted. This approach is based on

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

®1 Jane Synnergren*, Bjérn Olsson and Jonas GamsdielsClassification of information fusion methods i
systems biology. In Silico Biology 9, 0007 (2009).

%2 oewe L. A framework for evolutionary systems bigy. BMC Syst Biol. 2009 Feb 24;3:27.

% carrera J, Rodrigo G, Jaramillo A. Model-basedesign of global transcription regulation. Nucldicids
Res. 2009 Apr;37(5):e38. Epub 2009 Feb 2.

%4 24. Forster AC & Church GM, Molecular systems bipl 2: 45 (2006 Ref. in Synthetic Biology: scope,
applications and implications, Royal Academy of Eegring 2009.

% See http://partsregistry.org/Main_Page.
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independent functional modules; the reconstitubbreven complex networks can therefore
be seen and designed as the combination of sevedlles according to the properties one

wants the system under investigation to H&ve.

"

Two strategies

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

Peret6 J and Catala (2007)
“The Renaissance of Synthetic
Biology” Biol Theor 2:128-130

Fundamental concepts /

(autonomy/autopoiesis, self- Bottom-u P
replication) and their chemical
implementation

Source: Modified graphic from a presentation by AgsdVioya "Synthetic Biology: Goethe's Dream", aafalié
at http://ec.europa.eu/european_group_ethics/actisitiecs/ege_moya.pdf

1.5.1. Current research in synthetic biology

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

address the following areas:

* To produce generic capabilities in ‘bio-inspiredols and processes that will offer

breakthrough answers to many needs of industrytamdconomy’

% please note that the concept and definition ofdule is somewhat arbitrary and can be subjecth®.a
general rule, a ‘module’ should be the smallestfiomal entity of a biological system, but it istnery clear cut

in an absolute sense.

7 For example, while some pharmaceutical compounms aready produced bio-technologically using
genetically engineered organisms, the capacityesigth synthesis pathways based on pre-existingegisncould
greatly accelerate the development speed and thplegity achievable in this novel application.
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» To fabricate engineered biological devices basednodular assemblies of genes and
proteins to (a) detect and combat disease at aeaety stage and (b) for tissue repair

and cell regeneration purposes;

 To fabricate synthetic biology products to produgseful materials, such as
biodegradable plastics from cheap and renewable maaterials, or to convert

sustainable feedstocks to fuels;

» To fabricate synthetic biology products to gives rie materials with new and improved
properties. The ability to control biological stiures at molecular level could also lead to

devices such as machines and electronic circuitrgroultra-small scale;

 To control cell membrane behaviour to develop iratiwe applications, such as

biosensors, mainly in the pharma-industry.

According to the UK Parliamentary Office of Scierszel Technology - POSH; the potential

applications of synthetic biology research couldude:

New biological production techniques for existing onovel biological materials and

chemicals, including food ingredients and biofuels

Engineering organisms to produce hydrocarbons é@svied considerable interest as
a possible outcome of synthetic biology given thgiration to develop new and more
sustainable sources of energy (POST, 2008). A niagus is to examine the potential
for using synthetic or modified organisms to geteesthanol from plant matter. There
are many ways of engineering microorganisms to ywwedcarbon-neutral (or more
environmentally friendly) sources of energy. Foramwple, bacteria could be
engineered to synthesise hydrogen or ethanol bsade cellulose, although further
work is needed to overcome technical barriers. tBlamd algae could also be
engineered to produce biodiesel (Shreeve, 200@) Urhiversity of California recently
received 60nillion USD from BP and the USA Department of Enefgr bioenergy
research. Several biotech companies are researnciuingtrial applications to produce

biofuels using bioengineered organisms. They spéeuhat fuels could be on the

%8 POSTNOTE — Synthetic Biology, January 2008, No 9sort
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market within five years. Similar to geneticallyggmeered bacteria for degrading oil
residues, synthetic organisms and their metabaitvpays could be engineered to
breakdown specific environmental pollutants at &imiower cost than we see today.
Researchers aim to engineer bacteria which prothegeenoids (naturally-occurring
substances) that have the right characteristicibstitute for petrol. There are also
plans to engineer microorganisms which produce dgein fuel from water, using

sunlight as the energy source.

New bio-based manufacturing and chemical synthesis

The development of alternative production routeslldoalso be used for the
production of new bio-based manufacturing and chahsynthesis. For example, Du
Pont and Tate & Lyle are involved in making coregwce a compound used in the
textile industry (POST, 2008). Plants have alsmleggineered to produce a synthetic
analogue of spider silk, which has qualities ofrexte strength and elasticity (De
Vriend, 2006). Along similar lines, synthetic matu shells could lead to the
production of material which is light but also stgo(Academy of Medical Sciences &
Royal Academy of Engineering, 2007). Bacteria hbdeen engineered to produce
spider silk by a process that is non-toxic to tle#is€® Spider silk has significant
industrial potential, being as strong as Kevlar &ed times more elastic. Future
research now aims to scale up production to an sindlly useful level.
Microorganisms that produce the bulk of today’s rawaterial for the organic

chemical industry have been envisaged.

New and improved diagnostics, drugs and vaccines

The production of some drugs or vaccines may negoitant modifications of living

organisms and therefore the approach of synth&tiody may be useful in this case.

Artemisinin is a naturally occurring, effective mamtalarial drug. It is currently
obtained through extraction from a plant at higtcand with low efficiency. A 43
million USD project at the University of California Berkeley funded by the Gates

%9 See http://royalsociety.org/displaypagedoc.asi@id91, p6.
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Foundation has extensively engineered new pathviaygeast which produce a
precursor to the active drug. This potentially hyggld method may mean that the

drug may become cheaper, of consistent qualityname: widely available.

Synthetic biology models of human physiology magoagive rise to a number of
medical applications, such as regulatory circuésighed to trigger insulin production
in diabetes (ITI Life Sciences, 2007), and bacteriairuses programmed to identify
malignant cancer cells and deliver therapeutic sgé®errano, 2007). Viruses have
also been engineered to interact with HIV-infectadls, which could prevent the
development of AIDS (De Vriend, 2006). Synthetic biology uses for neaccines
have been hypothesised for SARS and Hepatitis Ei(Ral et al., 2007).

European scientists are combining their expenmisenmunology and molecular biology

to develop a new technique for producing monoclantibodies with the aim of creating a
library of over one million cells, each expressimgque antibodies. A novel screening
technique, based on cell signalling, should enadile that specifically bind an antigen to be

selected and purified.

By carefully linking certain genes and regulataggences, scientists are able to design and
construct ‘gene networks’ that can sense and resjpospecific conditions or signals in the
cell. A multi-disciplinary team is working to dewpl one such network that will sense
errors in p53 signalling (a pathway implicated lmast all cancers) and respond either by
killing the cell or by actually repairing detectatutations. The technology could have a

wide range of applications from gene therapy tgastics.

Biosensors

A team at the University of Edinburgh has desigmed engineered bacteria as

biological sensors for arsenic in water. A sequesfcgenes in the bacteria stimulates

9One of the avenues of synthetic biology that Wite application is the development of alternafiveduction
routes for useful compounds, and one of the masudsed of these is the construction of an agilfitietabolic
pathway in E. coli and yeast to produce a precy@aeminisin) for an antimalarial drug (Martinat 2003, Ro
et al. 2006). It has been suggested that an apgpmazh as this could be used to produce otherphatizally
useful compounds for cancer and HIV treatment (Vaigp5). Polyketides are another important clasdrofs
which could potentially be produced using synthetmogy (Heinemann and Panke 2006).” Balmer A. rtiia
P., 2008, Synthetic Biology: Social and Ethical [vages, Institute for Science and Society, Uniigref

Nottingham P.10-11.
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them to produce acid if arsenic is present abogesélfie level for human consumption.
The resulting change in acidity can be read cheapty simply using existing pH test
devices. According to the Nuffield Council Backgnoupaper on Synthetic Biology
(2009), a biosensor has been developed which dactdearly-stage urinary catheter
infections’* The biosensor consists of an engineered systepesded in a liquid that
can be applied to the catheter end that is outdidebody. The liquid contains a
protein which binds the molecule AHL, associatethwthis kind of infection, thus
activating a second protein that glows green anétemahe liquid fluoresce. The
system allows doctors to detect urinary cathetégciton within 3 hours, whereas
currently, doctors can often only identify urinargtheter infection once it has spread

and infected the patient.

Bioremediation tools to process contaminants

Bioremediation is the use of biological systemdréat environmental contaminants.
Researchers are using knowledge of natural prosgéssievelop micro-organisms that
can accumulate and/or degrade substances, suataag metals and pesticides. For
example, a team at Berkeley has engineered a sifddseudomonago degrade an
organophosphate (commonly used as a pesticide).th&jm biologists are
endeavouring to engineer microorganisms that remb@dome of the most potent
environmental contaminants, such as heavy metesgicides and nuclear material. A
strain of Pseudomonabacteria has been developed to degrade an orgasyidite
that is commonly used as a pesticii@acteria have also been designed to act as

biosensors of arsenic in watér.

Other research sectors in synthetic biology cond®asecurity and biodefence (military

research and applications (warfare, bioterrorissghthetic biology could be used to produce

biosensors to detect biological weapons or to er&adlogical weapons, or single cellular

organisms could be designed to emit a signal (8ugrescence) in the presence of certain

! See http://www.sciencedaily.com/releases/2007711107103105.htm.

2 See http://pbd.Ibl.gov/synthbio/aims.htm.

3 Aleksic J, Bizzari F, Cai Y et al. (2007) Developm of a novel biosensor for the detection of arsém
drinking water, Synthetic Biology, IET 1: 87-90.
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environmental toxins. Examples of the dangeroush&gis of pathogen viruses already exist.
For example, in 2002 scientists synthesised théo paftus, which had been previously
eradicated? In 2005, scientists synthesised the 1918 Spatiskirus,”> which prior to its
extinction had caused a pandemic killing 20-50 iarillpeople. Military applications of
biotechnology (including synthetic biology) couldciude biodefence, biowarfare, and
bioweapons. The latter could be designed to tasgetial groups of humans and/or other

living beings’®

Virus Type: length of | Select Where Found Difficulty of Synthesis
nucleic acid Agent
Variola dsDNA;180kb | Yes Locked lab Difficult
1918 influenza sSRNA, negative| Yes Locked lab Moderately difficult
stranded; 8
segments ~10kb
total
H2N2 ssRNA, negative| No Laboratories Moderately difficult
influenza stranded; 8
(extinct 1968) segments ~20kb
total
Poliovirus sSRNA, positive No Laboratories; Easy
stranded; ~7.7kb widely in
nature, Africa
and Asia
Filoviruses ssRNA, negative | Yes During Moderately difficult
(Ebola, stranded; ~19kb active to difficult
Marburg) outbreaks
Foot-and-mouth RNA, positive Yes Certain hoofed Easy
disease virus stranded; ~9kb animals
SARS ssRNA, positive No 2003 strain in labs Moderately
stranded; ~30kb difficult to
difficult

The column labelled ‘Difficulty of Synthesis’ isaélconsensus of various virologists and moleculalogists who
participated in our workshops and meetings. Thgnpueht applies to someone with knowledge of and réexpee
in virology and molecular biology and an equippal but not necessarily with advanced experiendgidtdty’
includes obtaining the nucleic acid and makingniheleic acid infectious)’

" Cello J, Paul AV, Wimmer E (2002) Chemical syntaes poliovirus cDNA: generation of infectious v in

the absence of natural template, Science 297: B)16—

> Tumpey TM, Basler CF, Aquilar PV (2005) Charactation of the reconstructed 1918 Spanish influenza
pandemic virus Science 310: 77-80.

* See Alexander Kelle (2007). Synthetic Biology & oBécurity. Awareness in
http://www.synbiosafe.eu/uploads///pdf/SynbiosaéeBity _awareness_in-Europe_Kelle.pdf.
"http://www.jcvi.org/cms/fileadmin/site/research/jaets/synthetic-genomics-report/synthetic-genomics-
report.pdf. (page 16 of 66)

Europe,
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The military use of synthetic biology is often coz by secrecy clearari€e(classified
research). It should be noted that, according figure presented at the Synthetic Biology
2007 World Conference, the USA spends 23 billiorDUth biosecurity issues per year (civil
part only) and synthetic biology is part of thissearch are& Other countries may use
synthetic biology for biosecurity or biowar. Accard to the United States Office of
Technology Assessment (since disbanded), severdeentries were believed to possess
biological weapons in 1995: Libya, North Korea, BoHorea, Iraq, Taiwan, Syria, Israel,

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

1.5.2. Future uses of synthetic biology

Although the use of synthetic biology to manufaetaew life forms of complex organisms
does seem futuristic, some synthetic biologistehaivocated the possible use of this science
to synthesise new biological organisms or to extehs modify higher forms of life,

including mammals.

One possibility so far envisaged to modify the gaaoof complex organisms, including
humans, is via the use aftificial chromosomes De novohuman artificial chromosomes
have been generated in human cells following thiodiuction of bacterial artificial
chromosomes or Pl-derived artificial chromosomestaining large arrays of cloned or
synthetic alphoid DNA repeats from chromosomes321, 14/22, 17, 18 and X. This has
opened up the possibility of expressing large hunr@amsgenes in murine cells, and
complement murine models of human genetic dised$esian artificial chromosomes are
therefore potentially useful vectors for gene tpgrapproaches where there is a need to

transfer large segments of the genome. Howevereldpment of human artificial

8 Garfinkel M., Endy D., Epstein GL., Friedman RIKIQ07, Synthetic Genomics — Options for Governance.
"9 USA Defense Department investment in synthetidoiiyp for passive defence (by law [PL 103-160, atilD
work on chemical and biological defence is limitechassive defensive): From the forms submitte@dagress
with the budget (called the Congressional R-foretading funding, inclusion of synthetic biologynisentioned
under the Chemical and Biological Defence’'s Bassdarch Program. The FY2009 budget request isadlail
at http://www.dtic.mil/descriptivesum/Y2009/CBDP@384BP.pdf (page 4) The FY2010 budget request,
which is the most recent, is available at httpmwdtic.mil/descriptivesum/Y2010/CBDP/0601384BP.pdf
(page 3)In general, CBDP budget documents can hmdfoat http://www.acq.osd.mil/cp/budget.html.
Information on the Transformational Medical Teclogies Initiative (TMTI) is available at
http://lwww.acq.osd.mil/cp/cbdreports/tmti.pdf. WithDARPA's Defence Sciences Office (DSO), the peogr
most involved in synthetic biology is the ‘Protein  Design Processes’
http://www.darpa.mil/dso/thrusts/bwd/act/pdp/inder. DARPA's budget is available at
http://www.darpa.mil/Docs/2010PBDARPAMay2009.pdfis€ussion 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 mafian cells has been limited by
difficulties in manipulating high-molecular weigdNA, as well as by the low overall
frequencies ofle novo human artificial chromosont8s

Where is it going to? (EU Tessy final roadmap)
http:/iwww tessy-europe eu/documents.html
Figure 7: Final Roadmap: Measures and Milestones towards a Successful European Synthetic Biology
(registry. datat shared producti &Jin'es) '. bmdmal m;m:;
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In April 2009, the creation of aelf-replicating ribosomewas announced. Although
ribosomes were reconstituted 40 years ago, thisappo be the first time it has been done
successfully and synthetically. Ribosomes proviue gcaffolding for synthesising proteins,
making them a main component of all living orgarssm main goal of the Harvard team has
been to fabricate a so-called ‘mirror-image prdtean protein which is not susceptible to
enzyme breakdown and can last longer than naturak.oThis application of synthetic
biology may have commercial applications to creladsic molecular biology tool kits to

synthesise proteins for molecular biology reseanclior therapeutic proteins. The proteins

8 See http://www.biomedcentral.com/1472-6750/5/21.

32



themselves could be engineered to undergo ‘Darwirggolution to evolve even better

therapeutic proteing™

Another use of synthetic biology converging withet new disciplines recently published in
Scienc& was the combined use of synthetic biology and temhmology to produce
genetically engineered high-power lithium ion baties using multiple virus genes
Scientists have adopted a stratefgy attaching electrochemically active materials to
conducting carbon nanotubes networks through biological madsgcuecognition. By
manipulating two genes of the M13 virus, virusegavequippedvith peptide groups with
affinity for single-walled carbon nanotub8WNTs) on one end and peptides capable of
nucleating amorphouson phosphate (a-FeRJOfused to the viral major coat protein. The
produced virus has demonstrated, according togkearch team involved, 10 times greater
affinity for SWNTSs, increasing their power performance inm& comparable tdhat of
crystalline lithium iron phosphate. Tleéectrodes produced with this technique have shown
that this environmentally benign lotemperature biological scaffold could facilitatee th
fabricationof electrodes from materials that have been exdutlee to their extremely low

electronic conductivity.

1.6. Research funding

To date, the embryonic stage of the research shatmainly attracted investment from the
public sector, but the vast range of applicatiohsyothetic biology (if and when the science
produces reliable products) is likely to attradgvate investment with the potential to open up
new markets in the global economy. In the shornteapplication areas include materials,
biofuels and industrial chemistry. The productioh new medicines including synthetic
viruses as vaccines could be promising from a sifieand socio-economic point of view.
Synthetic biology is at this moment a domain wHentgely depends on public funding, both
at EU and international level, but it is inevitabtbat private finance will follow

developments.

