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Preface : Why wonder about ethics in a biological
engineering competition?

The International Genetically Engineered Machinmpetition (iGEM) is an undergraduate
competition begun at the MIT in 2004. In four yetlte competition grew up exponentially
from 5 teams in 2004 to 110 teams in 2009. Withadontext of its participation in IGEM 09
competition, the Paris team (IGEM Paris) proposegeféexion about ethical stakes in
synthetic biology, in order to exercise our criticgflexion. Our “disciplinary” motivations to
lead that ethical reflexion will be developed ilmare formal introduction. We propose to
wonder, in that preface, about the several “causéstie necessity of that reflexion, mainly
by wondering about the way interdisciplinarity ea@ges reflexivity. We wish to establish
the fact that ethical reflexion is necessarily édkto a critical perspective, a point will be
enlighten in the introduction.

Synthetic biology can be read as an encouragernoemttérdisciplinarity, as a disciplinary
challenge by bringing together, in a unique lifeesce, perspectives from engineering and
practices from molecular biology. That interdismplity stimulates researchers the necessity
to change from their initial “disciplinary standp®i in order to come up to synthetic biology
specifications, requiring them to change positiorhecome alternatively insider and outsider
towards their own science formation. That changeetones permits the development of a
critical perception, or, at least, makes it motaiaable. That critical perspective permitted by
reflexivity is one of the ways to get to ethicdleion.

Among the large field of synthetic biology, the IMEcompetition invites young scientists,
future researchers to interdisciplinary experimgoita Heterogeneous teams focus on
freedom, innovation and motivation can lead teanos perform that disciplinary
“insider/outsider” team standing. The specificatioof the competition encourage to this
reflexive position. In other word, the point is hewploration and experimentation in the way
to build up an IGEM project can lead teams to thatical reflexion. Freedom and
experimentation, encouraged by the structure ofctimapetition, make the ethical reflexion
both relevant and accessible to the teams' mind.

If we go ahead with our inquiry, crossing sevenalitutional or disciplinary structures which
promote a critical standpoint and ethical reflexioe have to examine our own structure of
participation in the competition : our team. We damal two “original” explanations to that
reflexivity of the team. The Parisian team is buolidvolunteers to the “IGEM call” made by
the Center for Research and Interdisciplinary (CR#®t only because of the student's
membership of a certain university. Therefore, tikem(iIGEM Paris Team) is hybrid both
socially and disciplinarily. Students come fromthgchool or undergraduated programs, and
differences in disciplines and specializationslarge and various. At first, we had to make an
effort to understand each other's different badkgds. In the course of the project
development, that “different regard” of the membes transformed, becoming a “shared
regard” by building up our project and knowledgethe process of building a team.

These differences between members, understoodvaslth, were already in the mind of the
researchers of the Center for Research and Intgotirgrity (CRI). The CRI was founded in
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2005 at the Medical University of Paris Descartes defines itself as a convivial place at the
crossroad between Life Sciences and exact, nattoghitive and social sciences. New ways
of teaching and learning are daily practices at@d, for graduate students, post-doctoral
fellows and researchers. The originality of thelatmdrative, non-hierarchical interactions
between students and teachers can be found irutbeany of the student (they collectively
choose the content of the classes) but also im#ie research's themes and perspectives. The
CRI “call for participation” to IGEM has to be und&od in that perspective of giving to
students critical tools, understood as a wealth@nscientific approach.

Several effects and new questions will rise of th&rdisciplinarity, reflexivity and critical
perspectives. What are the effects of those itigtital and disciplinary causes of the ethical
guestions? Why and how can we enlighten what is/"ne biological engineering and in the
IGEM competition through ethical reflexion? As wdllvanalyze it in the introduction, we
will have to consider the ethical reflexion as rssegy, once we have admitted the social
responsibilities of science and scientists regardive social effects of their theoretical and
material production. Our work will be lead by aratlimperative of the ethical reflexion, in
order to make it concrete and not to give up td thtellectual temptation to go through
concepts and methods without actually “doing somgthabout it. That imperative is making
that ethical reflexion “practical” and so, to sekaywhere and when the decision process is
made and how we can operate on it. Beside our aimgpid check on the institutional
literature about synthetic biology, such as (CRigke us consider the fact that reflexion is
shared between different kinds of actors of thargiic field, especially States, international
organizations and national agencies. The ethicaktipns about synthetic biology are also
and mainly about questioning the governance offikld. How, as a first step, will we
manage the debate? Then, how will we supply thésidacmaking? In other words, who is
going to decide? Who, after putting stakes intbtligvill deal and manage the tensions linked
to that stakes? That tension is inherent to whatdcbe the definition of “scientific ethics” :
the coexistence, the “harmony” between a free stiemesearch, both in theories and
practices, and the social responsibilities of thagseentific theories and practices. The
necessity of the ethical question can now be seefviaal’, once accepted, it leads us
necessarily to the question of the governancehefdecision making, of the action and
regulation, from now, each seen as something nacesm.
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Methods

The theoretical approach in this report can berdsghas quite “singular”, and that singularity
has to be explained. | am student in Science actindogy Studies in the Ecole des Hautes
Etudes en Science Sociales of Paris (EHESS) anthesys focus on practices in the field of
synthetic biology. Before participating in IGEMwiorked on collaborative projects with the
Center for Research and Interdisciplinarity whiplorssored the creation of the inter-institute
Paris IGEM team, | wanted to be part of the Pa&BENM team in order to observe the team in
the 2009 competition and to see how the team eargdebiology and how they dealt with
and interpreted the ethical aspects of synthetioQy. This participation was a very good
way for me to enlighten knowledge and productiorecess of a team of student in synthetic
biology and for the other students to reflect dmoatl issues, which we were able to build on
together.

With this perspective, and | am to avoid the canésociological” in my observation,
nevertheless this report has to be understood fr@rperspective “science and technology
studies”, with references and concepts that avatgitl in that academic context. My primary
goal in precisely situating my point of view ishe precise what it is not : this report is not
the reflexion of a scientist about his/her own pcas, but the look of a student of science and
technology studies about what students of scieresaying about their work.

In my daily work with the IGEM team, some importanethodological questions had to be
answered : | decided to use a qualitative andqpaint-based approach, preferring collective
experience of reflexion of ethical reflexion to aathis report won't have any graphics with
team-members-answers to pre-set questionnairetgadthsour meetings and talks were
dynamic and | decided not to constrain the scopehef discussion by my up stream

reflexions. That process also permitted discussiagre coexisted sociological and scientific
stakes, when everyone of us were trying to findsvans to our own research programs. That
was, for me, the greatest benefit to my privilegedess to a scientific field, having the

opportunity to discussed these questions withehent

My discussions with the team started with a sesfaadividual conversations with almost all
students of the team. Depending on student, thissessions were all very different and at
the end of the first round of conversation, | sdutghbring together all the different stakes
and questions brought by the individual team membea collective and dynamic reflexion
process. We decided to schedule collective talksh @bout one hour long and focusing an
pre decided themes, in order to delimit stakes. ¢estain discussions, | had to make a
presentation, to put into light the history of axcept, to share with the team my reading on
the subject or to highlight what seemed importanine, as a sociologist. That way, | shared
with the team my own system of references, theyevadie to know through what “regard” |
appreciated their words and reflexions.

After that talks, and in keeping with the IGEM' il decided to fill the ethical part of our
wiki with an abstract of the discussion blendechwity analysis on them. These posts had the
form of blog's posts, as a individual, local andiatied analysis. This report is more formal,
but | propose it to be read in parallel with thagermal posts. Both of these types of writing
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were important to the process of creating a dynameilexion of the ethics of synthetic
biology. While formal essays are still valuableaaway to express our analysis of any topic,
social studies sometimes miss the advantages aimad reflexion (fluidity, experimentation
in the writing process, different kind of discowsseocabulary or lexicon). Both styles were a

good exercise, permitting me to scour, to searfferdnt ways to explore and uncover the
stakes of synthetic biology.
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Introduction

Synthetic biology is a young branch of contemporaéiglogy, which aims to design
functional modules in an organism, taking the ativges of different methods to develop the
capacity of that organism to “do” and to “be” someg new, something that isn't naturally in
its own capacity. Synthetic biology embodies theetimg of two assembled elements : the
manipulation of organisms modified by man (techgae already developed by molecular
biology) and an engineering approach through thedistandardization.

By using an engineering approach, synthetic bisksghope to discover underlying design
principles in genetic networks and to develop néandards for how biologists manipulate
genes. Tim Gardner and Jim Collins' biological teggwitch (Gardner, Cantor, and Collins
2000) is a good example of this engineering apgrobising simple, standardizable genetic
modules, they were able to build a switch in E twdit controls its behavior. Thus, knowledge
from genetics is transformed to work for enginegmqurposes. Through standardization, it is
hoped that discoveries and progress in synthediodpy will be usable at a large scale, will be
included in a common reference and could creater@dnious and protocolar ensemble.

The emergence of a new discipline, of new form&radwledge, new sets of practices and
handling is “socially” accompanied by new discostdales, hopes, anguishes, etc. That new
“whole” will have built-in stakes, references andragdigms that affect our regard of the
world. Our reflexion is about ethics in synthetiolbgy. Thus, we will poll, question those
hopes, anguishes and promises linked to that nssiptine in that ethical perspective.

The ethical reflexion has some intellectual comstsa: we will have to take account of and
challenge the abstraction of the moral and norreatikile facing the complexity of the social
world it is trying to rule. Ethics in science isitgudifficult to define, | decide to consider it as
the challenge of the coexistence of a free scientsearch, both in theory and practices, and
the social responsibilities of those scientificdhes and practices. In this introduction, we
will have to consider two sets of stakes, two disiens relevant to that challenge. At first, in
the field of ethics : how and for what aim was #thical reflexion on the sciences built?
Then, in the field of science : why do scientisésédnto consider, through the concept of risk,
the social world?

A. Perspectives from the field of ethics : polyphon y and the
moral imperative.

Deontology in science (as a professional ethicdkaar a code of professional responsibility),
since Hippocrates, was gradually twisted, invesgeestioned by a series of social actors and
disciplines. It no longer belongs to doctors ardgely, to scientists, on their own and in a
“corporatist” way, traditional and endogenous, uéerthe moral implications of their works
and productions. It is an ethics “by doctors, foctrs”.

The main rupture which leads us from medical ethockioethics happened after World War
Il, with collective reflexions about human rightadascience, coming to us from the “by
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doctors, for doctors” perspective. During the 68A8 kinds of events happened that shaped
the development of bioethics : some scandalousscédee example the Thalidomide, the
Brooklyn and Willowbrook cases (Hirsch, Ameisend d&vllectif 2007)) and the emergence
of new critical and political discourses claimingividual rights, autonomy and contesting
authority, and, through that criticism, medical aatentific authority.

The singularity of bioethics comes from this plugabf legitimate social actors, disciplines
and discourses about “good practices in sciencehorg these, medical and scientific
discourses are joined with discourses from the ltdggeal and juridical fields, as well as
discourses from activists, ecologists, citizensistners, patient, etc. That singularity comes
with a enlargement of the scale of the object ef ¢thical thought : from medicine to life
science. In the United States of America during #@es, that movement came with a
polarization of the ethical concerns : some spiadlsectors of ethics were rising (bioethics,
business ethics, environmental ethics, etc), shgpwiat the point is now both about building
a system of ethical references and a rational pgeeof decision-making. It enlightens the
pragmatical concern at work in that new ethicakpective.