The USA dominates research activities in synthigitidogy in terms of numbers of scientific

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

81 http:/iwww.masshightech.com/stories/2009/03/30kkgis-George-Church-creates-building-block-for-
artificial-life.html.
82 http:/www.sciencemag.org/cgi/content/abstractiBi ?eaf.
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research fundingln line with a broader international discussionr &xample, President
Obama’s speech to the USA National Academy of $eiem April 27, 2009, emphasizing
the merit of knowledge for the good of humankindd@he subsequent decision to increase
the USA budget allocated to this research secttig.majority of US funding comes from the
National Institutes of Health (NIH), but other fund sources exist, such as from the
government defence and energy agencies. The Masszith Institute of Technology (MIT)
and some other US centres have so far dominatefietdeof synthetic biology, in particular
with the creation of new terminology and languageart from the MIT registry of standard
biological parts, the IGEM (‘international genetlga engineered machine’) summer

competition has been the main pillar of these @b

According to data from the US research body Woodnison International Centre
(Washington DC, USA), the US research budget inthstit biology is in the order of 1
billion USD and 200 labs (100 universities and @fimpanies) benefit from it. The US
National Science Foundation has funded SynBERCtf®¥ic Biology Engineering Research
Centre§® a network of USA institutions (especially univiées) receiving 16 million USD
over a period of five years. In addition, majoréastment from the private sector (Bill and
Melinda Gates Foundation) has started in the US#e Floan Foundation supports activities

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

With some exceptions European national agencieppesgtammes are not yet very acfze
Europe has, so far, been relatively slow to embtheepotential opportunities from synthetic
biology, despite the substantial pool of expenigech could be tapped to contribute towards
an effective EU programme. Efforts have been mhdeiever, to coordinate developments at
pan-European level. In the EU Research Programraebtidget is €30 million and 20
organisations benefit. EU funding for synthetic lbgy is mainly via the Framework
Programmes for Research and Technological DevelnfingP). For instance, FP6 funded
NEST (New and Emerging Science and Technologyarags which is dedicated to synthetic
biology applications. In 2003, synthetic biologysndentified as an emerging and innovative
research area and a NEST High-Level Expert Gropprted on the subjedAs a result, FP6

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

8 http:/www.synberc.org/institutions.html.

8 http:/www.royalsoc.ac.uk/news.asp?id=6753.

8 European Commission (2006), Synbiology. An Analysii Synthetic Biology Research in Europe and North
America, http://www2.spi.pt/synbiology/document/rei1 1%20-%20Final%20Report.pdf.
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funded projects will run to the end of 2009 and aorstimulate and coordinate synthetic

biology research in Europe. Some examples of Edddmesearch projects include:

BIOMODULAR H2, specifically aims to generate buidi blocks to harvest solar energy for the
production of useful chemicals. The project seelgave the way for designing a standards-based
methodology using engineered bacteria to photosgisth hydrogen, an environmentally-friendly

potential replacement for dwindling fossil fulis.

The CELLCOMPUT project proposes a highly innovatajgproach to defining basic cellular
computation systems. By combining expertise in mdé cell and chemical biology, complex
systems design and mathematical modelling, CELLCOWMRIms to demonstrate reliable fault-
tolerant designs based on predictable communicatimiween engineered yeast cells. This
solution makes it much easier to build complexdmatal circuitry, such as memory units and
programmable structur@8The resulting biological-based computers wouldehpetential in
many areas, not least in developing modular assesnbf genes and proteins that would be
able to detect and respond to changes in the badlg@combat diseases at a very early stage.

Similar devices could also be used for tissue regrad cell regeneration.

The possibility of artificial systems controllintyihg cells and influencing the genetic information
processes might seem like science fiction to maaythe ORTHOSOME project is doing just that.
A multidisciplinary consortium is building an aidill genetic system which will be able to be used
in genetic engineering without the danger of comatimg natural systems. Such a system wiill
represent a major breakthrough for synthetic biokgd will give the EU’s pharmaceutical sector

the leading edge against its competitors.

The COBIOS project aims to develop synthetic biglalgvices for therapy in medicine, in
particular to create methods to treat diabetesutirathe innovative use of novel biological
delivery systems. Among its objectives, COBIOSnidéeto deliver a systematic approach to
developing well characterised, engineered biolbga=vices in higher eukaryotes that will

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

% In BIOMODULAR H2, six European universities arellaborating to solve this problem by constructing a
artificial photosynthetic bacterium containing abity engineered chemical pathways. At the same timeg will
lay the foundation for an engineering approach Wititprovide the next generation of synthetic bigy engineers
with a toolbox to design complex circuits of higbtential, for even more industrial applications.

87 While the focus is on well-documented yeast cafid their cell-to-cell communication pathways, ltveg-term
aim would be to build programmable biodevices usitiger cells as well. These engineered systemsdwaave
standardised functionalities and be substantiéfigrdnt from naturally-existing systems.
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provide computer-aided design tools for the bugdamd simulation of synthetic gene circuits,

tools that will be available to the scientific comnity.

EU-funded research project§®:

 BIOMODULAR H2: Energy project promises a new bidirology

*  BIONANO-SWITCH: Matching up living organisms witlomputers

e CELLCOMPUT: Building computers in the body

e COBIOS: Solution for complex diseases

« EMERGENCE: Coordination puts synthetic biology amffooting

« EUROBIOSYN: A sweeter way to make saccharine

* FuSyMEM: Functional synthetic membranes to mimiturgls sense of smell

» HIBLIB: Monoclonal antibody production made quichcaeasy

«  NANOMOT: Nature’'s motors tuned for delivery on dema

< NEONUCLEI: Synthetic analogues of cell nuclei

« NETSENSOR: Genes join up to detect and defend

«  ORTHOSOME: When artificial nucleic acids controlamibial genetics

« PROBACTYS: Programming bacterial catalyata carte

»  SYBHEL: Synthetic biology for human health — ethical asghll issues

«  SYNBIOCOMM: Pushing the boundaries further

« SYNBIOLOGY: A European perspective on syntheticldoigy

 SYNBIOSAFE: Safety and ethics of synthetic life

e SYNTHCELLS: The bare necessities of life

» SYNTH-ETHICS: Ethical and regulatory challengeseal by synthetic biology

e TESSY: Foundations for a European synthetic bialogy

8 ftp://ftp.cordis.europa.eu/pub/nest/docs/5-nesttsgtic-080507. pdf.
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2. Legal, Governance and Policy Aspects

Specific legislation on synthetic biology has neth introduced in European Union Member
States. Most of the existing regulations resultrfrivansposing EU legislation into national

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

Organisation (WTO), and an international framewankethics and human rights. The latter is
only to a limited extent legally binding. Theseasllare described briefly below according to
their legal force, focusing on their importance sgnthetic biology, with special reference to
definitions, procedures and the content of the isfons. The legislative framework applying

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

include legal and policy provisions at differentdés:

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

protection and patents;

(B) Global provisions issued by the World Trade Organisation (WTO) anaolsafety
standards issued by the World Health OrganisatiidHQ);

(C) International framework on ethics and human rights.

At the moment virtually all approaches to synthdtiology involve the use of genetic
modification techniques. Therefore within the Elgythare regulated through the Directives
and Regulations for genetic modification introducidtially in 1990 and substantially

modified during the ensuing years.

Legislation adopted by the European Union is bigdor the Member States, but there are
differences in the nature of obligations. Legislatrelated to the placing of products on the
EU market, e.g. medical devices, medicinal prodaots cosmetics, is harmonised at Member
State level, whereas legislation on Good CliniaalcHce may be supplemented by national
rules, as Community law establishes minimum prowvisi Data protection and patent

provisions are binding for the EU Member States.

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

international commerce. They are binding for thet&t that have signed and ratified them.

The international framework on ethics and humahtsigs legally binding only to a limited

extent. The Council of Europe Convention on Bioethil997), based on the Convention for
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the Protection of Human Rights and Fundamental denee(4.11.1950), is binding for the
States that have signed and ratified it, but nbE&l countries have done &b However,

European projects funded under the EU researcheframk programmes also have to comply
with the principles enshrined in that Council of r&ggpe Convention. The UNESCO
Declarations and the EU Charter of Fundamental tRigre not legally binding, but they have

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

2.1. EU legislation

There is a wide range of EU legislation relatedssues relevant for synthetic biology, either

existing or in preparation. These issues primalgcern risk assessment.

European Union legislation of specific importanoerisk assessmerdandrisk management
includes Directive 2001/18/EC on the deliberateasé into the environment of genetically
modified organisms (replacing Council Directive ZBB/EC? Regulation (EC) No
1946/2003 on transboundary movements of genetioatigified organisms that implemented
the provisions of the Cartagena Protocol on Bidgafeithin the European UnioH; and
Council Directive 98/81/EC amending Directive 9®HEC? on the contained use of

genetically modified micro-organisnis.

Most of the work in synthetic biology falls withime remit of Directive 98/81 which deals
with the contained use of genetically modified rmiorganisms. It regulatethe contained
use of genetically modified micro-organism{&MM) and therefore has environmental and

human health protection purposes as stated undieteAt of the Directivé'

A microorganism is defined in Article 2 of the diteve to be “any microbiological entity,
cellular or non-cellular, capable of replication airtransferring genetic material, including
viruses, viroids, animal and plant cells in cultuiéhis includes cultures of cells derived from

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

8 As of November 2006, the Convention has been signe 21 EU Member States and ratified by 13.
(http://www.coe.int/t/e/legal_affairs/legal_cooeoatbioethics/texts_and_documents/1Treaties  COETagpO
fPage.

“http://europa.euleur-lex/pri/en/oj/dat/2001/_1060620010417en00010038.pdf.

%L http://europa.eu/eur-lex/prilen/oj/dat/2003/|_2828720031105en00010010.pdf.

92 hitp://eur-lex.europa.eu/LexUriServ/LexUriServ.dn2CELEX:31990L0219:EN:HTML.

% http://europa.eu/eur-lex/prilen/oj/dat/1998/|_3388019981205en00130031.pdf.
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organism in which the genetic material has beearedtin a way that does not occur naturally
by mating and/or natural Recombination”. Hence awew organism produced through

synthetic biology will be regulated through thiseditive.

The Directive provides the regulatory framework &ssuring the safety of organisms used in
containment (whether physical or biologi€al)At the very least, any organization working
with genetically modified organisms has to registéth a Competent Authority within a
Member State (Article 7). If the organism (syntheiir otherwise) poses no conceivable risk
to human health or the environment, no furtheroscis necessary. If, however, there is a risk
(even a low risk) of damage to human health ore@heironment the authorities must be
informed of each individual ‘experiment’. If theski is moderate or high, prior assent must be

obtained from the Competent Authorities.

Directive 98/81/EC also defines the 'user' as "aatyiral or legal person responsible for the
contained use of GMMs" and 'notification’ as "tmegentation of the requisite information to
the competent authorities of a Member State." #fedince is made between first and

subsequent uses and as regards to risk classificzditegory.

Moving from the laboratory to the commercial wonghether for the introduction into the
environment of an organism or for marketing brifdjsective 2001/18/E into play. It
defines a ‘genetically modified organism’ (GMO) as organism, with the exception of
human beings, in which the genetic material has ladtered in a way that does not occur
naturally by mating and/or natural recombinationithivi the terms of this definition, a
genetic modification occurs at least through the eisone of the techniques listed in Annex
IA of the Directive®’ Risk assessment, marketing and labelling requinésnare spelled out
in Regulations (EC) 1829/2003 and 1830/2003..

The definitions in the Directives differ significyn Directive 2001/18/EC regulates the
deliberate release into the environment of geneliganodified organismsand therefore has

environmental and human health protection purpasesstated under Article 1 of the

% This Directive lays down common measures for thetained use of genetically modified micro-orgarssm
with a view to protecting human health and the emrment.

95 «contained use” shall mean any activity in whichcroiorganisms are genetically modified or in whizlth
GMNMs are cultured, stored, transported, destrogieghosed of or used in any other way, and for wisipécific
containment measures are used to limit their comtéb the general population and the environmémti¢le 2)

% Directive 2001/18/EC on the deliberate release finé environment of genetically modified organisms

" Regulations (EC) No 1829/2003 and 1830/2003 rédethe definition of GMO laid down in Directive
2001/18/EC.
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Directive. In accordance with the precautionarngiple, the objective of this Directive is to
approximate the laws, regulations and administeggirovisions of the Member States and to
protect human health and the environment whenafying out the deliberate release into the
environment of genetically modified organisms fory abther purposes than placing on the
market within the Community, 2) placing on the nergenetically modified organisms as or
in products within the Community. The Directive ides a GMO as an ‘organism, with the
exception of human beings, in which the geneticenathas been altered in a way that does
not occur naturally by mating and/or natural recoration’. The techniques covered in the

Directive include:

(1) recombinant nucleic acid techniques involvihg formation of new combinations
of genetic material by the insertion of nucleicdamolecules produced by whatever
means outside an organism, into any virus, bac¢tpl@smid or other vector system
and their incorporation into a host organism inahhihey do not naturally occur but

in which they are capable of continued propagation;

(2) techniques involving the direct introductiotaran organism of heritable material
prepared outside the organism including micro-itipg; macro-injection and micro-

encapsulation;

(3) cell fusion (including protoplast fusion) or bndisation techniques where live
cells with new combinations of heritable genetictenal are formed through the
fusion of two or more cells by means of methodst tth@ not occur naturally.
(2001/18/EC, Annex 1A)

Deliberate release under Article 2.3 ‘means angnitibnal introduction into the environment
of a GMO or a combination of GMOs for which no sfiecontainment measures are used to
limit their contact with and to provide a high Iéwoé safety for the general population and the

environment.’

The standard authorisation procedure for delibergisase of GMOs for any other purpose
than for placing on the market is laid down in Alei 6 of the Directive, whilst placing on the
market of GMOs as or in products is regulated bgcH provisions on the notification
procedure in Article 13. Both procedures lay dowmuanber of requirements that need to be

met in order for the competent authorities to taldecision on authorisation of GMO release.
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Furthermore, Article 9 of Directive 2001/18/EC dbonsultation of and information to the

public’ provides for active involvement of the picbdnd groups.

In addition, the Commission has recently preparect@acement Draft Directive on the

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

The above Directive aims to establish common measiar evaluate and reduce the potential
risks arising in the course of all operations ivuad the contained use of GMMs and to set
appropriate conditions of use. The Directive alseks to lay down requirements for risk
assessment and advocates that contained uses ofsGhiddild be classified in relation to the
risks they present to human health and the enviemimt states that where there is any
uncertainty, appropriate containment and othereggtote measures for higher classification
should be applied until less stringent measuregustdied by appropriate data. Appropriate
containment measures should be applied at the usarstages of an operation to control
emissions and the disposal of material from coethinses of GMMs, and to prevent

accidents.

The above EU regulatory framework addresses theafety of synthetic biology but, as the
Nuffield Council underlines in its 2009 backgroupdper, under the current regulatory
framework, risk assessments of genetically modifieghnisms (GMOs) compare the altered
organism with the natural organism on which it &séd, considering the individual traits
introduced. Synthetic biology will produce organssmith multiple traits from potentially
several different donor organisms. The use of aificially expanded genetic information
system or the insertion of multiple genetic traitsthe synthesis of new synthetic biology
products, while not excludguker sein the EU biosafety framework may not provide st

reliability to the risk assessment and analysis&aork.

The application areas of synthetic biology are adyeregulated at EU level and synthetic
biology products will have to comply with the exigt regulations. In addition to the
requirements identified above, there are furthquirements depending on the use to which
the products of synthetic biology might be put.ig bf possible uses of synthetic biology is
provided in Chapter 1.5 of this Opinion, hence riagulatory framework that would apply to

the various synthetic biology applications wouldlide:

« 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 deviceg¢Directive 93/42/EEC and 90/385/EEC);

* gene therapy, cell therapy and tissue engineerifRegulation (EC) No 1394/2007
amending Directive 2001/83/EC and Regulation (ECG) K26/2004, Directive
2001/83/EC, Directive 2004/23/EC and Directive 20@2EC);

« clinical trials (EC 2001/20 amended in 208and 200%°);
» cosmetic productéDirective 1976/768/EC);

« data protection(Directive on the processing of personal data tedprotection of

privacy in the electronic communications setfdr
« chemicals(REACH ruled®);

» biological risks(Council Directive 82/894/EEC and Council Directi2800/29/EC of
8 May 2000%);

» gsafety and health for workers exposed to biologicayents at work(Directive
2000/54/EC).

The above regulations are described and discusstreiEGE Opinion on Nanomedicifié

(biomedicine), the EGE Opinions on animal cloningfbod supply® (food safety, IPR) and

% Directive 2003/63/EC.

% http://clusters.wallonie.be/servlet/Repositoryéaiive_2005/28/EC_EN__comp.PDF?

IDR=5482.

19 pirective 2002/58/EC, Directive 95/46/EC.