Legitimacy seems quite hard to attain : the one détains scientific knowledge is no longer
the only one who “can” and “must” express the ddaomand outs about a scientific discovery
or progress. There is dissociation between moddsegitimacy of bioethical discourse and
forms of “traditional” scientific gratitude. We carotice that new participants of the debate
are “uninitiated” persons or a “mixed group”, exgsi|g themselves in new structures
(institutional or not), new moment of expressiond aaew recommendations. Temporality,
form and dynamics of discourses are now numeroisjcand non rivalled. Exteriority from
the scientific field is now a criterion of legitiy regarding the fact that internal motivations
of the speakers are not involved in the moral irapee expressed.

These new expressions of “good practices in scideee us to a new problem : it reveals a
new and complex prescriptive dimension to the Iigat discourses. Actually, the
pragmatical objective of that ethical reflexiortasprescribe. It makes use of an imperative, a
“good practices manual” as tools, expressing iteegogy and cultural history : universalism
of moral principles from the modern philosophy.

Both elements, one from the historical constructadnbioethics and the other from that
philosophical tradition, are intention. Pluralitiydiscourses about good practices in science is
becoming a productive polyphony, both considered@saplex and as new wealth of our
democratic societies. That polyphony seemed quitdradictory to the quest of unity and
simplicity of moral principle, built on the ideaaha moral imperative has to be one, simple
and necessary to be operational and, above & talid.

How are we to deal with both, quite contradictognamics in the bioethical perspective?
How are we to build normative principles in orderguide and to control practices? Every
disciplinary paradigm, every social actor, everyarel seem legitimate to express in their own
way but are still trying to fulfill a unique moramnperative. Bioethics has the interest to
embody that tension between a polyphony of legi@médiscourses and and a moral
imperative quest, between the multiple and theumithe hybrid and the pure.
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B. Perspectives from the scientific field : conside ring the
social world.

As we find out in our previous reflexions, the lookthe outsiders of the scientific field on
scientific practices and productions is now pereginas a richness and is progressively
admitted and legitimate.

Citizens, jurists, sociologists, economists, paikins, people from consumers or patients’
associations, NGO's are now entitled to claim abiiy on scientific practices and
motivations. That claim came with discourses, rev@mdations and alerts.

My own presence in the Paris team in the IGEM cditipe is representative of that
phenomenon : being a science studies sociologighernteam, having a “anthropological
approach”, trying to enlighten ethical stakes. Btsts accept the presence of observers. What
will be the feedback of that acceptance? Of thanopy to the other, the outsider of the
scientific community, the uninitiated?

We first have to come back to an a priori that Wl only mentioned here because of its
importance even if it is not at the heart of ouflebaons : the historical influence of the
uninitiated, the non scientists on the constitutidrscientific knowledge, has always been
important, even if invisible. In the pubs of Londimnthe modern period (Stewart 1999) or in
the salon of the “Blue stockings” movement of thdigh aristocracy (Sartori 2006), many
invisible places and people are left out of thetdfis of science but were active contributors
in the production of knowledge. That contributionimvisibility is a way for us to perceive
the broadness, the irregularity and the divergeoicéhe multiple front line of science,
creating a multiplicity of places, people, kind etpertise and practices to look at (Pestre
2006).

According to Marie-Angéle Hermitte (Hermitte 200if) the 1970's, a "society of science and
technology" (referring to any society where sciermed technology are the primary
production resource) developed between the econominowledge under construction
(weighing up knowledge, technology and sustaingbés a new motor of the contemporary
capitalism) and the risk society, considering tiwa can't have one without the other”. That
culture of science also has a new component, sapgrafrom the idea of priceless progress,
making its rise “spectacular” for the analyst :ttlsaciety rests on “consent”. It is now
admitted, encouraged and normalized to exposecdlifies and risks linked to technological
society, to admit that technological progress isexempt from negative effects. That element
will be important in our approach, because it aallly built up a new objective of the ethical
perspective, adding to the objective of preven{regarding established risks) an objective of
precaution (adding the “probable” risks to its cemms). The new aspect of “consent” in our
technological society regarding crisis, risks ane ¢jlobal consensus about the necessity to
exit lead to the creation of a new people, compadgamanufacturers, scientists, politicians,
and citizens keeping their differences of opiniororder to create “social pact” to answer the
new social and environmental imperatives. The re$sociated with emerging technologies
could reconfigure the social world, putting the rmpises, responsibilities and expertise of
science and scientists at its centre. The ethisastipns in sciences and the new relations that
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it “imposes” between social actors can have somgel&ffect and reconfigurations on the
social world and democracy.

We have to take into consideration those uninitiatethe social debates, controversies and
polemics nowadays about the technical and scierdigicisions facing risks (nuclear waste,
GMOs, infected blood). Controversies are specialmemts and situations where both
uncertainty and divergences between actors areeiste. These situations call scientists’
monopoly into questions about what is the best twagsolve the “local” problem, leading to
a more “global and conceptual challenge” by reapgrthe question of the “neutrality of
science”. The legitimacy of the scientific decis@out risks, and so the technical choice of
politics usually based on these scientific decisjaare now disputed. Scientific and social
controversies are a way to put into light the dematc aspects of the scientific decision-
making process, focused on the question of the geoayg to “live together” (including the
environmental question), that new social pact, whethical perspective is at the center. We
can also notice, referring to the work of Callomstoumes and Barthe's (Callon, Lascoumes,
and Barthe 2001), that controversies are also degaas a new way to practice a “dialogical
democracy” in the decision making process, in so®e “open spaces where groups can
mobilize themselves to debate technical choiceshith the public is involved”. As already
proposed, the question of governementality, thendific decision making process and
democratic experimentation have to be considerediinmeflexion.

As evidenced by our emphasis on the words “lookd“segard”, ethics is mainly about
observation, looking before assessing. Importamlyrder to judge a situation, one needs to
have access to it. That “look” on scientific protdor can be the look of the scientific
community, the look of the outsider, the look of fladge, etc. Building ethical tools is also
about building that observation, that special wayobk at scientific production. | intend to
create a dialogue between the “look”, the “regaadtl the “speech” as the next step of this
ethical perspective. That way, speech has to begtitoalmost as “action”, referring to the
performative utterance, allowing us to consideal$o in a critical perspective, by observing
what kind of power, tensions and strategies areluad in a scientific debate that covers a
multiplicity of social stakes.
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|. Biosafety and biosecurity concerns

In the first part of our analysis, we will focus dmosafety and biosecurity problems, a
primary concern surrounding synthetic biology. Gumalysis is based on the synthesis of
arguments from a heterogeneous literature. Thustaésd in the introduction, we must try to
take into account the polyphony of ethical discear8y reading these papers, we can find a
homogeneous ensemble of arguments and warningsjrehthat homogeneity could happen
even in polyphony, when every social actor hassdm®e interest, creating an invisible and
informal consensus. We will use the evaluationgishgora (Vivagora), a French intellectual
association that studies the stakes of biotechiedpdghe ethical repoltife to Legoof the
Delft University of Technology (Flipse 2008) in Metlands for IGEM 08, two monitoring
strategical reports from French Statdofe de veille stratégiquéSuet 2009)) and the
European Union (through the Synbiosafe initiati®gr(biosafe)) and the papér Synthetic
Biohazard Non-proliferation Proposddly George M. Church, professor of genetics at the
Harvard Medical School (Church 2004).

Biosafety and biosecurity are neologisms build xpress new forms of alerts against risks
linked to technologies of contemporary life sciec®iosecurity's reflexions focus on
“biologic accidents”, involuntaries, and unexpectednsequences of certain scientific
handling. Through these “bioerrors”, for example gan think about the involuntary release
of a synthetic organism into the environment, c& tinexpected production of toxins or
pathogenic agents by an organism that was thowgbé tunder control. Biosecurity is about
risks posed by a malicious mind, a person who wimterm. That threat is embodied in the
“social part” of the bioterrorist. The “subject€enters of interest of biosecurity and biosafety
are also what justified their common analysis. Healegarding human, and environmental
concerns, regarding “non human”, are at the hdatieethical perspective we will perform.
Biosecurity and biosafety are very present in ghhgetic biology literature and that presence
can be read under the light of M. A. Hermitte’s lex@ations about the fact that, in our society
of science and technologies, both promises andistmgg are formulated at the same time
(Hermitte 2007).

Both kind of risks can be divided and connectedufh two concepts : malice and failure. In
the texts we studied, we found the main distinctlmtween these concepts to be the
identification of the person who is at the origihtlee action (the scientist and the terrorist)
and the nature of his intentions, his wills. We énd@o notice that failure is attached to
scientific work and is opposed to the malice oftdreorist will. Intentions, errors or “harming
will”, in ethical reflexion, are substitutes forhar concepts that we usually use to distinguish
“terrorist” and “scientist”. Thus, “knowledge”, “wk” or other social aspects are not present
here. We do not distinguish these cases by th&tléstual and handling capacities but by
their intentions. Even worst, the scientist seemsundergo, in that portrait, natural
unpredictability and errors while voluntary proceslwf the terrorist seems to confer him a
better relation to knowledge, at least more effitierailure is related to the scientific
handling while success is related to the terrqrésspective. That point is quite risky for the
social perception of synthetic biology, “essentialg” the discipline in a dangerous light,
success being easier when you want to hurt otheralso leads us to consider the
democratization of knowledge in new disciplinedifef science. That kind of insignificance
of knowledge represents the fact that is not thinmtinction anymore : everyone can have
knowledge of the life sciences, it is not a priteipf distinction anymore. That point entertain
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the risks perception : for example, the fact thagé&t Brent, Director of Molecular Science
Institute of Berkeley, estimates that 100,000 pe@yk able to create their own anthrax is a
very frightening argument, encouraging critics lwdittdemocratization process (Brent 2005).
The last element we can get from that analysikesnew mythical construction of the social
aspects of our protagonists, the scientist andetinerist. | use the “mythical” word to refer to
the cultural influence of sciences in the constamcof the way we perceive the world and the
social agent. Thus, in the theoretical perspeativ@hilosophers such as Donna Haraway
(Haraway 1988) (Haraway 1991)(Haraway 1997), wedraw the mythical figures that seem
to embody a part of western culture frightened altloe uncontrolled holder of knowledge.
The social figure of the terrorist and the scidrdan be considered under that light. That new
cyborg figures, hybrids of promises and threat®dpcts of our techno-scientific, post-
industrial and western societies.

A. Biosafety
1. Questions

Questioning biosafety matters?

In parallel with that new cultural constructiontbé protagonists of knowledge, as Synbiosafe
points out, an ethical perspective will have toceat in a new challenge for risks perception.

« In traditional genetic engineering the risk assemnt is based on the donor organisms. Most
transgenic organisms so far contain genes frontivelg few parental organisms. In synthetic
biology, however, the situation changes becausanmsms can be created with a large
number of genetic donors or even without any nattemplates at all. Also instead of
changing only few genes, with synthetic biology wdl be able to create completely new
genetic networks without known counterparts in ratuGiven the absence of natural
templates as a basis for solid evaluation, howacesk assessment be carried out under such
circumstances?*»

Is other words, are we able to integrate the tepghes and technologies that are performed in
synthetic biology with our social devices of rigkgvention?