1 The REACH Regulation was formally adopted on 18&ddeber 2006 by the Council of Environment
Ministers following the vote in second reading loé tEuropean Parliament on 13 December 2006. REAWH w
enter into force on 1 June 2007. The text of thguRdion was published on 30 December 2006 in @ffic
Journal of the European Union L 396 (Regulatio€)&o 1907/2006 of the European Parliament andef t
Council of 18 December 2006 concerning the Redistra Evaluation, Authorisation and Restriction of
Chemicals (REACH), establishing a European Chemioc&jency, amending Directive 1999/45/EC and
repealing Council Regulation (EEC) No 793/93 andn@ussion Regulation (EC) No 1488/94 as well as
Council Directive 76/769/EEC and Commission Direesi 91/155/EEC, 93/67/EEC, 93/105/EC and
2000/21/EC. See:

http://ec.europa.eu/environment/chemicals/reactifrgatro.htm). See also: Council Directive 96/82/B€ 9
December 1996 on the control of major-accident tg&évolving dangerous substances (Seveso 1l) ains
mitigating the consequences of accidents. It faguge safety, the formulation of emergency plang] an
information exchange in case of incident. CoundieBtive 98/24/EC of 7 April 1998 on the protectiohthe
health and safety of workers from the risks relatedhemical agents at work lays down the requirgméor the
protection of workers from risks to their safetyddrealth arising, or likely to arise, from the effeof chemical
agents that are present at the workplace or aswut ref any work activity involving chemical agenfBhe
Standing Committee of Experts on Precursors adesetf®e risks posed by chemical precursors. Thelisign
committee has been meeting since the beginning@8.2

42



modern developments in agriculture technold§retbiosafety, IPR). There are however,
three regulatory frameworks which will apply to #yetic biology products that have not been
fully addressed in previous Opinions: 1) patenti@j,open access, 3) security policy and

Chemical, Biological, Radiological or Nuclear (CBR&ubstances.

The Patent Directivé® deals specifically with the protection of bioteotogical inventions
and is designed to ensure effective legally harsemhiprotection of patents. In doing so it
aims to encourage innovation and promote investnerthe field of biotechnology and
establish legal certainty. The inventor secureslusike rights to control commercial
exploitation of his invention for 20 years and, fieturn, he must disclose a detailed
description of his invention, making the new knoage publicly available. This disclosure
enables others (researchers etc.) to build on ttmvledge gained. The patent may be a
product claim, a process claim or bdth.The standard criteria for patentability include
novelty, inventive steps and industrial applicatidocording to Article 3, ‘biological material
which is isolated from its natural environment eoquced by means of a technical process
may be the subject of an invention even if it poegly occurred in nature’. The Directive
contains provisions laying down restrictions basedethical concerns, i.@rdre publicor
morality (Article 6°%. The applicability of the morality clause to patefor some synthetic
biology products may be controversial.. The Dintabove also states (Article 7) that the
EGE ‘evaluates all ethical aspects of biotechndlogyticle 7 is the only Article of the
Directive that has not been implemented in thesrwé European Patent Office or any

Member State’s Patent Office.

Open Access (OA)s broadly defined as ‘free access to knowledgaatcharge to the
user.X®® Under open access policies, authors publishecesearch publications grant free

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

1%2This directive creates a compulsory notificatiorsteyn: when an outbreak occurs, Member States tmve t
notify the Commission. Member States have alsootidiynthe Commission when there is an interceptibthe
customs on imported/exported goods, http://eurapgscadplus/leg/en/lvb/f85001.htm.

103 hitp://ec.europa.eu/european_group_ethics/aetlitbcs/opinion_21_nano_en.pdf.

194 hitp://ec.europa.eu/european_group_ethics/aedlitbcs/opinion23_en.pdf.

195 hitp://ec.europa.eu/european_group_ethics/docsfm4_en.pdf.

1% birective 98/44/EC.

197 See also EGE Opinion No 16 on ‘Ethical aspectpatenting inventions involving human stem cells’
(http://ec.europa.eu/european_group_ethics/docd/@ven.pdf).

198 According to the Directive on biological inventmrinventions shall be considered unpatentablereviteeir
commercial exploitation would be contrary ¢odre public or morality; however, exploitation shall not be
deemed to be so contrary merely because it is lpitetiby law or regulation’. Directive 98/44/EC,tiste 6(1).

199 EU handbook on open access — http://ec.europasaarch/science-society//document_library/pdf_Géiep
access-handbook_en.pdf.
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to proper attribution of authorshtp® This means free, immediate, permanent and fuksec
to texts, online for any user of internet Scientiéind Digital Scholarship material, mainly
research articles published in scientific journalslthough there is no specific legislation
applicable, there are at least three main intesnatideclarations on the subject: the first one,
BOAI (Budapest Open Access Initiative) dated Fetyu2002, followed by the ‘Bethesda
Statement on Open Access Publishing’ (June 2008)the ‘Berlin Declaration on Open
Access knowledge in the Sciences and Humanitiestaar 2003).

In an open access publication, ‘the author(s) amyright holders(s) grant(s) to all users a
free, irrevocable, worldwide, perpetual right ofcess to, and a license to copy, use,
distribute, transmit and display the work publi€ly)’ (Bethesda Declaration). This is viewed,
by some, as a potential way of improving accesarnd dissemination of publicly funded
scientific information, in particular peer-reviewestientific publications. In fact this
approach, although not new to synthetic biologys baen discussed over the last few years
regarding the sharing of scientific informationidtnow emphasised where synthetic biology
models are mostly used in modelling synthetic lgglstructures. Including in concept of OA
and applicable to software, Open Source softwaseftsvare that includes source code and is
usually available at no charge, but carries a gérnieence that may identify that which may
(or may not) be done with the softwére

In 2008, the European Commission launched a pitojept that was planned for in
Commission Communication (COM(56)2007) on ‘scieatihformation in the digital age:
access, dissemination and preservatigrih reaction to which European research ministers
adopted Council Conclusions inviting the Commissionexperiment with open access in
FP7'3 The pilot project is to give unrestricted onlinecess to EU-funded research results
(covering around 2% of the €50 billion FP7 program budget) in ara&shsas health, energy,
environment, social sciences and information anchroanication technologies. The legal
basis for the pilot project is the so-called spleclause 39 on Open Accéssadopted in
August 2008 that requires a) deposit of an elearaopy (published version or final

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

"http://europa.eu/rapid/pressReleasesAction.dozete=MEMO/08/548&format=HTML&aged=0&language
=EN&guiLanguage=en. See also the 2003 Berlin Datlam on Open Access to Knowledge in the Sciennds a
Humanities, http://oa.mpg.de/openaccess-berlirfietlaration.html.

11 5ee http://creativecommons.org/licenses/by-nc-8ai® and http://www.bios.net/daisy/bios/home htm

12 hitp://ec.europa.eu/research/science-society/dentrtibrary/pdf_06/communication-022007_en.pdf.

113 hitp://ec.europa.eu/research/science-society/inttagfuseaction=public.topic&id=1680.

14 hitp://ec.europa.eu/research/press/2008/pdf/aringew_clauses.pdf.
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best efforts to ensure that this electronic copgob®es available ‘open access’ (freely and

electronically available to anyont¥.

2.1.1. EU biosecurity policy frame

Either through an Open Access system or illegabadisuch as biopiracy), access to DNA
sequences and synthetic biology models may raigsecurity concernsConcerns raised
regarding safety have triggered important legistath the EU*° as well as in the Council of
Europe with the Convention on Cybercrime (Budap23t11.2001) as tools to ‘deter action
directed against the confidentiality, integrity aashilability of computer systems, networks
and computer data as well as the misuse of sutcbrsgs networks and data’ at international
level. Additionally, open access may apply to setith biology project results where

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

Over the past ten to fifteen years, the threat dfermorist group acquiringChemical,
Biological, Radiological or Nuclear (CBRNjnaterials has led governments and international
organisations to adopt far-reaching regulatibhend programmes to defend populations
against the associated risks. Tackling terroristeas to CBRN material is currently
considered a key priority for the European UrihThis is acknowledged by the European
Union Counter-Terrorism Strategy adopted by ther@dwon 1 December 2005, and by the
‘EU Strategy against proliferation of weapons ofssdestruction and their means of delivery
(WMD)’ adopted by the European Council on 12 Decen003'*° In addition, the Council
adopted specific Conclusions in 2007 that called fiother EU level work on CBRN

security™®

The Member States are responsible for protectiag thitizens from CBRN threats by a host
of different measures, and with the involvementofvide range of authorities. The Ghent
European Council of 2001 instigated the first stepgountering the CBRN threat at EU

5 hitp://ec.europa.eu/research/science-society/dentittibrary/pdf_06/ec-open-access-pilot-ppt_en.pdf.

18 pirective 2006/24/CE of the European Parliamemnt ahthe Council of 15 March 2006 on the retentifn
data generated or processed in connection wittptbeision of publicly available electronic commuations
services or of public communications networks amemding Directive 2002/58/EC

7such as UN Security Council Resolution 1540.

18 The Council Conclusions of 6 December 2007 ‘adsings Chemical, biological, radiological and nuclear
risks andon bio-preparedness’ provide the most recent Eltleverview of the ongoing activities.

11915708/03 and SN 400/03, no 68. See aifm, paragraph 7.

12016589/07, of 17 December 2007.
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level}?! followed by the adoption of the ‘Programme to ioy® cooperation in the European
Union for preventing and limiting the consequenoéghemical, biological, radiological or
nuclear terrorist threats’ in December 2062The Programme was superseded by the
Council and Commission’s EU Solidarity Programme ®f December 2004 on the
consequences of terrorist threats and attacks,etkitended, revised and replaced the 2002
CBRN Programme following the attacks in Madrid oh March 20042 Aspects of the
Solidarity Programme were included in the overath®gy and Action Plan on Combating
Terrorism established in 2005 after the Londoncag#* Whilst the responsibility for
responding to CBRN incidents rests with the MemBg#ates, robust crisis management
procedures and tools to support the Member Statéisei event of a crisis with cross-border
implications have been developed at EU level. bteotto prepare the current CBRN policy,
in February 2008 the Commission established a CBRbk Force. The final report of the
Task Force was published in January 2009 and cwmdaé264 separate recommendations. On
June 24 2004 the Commission adopted an action plan defining rieev EU CBRN
policy.*?® The Action Plan sets out three main areas of CBB®rity work: 1) Prevention —
ensuring that unauthorised access to CBRN materfatencern is as difficult as possible; 2)
Detection — having the capability to detect CBRN@nials in order to prevent or respond to
CBRN incidents; 3) Preparedness and response —ghate to efficiently respond to

incidents involving CBRN materials and recover fritam as quickly as possible.

The most important part of current EU externaltretes policy related to the CBRN threat is
the EU Strategy against Proliferation of Weapon#lats Destruction — also known as the
EU WMD strategy, adopted in December 2003. Thist8gy was recently updated and
reviewed, resulting in the adoption by the Coun€ilNew lines for action by the European
Union in combating the proliferation of weapons ross destruction and their delivery

systems’ in December 200%. Issues related to the threat of CBRN materials ase

219N 4292/01 REV 2.

12214627/02.

12%15480/04.

12414469/4/05, paras 20 and 31.

125 COM(2009) 273 final ; SEC(2009) 874 ; SEC(2009) 7$SEC(2009) 791.

126 The EU CBRN Action Plan is not a legal instrumdfiterefore, immediate legal and budgetary consempsen
for the EU could only derive from possible futuegi&l instruments implementing the Action Plan, Whicould
be subject to separate prior impact assessmentciding an assessment of their impact on econogttoss
and research environments and systematic and tigarmnitoring to ensure compatibility with the Ciearof
Fundamental Rights of the European Union.

12117172/08, 17 December 2008.
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discussed in a significant number of internatidioa#'?®, and are dealt with by international
organisations such as the International Atomic gneéxgency (IAEA), the Organisation for
the Prevention of Chemical Weapons (OPCW), the BT@@hference, Interpol and the
Global Health Security Initiative (GHSI). In a mogeneral sense, counter-terrorism efforts
form part of many cooperation agreements in placeeing negotiated between the EU and
third countries. The Council decided in 2002 thatandard counter-terrorism clause should
be inserted in all agreements with third countrigdditionally, since November 2003, WMD
clauses have been inserted in all new or renewgddragreements now covering almost 100
countries. Work on CBRN issues with strategic pemdnsuch as the United States, can be
further developed based on the current policy pgek&rom the public health perspective, the
Commission will present a Communication on headtbusity 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 tlmstfedition of theLaboratory bio-
safety manuain 1983. The manual encouraged countries to acaegtimplement basic
concepts in biological safety and to develop nai@odes of practice for the safe handling of
pathogenic microorganisms in laboratories withieitilgeographical borders. Since 1983,
many countries have used the expert guidance mrdvid the manual to develop such codes
of practice. Subsequent editions of the manual \peit#dished in 1993 and in 2005. The last
edition of the WHO bio-safety mant&l stresses the importance of personal responsibility
and addresses risk assessment, safe use of reeomnIiNA technology and transport of
infectious materials. It also introduces bioseguritoncepts — the protection of
microbiological assets from theft, loss or divensiahich could lead to the inappropriate use

of these agents to harm public health.

2.2.2 The Cartagena Protocol

1265ych as the Global Initiative to Counter Nuclearr@igsm (GICNT), and dual-use export control regime
such as the Nuclear Suppliers Group, the Wassefgangement, the Australia Group and the Missile
Technology Control Regime.
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On 29 January 2000, the Conference of the Padiéset Convention on Biological Diversity
adopted a supplementary agreement to the Convekiiown as the Cartagena Protocol on
Biosafety’*° The Protocol seeks to protect biological diversigm the potential risks posed
by living modified organisms resulting from moddmiotechnology. It establishes an advance
informed agreement (AIA) procedure for ensuringtthauntries are provided with the
information necessary to make informed decisionreeagreeing to the import of such
organisms into their territory. The Protocol congaa reference to the precautionary approach
and reaffirms the precautionary language in Priacip5 of the Rio Declaration on
Environment and Development. The Protocol alsobéistees a Biosafety Clearing House to
facilitate the exchange of information on living dified organisms and to assist countries in
the implementation of the Protocol. Countries smigpGMOs for intentional introduction
into the environment will have to give prior natéition to the importing country that they are
party to the Protocol under the Advance Informedegment (AIA) procedure if it is not
intended for food, feed or processing and is tret §uch movement of that GMO between the
countries. The notification must provide the infation needed to enable the importing
country to make informed decisions. The Protocaitaims documentation requirements for
shipments of GMOs and establishes a Biosafety @igafouse (BCH) to facilitate the

exchange of information on GMOs and to assist a@sin implementing the Protocol.

The Protocol is designed to protect biological dsitg and human health from the potential
risks arising from genetically modified organismGMOs) by providing a clear legal
framework for transboundary movement. The Advandefbrmed Agreement (AIA)
procedure established by the Protocol will enshat tountries can make informed decisions
on whether to import GMOs intended for introductioio the environment. To date, 153
instruments of ratification or accession have bedeposited with the UN Secretary-General
from the Parties to the Convention on Biologicavésity. The EU and all EU Member
States have ratified the protoddt. (Regulation (EC) No 1946/2003 on transboundary
movements of genetically modified organisms is bgulatory instrument that implements
the provisions of the Cartagena Protocol on Bidyafigthin the European Unidff ). The
risk assessment requirements of the Protocol arglasito those identified in the EU

legislation identified earlier.

129 hitp:/ivww.who.int/csr/iresources/publications/kifety/Biosafety7. pdf.

130 hitp:/iwww.cbd.int/biosafety/background.shtml.

131 hitp:/Avww.cbd.int/biosafety/signinglist.shtml.

132 hitp://europa.eu/eur-lex/prilen/oj/dat/2003/|_2828720031105en00010010.pdf.
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2.2.3 World Trade Organisation (WTO) agreements andTrade-Related Aspects of
Intellectual Property Rights (TRIPS)

The World Trade OrganisatiqtvTO) has developed a multilateral system of traxdewer
customs and trade barriers, and abolish discrimoinat international trade. WTO agreements
are the legal ground rules for international conseexrhich were negotiated and signed by a
large majority of the world’s trading nations aratified by their parliaments. The General
Agreement on Tariffs and Trade (GATT) and the Sagiaind Phytosanitary (SPS) agreement

include measures that may be relevant for tradinghetic biology products.

Most nations of the world are party to the Worldade Organisation. As part of their
agreement to join the organisation, they have ajyeswl largely ratified all the component
treaties of the General Agreements on Tariffs aradl@ (GATT). The last successful round of
trade negotiations culminated in all ratifying MegnlStates endorsing all agreements in the
WTO package under the ‘single undertaking’. No rogptut of individual treaties (over 17 in
total) was allowed as they were to be ratified allonce. One of these is the TRIPS
Agreement (Agreement on Trade-Related Aspects wliéctual Property Rights). TRIPS
provides for each country to institute a minimurh afelaws protecting intellectual property,
so that where inventors so wish, they may proteat which they have created or invented in
any jurisdiction. Countries may not discriminatetvimen domestic and international
‘creations'*?

A business has a competitive advantage if it dgglonaintains and exploits its assets
appropriately. These must include its intellectpaperty where it has an advantage over its
competitors if it has information which it has rsftared (secrecy) or where it has asserted
rights that permit it to assure that others camset or copy without permission. A relatively
new concept is that the portfolio of intellectualoperty constitutes a currency that is
negotiable for use in commercial or research icteyas with others. Patents may then be

used as such, without the intention to use theadwrancing technology.