What are the biosafety problems?

What are these problems? How are they formulatediidectures? A set of problems can be
drawn, we'll try to justify it in the more complesa@d concise way.

To introduce our point, we will refer to a questasked by the Synbiosafe report, wondering
about risks in the perspective of the “rejectionnofelty”. The Synbiosafe report wonders

about reliance on new protocols in order to answehe new risks when some people say
that nothing is new in synthetic biology, referritq risks in life science in general. The

European initiative retaliates to those criticsdentining the contradiction of their purpose :

how can we promote such “novelties” in syntheticltgy and, in the same time, claim that

nothing new is happening about risks?

! Synbiosafe, Background Document Pages 5-6
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Discourses we are about to analyze, in the prexediynamic of the ethical reflexion, have to
be thought of in the stages upstream of the intided challenged to find “efficient answers”
even if problems are not yet present to us.

How to evaluate risks?

As already mentioned, risk evaluation seems to hbee@essary preliminary step to any
satisfying ethical reflexion. Are we able to undensl the stakes? Through what means and
what formulations?

One of the new ways to perceive ethical stakesbeafind in the TU Delft ethical report, by
mathematizing the analysis of the risks.

« When making a decision, like the decision whethrenot to use Synthetic Biology in an
application, one balances the risks against theftienBut is actually meant by “risk” isn’t
always clear. Textbooks state that the Risk isniagnitude of the Hazard when it takes place,
multiplied by the Frequency in which these hazadsially occur (R = H * F). These risks
are partially factual risks, which can be scien#fiy assessed, like assessing the chance that
an organism will share DNA with surrounding orgamssupon deliberate release into the
environment. There are also virtual risks, like lexpg the probability of creating a
biological weapon with open source BioBricks. Whiea future impact of a certain decision,
like in the case of using Synthetic Biology in ieasing levels of artificialness, risk
assessment actually becomes risk perception: gpmmnse of the public, NGOs or consumers
are unknown, as well as the scientific possibsgitend application areas. If the risk is “low
enough” (and one has to wonder who decides thatgrin action can be justified. Some
would calculate the Justification of a decisiontlas Impact of something going well, times
the Chance of it going well, minus the actual (i | * C — H * F). »

That pragmatical perspective create a balance ketvp®ssible risks and benefits of an
application, putting that balance in the momenthaf design of that application. After that
demonstration, the author of the report has to edadts limits, mainly in the arbitrary choice
of the variables. Degrees of certainty and stratdgrariability in the position of the social

actor through the evaluation of risks also hasetéalien into account. Thus, an NGO working
on biotech risks will develop a more alerted positthan a genomic laboratory. It can be
interesting to notice, through this light, the imgamce of the variability of defended positions
about risks and solutions, depending on the stiedeyf actors.

The intuition of “nature”

The work of the french association Vivagora enritloair approach about discourses on
biosafety by referring to nature. What can we doutlinexpected mutation of an organism in
the environment? What can we do if a laboratoris fa containment and that a pathogenic

’Flipse, Steven. “LIFE to LEGO,” 2008.
http://2008.igem.org/wiki/images/5/56/TUDelft_iGEMthics_StevenF.pdf.
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agent escapes? Before that, Synbiosafe alertsous &ide fact that environmental propagation
is, sometimes, the main aim of an application, amtipular about green and depollution
application. Environmental biosensors need to bietately introduced into environment.

Facing the weak capacities to evaluate risks, haw we be assured that the synthetic
organism will succeed in the task it was desigredcahd no others? How can we control its
behavior?

Through that variability that handicap us, Vivagads a fixed element, something solid we
can hang on to : the natural dynamics that deteysnatl organisms, evolution. The theoretical
and paradigmatical base of the theory of evolutiofife science seems to impart it with
enough authority to be the element needed to $ik evaluation. Thus, we can be sure that
any organism is about to mutate and propagate iadaptation process to its environment.
Precaution linked to that point is then attachedht® concept of control. Development,
mutations and other kinds of evolutions of a sytitherganism has to be controlled. That
control, however, has to be done through means/mthsetic biology. Synthetic biology is
thus able to answer autonomously to its own stakbat control has to be faced from the
beginning of a project, in the design of the amlan, to prevent the match with
environment. Thus, precaution is at the heart af firocess : from the formulation of the
ethical risks to its material and biological answer

2. Answers

What kind of answers are proposed or brought byaotors?

Biological answers with social faces

Vivagora doesn't defend any position but portragppsals from different researchers. Thus
radical modification of organisms is proposed tdkenthem unable to survive into the wilds
and to cross with other species. It is the ide&‘tha less natural will be our production, the
less they will be risky”. How to perceive that posal? The internal logic of that idea, that
more synthesis will lead to more security isn‘ege in denial of risks? Regarding unknown
evaluation of risks about the reaction of a mutateghnism in a natural environment, can we
trust our intuition about the security of a paradigstem? How can we be ensured of the non-
reaction of the organism, even the “less” natukdlrat if the mutation, despite all, happens,
what will be our means of action? The preventiord dapstream” alerts of ethical
perspectives don't seem to be satisfied by the sahjeetives. Thus, uncertainty about risks
coming with a preventive approach is reassuring that reassurance isn't coming with the
uncertainty of answers.

Synbiosafe mentions the proposal of a paralleldgichl system which won't interact or
exchange with other organisms. The European im#atefers to a “unconventional”
biosafety system, through the idea of “high extewgutrol” in which the conditions and
possibilities of existence of the organism willdmntrolled and determined by man.

A recent article of Philippe Marliere precises avnigamework for biosafety for synthetic
genomes (Marliere 2009) based on :

* Physical containment,
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» Trophical containment,
e Evolutional containment,
 Semantic containment.

At the opposite of Genetically Modified Organisr@viO, the author wants to design
Genetically Secured or Safed Organisms, e.g. GSO.

(1) « Physical containment »

The most basic containment for GMO is “physical teaemment”. Even if the GMO strains
are in a secure laboratory, it is imaginable thasé strains could escape, as it was the case
with Foot and Mouth Virus Released from Governnaboratory in august 2007.

New kinds of barrier have to be set-up.

(2) «Trophical containment »

Trophic containment would prevent metabolic crassdf The GSO needs rare or naturally
unknown substances to survive (artificial vitamins)

(3) « Evolutional containment »

In Wikipedia : “it is about creating modified orgams, recombinant (for example,
“reprogrammed” bacteria conceived to be unadaptedutonomous survival in nature. In
order to reduce production costs, it is already ¢aproduce massively new recombinant and
reprogrammed organisms with no natural equivaldnthey are very different and highly
altered, they have little viability in a naturalvemonment. Using that type of organism, said
loser (for example “weaker” bacteria so few are petitive against “natural” forms, so that
they survive only if they are cultivated in optim@inditions and artificially maintained by
man). This is a form of security of the device, lumplies maintenance costs of the habitat
and of the colony. Philippe Marliére notices thaisi enough, then, to submit that mass of
organisms to a new kind of natural selection predesrder to select individuals and strains
more suited to survive (which is possible with sopaeterias because of their high rates of
reproduction). But, that solution asks once aghenguestion of risk of escape in the natural
strain of an organism or of an genomic part whichcame competitive, even
“supercompetitive” (said winner).”

We have to stop here for a while, certifying thablationary containment corresponds to that
“fail fast” solution already mentioned. Remarks maad wikipedia to that device are close to
ours. It is also interesting to notice that, inte fight of natural selection and the theory of
evolution, a new surprising lexicon is entering ¢ane. Synthetic organisms are qualified as
winner and loser depending on their capacitiesdajptation. The notion of competitiveness
enlightens the application of a manager to biolaigahenomena. Moreover, it is important to
note that our preventative approach leads us tofdedhat competitiveness. Thus, the winner
bacteria causes us to fear, while the loser bactrays within our ethical specifications.
Vocabulary and lexicon used seem to be both ethicptoblematic and socially
representative of new criteria of evaluation ane Way to express it in contemporary life
sciences. Like the liberal manager without a qualna system of concurrency (the social
winner), bacteria will scare us but, through thexidon, also becoming something that

? http://www.prisonplanet.com/articles/august20008®7_foot_and_mouth.htm
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deserves our respect, because of the developméstagftitude. The use of a socially situated
lexicon is no novel in life science, as shown irelgm Fox Keller and Emily Martin's works
about the influence of explanatory metaphors iddgip. Emily Martin focused about how
metaphors about egg and sperm roles in the reptiodugrocess have an important social
impact about our perception of man and women.

(4) Semantic containment

Finally, a new challenge will be to be able to dasorganisms that implement a semantic
containment, for preventing genetic cross-talk. ¢® consider with classical GMOs to build
organisms programmed to commit suicide or to notabk to reproduce (for example,
terminator genes or inhibition of reproduction)&rantic containment will allow to be sure
that the synthetic genome/organism is not any nade to share its genetic data with the
Nature. Implementations of semantic containmentccbe to design a different genetic code
that could reside in using

* new codons,

* new amino acids,

* new nucleotides,

* new DNA backbone,

* New DNA polymerases,

* New ribosomes

The French page of wikipedia remind us that nootineffour “bolts” offer “certain, definitive
or complete protection”, but that has to be conmsideall together to get to a high level of
security. These new framework has to be setup aidwevel. Industry could use Extreme
Genetically Organisms, if and only if, they implemé¢hese 4-level procedures, which could
be defined in a future ISO nofm

Protocols to fight hazard

George M Church’s articleA Synthetic Biohazard Non-proliferation Propos@hurch
2004), is surprising in its aim and representatiV@ certain spirit of synthetic biology. This
more academic source does not go through matewaemof containment and biological
systems of security. It proposes, in a very pregigg, to set up an ensemble of procedures of
control that are more or less institutional, toateea series of agencies, administrative
protocols and organisms of regulation in orderdectease risks while minimizing impact on
legitimate research”. Thus, a licensing systenmeafjent and instrument is proposed, as “non-
profit or government DNA Instrument & Reagent R&gigDIRR) database and web site
would allow manufacturers and customers to regisieir instruments”. A chain of checking
and responsibilities is described, from the sdlbethe customers, through entities as States,
manufacturers and distributors of agents, shipgiogpanies, etc. Registers, websites and
databases are also presented as needed to mandgfagemachines, the resale of used
machines and confirmed destruction of machines&dkimg methods as developed by the
Drug Enforcement Agency are promoted. That pregisiod proceduralization in the aim to
answer to security imperatives is well describedhia article and we won't reproduce it in
detail here. But, we must wonder about that procddhation. Two explanations seemed

* http://www.iso.org/iso/home.htm
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important to us. The first is about the structurgreduction in modern life science. Scientists
in that field, especially Americans, have to answerstrict security specifications about
biological materials needed for their research laenadling. Thus administrative “machinery”
is admitted as legitimate, integrated in the sdienprocess andused daily by researchers.
These habits of scientists, in their ordering aldgical materials or in their conceptions of
necessary conditions of security, will determineeirth ethical discourses and
recommendations. The other explanatory elementinddn that article is the reassuring fact
which can be found in the procedural, even burediecrconditions to make synthetic
biology. Thus, we can see here the expression 6éngineering mind”, expressed in
rationality in that procedural form of the systefrpmduction and exchange in life science.

Biosafety stakes will have numerous effects onvtlag we will treat biosecurity problems.