The Trade-Related Aspects of Intellectual PropBights (TRIPS) agreement also contains a

provision (Article 25(2)) allowing Member States ¢aclude from patentability inventions

133 TRIPS Article 27.1 provides that ‘...patents sha# bvailable and patent rights enjoyable without
discrimination as to the place of invention, thediof technology and whether products are impooteldcally
produced.’.
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that are contrary tordre publicor morality or in order to protect human, planaoimal life,

or in order to avoid serious detriment to the emwvinent:3*

In most jurisdiction, patents may only be grantethéy meet specific criteria. They must be
new, involve an inventive step and be susceptilblendustrial application and can be for
processes, products or both.

1. ‘Aninvention shall be considered to be new ifaed not form part of the state of the

art1135

, which includes that which has been communicaietid ‘public’ by oral or
written means.

2. '‘An invention shall be considered as involving amantive step if, having regard to
the state of the art, it is not obvious to a perskilied in the art®

3. ‘Aninvention shall be considered as susceptiblmabistrial application if it can be

made or used in any kind of industry, includingiagjture.™’

2.2.4 Convention on the Prohibition of the Developent, Production and Stockpiling of

Bacteriological (Biological) and Toxin Weapons andn Their Destruction*®

The Convention on the Prohibition of the DevelopmdProduction and Stockpiling of
Bacteriological (Biological) and Toxin Weapons ameth Their Destruction — more
commonly known as the Biological and Toxin Weapddsnvention (BTWC) — was
simultaneously opened for signature in Moscow, Waghbn and London on 10 April 1972
and entered into force on 26 March 1975. The Caimerbans the development, production,
stockpiling, acquisition and retention of microb@l other biological agents or toxins, in
types and in quantities that have no justificafi@nprophylactic, protective or other peaceful

purposes. It also bans weapons, equipment or n@ateivery designed to use such agents

134 In the Patent Directive (98/44/EC) there are twajan exclusions from patentability: ‘ordre publiahd
‘morality’. Where the commercial exploitation orlgication of the invention would be contrary to rality or
affectordre public patentability is excluded (not immoral experinaian leading to the invention). The TRIPS
agreement permits exclusion on these grounds. Tieve been few exclusions on the grounds of mygralit
although Article 6(2) of the Patent Directive prde$s examples (stressing that these are non-exyausti
possible ‘immoral’ inventions which shall be unpatble: (a) processes for cloning human beings; (b)
processes for modifying the germ line genetic ieatf human beings; (c) uses of human embryosndustrial

or commercial purposes; and (d) processes for ryiodifthe genetic identity of animals which are likéo
cause them suffering without any substantial médieaefit to man or animal, and also animals rasglfrom
such processes.

135 European Patent Convention, Article 54.

136 European Patent Convention, Article 56.

137 European Patent Convention Atrticle 57.
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or toxins for hostile purposes or in armed conflithe actual use of biological weapons is
prohibited by the 1925 Geneva Protocol and Artield of the BTWC recognises that
nothing contained in the Convention shall be carsiras a derogation from the obligations
contained in the Geneva Protocol. As of Novembér12062 states had signed the BTWC
and 144 of these had ratified it.

Article | defines the scope of the BTWC's prohibiti (the general purpose criterion). This
includes all microbial and other biological ageotstoxins and their means of delivery.
Subsequent Review Conferences have reaffirmed that general purpose criterion
encompasses all future scientific and technologieaklopments relevant to the Convention.
The objects themselves (biological agents or tgxawme not prohibited, only their purpose.
Permitted purposes are defined as prophylactideptie and other peaceful purposes. The
objects may not be retained in quantities that havgustification or which are inconsistent
with the permitted purposes. Article IV requiresit8s Parties to take any necessary national
measures (e.g. passing national laws) to prohitat@event the misuse of biological agents,
toxins, weapons, equipment and means of delivempinvitheir territories. Only a small
number of signatory states have implemented thosigion. 155 countries have signed the
BTWC, including all 27 EU Member States. Howevlaeg BWC includes no verification and
enforcement mechanisms for preventing states frpplyeng synthetic genomics in this way,
and many would argue that effective measures fatrr parpose are not feasible. The BTWC

does not cover research for defensive measuredwmidise considerations.

2.3. International Framework on ethics and human rghts

The Council of Europe Convention on Human Rightsl @iomedicine (the Oviedo
Convention) is legally binding for those Statestthave signed and ratified™if. Other
relevant documents (such as the UNESCO Declaratimhthe EU Charter of Fundamental
Rights) are not legally binding, but have morahauity.

138 hitp:/www.opbw.org/.

139 Whilst the EU is party to the convention, many rbenstates neither signed nor ratified and areefbes not
Party to the Convention. These include AustriagReh, Germany, Malta, Ireland, and the United Kiogd
Finland, France, Italy, Latvia, Luxembourg and etherlands have signed but not ratified the Cotieerand
others have indicated reservations and declaratiBes
http://www.jcvi.org/cms/fileadmin/site/research/ects/synthetic-genomics-report/synthetic-genomics-
report.pdf for detailed information.
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(a) In 1997 theCouncil of Europeadopted the Oviedo Convention — Convention on Huma
Rights and Biomedicine. Its main purpose is togebindividuals against exploitation arising

from treatment or research. The articles on thegae and object of the Convention state that
the Parties ‘shall protect the dignity and identifyall human beings and guarantee everyone,
without discrimination, respect for their integrigynd other rights and fundamental freedoms
with regard to the application of biology and méugc. The Convention also concerns

equitable access to health care, professional atdad protection of genetic heritage and

scientific research. The Convention is supplemehted number of protocof§?

(b) The Universal Declaration on the Human Genome and HurmRaghts adopted by the
UNESCO General Conference in 1997 and subsequentiprsed by the United Nations
General Assembly in 1998, deals with the human gena@and human rights. Since the
Declaration was drafted in 1997 it does not refgplieitly to synthetic biology, but
modifications concerning DNA may fall within its gee. It states, among other things, that
the ‘human genome underlies thendamental unityof all members of the human family as
well as the recognition of their inherent dignitydadiversity’. The Declaration asserts that
‘dignity makes it imperative not to reduce indivadsl to their genetic characteristics and to
respect their uniqueness and diversity’. Moreovee, Declaration prohibits financial gain
from the human genome in its natural state, andasfthat the benefits of advances in the
technologies should be made available to all, &ad freedom of research is ‘necessary for

the progress of knowledge’.

The UNESCQUniversal Declaration on Bioethics and Human Riglatdopted on 19 October
2005) also contains specific provisions on ethigslies related to medicine, life sciences and
associated technologies and advocates severabketticciples, including human dignity,
consent, autonomy and responsibility, privacy, ggaind justice, solidarity and benefit
sharing'** The Declaration is not legally binding, but iseéerence point for the protection of

human rights and ethics.

(c) The most recent version of the World Medicalsdgation (WMA) Declaration of
Helsinki, Ethical Principles for Medical Researatvblving Human Subjecf§, was adopted
by the 18th WMA General Assembly in Seoul in OctoB@08. The WMA Declarations of

Ynttp://www.coe.int/t/e/legal_affairs/legal_coopéoatbioethics/texts_and_documents/1Treaties COEEsp
pOfPage.

141 hitp://portal.unesco.org/shs/en/file_download.gbpB3e1f4691e4c6e57566763d474
a4dBioethicsDeclaration_EN.pdf.
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Geneva, Helsinki and Tokyo clarify the duties aadponsibilities of the medical profession
to preserve and safeguard the health of the pa#iedtto be dedicated to the service of
humanity. The Declaration advocates ethical priesigor medical care. In its constitutive
articles, the Declaration states that it is they aditthe physician to promote and safeguard the
health of patients, including those involved in icatresearch. Concerning potential military
uses of medicine, the WMA adopted in October 198&t(amended by the WMA General
Assembly, Seoul, Korea, October 2008)Statement on Nuclear Weapdfi$.The WMA
condemned the development, testing, productiogkpiting, transfer, deployment, threat and
use of nuclear weapons; asked all governments ftaimefrom the development, testing,
production, stockpiling, transfer, deployment, #trand use of nuclear weapons and to work
in good faith towards the elimination of nuclear apens; and all National Medical
Associations to join the WMA in supporting the Daration and to urge their respective
governments to work towards the elimination of eacl weapons. All these principles,
although they address nuclear weapons, may aldy appther weapons, such as biological

weapons.

(d) TheEuropean Charter of Fundamental Rigifsemphasises that the Union is founded on
the indivisible and universal values of human digrireedom, equality and solidarity and on
the principles of democracy and the rule of lawcdntributes to the preservation of these
common values while respecting the diversity of ¢hitures and traditions of the peoples of
Europe, as well as the national identities of thenNder States and the organisation of their
public authorities. The Charter formulates a commeinof basic shared values at EU 1¢2I.
Respect for human dignity, a ban on human reproguationing, respect for people’s
autonomy, non-commercialisation of biological comeots derived from the human body,
prohibition of eugenic practices, protection of pleds privacy and the freedom of science are
examples of values enshrined in the Charter, whiak adopted at the Summit of Nice in

2001 and is an integral part of the Lisbon Treaty.

2.4. Governance

142 hitp:/wvww.wma.net/e/policy/b3.htm.

143 hitp:/vww.wma.net/e/policy/n7.htm.

144 Approved on 28 September 2000 and proclaimed Iley Eliropean Parliament, the Council and the
Commission on 7 December 2000.

145 For example Atrticle 1 (respect for human digni#yiticle 3 (ban on human reproductive cloning, estgfor
people’s autonomy, non-commercialisation of biotadjicomponents derived from the human body, prabibi

of eugenic practices), Article 8 (data protectissuies), Article 13 (freedom of science).
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Governance is an overarching concept includingllggalitical and ethical considerations.
Since synthetic biology may result in major changesaditional biology, governance needs

to be reflected on all these levels, finally emtgrihe legal sphere.

Governance of synthetic biology is being debate&W@tand international level. Key issues
relating to the governance of synthetic biologylude, inter alia: 1) definition of the actors to
regulate synthetic biology as well as the govermrigciples to be promoted; 2) definition of
the applications area of the identified governamzelel (national, regional or international
governance); 3) definition of boundaries betweenttsstic biology and other technological
fields that often interact in synthetic biologyals (nanotechnology; ICT; biotechnology;
chemistry etc.); 4) definition of synthetic biologyovernance reflecting the complex
heterogeneity of this technological sector; 5) migbn of a governance of synthetic biology
in absence of specific target legislation (or ragjoh) on this technology sector; 6) definition
of interrelation between different regulatory sysse (from protection of worker to
environmental protection, from medical and pharmécal products to bio-security) that may
conflict with one another; 7) definition of a gomance model where participative democratic
processes are implemented etc. This indicativie siows that a governance model in

synthetic biology, like other emerging technologisdifficult to define.

The Group is aware that governance models shouwddeasl several dimensions of synthetic
biology policy and activities, such as: political/él (monitoring research and safety issues);
ethical level: (monitoring ethical criteria be pesly implemented in each synthetic biology
research sector); legal level (EU legislation amtkernational legislation or regulation
including clarification of grey areas); professibriavel (self-regulation and codes of
conduct); scientific level (justification of expedt scientific results, priority setting, resource
allocation); institutional level (risks assessmeahd implementing measures for risk
management); societal level (public goods, citizeights and liberties). The above
components are interconnected and the prevalenamefof them may distort the proper

approach to synthetic biology carried out in the &ld internationally.

Several models of governance of emerging technedodiave been proposed, including
synthetic biology. Governance models proposed lgyltidustry Association for Synthetic

Biology contemplate actions covering productiorstrlbution and registration of potentially
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dangerous DNA sequencé&imilar requests were indicatedarreport delineating options for

governance that was authored by members of theaily @enter Institut&'®.

The above soft law models are however confrontetth wie question of whether these
regulatory attempts should be sort a kind of ssjutation for the actors of synthetic biology
research (and then opening issues related to gjiteriacy, credibility and public trust of the
codes prepared by the scientific community to bplémented by the scientific community
itself**”) or whether the addressees of such codes shoyddhiie authorities having power to
implement and monitor them. Additional questiorigteeto the role the public should play in
the policy design of governance of synthetic biglogith subsequent issues related to market
opening and social desirability of synthetic biglqaroducts. An editorial ilNatureasserted:
“Self-governance need not and should not be ex@usiit does not preclude other forms of
governance, any more than the possession of cowscimakes redundant the strictures of

law 1148

2.5. Public involvement and science-society dialogu

Information, transparency and participation go hanbdand. Together, they create the sphere
of trust that provides the space for new techne®dbd be developed as part of a societal

endeavour — and not against it.

Research on the way the general public perceiws rf in particular new and emerging
technologies show that certain risks will be peredias more risky than others. Some risks
might attract more than others the attention of edia and create headlines. Important

factors include numbers and geographical distarsles related to events and persons closer

146 gee: http://www.irgc.org/Synthetic-biology-genomiaml; Michele S. Garfinkel, Drew Endy, Gerald L.
Epstein, and Robert M. Friedman, “Synthetic Genamiptions for Governance,” J. Craig Venter Instifu
Center for Strategic and International Studies, Bladsachusetts Institute of Technology, Octobe72&&port
available. at
www.jcvi.org. http://www.allacademic.com/one/www/essch/index.php?cmd=www_search&offset=0&limit=5
&multi_search_search_mode=publication&multi_seapeiblication_fulltext_mod=fulltext&textfield_submite=
ue&search_module=multi_search&search=Search&sehettititle idx&fulltext_search=%3Cb%3EBioBrick
s+or+BioConflicts%3F+Building+Public+Trust+in+Eumg@n+Governance+of+Synthetic+Biology%3C%2Fb%
3E&PHPSESSID=77e51dd113d65622bec5470855¢c62d05;
http://www.jcvi.org/cms/fileadmin/site/research/cts/synthetic-genomics-report/synthetic-genomics-
report.pdf

147 A paper, detailing areas and ways in which ovéisiguld be implemented by the scientific communitgs
dismissed as “inadequate” by civil society orgatiiges, who also raised concerns over scientistsgballowed
to act as “judge and jury” See http://www.etcgraug/upload/publication/pdf_file/602,, p46

148 Nature Editorial (2006) Policing ourselvidsture441: 383.
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to us get more attention. Ethic and cultural festatso play an important role in the
perception of risR*® This has a bearing on the perception of the riskdifferent possible
applications of synthetic biology. The differendegisk perception between different ethnic

groups and cultures have also been object of redsear

In 2008 a first representative national sun&pn public perception of synthetic biology was

conducted in the USA showing that just over 30%ntérviewees had already heard at all
about synthetic biology. Notwithstanding this faé0% of respondents were ready to give
their description on what they believed synthetioldgy was and 66% expressed their
opinion on the risk-benefit trade-off of the teclogy. In the EU, as the debate on GMOs has
showed, proper involvement of society in discussaygthetic biology appears to be of

significant importance, according to the 2006 Rathelnstitute papé&t™. In different regions

of the world, however, public discussions and cqosetly opinions are formed by various

factors® with media playing an important role in makingoimation available to and

subsequently (co)shaping opinions of wide audiences

The media coverage of synthetic biology addreskesquestion of public legitimacy and
support for synthetic biolody’, with articles on synthetic biology regularly appeg in the
press and popular science magaZities 2008 study”® analysed how synthetic biology had

149 see P. Slovic: The Perception of Risk. Earthsd@@02and MacGregor, D.G., Finucane,M.L., & Gonzalez
Caban, A. (2008). The effects of risk perceptiod adaptation on health and safety interventiondmtin,
W.E., Raish, C. & Kent, B. (Eds.Wildfire Risk: Human Perceptions and Managementlitapons (pp. 142-
155). Washington, DC: Resources for the Future.

%0 Hart Research Associates (2008), Awareness ofattitddes toward nanotechnology and synthetic giplo
Available at: http://www.synbioproject.org/processsets/files/6019/hart_final_re8706b.pdf

1usocial and ethical issues will play an importesie in the public and political acceptance of tidehnology”,
De Vriend, Huib. Constructing Life. Early socialflextions on the emerging field of synthetic bigjogrhe
Hague: Rathenau Institute; Working Document 97. ilaide at
http://www.rathenauinstituut.com/files/WED97%20Ctnsting%20Life%202006.pdf

%2 There are two broad models for science communmisati) the deficit model and 2) the contextual iatabue
model. The deficit model is based on an educatiobg@ctive with the underlying assumption being theople
are relatively uninformed about science, and thawiding information on scientific facts and bengfby
independent scientists will lead to more positittélades towards science. Its critics argue thét &n approach
based on one-way traffic of information from thaférmed" scientists to the public. The emphasisasftextual
model is on dialogue and two-way streams of infagromaexchange. It can be conceptualised along twad
ideas, namely 1) the notion of scientific literaagcording to which knowledge and understandingkaseto
public support and 2) the importance of social ernfor public support, with trust issues beingrsas more
important for public support than the knowledgesoientific facts. Contextual model provides a menset
science in a social context which seems to be @dpecelevant for the field of biotechnology. Féurther
information see Osseweijer, Patricia: A Short Higtof Talking Biotech. Fifteen years of iterativesearch in
institutionalising scientists' engagement in pubbenmunication. Vrije Universiteit Amsterdam, 2006.

153 Joachim Boldt, Oliver Miiller, Giovanni Maio, Syetische Biologie, op.cit., pp. 104-107

154 COGEM Report CGM/080925-01, pp. 25. Available lettp://www.cogem.net/ContentFiles/CGM080925-
01-Biological%20machinesl.pdf. See also http:/lgopa.eu/european_group_ethics/docs/avis20_en.pdf

155 See Eleonore Pauwels, loan Ifrim: Trends in Anariand European Press Coverage of Synthetic Biology
November 2008. Available at: http://www.synbiopijerg/process/assets/files/5999/synbiolfinal.pdf
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been introduced in the media looking at press @meiof synthetic biology in the USA and
the EU between 2003 and 2008. In the US press Sil86ticles focused on the potential
benefits of synthetic biology while in the EU presdy 26% of articles addressed these. The
EU press focused on biosafety and biosecurity ssgewell as ethics and creation of life

whilst in the USA the press focused primarily oadacurity.

Public opinion has already been shaped regardinge saf the governance issues, e.g. firm
opposition to the so-called soft law for synthdiiology was expressed in the response of
civil society to the declaration on governance agddy Second International Meeting on
Synthetic Biology in 2008°. In parallel, the 2008 surv&y on public perception of synthetic
biology has showed that there is no public supfartself-regulation of the industry in the
synthetic biology field. The balance between pastmisks and benefits seems to be the basis

for public confidence in synthetic biology.

Synthetic Biology in the EU and US Media

Different EU-US risk perceptions? Biosecurity versus Biosafety?

Number of news stories mentioning each potential risk of synthetic biology

(January 2003-January 2008)
N |
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Source: Wodrow Wilson International Center for Sah®

156 gynthetic Biology: scope, applications and impiimas. The Royal Academy of Engineering, 2009, 4.
Available at: http://www.raeng.org.uk/news/publicat/list/reports/Synthetic_biology.pdf

5" Hart Research Associates (2008), Awareness ofagtitddes toward nanotechnology and synthetic kiplo
Available at: http://www.synbioproject.org/processsets/files/6019/hart_final_re8706b.pdf
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3. Ethical Aspects

3.1. General ethical aspects

Synthetic biology provides tools: (1) to improveraiwnderstanding of biological systems,
their complexity and emergent properties that d@erftom the interaction of complex
pathways (e.g. the minimal genome project) and ou=th(2) to produce bio-products for
different scientific, medical or market purposeso{temedies, bio-fuels, raw materials or

biomedical tools (vaccines for example), or newdedéence agents).

The ethics of synthetic biology is part of an omgplarger debate on the ethics of emerging
technologies and biotechnologies. Issues addresgetie EGE in its recent Opinions on
Nanomedicin€® and ICT implants into the human bdti/are therefore relevant to this

Opinion.

3.1.1. The EU’s fundamental ethical framework

As for other new technologies, the responsible bgweent of synthetic biology must be
based on fundamental ethical principles that haaenbenshrined in the conventions and
declarations listed in the legal part (UN, UNESGpuncil of Europe and the Charter of
Fundamental Rights). A consistent ethical framewisrkneeded to undertake a thorough

ethical analysis.

The Lisbon Treat}f® states thatHuman dignity is inviolable. It must be respectett a
protected’(Article 11-61), goes on to explain thafhe dignity of the human person is not only
a fundamental right in itself but constitutes tlealrbasis of fundamental rightéDeclaration
concerning the explanations relating to the Chatdfundamental Rights). This explanation
does not strictly define human dignity and so wasiovriters have attempted to fill this gap.
One such attemt?t1 suggests that human dignity be defined as folldthe exalted moral
status which every being of human origin uniquebgsesses. Human dignity is a given
reality, intrinsic to human substance, and not auggnt upon any functional capacities

which vary in degree. (...) The possession of hungmty carries certain immutable moral

1%8 hitp://ec.europa.eu/european_group_ethics/aetlitbcs/opinion_21_nano_en.pdf.
159 hitp://ec.europa.eu/european_group_ethics/dos@@ven.pdf.
180 Official Journal of the European Union, Volume €7310, pages. 1 — 482, 16 December 2004.
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obligations. These include, concerning the treatmdrall other human beings, the duty to
preserve life, liberty, and the security of persoasad concerning animals and nature,
responsibilities of stewardshipThis provides the basis for the following ethicainpiples,

which are of direct relevance to this Opinion, wh#re general principle of human dignity is

the core of the ethics framework for synthetic dgy.

Bioethicists have often stated that the conceptighity is vague and open to several
interpretations. For example, as well as servingadsindamental value, the principle of
human dignity may be interpreted as a restrictiveciple that protects human beings — who
are principally vulnerable to violent acts by other against actions or practices that run the
risk of treating human beings as mere ‘objectghefinterests of others to whose values they
do not subscribe. D. Beyleveld and R. Brownsworfingedignity "as a particular practical
attitude to be cultivated in the face of humantdie and vulnerability (and, concomitantly,
the natural and social adversity that characterizes human condition)“62 Dignity can be
understood as an enabling principle that guarantedsidual freedom of action and
autonomy in decision-making. The Kantian understamdf human dignity emphasises
moral responsibility. A different view emphasisé® theed for individuals to consider the
general effects their actions have on others, dholy other human beings, animals and the
environment. Dignity is the basis for more specfiinciples, rights and obligations, and is

closely connected to the principle of justice aolidgrity.

As far as the debate on the ethics of synthetilogjois concerned, the difficulty stems from
the overlap of several methodologies in ethics,eddmg on the main application fields.
Although guiding principles have been establist@djiiite some time in the biomedical field
and can be used as a starting point for the ethigalysis of synthetic biology biomedicine,
the same does not apply to environmental ethicscwdure, or biotechnology in general.

Furthermore, synthetic biology raises fundamentiaistjons:
1. aconceptual analysis of life and nature ;

2. an analysis of procedural principles that aim touse the freedom and autonomy of

citizens with regard to the development of synthéiblogy, such as transparency

8L william CheshireEthics and Medicinevolume 18:2, 2002.
162 Deryck Beyleveld and Roger Brownswoklman Dignity in Bioethics and Biolawntroduction, p.2,
Oxford University Press, Oxford-New York, 2001.
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and access to information, democratic participatofundamental issues of science

and research and the principle of accountability @sponsibility;

3. an analysis of substantial principles, depending tha different fields and

applications.

3.1.2. Conceptual-ethical issues

The debate on synthetic biology addresses issuesentng or related to the ethical
legitimacy of manufacturing living organisms. Sohave advocated the ethical legitimacy of
fabricating lifé¢®® while critics have expressed serious concernstaheuadical nature of this

intervention.

In 1999, a group of bioethicists studied Ventersalgto fabricate a minimal genome

organisnt-** They argued that the prospect of constructing mmahiand new genomes did not

violate fundamental moral precepts or boundarias,did raise questions about the possible
consequences of synthesising new free-living osgasiin relation to the concept of life and

our relation to it®

The concept ofife has many interpretations according to the themaktiontext in which it is
used. Thought must be given to the terminology usediscuss ethical aspects of synthetic
biology and its products, for instance, ‘artificigells,” or ‘living machines®® The

terminology used to address the ethics of syntHattogy therefore needs to be ethically

183 John Harris, Who's Afraid of a Synthetic Hum2rThe Times, May 17, 2008. Colin NickersoA, Quest to
Create Life Out of SyntheticsBoston Globe, April 2, 2008. Erik Parendviaking Cells Like Computefts
Boston Globe, February 18, 2008. Natalie Angi€ursuing Synthetic Life, Dazzled by Redlityew York
Times, February 5, 2008.

164 Cho MK, Magnus D, Caplan Akt al (1999)Ethical considerations in synthesising a minimahgme,
Science, 286: 2087-90.

165 The Roman Catholic Church has asserted that tinean person does not commit an illicit act whert,asu
respect for the order, beauty and usefulness d¥iduhl living beings and their function in the esgstem, he
intervenes by modifying some of their characteststor properties’. However, the Roman Catholic Churas
also made a strong appeal for responsibility in s thi endeavour. See
http://www.vatican.va/roman_curia/pontifical_cousfjustpeace/documents/rc_pc_justpeace_doc_20068526
ompendio-dott-soc_en.html, Article 473.

166 See Joachim Boldt, Oliver Miiller, Giovanni MaiSynthetische Biologie. Eine ethisch-philosophische
Analyse. Eidgendssische Ethikkommission fir digéeBimologie im AusserhumanbereiEKAH, Bern 2009.
See also Nagel T. (1973) Mortal questions Cambritgversity. Press; Nozick R (1981) Philosophical
Explanations, Oxford University Press; Olson E.9@P The Human Animal Personal Identity Without
Psychology, Oxford University Press; Parfit D. (dD&easons and persons, Oxford University PresHiavis

B. (1973) Problems of the self, Cambridge Univgrdiress; Wilson J. (1999) Biological Individuality
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analysed in order to provide critical answers tesgions concerning the difference between

167

life andnon-life ™’ or between theatural and theartificial .

‘Life’ is the condition which distinguishes actiweganisms from inorganic matter, including
the capacity for growth, functional activity andntioual change preceding dedffi A living
organism can be seen as having a number of camaditat differentiate it from inorganic
matter, such as metabolism, homeostasis, capacityaw, reproduce and, through natural
selection, adapt to its environment over succeggdverations. The concept of ‘life’ has also
been addressed by several non-biological discigline

The distinction between life in a biological seas& its use in a social context is particularly
relevant'®® Some languages, such as Greek, have two wordsiodistinction, namelyoe
andbios Zoeapplies to life processes common to all livingngsi, whilebiosrefers to human
life in its social and cultural dimensidff This distinction is echoed today in the two
semantic perspectives we can address human hétlyfias bodies-as-objects (having a body
that is linked to all living beings), and secondig, embodied beings (being a body, linked to

Cambridge University Press; Salvi. M (200Rationalising individuality : the notion of indiviglity in biology,
philosophy, (bio)ethicsMaastricht University Press, 300

57 See Arjun BhutkarSynthetic Biology: Navigating the Challenges ahehuirnal of Biolaw & Business, Vol.
8, No2, 2005: ‘One of the main ethical concerndrewing a distinction between an engineered macaimka
living organism. Building a synthetic biologicalssgm from scratch or a [sic] constructing a minigahome
raises the guestion of  the difference between lifeand nonlife.’ (p. 26)
(http://www.synbiosafe.eu/uploads/pdf/Bhutkar_Swit?620Biology Navigating%20the%20Challenges%20A
head.pdf).

%8 The American Heritage Dictionary of the Englishngaage, 4th edition, published by Houghton Mifflin
Company, via Answers.com: ‘The property or qualfigt distinguishes living organisms from dead oigias
and inanimate matter, manifested in functions sagmetabolism, growth, reproduction, and respamsgiruli

or adaptation to the environment originating froithim the organism.” ‘The characteristic state ondition of

a living organism.’

189 For a thorough analysis of life concepts, seeiristance: Hans Werner Ingensidgbensbegriffe — der
Vergangenheit, der Gegenwart, der Zukuhft H.W. Ingensiep and Anne Eusterschulte (Ed&hjtosophie der
nattrlichen Mitwelt. Festschrift fur Klaus Micha®leyer-Abich Wirzburg 2002, pp. 103-119. See also: Sarah
Franklin: Life. In: Warren Thomas Reich (EdBEncyclopedia of BioethicRkevised Ed. Vol. 3, New York 1995,
pp.1345-1352.

170 see P. Hadot, H. Hiibner, J. Vennebusch, R. Piepmidi Dierse, K. Rothe, R. Toellner: Art. Leben.Jl.
Ritter and K. Grinder (Eds.Mistorisches Worterbuch der Philosophigarmstadt 1980, Vol. 5, pp. 52-103. See
Martin G. Weil3 (Ed.)Bios und Zoe. Die menschliche Natur im Zeitalteeittechnischen Reproduzierbarkeit
Frankfurt am Main 2009. See also Nicole C. KaridyEd.): Biofakte. Versuch Uber den Menschen zwischen
Artefakt und LebewesePaderborn 2003. The concept of ‘biofact’ is arabigs if one makes a difference
betweenzoe andbios Products of synthetic biology are (until now) fams. For a thorough analysis of life
concepts, see for instance: Hans Werner Ingenkiglpensbegriffe — der Vergangenheit, der Gegenwiat,
Zukunft In: H.W. Ingensiep and Anne Eusterschulte (Edhjtosophie der nattrlichen MitwelEestschrift flr
Klaus Michael Meyer-Abichwirzburg 2002, pp. 103-119. See also: Sarah krarikfe. In: Warren Thomas
Reich (Ed.):Encyclopedia of BioethicsRevised Ed. Vol. 3, New York 1995, pp. 1345-135®% Andreas
Brenner:Leben. Eine philosophische Untersuchung. BeitrdgeEthik und Biotechnologje3, Eidgendssische
Ethikkommission fiir die Biotechnolodidrsg.), Bern 2007.
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the individual and irreducible experience of a)sEff In the light of this, some bioethicists
have advocated that from an ethical point of viwe, human body should not be reduced to
the concept of life proper to biosciences and bimtelogy since it is also an expression of
our social and cultural life deserving particulare and respect, which are at the core of the
concept of human dignity. Some authors gree primacy overbios!’® But this conceptual
distinction does not necessarily advocate a hiagarErom an ethical point of view, it is
crucial to see that morality (accountability andpensibility) is connected to humans’
specific capacity to decide upon the course of thetions.

The first reports on synthetic biology raise thesfion whether synthetic biology opens up
radically new ways of fabricating life, and as deseffect will change how we conceive of

ourselves:

The production and/or modification of simple livimgganisms and their potential use to
fabricate more complex ones raises the questiorte a®w far we want to assign a mere
instrumental value of such organisms and our @&t the biosphere itsif® In this regard,
the ethics of synthetic biology, addressed witlie framework of ecological ethics, raises
questions of uncertainty, potentiality, and comjjeX*

There are many different approaches to environnheetaics, mostly grouped as
“anthropocentric”, “biocentric”, and “ecocentricThe EGE described the ethical debate on
eco-centrictheories in its Opinion on Modern developmentagriculture technologdy®. It is
important to underline that such theories have ealaa the intrinsic value of the biosphere
or the ethical dimension of natufé. Eco-centric environmental ethics questions the
traditional ethics of rights and obligations, arsksinstead in what kind of world we may
wish to live in. Taken as such, ecological ethidsogates the change of traditional, if not
modern values and goals at individual, national gloal levels, and integrate the protection

of the environment in a new view towards human ¢gitife, and nature.

71 See Matthias Gutmanmiologie und Lebensweltn: Ulrich Krohs, Georg Toepfer (EdsPhilosophie der
Biologie, Frankfurt am Main 2006, pp. 400-417. See alsooBi®pringmann, Asmus Trautsch (Hrsg./Eds.): Was
ist Leben? Festgabe fir Volker Gerhardt zum 65.uBstag. Berlin 2009

172 See Martin G. WeiRl (Ed.)Bios und Zoe. Die menschliche Natur im Zeitaltereihtechnischen
ReproduzierbarkeitFrankfurt am Main 2009.

173 See Richard Maxwell, Toby MillerEcological Ethics and Media Technologinternational Journal of
Communication, 2 (2008), 331-353. (http://ijoc.@jg/index.php/ijoc/article/viewFile/320/151).

174 See Margaret Sommervill€reating the ethics of synthetic biolo@yttawa Citizen, June 14, 2007.
http://www?2.canada.com/ottawacitizen/news/opinitoris htm|?id=936d1e43-3dc3-48a2-bee5-b3164f6f4517.
75 hitp://ec.europa.eu/european_group_ethics/docstm4_en.pdf

176 Rachel Carson, ‘Silent Spring’ (1963), which brbugpgether a number of essays published earli¢hen
New Yorker magazine giving details of how pestisideuch as DDT, aldrin and dieldrin, concentratedgthe
food chain.
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Eco-centric theories apply to the use of synthattogy to manufacture or modify life forms,
as well as ecological considerations for synthbialogy in environmental protection. The
relevance of such arguments should be consideredlation to uses of synthetic biology,
although some theories of eco-centric ethics maynsically oppose synthetic biology when
interacting with existing life forms or when (in futuristic and hypothetical sense)

synthesising complex organisms.

Anthropocentric theories, on the contrary, justifiaking instrumental use of nature for
human purposes, although it is underlined thatettage limits to human activities affecting
the environment because they may damage the wiellslwé human beings now and in the
future, since our well-being is essentially deperiden a sustainable environméft.
Anthropocentric ethics argues strongly that hunmaunght to be at the centre of our attention
and that it is right for them to be so. Anthropdcenapproaches to synthetic biology focus
much more on consequential considerations andsssl&ted to potential consequences from
the use of synthetic biology for human beings (askessment and management and hazard
considerations®). Where do we draw the line between what is certahat could be certain

and what remains, at least for the time being, tare

3.2. Specific ethical issues

Specific ethical issues raised by synthetic biolegycern its potential applications in the
fields of biomedicine, biopharmaceuticals, chensicatnvironment and energy and the
production of smart materials and biomaterialstipalarly but not exclusively from the
viewpoint of bio-safety and biosecurit{’ In addition, there have been discussions on aspect
of risk governance, justice, public perceptionelleictual property and co-modification.