We won't take back all the containment proposaisadly mentioned and we will focus on
new arguments, new discourses which are expresbked wactors have to face “bioterror”.

The proposals mentioned here also have to be @residas answers to some risks in
biosecurity concerns.

2. Biosafety and biosecurity : a differentiated foc us.

In reference to its institutional membership witle European Commission and in a strategic
perspective, the Synbiosafe report relates andastieig element about the formulated ethical
stakes in synthetic biology. The report draws algetveen American and European interests
about ethical stakes about biosafety and biosgcuEiirope is said to be more interested in
biosafety matters and that the USA is more conckam®ut biosecurity problems. The report
asked, in that reflexion, the more strategical aoditical question of it: “Will synthetic
biology deepen the transatlantic divide openedwngd past biotech debates?”. We won't go
deeper into that point but we can notice the getwall stakes of biotechnologies that can
come with ethical questions. Governance and palitistrategies that occur with the
precautionary approach has to alert us about diftemotivations of the ethical debates on
biosafety and biosecurity.

B. Biosecurity

1. Overview

Vivagora refers to the democratization of accessytahetic biology as a cause of new risks.

Thus the “important volume” and “low prices” of gdit elements are presented as possible
causes of biosecurity risks. The internet, evenoif directly mentioned, is considered as a

new way of circulation for factors of risks, pertimg visibility and large scale access to that

genetic materials.

The question of internet (which will be more dewsld later) lead us to wonder about the
nature of the goods of synthetic biology and alibatrisks it could contain. The immaterial
nature of the goods of synthetic biology findsdtgins in the field of genomics, discussed
from an illuminating point of view in the works #&faushik Sunder Rajan (Rajan 2006). He
doesn't actually write about synthetic biology Bbbut genomics, but as synthetic biology is
based on genomic technologies, we can rely on Rajaesis. IrBiocapital, The Constitution
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of Postgenomic LifeRajan wonders about the nature and value of dwelg of genomics,
about what companies and researchers are motidagedThe goods of genomics are
informational. They rely on treatment and handloigiological materials in order to create
information from it. Rajan then proposes a decomtpposof that informational product, the
genome. That decomposition will make it possibleus to consider how the ethical stakes
have to be regarded.

Rajan's decomposition :

| Genomic information = Genetic Materials + Genotylermation + Medical Information |

Then, without taking anymore from Sunder Rajan’skspwe have to consider that ethical
guestions about biosecurity have to be seen throwiglangles about the nature of the goods
of synthetic biology : biological material and gemo information. The informational nature
of goods coexisting with collaborative platformsarder to support “free” exchange of these
goods within the community (as the (BioBricks) Fdation) are considered risky in
biosecurity concerns. By allowing anybody accessfiarmation increases the potential risks
of voluntary misuse.

If we focus on public reception of biosecurity cents, we can find some markers of the
social construction of fear. In that perspective, tleclaration of Roger Brent, Director of the
Molecular Science Institute of Berkeley that 10@ Qfkople are able to create anthrax is
mentioned by observers and the media as the thenpave to be scared of. The very high
figure, the potentiality of that risk regarding $lee“capacities” held by so many people and
the object of this fear “anthrax”, referring to thest 09/11 alerts are very persuasive elements
in order to create fear. Vivagora refers also toramative from the The National Science
Advisory Board for Biosecurity (NSABB) about surNa@nce of genetic resources linked to
pathogenic agents. Discourses about terrorist thraee built through these markers and
effectively shift ethical concerns, but have tormlaus about what kind of social control
devices are indirectly promoted here. Anti termorigws and devices (mainly the Patriot Act)
seem necessary to life sciences in order to maiitheshical concerns. Political implications,
consequences and matters which underly the deasteseded to be considered seriously.

2. What Kind of answer to biosecurity concerns?

Vivagora claim an integration of the principle épaution in social and institutional devices
about biosecurity. “In a report published in 200y Michele Garfinkel from the J. Craig
Venter Institute are presented rules of good prasti urgent procedures, enlargement of
biosecurity committees, based on the extensioriasfelourity frameworks already developed
for recombinant DNA(Garfinkel 2007). We can fincetproposal of Raymond A. Zilinskas
and Jonathan B. Tucker, bio terrorism specialigisiake into account the principle of
precaution. “It could be necessary to banish tleafsevery artificial micro organisms until
the solid evaluation of risks” estimate both autbbthe article The Promise and Perils of
Synthetic Biology.”(Tucker and Zilinskas 2006)

The main issue of that proposal, through theintmsbnal forms, is to call for control of the
states seen as the one that can legislate abaé teacerns. Church's paper also goes in that
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direction, proposing the creation of agencies, @doces and international agreement about
biosecurity issues. Thus, the Garfinkel report tggj that the American Congress legislate in
order to force every synthetic genomes manufagui@rcheck the absence of pathogenic
sequences in ordered DNAs. “Such regulation needbetointernational to be efficient”
emphasizing them”

Auto regulation?
Industrial labs are not forgotten in this debageYavagora shows.

“On its own site, the Industrial Association of 8yetic Biology (IASB) has presented its
regulation strains through an editorial of NatuifeSeptember the 25th...Thus, and in a
voluntarist way, the American Gene Foundries Blwedd Biotechnology don't honour the
dangerous orders when the screening software desecfuences from agent classified as
“bioterrorist”. No more than one third of companmsactices that vigilance today.”

Thus, that “good will” is claimed, forecasting @ifent kinds of positioning and strategies
from these labs. As Sunder Rajan reminds us, bmsth are now mostly coming from
biotech and genomic companies. In his analysihefhiotech company Repository X (Rep
X), bioethics is now included in the business medélsuch companies :

“So clearly, bioethics is a key area in which RepaKes an interest, which is not unusual for
a biotech company these days. Indeed, Rep X hasvitsin-house bioethicist, a bioethicist
being an emergent form of expert mediator in thieicat debates that surround new
biotechnologies. In fact, the CEO of Rep X say$iahg bioethicists : “I'm surprised more
companies don't do it. It doesn't cost us anythamgl, in the end it may save us [money, time
or reputation]. | mean, the whole idea of it isreasonable. We've always said that if we're
going on the front page of the New York Time weadtér make sure get it right”. In other
worlds, bioethics is an integral component of RepuXiness modef”

This preventive aspect is about to put them sticddly in a debate which is about to take
more and more weight in the next year, even fas®smething like Church's proposals are
carried out. That way, they could get the partiokthics experts in the new born agencies or
biosecurity organisations. This taking into accooinéthical and biosecurity matters can also
be seen through a political, economic and stratpgsitioning, for example, supporting risk
precaution about biosecurity more than biosafety.

Biosecurity concerns impose on actors to privil€gelitical” solutions in addition to
“biological” solutions about security. Thus, the ndothat appears under our eyes has two
components, embodying both naturality and artifigia the living and the political. We can
reiterate here that the life' that is at the he&rmur reflexion is a synthetic life, and so, the
guestion of its naturality will be much more compl@he natural element to which we refer
here is the thing on which anguish and risks ark on. It is the last natural part resting after
handling and lab manipulations : the risk of mamifion of the organism through its
evolution. Thus, even in the case of a synthetiamism, it is its membership to something
like a dynamic of the living, connecting it to nedlity, which is the focus of the ethical

® Biocapital, The Constitution of Postgenomic Liféd

e e |
iIGEM Team Paris 2009 19/57



f Ge™
(e :
DS

discourse. In other world, even if there is vettdithat is natural in a synthetic organism, that
naturality will be the purpose of the ethical digise. Life is so understood through concepts
as “out of control”, “irregular” and “unpredictabijeleading us to risks and necessitating
regulations. That regulation process will be legddn other kind of artificial organism,
created by man : the State. Artificiality of theatet already theorized by Thomas Hobbes
(Hobbes 1651) , now take on the meaning of thaileégry body. Our way to deal with risks,
unpredictability and uncontrollability caused byturality make us entrench ourselves to the
State, understood as a complex, artificial, reéiadoid predictable body. | admit that argument
can be seen as quite exaggerated but it is a wayttanto light how, sometimes, we are
tempted to refer, to protect ourselves through Erd@grams. Here, we entrench ourselves in
the protective arms of States, agencies, procedmeéprotocols, not only because of rational
explanations, but also because they indirectlyrrefesomething very artificial, constructed,
by man, for man, and, through Hobbes' eyes, inrdodénd the security we hadn't in nature.

Different from the “winner” bacteria of biosafetprcerns, people with malicious intentions
are qualified with a different lexicon, lying inleand-order discourse, formulated through
the intervention of the States, agencies or nepgssapicion of labs. The unpredictability of
the living, with a meliorative lexicon, is competexh by a pejorative discourse about
mankind through figures of the failing scientisttibe malicious terrorist.

3. Conclusion : the Steve Kurtz's case

To conclude this part, | wanted to enlarge the tieb@® complexify it with the help of an
example, the concrete case of the artist StevezKiiite Kurtz case allows us to illustrate a
large scale of stakes in life science practicesauays. Among that stakes we could find
intellectual property matters, containment, biaigsm, DIY practices, exchange between the
scientific and uninitiated communities or repressio

Steve Kurtz is professor at Art at SUNY Buffalo aisdfounder of the activist and artistic
association Critical Art Ensemble (CEA). In 2004e tartist worked on the GenTerra project,
an ironic look at GMOs, GenTerra is about produ@nganisms “that help solve ecological
or social problem$’and on the Marching Plague project, mocking “tbéam that biological
terror presents any serious practical threat, agguistead that extravagant spending of tax
dollars to defend against bioterror is no more tlameans of "maximizing profit and
consolidating power through the matrix of biocatgshe.”. To carry out these projects,
Kurtz kept at his home strains of Escherichia d8#cillius subtilis and Serratia, considered
as inoffensive and daily handled in academic lalooies. After the heart attack and the death
of his wife, Hope Kurtz, Steve called 911. Findimg “home made laboratory”, the police,
present for Kurtz's wife’s death called the FBI d&nel Joint Terrorist Task Force who arrested
the artist and opened an investigation about bimtem. Art works by Steve Kurtz often
relyon biological material and already had beersg@méd in art galleries and museums. One
week after the arrest, the New York State commmesicof public health confirmed the
inoffensive nature of the biological agent in Kigthouse. After the failure of that
bioterrorism accusation, the US Department of dastharged Steve Kurtz and Dr. Ferrel

® http://www.medienkunstnetz.de/works/genterra/
" http://www.counterpunch.org/cox07132006.html
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from Pittsburgh University of mail and wire frauthat investigation of mail, and listening of

internet and telephone communications by policedsrwere permitted thanks to the US
Patriot Act. Even if the name of the charges seel@&sl serious than bioterrorism, mail and
wire frauds could lead both men to 20 years in Jail Ferrel is accused of illegal use of the
Material Transfer Agreement (MTA) between Pittsthukdniversity and the American Type

Culture Collection (ATCC) to get the $256 strainkacterias sent to Steve Kurtz. Indeed,
academic laboratories get biological material freompanies like ATCC through such

agreements. The MTA specifies that it is forbiddensell, share, post, or reproduce the
material. Such specifications are not very respkittéhe academic and scientific field. Kurtz

and Ferrel are accused of a rupture of contradtnbither institution (Pittsburgh University

and ATTC) lodged a complaint about it. The Kurtseas the first time that the US

Department of Justice went so far in such a caséslCriminal Resource Handbook, the
Department asserts that such interventions argi@aisonly in the case of prominent risks for

the public and not for little cases. Mail and wirauds are used in order to transform a civil
offense in a federal pursuit. In June of 2008, &tkurtz won the case and was allowed to
take his home made material lab back, after tHeréaof the FBI investigation.