Synthetic biology raises issues of the governarfceuman practices related to scientific,

177 See Bookchin, M. 1990The Philosophy of Social Ecolagiontreal: Black Rose Books.; Norton, B.,
Hutchins, M., Stevens, E. and Maple, T. L. (eds95L&thics on the ArkWashington: Smithsonian Institution
Press.; Passmore, J. 19Kan's Responsibility for Naturéondon: Duckworth, 2nd ed., 1980

178 See Antoine Danchimature and Artifice 2009.

In: http://www.normalesup.org/~adanchin/causeriesiire.html.

19 See Andrew Balmer & Paul MartinSynthetic Biology. Social and Ethical Challengégay 2008.
http://www.bbsrc.ac.uk/publications/corporate/swtitth_biology.pdf .
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technological, economic, political and cultural age no less than issues of security and

organisational form&®°

3.2.1. Biosafety

Unexpected interactions between synthetic micrausgas and the environment or other
organisms produce risks to the environment andiptielalth. The risks have to be addressed
in order to use synthetic biology responsibly. &gtit microorganisms released into the
environment could initiate processes of horizogtae transfer and affect biotic balances, or
evolve beyond their functionality and elicit unpedented side-effects on the environment
and other organism&! Synthetic biology products must therefore addi#sssafety issues
when they have consequences for ecology and hussdthh

In the EU, the protection of human health is a kegdition for the marketing of products
resulting from synthetic biology, as with any otltechnology. Risk assessment procedures
and methods have been established to safeguargrihsple and include precaution, but
long-term health-related risks associated withdbelogical effects of synthetic biology are
hard to predict.

As identified in the EGE Opinion on nanomedicindiichh addresses analogous issues on the
potential health impact of nano-pollutants, riskessments used for synthetic biology are
designed not only as a technical tool for the g@ieernance of synthetic biology in order to
protect human dignity and the autonomy of persommectly (medical applications) or

indirectly (exposure to synthetic biology produi€teleased into the environment).

Similar considerations apply to environmental pcotas, where the precautionary principle
plays a key role in EU policy design. The Nuffie@ouncil on Bioethics’ follow-up

discussion papeflhe Use of Genetically Modified Crops in Develop@mntries'®? stressed

180 see Markus Schmidt, Helge Togersen, Agomoni Gadiata, Alexander Kelle, Anna Deplazes, Nikola
Biller-Andorno: SYNBIOSAFE e-conference: online comnity discussion on the societal aspects of syicthe
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 BennetErom Bio-Ethics to Human PracticeWorking Paper # 11, 2007
http://anthropos-lab.net/wp/publications/2007/08kiregpapernoll.pdf.

181 Nuffield Council background paper (2009).

182 5ee http://www.nuffieldbioethics.org/fileLibrarydfiGM_Crops_Discussion_Paper_2004.pdf.
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the possible interpretation of the precautionaiggiple 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 potehtigxposed to the hazards of a new

technology to those who want to introduce®t.

According to the European Commission, the precaatip principle is a dynamic tool to
follow developments in a sector and continuouslyifyethat the conditions for the
acceptability of a given innovation are fulfilled thereby improving governance. The
precautionary principle does not, however, requéfeaining from action, as this may also
involve risks, namely the risk of major environmanthreats due to global pollution. For
synthetically produced organisms, the precautionainyciple is an important part of sound

ethical debate and of legal, regulatory and palitéecisions.

An additional concern has to do with the dangergatkentially harmful organisms being
inadvertently released during the experimental ehasxisting regulations in Europe
contemplate these possibilities and different lewafl confinement are defined, including a
register for activities posing no risk for humaraltle or the environment. In some cases these
regulations may seem to contradict the freedomst any available knowledge or tool for
research or even recreation e.g. “bio-hackers’edoen of research cannot be invoked if
serious or irreversible risks to human health og #nvironment may occur. Existing
regulations do not consider exceptions for suchvides. In order to address some of the
concerns regarding the safety of synthetic orgamig@nctluding protocells) suggestions have
been made to assure that they are contained. ihblades the traditional physical
containment and disabling of the organisms in serag so as to ensure they cannot survive

if accidentally or incidentally introduced into tkavironment.

183 The Commission Communication of February 200Cest#hat: ‘The precautionary principle is not deirie
the Treaty, which prescribes it only once — to popthe environment. But in practice, its scopmigh wider,
and specifically where preliminary objective sciBatevaluation indicates that there are reasonghbdeinds for
concern that the potentially dangerous effects lw énvironment, human, animal or plant health may b
inconsistent with the high level of protection cagor the Community’ (Communication Summary, paapb

3). http://ec.europa.eu/dgs/health_consumer/lithpaty pub07_en.pdf.
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3.2.2. Biosecurity

Ethical issues arise particularly from dangers sihg synthetic lethal and virulent pathogens
for terrorist attacks, bio-war, or maleficent uségarage terrorism’, ‘bio-hacking’),
particularly if knowledge and skills on how to pume such pathogens are freely availdBie.
Applications of synthetic biology for such purposeslude the production of biological
weapons, such as new and/or modified pathogenisedr or bactert& as well as synthetic
organisms engineered to produce toxins. The liteeaton bio-war and the use of
bioengineering for bio-defense, bio-offence androesm shows the potential of this

technology, which may be amplified by syntheticlbiy.

This applies to the potential risks associated Withuse of dangerous bio-material produced
in governmental bio-defence laboratories as welbyserrorists. Given the present state of
knowledge, the design and production of entirelwahopathogens for terrorist and/or
maleficent uses may seem unlikely. There are tdobimal difficulties and resources
involved in producing existing and novel pathogears] developing them into weapons. But
states can mobilise resources and dangerous nhaanide obtained easily over the Internet

or in other ways®’ The ability to carry out DNA synthesis is no longenfined to an elite

184 see the Report on the workshibpchnical solutions for biosecurity in synthetiolbgy held on April 03rd,
2008 in Munich, Dr Hubert Bernauer et al., IASBdlistry Association Biology) http://ia-sb.eu.

185 The list of diseases considered for weaponisatawnknown to be weaponised include anthrax, ebola,
Marburg virus, plague, cholera, tularemia, bructp Q fever, machupo, Coccidioides mycosis, Gles)de
Melioidosis, Shigella, Rocky Mountain spotted fewgphus, Psittacosis, yellow fever, Japanese B m@malitis,
Rift Valley fever and smallpox (in addition natuyabccurring toxins that can be used as weaporisdecricin,
SEB, botulism toxin, saxitoxin and many mycotoxins)

186 see: Alibek, K. and S. Handelman. Biohazaftie Chilling True Story of the Largest Covert Bigtal
Weapons Program in the World — Told from Insideh®y Man Who Ran.iDelta (2000) ISBN 0-385-33496-6;
Crosby, Alfred W. Ecological Imperialism: The Biological ExpansionEdirope, 900-190QNew York, 1986);
Endicott, Stephen and Edward Hagerm@ihe United States and Biological Warfare: Secredsnfthe Early
Cold War and Korealndiana University Press (1998). ISBN 02533347Ré&ith, Jim (1999)Biowarfare In
Americg llluminet Press, ISBN 1-881532-21-6; Mangold, Tand Goldberg, Jeff (1999lague Wars: a true
story of biological warfare Macmillan, London, ISBN 0-333-71614-0; Orent, Wgn(2004), Plague, The
Mysterious Past and Terrifying Future of the Wosldlost Dangerous Diseas8imon & Schuster, Inc., New
York, NY, ISBN 0-7432-3685-8: Preston, Richard (2)0The Demon in the FreezeNew York: Random
House; Woods, Lt Col Jon B. (ed.), USAMRIID’s MeglidManagement of Biological Casualties Handbook, 6t
edition, U.S. Army Medical Institute of Infectioldseases, Fort Detrick, Maryland (April 2005).

187 According to the Nuffield Council paper on synthdiiology (2009) ‘In 2006, a journalist for tf@uardian
newspaper demonstrated a lack of DNA supply remuidty ordering DNA sequences of the small pox wiru
and having them delivered to his home (See
http://www.guardian.co.uk/science/2006/jun/14/wesgtechnology.uk). The same journalist investigdtede
UK sequencing companies and found that one didsamen either customers or the sequences ordehed. T
second screened only customers, and the thirdrsesslemistomers and had carried out a pilot studycoeening
sequence orders. In addition, it has been suggebtdthe actual publishing of how the polio virwgs
synthesised, and the sequence and synthesis dbghaish flu virus, could provide bioterrorists withe
necessary information to engineer their own pathimgerganisms. Coupled with this is the availapibf DNA
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group of scientists, as was the case for the dewseral decades of research using recombinant
DNA. Now, anyone with a laptop computer can acpegdic DNA sequence databases via the
Internet, access free DNA design software, andeptec order for synthesised DNA for delivery.
Therefore there are valid reasons for taking tleskicurity of synthetic biology seriousf?
Given this inherent dual-use risk, designing wayisnipede the malicious use of the technology,
while at the same timeot impeding, or even promoting, beneficial uses p@sesimber of

ethical challenges.

Concerns over bio-terrorism have also prompteceg®ed debate about whether or not ‘dual-
use’ life science discoveries with implications tt@veloping bio-weapons should be subject
to a publishing ban. Much of this debate has fodum® two particular studies: the genetic
engineering of vaccine-resistant mousepox and ttiical synthesis of the polio virus.
Proponents of a ban complain that publishing stulli@ these alerts would-be bio-terrorists
to possibilities and provides them with explicistiructions for producing biological weapons.
On the other hand, publishing such studies card yeinefits for medicine or bio-defence.
Issues related to the freedom of science and cgmpoemerge, including the process of
censorship decision-making applicable to the phbis of scientific results that may have a

use for virulent pathogenic product production.

Due to the cost and analytical sophistication ndefde synthesis, there are relatively few
companies that synthesise long sequences of DNAreThave been suggestions that these
companies screen all sequences for toxicity orcinfity before processing an order. That
implies that databases of toxic or infective DNAjsences are available. These databases
would of necessity fall within the ambit of the Bhase Directiv€®. Regulation should

ensure that all necessary information is readilgilable to these companies to permit the

synthesisers, which can be purchased from registeenufacturers or increasingly on second-handausttes
such as eBay.

188 Alexander Kelle: Synthetic Biology & Biosecurity Europe. 2009. M. Schmidt, A. Ganguli-Mitra, A. Ikée

H. deVriend (Eds.): Synthetic Biology. The Techrieace and its Societal Consequences, Springer Z69.
also: Synthetics: the Ethics of Synthetic Biolody: IDEA League Summer School, August 2007, The
Netherlands. http://www.ethicsandtechnology.eu/ieségploads/Ethics_of synthetic_biology.pdf; H. dewd:
Constructing Life; Early social reflections on thenerging field of synthetic biology, The Hague. latau
Institute. Working Document 97 (2006); S. MillercaM. Selgelid: Ethical and philosophical considienatof
the Dual-use dilemma in the biological sciencemtfeefor Applied Philosophy and Public Ethics, Aaban
National University and Charles Sturt Universityr®erra, Australia (2006). Committee on Researahdsirds
and Practices to Prevent the Destructive Applicatth Biotechnology, Biotechnology Research in are Ad
Bioterrorism, National Academies Press, 2004. NaticScience Advisory Board for Biosecurity, ‘Addsesy
Biosecurity Concerns Related to the Synthesis diec$eAgents,” December 2006. Report available at
www.biosecurityboard.gov. Jonathan B. Tucker and/mRand A. Zilinskas, ‘The Promise and Perils of
Synthetic Biology,’ The New Atlantis, Spring 2006.

189 Directive 96/9/EC of the European Parliament ahithe Council of 11 March 1996 on the legal
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required searches. If the copyright protection pled for databases restricts access to the
information necessary Article 6(2)(c) or Articlec®(should be invoked to ensure that these
companies are able to track possible dangerouseregs before synthesis. There is software
available from CRAIE™ termed 'BlackWatch’ for the purpose of tracking RMNequence
synthesis which may be hazardous. The softwaopes-source (for the first generation). A
new generation of the software is being developed$A'*, able to address the 15 million
orders a month worldwide that are expected by #812here are many questions that need to
be addressed so as to ensure that the system wuarksling; 1) Support for the development
and maintenance of open source software; 2) Assistior companies (particularly SMESs) to
ensure involvement and compliance; 3) Mechanismseftuction of cost to small companies
involved in synthesising DNA; 4) Mechanisms for odng to Competent Authorities where
it is likely that the companies will not synthes&eparticular sequence; 5) Mechanisms for
ensuring privacy and identifying the chain of rasgibility for placing particular sequences in
the database(s) and identifying them as potentnaiynful.

3.2.3. Justice

The EGE Opinion on ethics of agriculture technaésganalysed the principle of justité It
stated that current discussions on the concepustice emerged from the philosophical
debate on the relationship between the State amkrs, particularly distributive justice
(J. Rawl$* and its critics) but also concerns the role of$hete in protecting and advancing
human rights. The principle of justice is therefley to the ethics of synthetic biology. The
global justice discourse affects issues of techmottivide and common heritage, the question

of inter-generational justicE” with implications for preserving the environmentdanatural

protection of databases

190 hitps://biotech.craic.com/blackwatch/introducthiml

191 Bernauer, Hubert. “Technical solutions for biogégu in synthetic biology” (2008).
http://www.synbiosafe.eu/uploads/pdf/iasb_reporsbturity _syntheticbiology.pdf.

192 “DOTS - DNA Order Tracking System.”
http://www.mitre.org/news/digest/advanced_rese&Zhd9/genes.html

193 hitp://ec.europa.eu/european_group_ethics/docsfm4_en.pdf.

194 Rawls develops what he claims are principles sfige by using an entirely and deliberately argficievice
which he calls the ‘original position’, in which enyone decides principles of justice from behinteil of
ignorance’. Rawls claims that all those in the ioid) position would adopt a maximin strategy whigbuld
maximise the position of the least well-off. Rawlaims that parties in the original position woaldopt two
such principles, which would then govern the assignt of rights and duties and regulate the distidbuof
social and economic advantages across society Ra@ir1).

19 See Rawls (1971 and 1991), D. Parfit (1987), Rayr (1981) and Miller and Kumar (2007). See also
Dobson, Andrew (ed.),Fairness and Futurity. Essays on Environmental &nability’, Oxford University
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resources for future generations (e.g., human viatgion in the environment and biotic
balances, intentional or unintentional release theoenvironment of synthetic products, bio-
remedies, synthetic biology biofuels). The relagiop between citizens’ fundamental rights
concerning the state of nature and the concept sdcéal contract affecting the actions of
leaders against the desires of citizens (bio-ssgurio-war, restriction in open access etc.)

also needs to be addressed.

3.2.4. Intellectual Property

Synthetic biology provides a new set of tools fsing biology, either for the purpose of pure
research with an intention to understand the mammeich living systems have developed,
including their interactions, or for producing ngsocesses or products. An argument has
developed as to whether all or some of the frditsyathetic biology should be patentable, for

the commercial benefit of those who have ‘inventéd’ processes or products.

Many argue that patenting is an essential parhefprotection of scientific endeavour. A
recent paper oniriventing Biological Organisms: A Reader of Seldcteticles states the
case succinctly: ‘The ability to patent biologi@aventions is central to protecting scientists’
work... What can be patented, for how long, and tkterg of global protection are critical
issues. However, patenting biological organismstiqdarly human genes and other human
parts, is controversial. Economists question wirgblaéenting is the quickest and best way to
diffuse new knowledge throughout the marketplaoen& bioethicists question whether
genetic information is the common heritage of madki making gene patenting
inappropriate®® Previous EGE publications deal in detail with tbdebate on gene
patenting:®” The concern has shifted to the role of the pasgstem as technology moves

towards a ‘knowledge economy’. It has always bessumed that there is an important

Press (1999); E. AgiusTbwards a Relational Theory of IntergenerationahiEs’, in Bijdragen 50 (1989) 293-
313; Miller, Jon and Rahul Kumar (eds.Reparations. Interdisciplinary Inquirieg2007), Oxford University
Press; Partridge, Ernest (ed.Responsibilities to Future Generations. Environraérithics’, New York:
Prometheus Books (1981); Ryberg, Jesper and Tortgdmsjo (eds.),The Repugnant ConclusigrEssays on
Population Ethics, Dordrecht, Boston and Londorko&i, R.l. (2004) and Brian Barry (ed.pbligations to
Future Generations’ Philadelphia: Temple University Press (1978). See
http://plato.stanford.edu/entries/justice-intergattienal/#Bib.

19 California Research Bureau (1998) http://www.lityraa.gov/crb/98/reader/reader01.pdf.

197 A very detailed examination of the patent systiriuding an introduction to patent law in Europelan the
United States and an examination of many casesrhaive patenting life forms, was produced for H8E by
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balance to be struck between private and publierésts in the manner in which the patent
system is designed — limited rights for a limitéwié. This balance has shifted towards the

private interest, particularly when examined frdra perspective of the developing wotd.

The debate on the ethics of IPR is focusing omtiestion of which inventions should be able
to be patented, and hence available directly fomroercial exploitation, and which should not
(if any). It has been argued that some discoveneasventions should be considered as the
common heritage of mankind. Following this lineredsoning, several experts on the ethics
of patenting biological inventions have advocateat some discoveries or inventions should
never result in commercialisation for prdfit. These include processes the use of which
offend human dignity, such as the production ofr@ras from germ cells, totipotent cells

from plants and animals, process for cloning huiregings and modified germ-line cells.