That case is so dense that we will only mentionednhore interesting elements of analysis
here, the main issue | want to point out is therislg brought by the reality. We cross all the
ethical issues, biosecurity and biosafety concdmmsmanipulating concepts, stakes and
precautions without taking into account the compeaf the reality of human relationship,
forms of exchange, discourses, etc. | think thevétKurtz case has to remind us that
boundaries between scientific and uninitiated 8eldterests and motivations, identities have
to be considered as complex and moving. In thatpgeetive, we can focus on how human
networks expressed themselves with more fluidigntbvery procedure previously described.
As mentioned, human connections, confidence or déuendship between people blur the
picture we've tried to draw of the academic wohtdfact, human connection and motivation
are complex and unpredictable too and even if thEAMexisted between Pittsburgh
University and ATTC, it doesn't prevent Kerrel fragiving bacteria to Kurtz, because of
friendship or any other motivations. We also haveadtice that the gap between academics
and uninitiated persons seems blurred too, numeko of links and connections exist
between all the social actors, leading to numerkionsl of material and informational
exchanges or practices.

| wanted to use this biosecurity case to show hbws ipossible and rich to use ethical

approaches to learn about how people are relatsdiémce, now understood as a complex
social world. That complexity, now visible and infeedback loop, has to be taken into
account in our ethical process, notably about cegpaoposals that now can appear to us
oversmoothed regarding social reality of how symthkiology, and life science in general

can be actually practiced.
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Il. Naturality and Artificiality.

Most of the texts we have been through point tdrstic biology's modification of nature as
an ethical matter. Two concepts, naturality andi@elity,are presented as raising an ethical
tension. We will, in this section, try to get atwsuch tension should be analyzed by ethics,
what problems both concepts bring and what kindsifes are proposed.

In a first look, we can legitimately wonder abobe t‘problem” : what is the point about
naturality and artificiality? Indeed, as we alreadgid, our ethical approach asserts a
connection with reality, with human actions, wittagmatism. In that perspective, aren't we
wasting our energy wondering about a conceptuaidef® In other word, we will try to find
out why naturality and artificiality are in a cartavay, an ethical stake.

The issue through which we will enter that poirgts do we have to consider naturality and
artificiality as real entities, as the things teatence is about? That question will permit us to
know if we have to include these entities in otmicl reflexion with practical ambitions.

Our first work has to be in defining terms. I'm abao skip this step, and I'd rather not
include it in our reflexion, relying on the intwt of the reader that maybe is precisely the
point here. If we admit, from now, rigid definitisrof naturality and artificiality, we won't be
able to perceive the dynamics of the changes lieaetterms are about to be under.

Dealing with these topics, we also have to faceisieof being too philosophical, understood
as more concerned with theoretical structure thagrmatic perspective. The papéewtons

of the leaves of grasdy Joachim Boldt and Olivier Muller is a good eyae. Because of
their wondering about ruptures and continuitiesnfreynthetic biology with other biological
sciences, they are lee to the question : how caewakiate the change, the hybridation of the
organism? How are continued changes able to maken#ty becoming an other? The
qguestion about the nature of change in synthetdody is, in my opinion, more about
philosophical concerns than ethical, and, witloall respect about that approach, I've decided
not to treat it.

But, as we already mentioned through Evelyn Foxefsl writings, scientific work is not
only about material production, neither epistemmal It is also a discursive one. Thus,
revising, defining, re-defining, reconfiguring waerand, through them, worlds is one of the
processes of science. Let's face, trying to beaseol, unprejudiced, on what nature and
device could mean, and try to understand what kirgtakes they are culturally crystallizing
to people's eyes (both scientists and non-scightistcontain or express ethical stakes.

A. From “what” do we have to protect nature?

Most of questions raised by literature about thieegecs seem already applicable to other
contemporary life sciences practices. Thus, wharNote de Veille Stratégigy&uet 2009)
wonders about whether “synthesis of the whole @ad of a living organism is ethically
acceptable?”, can wonder if that question wasndadly needed in the field of molecular
biology or about GMOs. The new waves of questidmsuanaturalness raises as a new stake
when we will have to face an entirely syntheticastigm as promised by Craig Venter.
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We will have the occasion to notice that new actiosa and charges are expressed against
synthetic biology, through new formulations, clangithe “defense of nature” against
manipulations by biologists.

B. Performing Lexicon : The playing God issue?

How are these criticisms formulated? What kind r@fuanents is called up in order to critic
manipulation of nature?

We will refer to some different kinds of sources dectures we have encountered during this
ethical reflexion. Most of the threat expressediraganature are formulated through two
ways, hardly differentiable, fighting against baitientists and scientific productions of the
field. Thus, the first are accused of “playing gdy’creating the second, feared and treated as
monsters. It is that traditional fear of the Dergeiand the Golem, which are reconfigured in
a techno-scientific cultural approach.

We have to remember that threats and warnings astlyncoming from uninitiated areas and
we can find their expression on blogs or commerdmfpopular science papers about the
stakes of synthetic biology. Non-scientists’ feaas, already mentioned, don't have to be
rejected at the first look but have to be consplercisely as social markers and discuss in
order to support our democratic perspective. Werely on the report of Andrew Balmer
and Paul Martin from the Institute for Science &uwttiety from the University of Nottingham
(Balmer and Martin 2009). That report relies ontheg from the European Union, the New
and Emerging Science and Technology program (NESfiten in 2005. The experts
(bioethicists and synthetic biologists) recommend ancourage researchers to establish a
definition of what life is, in order to rely on &nd to show a certain obsolete feature of the
threat. As we see it, the main part of the questitinoe about definitions, but, not only.

What are the formulations of the different feargiBer and Martin quoted some :

On the moral front, Mooney [of the ETC Group] sajd/enter: "God has competitiofi.To
argue that the making of life should remain thevpree of a divine creator is no argument at
all.

Scientists are a step closer to creating artifid@lafter transforming one type of bacteria into
another. ... But the announcement has also triggenedse, with some critics warning that
the scientists were 'playing gad'

Fears have been raised about the dangers of tigkesith life and releasing malignant bugs.
"We don't yet know what are the social, ethical awén bioweapons implications of this

research,"” said Hope Shand of the ETC technologgspire group. The most ominous note
was strligk by a scientist at MIT: "The genetic ci&l&.6 billion years old. It's time for a

rewrite.'

8 Anjana Ahuja, ‘Life is Just a Bowl of Petri’ Thériles July 2nd 2007
° Reporter, ‘Scientists ‘Closer to Creating ArtifitLife” Daily Mail June 29th 2007
19 Feature, ‘The Scientist Who Wants to put a Microb¥our Tank’ Sunday Times July 1st 2007
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That list has to be taken into account in ordekrtow if fear about synthetic biology is taking
more and more importance for uninitiated people.

In a quite different perspective, we can wondenow do we qualify a new organism?” Do
we have to distinguish that organism from all tmat living organism”? Thus, Balmer and
Martin show us how that organism is qualified byfedent institutions or personality of
synthetic biology.

« Venter's team calls these minimal genome micraoigms, synthetic biologists more
broadly may refer to them as chassis, those irJtlesynthetic chemistry field have named
them chells »

That different process of discursive marking of tegtic organism will take a part in the
debate. Depending on the way we will name it, wié pé@rceive it as organism (conceptually
attached to the “living”) or as chassis (referrsg to the lexicon of construction, material
support) : two ways, two possibilities of perceptare offered to us. In the case of using the
word “microorganism”, we will include it in the whe group of the living, make it
understandable through the evolutionary proceghtrough its autonomy. In the case of the
chassis, we will perceive it as something whicH télp us to build an application, answering
to our utilitarian needs.

However, the initial question about naturality anrtficiality is still not solved. That point is
about to show how the question of qualificatiomeidirected when the debate is happening in
scientific or uninitiated field even if the objete “minimal genome”, doesn't change. When
the signified is not the point (which is the pooftthe biosafety and biosecurity questions),
the question of the signifier rises.

C. A false question? ...

The question of concepts of life and nature, thestjan of the signifier is gradually criticized
in Balmer and Martin's report, progressively vieveeda “false question”.

Referring to the work of the philosopher Edward Kty from Pittsburgh University, the
authors put into light both the difficulty and, afeoall, the uselessness of a definition of life.
Thus, trying to define life and explain its comptghad face many failures : “This (...) is no
surprise and is consistent with a whole programfriéfe definitionism” that fails to confine
its object”. That point is supported by a quotarfra 2007 editorial of Nature showing both
the tension and failure expressed by the naturdlitgrtificiality concerns : “Many a
technology has at some time or another been deameaffront to God, but perhaps none
invites the accusation as directly as synthetitolgi (...) It would be a service to more than
synthetic biology if we might now be permitted tesrdiss the idea that life is a precise
scientific concept ”.

Otherwise, authors enlighten the idea that, if weide to keep that ambition of definition, it
has to be interdisciplinary. It leads to other peafs, not for scientists but for the observers,
ethicists or critics : if definition of life is thaomplex, unstable and ambiguous, why do we
refer to its alteration, manipulation, or its cieat with immoral characteristics?

e ]
iIGEM Team Paris 2009 24/57



F‘

E‘fig*l
[rLs

D. ... Anironical answer

Although the idea of the “false question” is progdsthe report relates the answers that were
proposed by it. Through these answers, we can tiiedproposal from the NSF funded
synthetic biology Engineering Research Centre,SineBERC's “Human Practices” project,
lead by Paul Rabinow from University of Californiaerkeley and Ken Oye from MIT, the
PACE consortium and the CHELL Program.

First of all, we have to notice that the first quims of naturality and artificiality were
gradually turned into another : we are not talkmymore about the ethical statute of nature
and devices but about what kind of qualification ea® put on the productions of synthetic
biology.

With the aim to put qualifying “living” or “unlivig” to that “emergent scientific objects”, the
CHELL Program proposed something interesting. Rebeas from the CHELL Program
proposed an altered version of the Turing Testdeioto question that statute.

Alan Turing is the inventor of the first artificiahtelligent system. IlComputing machinery
and intelligencepublished in 1950 (Strathern 1999), Turing wondeabout the same kind of
guestion about machines : “could a machine think®& obsolete nature of the question will
be enlightened by the pragmatical approach of tiggneer in his way to answer it. The test is
to establish to what point a machine can passfitdélas a human, in the scope of a
discussion with a human. The success of the tethes, the success for the machine to get
the discursive appearance of a human being, suogeedmisleading the human. If | use the
word “obsolete” to tell about the question, it ischuse of the kind of process Turing
proposed. Indeed, the realistic imitation of thenpater, relying on human failures and
mistakes does not answer “directly” to the inittplestion, or let's say rather, it twists its
signification and presuppositions : “could a maehinink?” is now become “can we consider
a machine as a thinking being”. In other words,lthman failure in the qualification process
means the success of the machine, now becomingkany being.