This would imply that ‘inventions’ in biology in geral and in synthetic biology in particular

can be categorised as follows:

a. That which is common to all humankind, and shoutd Ipe patentable or directly
exploited for commercial gain;

b. That which, for a variety of reasons, should begdhin the public domain for all to
use and exploit (the ‘commons’). It may be thatphecess or product is so expensive
to produce or require a vast range of expertiseawnailable to any one organisation, or
that the placing of the information in the publioneiin enables open standards that
allow for the effective commercialisation and u$@ mumber of products that use the
technology or product;

c. That which may, at the inventor’'s discretion, b@tected through an intellectual

property rights system to encourage innovation.

Geertrui van Overwalle in 2002: EGE (200&udy on the patenting of inventions related to dnurstem cell
research Luxembourg Office for Official Publications ofelEuropean Communities. ISBN 92-894-1987-3.
198 Walker, Simon. 2001The TRIPS Agreement, Sustainable Development @nBuhlic Interest; Discussion
Paper IUCN, Gland, Switzerland and Cambridge, UK an&ICIGeneva, Switzerland ISBN 2-8317-0604-1.
199 Bovenberg JA (2006MMining The Common Heritage of our Dna: Lessonsredrfrom Grotius and Pardo
Duke Law & Technology Review 8; Miller, A.R. and s, M.H., 2000.Intellectual property: patents,
trademarks, and copyright in a nutshélVest Group, St. Paul; Juengst, E.T., 1998ould we treat the human
germ-line as a global human resourcé® Agius, E. and Busulttil, S. (ed€Qerm-line intervention and our
responsibilities to future generatiari3ordrecht, pp. 85- 102.
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The first category should include the human genamg large projects such as the hap-map
project® that address discoveries in the human genomes Woiuld include artificial
chromosomes introduced into human cells and woalgubtified under Article 53(a) of the
European Patent Convention (inventions for whichmeercial exploitation would be
contrary to morality). The International Treaty Blant Genetic Resources attempts to return
some of that which was removed from the commontdwgei of mankind in the CBD to some
crops (64) to permit free access to their genesources, arguing that ‘[n]Jo country is self-
sufficient in plant genetic resources; all depemd genetic diversity in crops from other
countries and regions. International cooperatioth @men exchange of genetic resources are

therefore essential for food security’.

The second category covers pre-competitive invastiovhere the cost would be too great for
a single organisation to bear. It should take adoount the link between private and public
interest. Where the range of information is so gesato make it impossible for a single
organisation to develop and use during the lifetoha patent, the basic information should
be placed in the public domain or made availablenetimum cost to others to use. This
would ensure that information is not withheld imay that restricts innovation. As synthetic
biology may involve the development of building s which could be assembled into a
living organism, open standards should be develdpguermit interaction between systems

developed by the engineers.

The third category advocates that inventors shbaldhindful of the choices that they may be
in a position to make. They could choose to pateminvention, or to place some or all of the
information in the public domain, or use some fasfmopen licence. Importantly, where a
choice is made to patent, it should be remembdrat although the rules on patents are
almost universal, the patents themselves are rati@and an inventor may choose the
jurisdictions in which protection is sought. It mbg that, in order to encourage innovation in
developing countries, inventors should be encoutagehoose not to patent their inventions
in these countries. As the information regarding thvention (process or product) is
disclosed in a patent application, an inventor rohgose to use some sort of licence in

countries where patent protection is not sought.

200 see the HapMap website at http://www.hapmap.opappopulations.html.en. The HapMap is a catalogue
of common genetic variants that occur in humandiit describes what these variants are, whesedbeur in
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All these categories are relevant to the debatéP&and synthetic biology products. It is
clear that there is no general consensus on theseth patenting biological inventions. The
patenting system (GATT) is interpreted differentlydifferent countries; currently there are
differences between the USA and the EU patent regwith regard to public morality,
technical reproducibility and patents’ utility. Bhalso concerns issues related to the link
between innovation and IPR. The debate has alsodr@#ched by discussions concerning the
patentability of the human genome and what shoel@llgible for patenting when common
heritage considerations are concerned. Many intiemmel organisations hold that the human
genome (and by extension other genomes) are ‘themom heritage of mankind’. These
include the Human Genome Organisation (HUGO) Etfiommittee (20003°* the Council

on Responsible Genetics (CRG 2083)the International Federation of Gynaecology and
Obstetrics (19973 UNESCO (1997), and the Council of Eurdj&2001).

our DNA, and how they are distributed among peaeglhin populations and among populations in différe
parts of the world

%1 Human Genome Organisation Ethics Committee, 2G@d.etic benefit sharingcience, 290 (5489), 49.

202 CRG, 2000The genetic bill of rightsCouncil for Responsible Genetics CRG, Cambridlgin://www.gene-
watch.org/programs/bill-of-rights/bill-of-rightstehtml].

293 |nternational Federation of Gynaecology and Ohisget1997 Patenting human genelsttp://www.figo.org/].

2% The Parliamentary Assembly of the Council of Eer¢@ouncil of Europe 2001) asserted that it washef
opinion that the results of this grandiose reseaféirt — in which the United States has the leadrdzurope

— must be made available to all, genetic informratieing a common human heritage, as set out iclarli of

the Universal Declaration on the Human Genome anch&h Rights, adopted at UNESCO in Paris on 11
November 1997. The Assembly in particular referthis context to the Council of Europe Convention the
Protection of Human Rights and Dignity of the HunBing with regard to the Application of Biology can
Medicine — Convention on Human Rights and Biomedd[ETS No 164) as well as its own Recommendations
1425 (1999) on biotechnology and intellectual propand 1468 (2000) on biotechnologies’, as weltreg of
UNESCO in its Universal Declaration on the Humann@ee and Human Rights (1997). UNESCO'’s
Declaration states that, ‘The human genome undethat fundamental unity of all members of the homa
family...in a symbolic sense, it (the human genoisdje heritage of humanity (...) The human genamis
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 thenfdm, synthetic biology is a new research
field that results from the convergence of différethnological and scientific disciplines and
allows a better understanding of biological systetimsir complexity and emergent properties
that derive from the interaction of complex pathsapt the same time it allows the
production of bio-products which may have a dings¢ in a variety of sectors such as bio-
remedies, bio-fuels, raw-materials or biomedicalso-vaccines for example-, or new bio-
defence agents. The Group recognises that it isulifto draw sharp lines between already
established practices in biological research aral new approach of synthetic biology.
Nevertheless, there is a gradual transition frondification to fabrication of biological
systems, from engineering of simple to complex eays{ and from adaptation of natural
biological systems to engineering (or designing)paftially or totally artificial biological

systems.

An internationally agreed definition of this resgarsector does not exist yet and this may
create confusion with regard to scientific and tatpry frames to apply to different uses of
synthetic biology. An internationally recognisedidigion of synthetic biology is therefore

needed in particular if the research and applioatif synthetic biology are to be regulated.

The Group’s understanding of synthetic biof8gynevertheless, includes at least: 1) the
design of minimal cells or organisi® (including minimal genomes), 2) the identificatio
and use of biological 'parts' (the toolkit); 3) tbenstruction of totally or partially artificial
biological systems.

Specific concerns address its potential application the fields of biomedicine,
biopharmaceuticals, chemical industry, environmamid energy, production of smart
materials and biomaterials particularly but notlesiwely from the viewpoint of safety and

security?®” Beyond this, the debate is about aspects of pisiovernance, science and

2%gee chapter 1.3 of the Opinion.

%% The term organism is here intended to includelalee) unicellular or multi-cellular biological eties that
may be enhanced or modified.

2"See Andrew Balmer & Paul Martin: Synthetic Biolog$ocial and Ethical Challenges. May 2008.
http://www.bbsrc.ac.uk/publications/corporate/swtitth_biology.pdf
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society dialogue, intellectual property and philgisical discussions about [ff& (See

Chapters 3.1 and 3.2). As for other new technoigsynthetic biology must respect the
international frame on ethics and human rights (Gkapter 2.3 of this Opinion) and in
particular the respect of human dignity, whichesiceived as not only a fundamental right in

itself but 'the real basis of fundamental rigiits'

Other ethics principles that have to also be takEnaccount includanter alia, the principle
of safety the principle ofsustainability,the principle of justice, the principle pfecaution

the principle ofreedom of researchs well as by the principle pfoportionality?*°.

4.2. Safety

In dealing with the ethical questions raised bytlsgtic biology a basic requirement is that
both research and applications do not produce pegific harm to human health but also to
the environment. In this respect safety is a pgeHsste to any use of synthetic biology. Many
of the safety issues relevant to synthetic biolagye already considered three decades ago at
the meeting on recombinant DNA at the Asilomar @oefce Centre in Pacific Grove,
California, which opened a debate on the ethichefnewly emerging technologies based on
DNA, focusing in particular on the safety of traiting genes from one organism to another
organism via a vector such as a virus or a plasAtigresent, legislation on bio-safety exists in
the EU, including legislation to protect human amimal health and environment, or people
exposed to biological agents and other hazardoestagThe question is whether the above

mentioned frame responds entirely to the spedafitures of synthetic biology.

When addressed from a safety viewpoint synthettoly opens a number of concerns, such
as, inter aliaz how to assess the safety of organisms that hagernmme derived using
recombinant DNA techniques and that allow the potidn of systems combining elements

from multiple sources. How to evaluate such comsimns for biological safety in organisms

208 See Markus Schmidt, Helge Togersen, Agomoni Gadiata, Alexander Kelle, Anna Deplazes, Nikola
Biller-Andorno: SYNBIOSAFE e-conference: online comnity discussion on the societal aspects of syicthe
biology. In: Systems and Synthetic Biology (2008) epfember 16. Online:
http://lwww.zora.uzh.ch/3947/2/Schmidt_m_torg.V.pdf

Paul Rabinow & Gaymon Bennett: From Bio-Ethics tanthn Practice. Working Paper # 11, 2007
http://anthropos-lab.net/wp/publications/2007/08&kinngpapernoll.pdf

299 Declaration concerning the explanations relatinthe Charter of Fundamental Rights
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that may contain genes or proteins that have reistied together in a biological organism or that

contain newly designed biological functions thahdoexist in nature remains unclear.

A further concern relates to unknown risks to theimnment and public health, determined
by unexpected interactions between synthetic miganmisms and the environment or other
organisms in it. Horizontal gene transfer and itdeptial impact to the balance of the
ecosystems, or the interaction of synthetic migyanisms with naturally-occurring

substances or unforeseen evolution of synthetiogyoagents are all risks that may derive
from the non contained use of synthetic biologyrager from inadvertent presence of the

organisms in the environment.

Biosafety concerns regarding synthetic biology afect risk assessment methods existing
in the EU in relation to biology. The assessmenthods for GMOs are based on a
comparison of the altered organism with the natorglanisms on which they are based,
considering each individual trait introdué&d Synthetic biology will produce organisms with
multiple traits from multiple organisms, and theref it may be difficult to predict their

properties.

The biosafety of synthetic biology products is higadebated between scientists and decision
makers. Some scientists have even proposed thabsence of clear biosafety data all

synthetic biology research protocols should takeelin Biological Safety Level -P3 or P4 -

laboratories with clear implications for the deyetent of this scientific sector.

The Group is of the opinion that bio-safety consitlens are pre-requisites for the promotion
and implementation of an EU synthetic biology reseaprogram, both nationally and

internationally.

Recommendation N°1: The Group recommends that anyse of synthetic biology should
be conditional on specific safety issues identifieth this Opinion. Therefore the Group

asks:

1) The Commission to initiate a study on current rsk assessment procedures in the EU.
The study should (a) make a survey of relevant bisafety procedures, (b) identify

possible gaps in the current bio-safety regulatiorio effectively assess organisms and

210 According to which (1) the goal or objective oétresearch must be important: (2) the methods msesti be
necessary to achieve the goals; and (3) there@mother less controversial or risky methods thaldde 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 shoultten 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 syrtetic biology research and the

marketing of synthetic biology products in the EU.

Recommendation N°2: The Group proposes that, wherhé above biosafety rules are
defined, the Commission starts an international dedte with relevant counterparts to
facilitate a standardised approach to bio-safety ofsynthetic biology for public and
private funded trials. Instruments for the monitoring of the implementation of such
provisions should be conceived as integral part dhe bio-safety rules (including liability

issues).

Recommendation N°3: The Group advocates that a Codef Conduct for research on
synthetic microorganisms should be prepared by th€ommission. The Code should, fo
example, assure that synthetic biology organisms armanufactured in a way that they
cannot autonomously survive if accidental releasenio the environment would take

place.

4.2.1. Environmental applications

The Group is aware that synthetic biology has p@kmnvironmental applications. The
Group acknowledges current synthetic biology rededor instance, to reduce environmental
contaminants (bioremediation), such as heavy maiakticides and radioactive material. The
Group is aware of current research to produce s¥icttbiology agents able to degrade
pesticides to reduce their environmental imp&oor to produce biosensors for polluted
watef™®. The Group states that the goal of increasingrenmient protection and producing
new detection tools is positive and may increasaedmuwelfare and environment protection.

Specific concerns arise, however, from a bio-safgtynt of view when environmental

11 See risk assessment methods as discussed in 8©Ri@ion on ethics of nanomedicine.
212 gee http://pbd.lbl.gov/synthbio/aims.htm
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applications of synthetic biology are envisaged #Hratefore adequate assessment of safety

and environmental impact should be carried outrieedmy environmental release is approved.

In the area of environmental applications, theiaion of antipollution biological systems
or organisms must be analyzed with respect to tbeegtion of workers and citizens, freedom
of consumers, and responsibility, including thepoesibility for animals, plants, and the

environment in general.

Recommendation N°4: The Group recommends that beferan organism, fabricated or
modified via synthetic biology, is released into th environment, ecological long term
impact assessment studies must be carried out. Datasulting from such studies should

214 and the measures

then be evaluated taking into account the precautiwary principle
foreseen in the EU legislation (Directive on the diberate release into the environment of
genetically modified organisms). In the absence affavourable assessment the release |of

organisms fabricated or modified should not be autarised.

4.2.2. Energy and sustainable chemical industry

The Group is aware that synthetic biology could tabate to the development of a
sustainable chemical industry in particular the dopion of synthetic biology
microorganisms aimed to substitute agents and rdstharrently used by organic chemical

industry for its production of raw materials.

As far use of synthetic biology fanergy purposethe Group is also aware that synthetic
biology research is currently aimed at engineebiagteria to produce organic compotfits
aimed to substitute petrol as well as researchirsge& engineer bacteria to produce the fuel
hydrogen from different source&

The Group acknowledges that these possibilitiesnaaele more significant by dwindling

fossil fuel reserves, which currently provide the/materials and by the impact on climate of

213 Arsenic contamination of drinking water is a peshlin developing parts of the world, such as Bategh.
See: Aleksic J, Bizzari F, Cai ¥t al. (2007) Development of a novel biosensor for te&edtion of arsenic in
drinking waterSynthetic Biology, IET: 87-90.

2142001/18/EC, 98/81/EC and regulatory freame in tdrah 1 of the Opinion.

215 Sych as fatty acids which are optimal for useiadiésel or other energy rich compounds.

2%See  also: LS9 (www.Is9.com), Amyris  (www.amyris.gom OPX  Biotecnologies
(www.opxbiotechnologies.com), Solazyme (www.solaeytom), Gevo (www.gevo.com)
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the combustion of fossil fuels. The Group is howegencerned about possible safety

implications and therefore proposes the following:

Recommendation N°5: The Group proposes that the usef synthetic biology for
alternative energy supply in EU Member States wouldoe complementary to the EU
renewable energy plan, and that international rese&h trials (e.g. EU-USA) be

promoted and co-financed to favour an integrated iternational approach.

Recommendation N°6: The Group recommends that compent authorities properly
monitor the authorisation procedures for the produdion of synthetic biology-derived
chemicals and materials, if not identical to equivient substances, by taking intg
consideration (a) risk assessment factors and (bafety of workers exposed to syntheti¢

biology chemical agents and (c) environment proteicin.

As far use of synthetic biology fahemical products and novel materiagdse concerned the
Group is aware that chemical products not interfdedood or feed derived from genetically
modified organisms do not require specific labellidentifying them as genetically modified.
The Group is aware that virtually all syntheticlb@y products that contain or are organisms
or that are derived from such organisms in footked, must be labelled as being genetically
modified. The Group is however concerned aboutiplessises of synthetic biology in the

cosmetic and textile industry.

Recommendation N°7: The Group asserts that the prettion of consumers” rights is a

key factor to consider in EU market and stresses tt labelling of specific synthetic

biology products, such as cosmetics and textiledyaild be explored,.

4.2.3. Biomedicine and biopharmaceuticals productio

Synthetic biology has potential in medical applmas such as to improve and develop
biosensors, drugs, therapies, devices and cells métwv properties that may be used to
improve human health or therapeutic methods. Appbios of synthetic biology are expected
in drug production, development of new vaccinesdiog@ devices such as biosensors,

diagnostics, virus synthesis for genetic theragad, potential uses in cancer therapy.
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The Group is aware that medical uses of synthebtdy at the moment are at a basic
research stage and that clinical applications of deigs and methods are still far from being

available to patients.