Picking up that pragmatical model of proof, reskars from the CHELL proposed :

« Their version of life is one that requires indwal self-replication, self sustaining systems,
and a mechanism that allows for spatio-temporaflyolved organisation of information
within these systems, though they themselves tigl Somewhat restrictive [Crowin et. al.
2006]. The equivalent of the Turing test would Ibe an which the chell was able to interact
with natural cells in an appropriate manner soodset unrecognisable from those same cells.
They foresee an ever increasing level of compleaxitiyoth their understanding of the cell in
its natural environment and their capacity to iteitdhose processes such that the test for life
becomes ever more stringent. »

With the “replication” of the Turing test, the falgjuestion from the start is now appearing to
our eyes. Indeed, the human process of qualificat®@ems now very related to a certain
unreliable perception. Turing's pragmatical appno&g that way, also answering to another
guestion, which is upstream. How can we certifyhef “thinking characteristic” of any other

thing : machine, human, etc. We have built somenitiwg process of recognition of what a

“thinking being” is, and, through it, “being able discuss”. In that perspective, the test is just
saying that conditions through which we use to merssomething as a thinking being can be
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fulfilled by a machine. Accepting that, we cleadiypssed a huge step : we are forced now to
admit that, if a computer can have a discussioh wihuman such as the human considers
that the computer is actually a thinking being @spn), the computer is now a thinking
being. In other words, being a thinking being ishimg else but being regarded as thinking.
That replication is not without putting some newaksts on the table : as Turing enlightened
the obsolete form of the question “could a machimek”, the question “is a synthetic
organism alive?” is transformed into “is a syntbetrganism able to be regarded as alive?”.
To me, this replication ironically answers the diges of the distinction of a living and
unliving world, putting into light the subjectivitpf qualification. In other words, the
validation of our definition of the living doesrseem able to be satisfied by “unsatisfying”
answers such as the Turing test. An other formanatif the logic of the test can be found in
the textWhat is it to be a batffom Thomas Nagel (Nagel 1974) . In that text,explore the
cognitive conditions of the limit of the qualificah process.

The authors remind us of Marchery's arguments atlmitiake of solidity of a biological
concept of life. The uncertainty of the conceptwefidhat the quest of definition can only
comfort fears about boundaries between the living &he artificial, that quest being
necessarily unsatisfied.

It is with the same problem, now regarded as iresttivthat we finish that brief analysis. That
dissatisfaction shows, to me, that the questionatdirality and artificiality is also obsolete in
the way we figure it. The biological test of Turirggironical in that way and so distinguishes
itself from the lexicon and the justification praseof the other actors of the debate. The
“playing God issue”, the will of “saving nature frolife science” has to face that pragmatical
arguments and seems now reduced to an obsoletesanit

In our pragmatical ethical approach, we now haverdader if “real questions” can be asked
of synthetic biology about the stake of naturahtyd artificiality. Our own qualification of
real and false questions are needed to be cridicizés not about reliance of fears and tears
expressed within, it is a way for us to distinguibk “resolvability” of these questions. The
way we've crossed from now was about wonderingpyotécting the living from synthetic
biology practices”. We tried to show how, withoutyastable and reliant definition of the life
in question, the feedback on the initial concerth e to transform it to a insolvent question.

E. What “real question”? : Practices and alienabili ty of the
living.

We can find two set of “solvable” questions whiduld answer to the reliance of the ethical
perspective we are trying to get. These questiahdead us, at first, to the field of practices
in synthetic biology. Then, we will wonder aboutetlstatus of the living, not about its
“essence”, but as a “social object” : an objeatxdhange.

The work of Vivagora enlighten the question of piaes. If there is an operative question
about naturality and artificiality, practice coubé an indicator of it and we can follow our
survey by wondering if and how scientific practiees affected by that dualism.

The question of naturality and artificiality makssnse in the challenge of interdisciplinarity
the field of synthetic biology implies. Thus, if vieave the literal analysis to wonder about
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the practices hidden by the term “natural” andifiaral”, we will find a set of stakes, maybe
more disciplinarian than ethical. That new entryposactices will also take us to a different
goal : we won't notice the trying to oppose naityand artificiality (by trying to get to the
tension between these terms), but, on the contiamake them coexist, reconcile, and so, to
give up that tension.

As Vivagora show it, the question of the naturad antificial could be reached by the hard
attempt of an “engineering will”, used to work witbntrollable devices and the living, which
is aleatory and unpredictable. Without succeedingéfining either concept, we will try to
attribute some “quality” to artificiality and natlity. Those qualities are called up to progress
in our inquiry, we are neither trying to “fix” whatould be natural and artificial, nor to
juxtapose it rigorously to the scientific practices will describe.

We are less wondering about the artificial organtbian about practices which, trying to
create it, are taking a part in the question of thpe. We have to evaluate the canons, the
models of engineering : what is an engineer lookor§ By roughly relating them, we will
discover that they are clashing with some quali&yoan attribute to the living. Through these
canons of the engineering method, we will find foemulation of technical needs, the
abstraction of a process in order to replicatedilg, the homogenization and constitution of
norms and standards of production and uses okttieblogy. That brief list, non exhaustive,
of the objectives of the engineer's practical anethodological needs seems at work in
synthetic biology. These aims are then transformelambitions, challenges when they try
to apply themselves to the living world. Indeedteafeven a rapid talk with laboratory
operators, we can realize that the success ordailfia manipulation is quite unpredictable.
Even deeper, it will be difficult to figure the na¢ of it : is it a human error? a failure or the
occurrence of a “unhappy hazard” in a manipulatidh&t point underlines the importance of
the steady tracking of the lab notebook. But, etenlab notebook only permits a retroactive
reading of the experience and does not permit aegigtion. Probable fallibility human
handling, the variability of local manipulationskieh are often hardly reproducible from one
laboratory to another) or the “aleatory” charadtéci of the development of the organism or
colony in the manipulation process make the engismeenbition very hard to succeed.

Thus, we have to call up artificiality and natumglirelating each of it to practices, in order to
wonder about the making of the aims of the biolagiapplications of engineering.
Artificiality, devices will, in that perspective, nderstood through its controllable
characteristic, able to be submitted to the absfremcess of the engineer, when the living
escape to that logic.

Of course, the fact that calibration, homogenizatod grading of the living are now totally
improved in the field of agronomic engineering caake us suppose that this challenge could
overcome. But, taking into account the genomiceseald the bacterial level of challenge,
technical, practical and methodological stakesharaerous.

Beside the question of practices we can find amalement which leads us to the question of
naturality and artificiality. That reflexion willake us along to our final part, by wondering
about models of exchanges in synthetic biology.

The guestion of exchange will indirectly questitve tnature” (or at least, qualify it) of the
exchanged good and, that way, could be a good avelgéar up the debate.

That question, already opened through debates diegailGMOs is now reconfigured in
synthetic biology about animate beings. Intuitivélgrms of property that we are used to
about animate living are about individuals or gmuyd individuals. For example, we are
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proprietary of our dog, or of a herd, etc. Thatnfoof property is material and could be
compared to land ownership.

At the contrary, the living are seen as “nobodytspprty”, good of their own (even if we can
possess them), or, thinking about species, sontethase to a patrimony, and in every case,
deeply inalienable. The question of alienability tbe patrimony brings them close that
particular good as national territories (In Frartbe, inalienability of the national territory was
in question during the religious war).

That patrimonial status of the living is also what seems to suppovironmental discourses
to defend it. We do not defend in the same waytem iof property as we defend a species
about to become extinct. In the first case, wedafending something because it is our good,
in the second case, we defend it because a mdued waakes that extinction unacceptable to
our eyes.

Environmental ethics enlightens us with the conadptintrinsic value” of the living, as
distinguished from what could be an “instrumentalue”. That distinction permits us to
consider nature not only as a resource, or a méanslso as a end. That way, we have to
respect the Kantian maxim, already enlarged. Karhe Foundations of the Metaphysics of
Morals argues fact that every good action has not omheans, but also an end (Kant 1785).
With the concept of intrinsic value, environmengsthics permits us to apply that maxim to
the living, and assure its inalienability. Natusean end in itself.

But, what about species built by synthetic biologyf® science could, by new production and
forms of exchange, call into question that inalleliy of the living. The case of Venter's
patent is an example of the perspective of a Ingogd, from its abstract conception, even
before its material realization. Therm of property applied here is not a material ownigrsh
anymore, like the farmer and his or her herd. Bseanf the invention, the design, it is an
intellectual property. Intellectual property, agglito the living-good, upsets totally two sets
of elements: our representation of the living ane form of our exchange. Living will be,
from that point, able to be qualified as both naltiand artificial. It won't be necessarily
“given” but could also be constructed, designedthat second case, it is so attached to
intellectual property and will be submit to the rfar of exchange of the intellectual goods.
But, as we will see later, it will also permit tdtics to use the arguments of the opensource
and free software movements.

If we add, to that two upsetting point, the tremdscosts and the industrialization of the
material and intellectual production of the artdicliving, we are risking to assimilate
synthetic species to exchangeable goods and conangreducts.

Thus, what kind of property, non already exploredyld be reach by these mechanisms?
Does every constructed thing have to be understmdoroduct? Don't you think that
something like apeciedas to be defended from that merchandizing byethical approach.
Can't we do as environmental ethicist with canamgihg the people and things concerned by
the “means and end” kantian maxim or by the inicinalue?

Most of that stakes will be retaken in our nextlgra about opensource but we have to
wonder with caution that question alienability and thepatrimonial status of the living. We
will see that opensource models will permit us ¢e siow the living, now both natural and
artificial, could be understood both as “nobody@perty” and as a “common good”.
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F. Conclusion

To conclude this reflexion about naturality andfiarality, | want to focus on something
quite different. | wanted to reverse our perspectand make an “open” conclusion by
rejecting the question “from what and who do weeh& protect ‘nature?” in order to reach
“from what and who is ‘nature’ protecting us?”. Mym, inherited from theocial studies of
scienceand also frongenderandcultural studieswill be to put into their light how political
and cultural stakes are involved in the constractba discourse about nature. The stake of
naturality will be now considered through that cgpitial tradition : the living is natural.

Social parts of scientists regarded as pure demphef nature, reaching objectivity and
formulating the universal truths they discover istlae heart of the criticism and the
deconstruction of science studies. Thus, theoegtscishowed the influences of political,
cultural and social contexts in the production oiestific facts, practices, discourses and
results. The analysis of scientific controversiemswegarded by science studies as a better
way to enlighten that process of construction. Manglysts showed how scientific research
and debates weren’t about discoveries of a naplr@homenon, now visible to the scientist
but to a construction of it. The scientist who Wl “winner” of the controversy was the one
whose story was written and maintained for a lomge tas History of science. By constructing
nature (with the help of facts and results), inyaainical process, he also constructs new
active social critters that reconfigure what istand false, the objective and subjective, the
learned and the ignorant. A very good example at ttonstruction can be found in The
Leviathan and the Air Pump of Steven Shapin ando8irSchaffer (Shapin and Schaffer
1989). They show how Boyle, winner of the contreyeagainst Hobbes, had built modern
criterions of scientificity. The controversy wasoab establishing, as Boyle defended it,
through the air pump, the “nature” of air and tpecbf” of the existence of vacuum. Through
the model of the air pump, the laboratory becaneesitace of the science, the instrumental
experimentation became the scientific method. énstlime move, the “pure” literary form and
the modesty of scientific witnesses of the expenimés the insurance of objective
certification) had deeply figured the form of madescience. Thus, beside the concept of
nature, there are hidden stakes we cannot intlytimeagine. By winning the controversy,
Boyle imposed new conceptions of truth, of prodfsoientific literature, of scientist as a
“social group”, of objectivity and subjectivity, ajender (as show by Donna Haraway in
(Haraway 1997) ). Scientificity and truth are nosparated from opinion.

Bruno Latour will call “grand partage” (“big divien”) that aim of distinction of entities that
compose our world. The “modern challenge” was tpoge opinion from truth, nature from
technology, human from un-human, inhumanity of socgefrom humanity of society, scholar
from politic... Is our concept of naturality andiiciality not included in that grand partage?

Deeply more political, the theoretical approach nna Haraway is to denounce the
domination process (both material and ideal) whiels constructed in the same dynamic as
naturality. The process of essentialization arethe collimator of the philosopher :
essentialization of the differences between gendaces, species. Building differences, said
“natural”’, between these entities show a set dfestave have to keep in mind in our aim of a
fair and responsible knowledge, reached in ourcathieflexion. Through Haraway's works,
which | cannot summarize entirely here becauséaf tomplexity and importance, we have
to consider sciences, in particular life scien@ssdeeply political. By ruling about forms of
the living, biologist can rule about what is, ar@l about “norms of being”. The political
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characteristic of the scientific discourse hasdadlated to a standpoint epistemology. Every
knowledge is situated : in time, space, culturetdny, vocabulary. Words are said by a
particular mouth. We have to wonder politically abour own discourses and try to perform
that deconstruction of essentialization. These tpawill have consequences on our subject,
through the contradiction Haraway showed in theegss of distinction between natural and
artificial. Deconstruction is now claiming the hibrform of entities which surround us.
Everything is both “natural” and “artificial’. Natal because it takes a part in our reality and
artificial because it is constructed. Nature andate pure and impure, truth and false, and so
many other dichotomies through which we look at twerld are now deeply upset.The
concept ohatureis hiding these mechanisms of construction andbaifination. It blurs them

to invisibility. Something “natural” is somethingoy can't control but also something you
can't fight. Deconstruction and effort of deconstien must be daily practices for us.
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[1l.Practices

The approach developed in this work aims to poitttbe stakes and challenges that animate
the field of synthetic biology.

As observers, we also have challenges and resplaresb\We will now use this third part to
face questions about governance of the discipthellenging our ethical reflexion with a
realistic perspective. Thus, a topography of actamsl decision making processes will
enlighten us about what is “possible”, “thinkable? order to fulfill what is ethically
necessary. We also use this part to put a last tsokundamental concepts about the new
perceptions brought by the discipline and by theracin order to get at how these topics will
affect our societies.

Briefly and schematically, we can have a look onpevious reflexions and observe that we
had to consider two sets of stakes and challermesipose into the consideration of the
actors of the field.

That stakes artechnicalandsocial As I try to figure out in my methodology and migm,
technical and social questions have to be regarded together, becaudbeof common
dynamics and co-construction processes. For exanmol to distinguish the “Synthia”
project from the Venter Institute, the bacteria ebhis not yematerially designedbut already
patented, from the question of the artificial kfied the theme of intellectual property?

Social and technical stakes are also commonly uwaeblin the necessity to define who is
going to have decision making power in the fielchal/position will be obtained for the one
who succeeds in the decision on standards? Whaintdgrpermitted Venter and his Institute
to be a major actor in the field of synthetic bgplaf it isn't by his participation in the race of
the Human Genome ProjettBoth elements have to be regarded together, B®security
and biosafety concerns and proposals : technagél | institutional, etc.

However, asking “who decides?” is nonsense if wendfy in the same way, talk about the
people and practices concerned and involved in dhleision and its consequences
practitioners, students, patients, States, pojpustietc. We hope to make something like
topography of these actors.

Synthetic biology, facing these debates, both tbared loved, questioned by others field of
science, non scientists, institutions, politiciaN§Os, is kind of “forced” to rule, decide and
pick its practices, actors, norms, regulations.tTim@ed” of form seems to indicate the
relative youth of the field. These decisions, net taken, these rules not yet settled, still
permit the existence of numerous divergent andlictinfy initiatives. That plurality won't
disappear with new regulations, but, markers ofed#ntiations will be built and sides will
have to be chosen. That youth is also visible tijinothe nature of the stakes formulated:
contemporary figures of risks, opensource's questiDlY experimentation, etc. We will try
to put into light how that youth can modify the g@atial development of the regulation of the
field.
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A. What form for what life science?

One of the most fundamental stakes about governaitidee about standards. Constitution of
standard is both technical and strategical forractoy the essential part standards could play
in the constitution of a community and its habpigcess in production. Thus, the movement
to determine norms of production will determinegjsactors who will organized themselves
through it, tools (lets think about BioBrick™) atite form of the following standards (which
will be build regarding the previous). Decision®abstandards are strategic : the one who
will succeed in imposing the norms will be a fundegmal actor of the science production.

1. Why standards?

The initiative of astandardizedbiology can be read in numerous perspectives, emsg to
experimental, practical and theoretical needs ollgly. Standardization, through it “rational”
part and simple decomposition, proposes a new wayonhder about the complexity of life.
Drew Endy considers that it offers a “direct ananpelling method for testing our current
understanding of natural biological systems”. Timaw theoretical approach, that pragmatical
perspective in order to answer unsolved questiass tho its practical and experimental
counterpart : knowing how a biological system isdiioning implies being able to control it.
We are now getting to theanonsof production of engineering, now biological, mened in
our previous reflexions. As Ben Howel shows it (Augpg et al. 2007), standardization in
history of technique is mostly about two stakedeRang at Michael Kershaw’s work in "The
international electrical units: a failure of starlaation?"Studies in History and Philosophy
of Science38 (2007): 108-131) : Standards had “to suppoet wlork of scientists taking
precision measurements” as well as “commercial nreasent systems”. Howel also reveals
that the aim of standardization was about resolhgegurity problems : the technical norm
permits assurance of the well functioning of thetems which rely on it, permitting its
evaluation. The place of techno scientific standawkes not need to be proved anymore in the
technology that surrounds us, but Howel notices stendardization process wasn't present in
the field of genetic engineering. That way, synthdiiology is disconnected from its
disciplinary parentsand developed its own engineering approaches ghrabstraction and
calibration.

2. Popularization of standard as a strategical stak e :

Howel offers us a luminous comparison to explam plopularization process of standards in
synthetic biology. Howel compares it to the estbiient of the big technical standards
decided in the 19century (as railroad, electrical measurement, &eghnical norms, in the
19" century in a climax of industrialization procesgere decided in large international
meetings, congresses of norms' constitutions. Tdelsgations of engineers were meeting in
order to establish norms. That centralization o€iglen making is totally unversed in
popularization of standards in synthetic biology.

The initiative from MIT, Harvard and University @falifornia of San Francisco's researchers,
through constitution of the BioBricks Foundation & vary different system for
standardization. The BioBricks Foundation provittes material and management support of
the Registry of Standard Biological Parts (a callalive registry initiated and managed by
MIT, making publicly and freely available accessDbA sequences and characteristics of
BioBrick™). A BioBrick™ is a «is a standard fortémchangeable parts, developed with a
view to building biological systems in living cebs The standardization process is in the
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restriction enzymes used : the only accepted enzyame EcoRI, Xbal, Spel, and Pstl. The
collaborative form we are about to point out is prsent in the choice of these norms, these
enzymes have been chosen by the Tom Knight and tdberatories are using different
enzymes.. The local and university initiative oé tbonception of the standard BioBrick™
show that the strategy of development and estabésih of BioBrick™ as norms is not a
centralized strategy, embodied in internationabargations and decided in large meetings of
engineers. US researchers have developed a stratedgatory proliferationby the use of
BioBrick™ and, in that aim, had to make choiceshw#ocial consequences. Thus, the
Registry is based on the model of opensource teepdeeply collaborative, it relies on the
principle “get some, give some”. Everyone can gggryone can give and, most of all, the
database is enriched by users. We don’t have gefdhat this “get some, give some” is only
an academic privilege, if we remember the StevaXKcase, the safety issues are often used
to prohibit access to non scientists. This collabwe and participative model refers to
development models of free and opensource softwadeed, the main characteristic of
information is that it is a “uncompetitive good”consumption is not making the good
disappear or lose its value but, on the contrdrg, hore the good is consumed, the more
value it gets. This model is essential in freewgafe development, contribution of users often
permitting to keep the software free and increatiiegpossibilities of amelioration.

The BioBrick™/Registry initiative relies on the dgast use to make its standard established.
In order to fulfill this goal, IGEM is a strategaperation. In 2009, 110 teams and about 1200
participants are involved in the competition ane aonstrained, by the rule of the
competition, to respect the BioBrick™ norms : ermeged to use existing BioBrick™,
committed to use the four enzymes of restrictiobtdd systems with it and encourage to
make most of it available on the Registry. By thanagement of an event, a “science
concourse for undergraduates students”, MIT andBioBricks™ Foundation are able to
influence practices of young and motivated stud&ota universities all around the world.

| didn't had the occasion to search in-depth othiéatives of standardization, but, they are
totally conceivable. The internationalization oéthorm does not rly on centralization. We
can say that the development of th&' T@ntury technical standards was at the imageef th
mode of government and exchange of the time, rglgin centralization, bureaucracy, top-
down decision and industrial capitalism. Differgntbiological standards relied on liberal
dynamics : free competition, local, intellectuataacademic initiatives, referring to economy
of knowledge, and relying on canons of liberalisiimis possibility of free divergence,
opening to debate, to compeition, but also to &ucellof open science : concourse of young
student and opensource models to support the isstatant of norms.

As already mentioned about standardization, thesimgsof any center of decision permits
divergent and competing initiatives. The “sciewtiiublic’ can make its choice and “may the
best win”. The pragmatic marker and the liberaltual is particularly visible. As in the
opensource communities, the idea that the commisligst able to choose the good standard
seems to be working. The work of Janet Hope is imdstused on promoting opensource
business models applied to biotechnologies, relgingll kinds of strategies and innovative
models permitted by opensource. Thus, thinkinghef Richard Stallman slogan, the main
idea is close to "free software is a matter ofrljpenot price”. To understand the concept, you
should think of 'free' as in 'free speech’, noina$ree beer'. The opensource models are not
anymore opposed to a merchandise logic.
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B. Self or Exploded governance?

Relationship with market has also to be through phositioning of actors, in particular
regarding “out of science” matters, such as sauidl ethical implications.

From that perspective and in a ethical and actapgtroach, the ETC group, a non-profit civil
organization of expertise on « the socioeconomid aocological issues surrounding new
technologies that could have an impact on the i@gddorest and most vulnerable » criticises
the Report on Synthetic Biology Governance fromJth@raig Venter Institute and Alfred P.
Sloan Foundationn their reportSyns of Omissio(ETC 2007). The ETC group authors
critiqgue the pseudo impartiality of the report’®posal of regulation, wrongfully presented as
a "project to examine the societal implicationsyrfithetic genomics ».