As described in chapter two of this Opinion, the@r argues that medical applications of
synthetic biology must not contravene the fundamdemghts and ethics framework outlined

earlier and be conditional on strict biosafety psmns. For currently envisaged products the
existing regulatory framework is generally adeqguateegulate the use of synthetic biology

and must be implemented.

Recommendation N°8: The Group recommends that furtbr to the application of
scientific and legal frameworks, specific ethics e¢widerations have also to be addressed
by the competent Authorities (such as EMEA') when drugs and medical products will
result from synthetic biology protocols. Data on mdical 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 trialgake place and made available

internationally.

4.3. Biosecurity, prevention of bioterrorism and dal uses

The EGE is aware of the possible use or misusgrahstic biology in relation to biosecurity
as well as of current research in this specifi¢caezarried out in the EU and USA. Synthetic
biology may permit the development of new tools ttauld be useful for military purposes
ranging from biomaterials to bio-weapons. Ethiaalgsis must assess the balance between

security and the need for transparency:

» the production and potential use of synthetic lgglmaterials or systems in national
security policies, including the production of bieapons. These uses must be within
current national and international regulatory frameks. Transparency and release of

information may impact on misuse for terrorist pases — but open societies must find

217 As required by EU legislation Synthetic biology diwal products will be assessed from a safety vigntp
The relevant MS and EU (EMEA) Authorities should fdre that safety considerations expressed in this
Opinion are taken prior authorisation procedurelsath clinical and research trials and marketingcpdures.
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ways to deal with the difficult balance betweenzeihs’ right to information on the
one hand, and the need to protect their security.

» the production and potential use of synthetic lgglmaterials or systems for terrorist
purposes, above all the production of biologicadtegns that can have a massive
destructive potential. Misuse of any kind of symnith&iology knowledge needs to be
addressed.

» the production of synthetic organisms outside rac®yl institutions. Since synthetic
biology materials and procedures are publicly add, biohacking is another

scenario that requires governance with respeadorgy.

The EGE is also aware of the recent EC Communicatidopted on June 24, 269
defining the new EWChemical, Biological, Radiological or Nuclear (CBRNolicy. The
Group considers this initiative valuable but not gefficient for an ethically sound and
democratic approach to bio-security in the EU amyond. The Group welcomes the
embedding of ethics into the curricula of biosetyuscientists, including specific actions to

better clarify the ethical dimension of syntheticlbgy uses for bio security.

In synthetic biology applications, however, infotioa about the fabrication of synthetic

viruses, for example, may lead to a new wave oftéimrism. There has not been much
discussion about how this could be handled. Sadeend civilians’ health must be secured,
transparency maintained as far as possible, andamds permitted only under strict

monitoring. As described in chapter three of thnn, the Group argues that security and
military applications of synthetic biology must ncontravene the fundamental rights and
ethics frameworks outlined in the opinion. The ta$kpreventing terrorist and/or malicious

uses of synthetic biology raises the moral dilenwhdual use for researchers as well as for
democratic states. Some intended and unintendeldpduaoses can be foreseen but others
not. One way of dealing with the dual use dilemsahrough control mechanisms such as

licensing and registering the tools used by syrch®bdlogy.

Examples of actions that may be used to preventaamable military or terrorist actions
include: 1) a centralised database be developetbast at EU level, or preferably at
international level where all DNA synthesisers vwebbe registered by competent authorities;

2) departments or research groups dealing withebio®ty and biodefence use of synthetic

18 COM(2009) 273 final ; SEC(2009) 874 ; SEC(2009) 7$EC(2009) 791
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biology should be licensed in the above registiyciteria for the publication of data on

highly pathogenic viruses or toxic agents be defiaeMember State and EU levé.

Moreover, ethical issues that arise because ghakential for dual use should be dealt with at
the educational level. Fostering individual andtitnfonal responsibility through ethics

discussion on synthetic biology is a key issue.

Recommendation N°9: The Group recommends that the @wention on the Prohibition
of the Development, Production and Stockpiling of Bcteriological (Biological) and
Toxin Weapons and on Their Destruction should incgoorate provisions on the

limitation or prohibition of research in synthetic biology.

Recommendation N°10: The Group asks the Commissido define, in consultation with

the EGE, a comprehensive security and ethics frameawk for synthetic biology.

Recommendation N°11: The Group recommends that th&uropean Commission 1

ensure that databases are available to all who usieem; 2) Provides the legal systems fc

4
=

companies to report to Competent Authorities when sked to synthesise suspicious
sequences whilst ensuring privacy; 3) Identifies # chain of responsibility for placing

particular sequences in the database(s) and idengihg them as potentially harmful.

4.4. Governance

The Group also advocates that if a technology issiciered for use in the EU, its effects

should be carefully studied and evaluated throughmgact assessment that includes both the
risks and benefits of the new technologies andribles and benefits of the technologies

replaced. This assessment should be in the cobfettte integrated approach to synthetic

biology where environmental and social implicatiare taken into account. In addition to

technical risk governance, a broader approach inestieveloped that is better able than
present instruments to adjust to possible changdabke environment, in societies, in market

economics or in national policies. The ethics afthgtic biology should deal with a case-by-

219 Regulations are in place for genetically modifiedjanisms which would include those fabricated gisin
synthetic biology techniques in Europe that requégistration and/or approval of the facilities wdhehese
organisms can be grown and studied. See also p#@sdpinion and Art. 7 of EC/98/81.
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case study of the benefits and perils of this teldgy for specific ecological settings as well

as with potential risks and benefits for the whaitesphere??°

A responsible use of synthetic biology would implging governance tools in order to
encourage scientific advances and uses of resedndih may benefit human health; help
save energy and reduce the negative effects ofatdinchange and at the same time to
safeguard it from misuse; i.e. bioterrorism andgxbbiosafety and bioesecurity. This is not

an easy task and poses a number of dilemmas f@&tihte engage in.
a) General dilemmas; How can governance tools

- encourage beneficial use and prevent misuse; whahude is possible?

- encourage transparency without creating risks stisgs?

- secure against misuse without introducing unwaogsorship on publication etc. ?
b) Specific governance challenges: How can the &&JGiovernance tools to

» Take into account that synthetic biology includegr@at number of areas with very
different levels and intensity of regulations adéntified possible gaps in securing
biosafety and bioesecurity?

» |dentify areas where soft-law will provide suffinteprotection and areas where hard
law is deemed necessarily (see recommendation 2 biosafety rules and
recommendation 9 on the Convention on biologicapems)?

* Encourage professional responsibilities for indist researches and institutions
(including scientists who are not necessarily usedork with living organisms and
the specific problems this entails) and to supplenige Code of conduct proposed in

recommendations N°3?

* Play arole in the need for global governance arthstic biology?

220 5ee Markus Schmidt, Helge Togersen, Agomoni Gaginta, Alexander Kelle, Anna Deplazes, Nikola
Biller-Andorno: SYNBIOSAFE e-conference: online camnity discussion on the societal aspects of syicthe
biology. In: Systems and Synthetic Biology (2008) epfember 16. Online:
http://lwww.zora.uzh.ch/3947/2/Schmidt_m_torg.V.pdf

Paul Rabinow & Gaymon Bennett: From Bio-Ethics tankhn Practice. Working Paper # 11, 2007
http://anthropos-lab.net/wp/publications/2007/08kirgpapernoll.pdf
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The Group expresses its concerns on the existagyrfented regulatory framework, which
may not be sufficient to properly regulate currantl emerging aspects of synthetic biology.
It also stresses the need to explore a proper nuddsinthetic biology governance (soft law,
codes of conducts etc.), also taking into constaerapotential risks of delocalisation of
research trials in countries where regulation majelss stringent than the one proposed in the
EU.

Recommendation N°13: The Group urges the Commissiorio propose a robust
governance framework for synthetic biology and putit in place in the EU. The
Commission should review the legislation applicabléo synthetic biology and assess its
relevance to address the issues raised by syntheliology. The above framework should
address relevant stakeholders (scientists, induses, military agents, and political and

administrative agents) and clearly indicate their esponsibilities.

Recommendation N°14: The relevant science commures should be encouraged to
establish ethical, preferably global, guidelines wich may act as signposts and lead
science institutions and individual researchers toassess the impact of their work

including the consequences of misu$e.

Recommendation 15: EGE Proposes that the EU takeguhe 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 biologiwathods and materials have been a subject
of heated debate for some time and it is now belisgussed in different disciplines. The
function of patents to stimulate research andpfdieations and to promote public disclosure
of the basis of applications may be jeopardizedHsy massive number of applications of
patents related to genetic material and biologivethods. At the same time the appropriation
of elements of biological organisms by specificustlial actors has also raised a number of
ethical questions. Article 7 of the Patent Direetin relation to Biotechnological Inventions

states “The Commission’s European Group on EthicSdience and New Technologies

221 See Unesco MOST Ethical guidelines for internati@momparative social science research.
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evaluates all ethical aspects of biotechnology.isTi& the only Article of the Directive that
has not been implemented in the rules implemerttiegDirective of the EPO or the patent
offices of the Member States. It is difficult tmplement as it specifies no action and is not
addressed in any of the other Articles. There fudten been complaints from Patent Offices
that the morality clauses in European Patent Laavdifficult to interpret (or even that they
should be addressed by other legislation). Theu@mroposes that where there is a general
issue raised by a particular patent applicationtha field of biotechnology (including
nanotechnology and synthetic biology) that thevai¢ Patent Offices ask the EGE for advice

in the general area identified in the application.

As far as the patenting and common heritage issgernicerned, the Group acknowledges the
complexity of the topic, as already indicated inn@&r | of this Opinion. The Group stresses
that general ethical issues involved in patentiappbns have to be addressed properly in the

patent allocation system.

Recommendation N°16: The EGE proposes that debates the most appropriate ways
to ensure the public access to the results of symic biology is launched. These debates
should include also what can be object of patent anwhat should be available through

open access.

Recommendation N°17: The EU Patent Directive (98/4BC) defines the EGE as the
Body to assess ethics implications related to patesn The Group urges the Europear
Patent Office and the National Patent Offices to tee account of Article 7 of the Patent
Directive and refer contentious ethical issues of @eneral relevance to the EGE for
consideration. This is particularly important if a class of inventions that ought not to be

directly exploited commercially??? has to be defined.

4.5.2. Trade and global justice

222 EC[98/44, Article 6.2 provides an indicative ligtexclusion from patentability, namely " (a) preses for
cloning human beings; (b) processes for modifyimg germ line genetic identity of human beings;usgs of
human embryos for industrial or commercial purppge} processes for modifying the genetic identfy
animals which are likely to cause them sufferinghaiit any substantial medical benefit to man omahi and
also animals resulting from such processes." Thiediive, Art 7, also states that "The Commissi@sopean
Group on Ethics in Science and New Technologiekiates all ethical aspects of biotechnology.”
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The Group is aware of the global dimension of sgtithbiology and its applications and
considers economic development and growth of sewgdiare as a positive goal of the EU.
Synthetic biology may contribute to the socio-eaniw prosperity of the EU and beyond.
The Group welcomes this possibility; insofar prples of the EU Charter of fundamental
rights and main EU fundamental values are not meggtaffected by this technological
sector and the trade of its products. The EGE tberéhas concerns about the possible risks

of a technology divide within the EU and betweenealeped and less developed countries.

The EGE recommends the embedding of the EU fundeihealues into the global trade of
synthetic biology products. As in previous Opinio@sich as Opinion 2%3° and Opinion
24°*% the Group underlines the need of introducindcstoonsiderations in the global trade

and World Trade Organisations policy actions.

Actions to avoid a greater technological divide wHothen be taken. |If trials involving
synthetic biology products are being conducted ewetbping and emerging countries the
same ethical standards as are required within thenEst be implementé&. UN Millennium

goals should be implemented.

Recommendation N°18: The EGE recommends that wherysthetic biology is discussed
at international level, including the WTO, the ethcal issues associated to the technology
should be addressed® This should be taken into account in the Doha mmd

negotiations.

Recommendation N°19: The EGE urges that EU Biosafgtstandards for synthetic
biology products as identified in recommendations RL, 2 and 5 of this Opinion are

adopted as minimal standards for EU import-export @ synthetic biology products.

Recommendation N°20: The Group recommends speciflEU actions to avoid new gaps

between EU and developing and emerging countriesr within EU Members States, and

to put into effect the recommendations expressed ihis Opinion. Such actions should be

223 hitp://ec.europa.eu/european_group_ethics/aet/fitbcs/opinion23_en.pdf
224 hitp://ec.europa.eu/european_group_ethics/docstm4_en.pdf

225 hitp://ec.europa.eu/european_group_ethics/dosd/aven.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 E

policies concerning developing and emerging counts.

4.6. Science and society dialogue

As elaborated in Chapter 3 of this Opinion, theostlof synthetic biology is complex and the
identified conceptual questions need an effectoverse and society dialogue.

The perception of synthetic biology is influencegddocial, cultural and ethical considerations
about manipulating life, economic implications flmveloped and developing regions, issues re-
lated to ownership and intellectual property, conseabout environmental degradation and
potential military uses, and so on. Traditional ameractive media play an important role in
shaping people's views on new and emerging techiesloincluding synthetic biology. Each of
these issues deserves thorough consideration &fid participation. This raises wider issues of
trust and confidence building between the scieantbmmunity and the public, including the
need to promote proper debate. It ultimately letmlsssues of deliberative democracy,
including questions about who draws the lines betwehat is allowed, acceptable, and what

is not; and who overviews those who draw the lines.

Social scientists have suggested that upstreamgengnt could be productive for a
development of science and technology consistetit sacietal expectations, concerns, and
wishes??’ Many scientists working in synthetic biology ateeady aware of the importance
of public engagement, and to this end, they hawgaged in activities such as debates,

podcasts and blogs.

Public debate needs to be properly informed aboateffective features and potentials of
synthetic biology and this may raise difficultiefsidentifying, estimating and managing risks
in an area where there are considerable uncedsiatid knowledge gaps, and when the short-
term and long-term risks may be different. Simtansiderations apply to ‘hype’ benefits,
where the public is confronted, with the assistasfcmedia and science fiction writers, with
unrealistic scenarios on synthetic biology prodifiis example, synthetic biology hype with

regard to the curability of all diseases or bio-eeiynto environmental pollution of prospects

227 hitp://www.bbsrc.ac.uk/organisation/policies/ravigscientific_areas/0806_synthetic_biology.pdf
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for energy crisis). Non-documented hopes or fearsrounicated to the public distort the

public debate on synthetic biology.

Recommendation N°21: The Group asks the EU and EU &mber States to take actions
to promote public debates and engagement amongstettstakeholders in order to identify
main societal concerns in the different areas coved by synthetic biology.
Recommendation N°22: The Group recommends that jounalists, editors, including
science editors, and other stakeholders promote nesnsible reporting on synthetic
biology.

Recommendation N°23: In order to promote a comprehgsive approach to new
technologies by the media the Group asks the Commsisn to stimulate specific actions

such as, inter alia, creating fora, seminars and ewses, addressing the implications of

synthetic biology in the media.

4.7. Research

It has been observed for quite some time that basiearch, the fundament of all different
applications in a given field, has been pushedh® background in research funding
programmes. Even though basic research is not shéply separated from applied research,

the former needs public funding, and this shouldhieepolicy of the European Union.

A key novelty synthetic biology introduces in thr@entific method of modern biology is the

possibility not only to use deductive approachesnflobserved phenomena but synthesising
heuristic tools that allow in themselves explorbasic biology phenomena. Basic research in
synthetic biology is however not necessarily cotedd¢o market and industrial interests and
is therefore dependent on public financing. Theuprs concerned that this may lead to a
lack of adequate funding of EU basic research mear future, and that this may jeopardise

the role the EU research may play in global goveceaof synthetic biology.

In parallel, the ethical debate on synthetic bigl@gidresses issues related to the ethical
legitimacy of manufacturing living organisms, siarilto the debate on engineering life.

Human intervention in nature, which includes theiemment and other living organisms,
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also raises concerns over the ‘naturalness’ ofietgion and ‘manufacturing lifé2® The
Group therefore underlines the need of financingifierdisciplinary research projects on the
relation between humans and nature, particulariyh wégard to questions concerning the

views towards life.

Recommendation N°24: The Group invites the Commissh to support basic
research in the fields of biology, chemistry, enesg and materials science and
engineering and applied research as identified inhis Opinion. This should be
reflected in the R&D EU research Framework Programnes budget. A similar

invitation is addressed to EU member states in thenational R&D programmes.

Recommendation N°25: The Group requests the EU to rpperly finance
interdisciplinary research on the following aspect®f synthetic biology:

- risk assessment and safety;

- security uses of synthetic biology;

- ethical, legal and social implications

- governance;

- science and society (including media and the pub).

This should be reflected in the R&D EU research Frenework Programmes budget.

Similar request is addressed to EU MS in their natinal R&D programmes.

Recommendation N°26: The Group notes that synthetibiology could lead, in the
future, to a paradigm shift in understanding conceps 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 Humartie Times, May 17, 2008. Colin Nickerson, ‘A Quist

Create Life Out of Synthetics,” Boston Globe, ApRil 2008. Erik Parens, ‘Making Cells Like Compufers
Boston Globe, February 18, 2008. Natalie AngieyrdRing Synthetic Life, Dazzled by Reality,’ New rko

Times, February 5, 2008.
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