The main critic of ETC group is the self governibgth proposed and performed by the
researchers. And, by reminding us that the AlfreéSléan Foundation is financing this report
with around half a million dollars, the ETC groupings out the partial orientation of
conclusion. The Foundation of A P Sloan, formersbog General Motors, is working on
science and technology topic, but is mainly focusederrorism concerns. The ETC group
points out that the bioterrorism risk is over adoated, and that scientific errors are
minimized. The report is denounced by Jom ThomasnfrETC group as a “partial
consideration of governance by a partisan grougutifors".

Legitimacy of discourses, through the questionndérnal or external critic is making the
guestion of governance more and more complex. Howld we consider civil society in a
decision making process about such a technicalestibjif trust in scientists about such
important concerns is not possible, what other exibjshould be governed by the whole
society? What about other fields which are equatiportant? Is a real consensus with so
many actors thinkable? Aren't we about to put custtin the best speaker? Won't it be, in the
end, a scientist? Even deeper, how should we cengié border between the internal and
external standpoint? Aren't we always on both Sides

We have already mentioned non-scientist particypaitn these decision making processes, in
a macroscopic way and we put it as a principle. Hi&€ group enlighten how private
interests can build up biosafety and biosecurityceons have already been raised. However,
two additional social stakes mentioned by the ETdal are:

Economics : synthetic biology is a capital-inteesitechnology likely to have massive
downstream impacts on marginalized peoples if iadepted and promoted. Impacts will
come first in agriculture and health but then iro-gagineering climate change. Synthetic
microbes programmed to make industrial substancesd cpotentially de-stabilize South
economies and employment.

Control : like biotech, companies are already patgrcritical synthetic biology technologies

and processes. Although some in the synthetic gyolmommunity may be advocating for
opensource biology, others such as Craig Ventee l@along biopiracy record of profiting

from human and non-human gene sequences. Becamiseciince can be privatized and
monopolized it becomes more attractive to compaséeking profit rather than addressing
social needs.
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The ETC group obviously defends the idea plilic concerned sciencpromoting external
and exogenous control, regulation-building process®l decision making. That point is once
again revealed in thé&pen Letter from Social Movements and other Ciwki&y
Organizations to the Synthetic Biology 2.0 ConfeeefETC 2006) The initiative of the
Synthetic Biology 2.0 Conferenae May 2006, was to mix up scientists from thddie
order to write a « "voluntary" code to preventdaourity risks ». The conference is criticized
by ETC group and many other organizations (sudtentists, engineers, environmentalists,
farmers, social justice advocates, trade uniorastd biowarfare experts) because of the
internal control promoted by the “voluntary” perspee and is compare to the Asilomar
Conference of 1975.

Asilomar was conference about the ethics of emgrgemetic engineering proposed by Paul
Berg in 1975. Paul Berg was then about to insggree from the SV40 virus iBscherichia
coli and decided to stop his research because of hupslth ltonsiderations. He decided to
invite other scientists to a debate the ethicakestaof transgenese and to build up a
moratorium. That initiative was only about scietgisno consensus was found for the
moratorium and the conference was only able to gsesome precautions, mainly focused
on human health. Most of the criticism againstAsdomar 1975 Conference was about the
scientists' lack of ecological and socio-econonoicoerns (regarding agriculture, patenting of
genes and organisms, etc).

The critic from the ETC Group and the organizatiohshe civil society authors of t@pen
Letter is coming with a set of proposal in order to buidnew governance of synthetic
biology. In their view, the main problems and prsaig are :

Society - especially social movements and margiedlipeoples - must be fully engaged in
designing and directing societal dialogue on ewsspect of synthetic biology research and
products. Because of the extraordinary power amgpesof synthetic biology technologies,

this discussion must take place globally, natignatid locally

Scientific self-governance doesn't work and is-detnocratic. It is not for scientists to have
the determinant voice in regulating their reseanctheir products

The development of synthetic biology technologiaestibe evaluated for their broader socio-
economic, cultural, health and environmental imgidlens not simply for their misuse in the

hands of 'evildoers.’

We can end that reflexion about society and syithHsblogy with something pointed by
Kaushik Sunder Rajan iBiocapital (Rajan 2006). He analyzes how genomic compangs ar
building ethical discourses, mostly focused on édosity concerns, as in thieeport on
Synthetic Biology Governancérajan shows, by quoting them, that ethical disczsirs
pronounced by genomic companies seek legitimacylagans such as «saving life »,
« genomics for life », etc. Thus, companies are ardy defending ethical statements and
values in order to prove that they are responsthley gradually become themselves “ethical
entities”. The biosecurity problem allows discogrse be constructed about the “bad” and
“malicious” , as opposed to them, the ethical comypd o understand this, we refer to Michel
Foucault’'s concepts of “biopolitic” and “biopowetd consider howife can be used as a
means to exert power and how power is now expressdddividual and collective life. In
that light, bioterrorists use biological materialdffect your life whereas genomic companies
are at the service of your life, by defending antekorating it with individual biomedical
consulting and by writing ethical reporttife and its possible improvement through
biotechnologies is now a fundamental concept in toastitution of a political and
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economical scene with huge stakes. The scale aingienis now so precise that we are not
talking anymore about life as an abstraction, a&puamcept. Through genomic information,
we are now talking abouwtour individual life asyour life can be reached by bioterrorism,
your life can be saved by genomic biomedical companiesvithdilization is now biological
through our genomic information. Our bodies, ouralttre are now included in the
individualism paradigm of our western societiesdeatl to the political and economical
individualism we are already used to.

C. Forms of critics

That brief presentation and reflexion about cietigty proposal has to be deepened.

Indeed, the tone of such critics, although stijitienate to me, presents a quite simple image
of what we call the “synthetic biologist”. Who isat scientist? Is every biologist like Craig
Venter? Of course, the ETC Group is not so simplisbme scientists are even very activist
in such pro democratic science movements, butinktive can use this conclusion to show
how the youth of the discipline, alreadgnceptuallymentioned, is embodied in practices and
scientists, and how because of new methods and,wstysnce is actually performed
differently than what the Craig Venter Institutepimmoting. The youth of the field offers the
opportunity for actors to try out new ways to buklitbwledge, manipulation, place of science,
criticism, etc.

It is above all a way to check out what kind ofemmal critics are made. That critics are both
obvious, claimed adifferent practicedoy groups such as Do It Yourself movements, than
something more softly performed in everyday sciane&ing process.

DIY practices are, to me, highly critical. By leagiacademic laboratories, by building (both
conceptually and materially) new kinds of experitaémplaces, new tools, new ways of
communication between scientists and open to nemtsts participation, DIYists are clearly
performing something new, which gives other aimthe science process. From a narrow
perspective, science could be regarded, amongstr atharacteristic, as a way to build
knowledge, technique and technology. DIYists coasidcience as agocial activity thus
changing radically the standpoint we can have orTltat way, science is regarded as
something in which you can finpersonal achievemenin contrast to the more traditional
perspective where the scientist is erased in thegss of knowledge construction. Science as
an activity, as a hobby, as a way to find fulfilimechanges, as a logical consequence, who
will be involved and concerned by such practices.

The logic is quite simple: when science is aboeatng knowledge, not for yourself as a
person (in a learning process) but in order to rdoumtie to the whole system of knowledge,
your aims, concerns and perspectives will be differ Of course with social studies of
science, we already noticed that human and soa@bifs are involved in the scientific
process. There is nothing such as a pure scientifid. But, the discourses about “why do we
make science?” are mostly lead by such participaiioa whole system of knowledge. That
way, the traditional scientist’s aim is to conttiduo a big ensemble, transcending their own
work, their own person, even their own disciplikéowever, if we look at science as an
activity, you can answer the question with somegHhike : “making science to have fun” or
“to build knowledge from scratch, in a garage ditahen”. That way, non scientists can be
welcomed by DIY communities, and such aims camimggined as something to be shared by
everyone. Thabpennesgo non scientists, now called “amateurs” (motidabait uninitiated
people) allow us, in my opinion, to link DIY perspiees with critical discourses, such as that
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from ETC Group. Regarding decision making, localgbces, and the aims of science, DIY is
obviously open to the democratic perspective deddriy ETC Group. More deeply, some of
their concerns are claimed by DlYists as aims. Hat tway, the DIYbio.org websitell
presented themselves as “an organization dedi¢atethking biology an accessible pursuit
for citizen scientists, amateur biologists, and MMlogical engineers who value openness
and safety. This will require mechanisms for amiaéa increase their knowledge and skills,
access to a community of experts, the developnfeatcode of ethics, responsible oversight,
and leadership on issues that are unique to ddolgdy outside of traditional professional
settings”.

As such, biology is theaonceivedandmadeas a set of social practices, open to both seienti
and non scientist in order to answer to very dé#ifergoals than traditional science: for
example scientific skills, ethical reflexion, ane\Wwways to cooperate are now integrated with
the actual science goals.

This description doesn't have to lead us to condit# there are two worlds in synthetic
biology, something like “Venter Institute versusYDpractices”. The portrait of the field of
synthetic biology is much more complex : big compan little start -ups, universities,
institutional or associative organizations, movetsggroups like DIYbio, etc. Everyone is
pursuing both different and similar goals and adbideas, discourses, practices and people
are circulating in all spheres. We can view the MGEompetition as one such place (along
with so many others) where people and practices filtese different worlds can meet. The
huge advantage of such an event is that it allesw® wbserve something likeceoss section

or anextract, of the whole pictungermitting us to get stakes and debates clearer.

D. To finish with... A case study

But, events like IGEM are not only offering us atam visibility, they are creating something
and something more than the individual studentgutsj

As we mentioned with respect to opensource stredegn standardization, the IGEM
competition is stimulating new practices, new “sce spacetime”, for students : choosing
their own subject, building their own team, dediogttheir holidays to that program. In a
certain way, IGEM is promoting something close ' Practices : science is not only about
courses and classes, it also seen as an innoyajext, even if everything is done in a rush
and hardly finished. The imperative use of the pulliki makes the competition very
unusual and indirectly announces an open approaclscience making. Summer and
temporary labs aren't thought to be close to thddw&@haring, meeting, looking at other
projects is encouraged. Some elements are nevuidersts, such as the use of BioBrick™. In
the same way, the “get some, give some” princige to be integrated as a new way of
making science, and, in addition to the standaimbusabits, free exchange between scientists
is performed.

But this portrait has also to reflect the conflics® normal in projects of this kind. As an
example, let's consider the attempt of participatmf a DIY team in the IGEM 09
competition. On February 2009 DIYbio Groups hadiated the idea of a DIYIGEM
team(12) with a “home made project” and startedhiak about what they can propose,
regarding their material conditions of work. Regagdposts written on DIYbio googlegroups,
website and blogs, on April 10, the initiative wesjected by the IGEM's direction.

™ http://diybio.org/
12 http://diybio.org/2009/02/09/diyigem/

e e |
iIGEM Team Paris 2009 37/57




f Ge™
(e :
DS

Mackenzie Cowell from DIYbio, former student andearcher at the MIT and instructor for
IGEM, related the official reasons for rejection ame of his post, quoted from Randy
Rettberg, IGEM Director :

“IGEM depends on the academic institution of eadnt to provide a safety framework for
that team. Because there is no formal safety framnewr guidelines or precedent for amateur
teams working outside of traditional labs, IGEMafsaid of the potential safety liability and
doesn’t want amateur teams to participate untilethe some kind of framework (2010!).

Most of IGEM’s funding comes from grants to suppandergraduate education. A host of
amateurs who are not undergraduates would be dgppdry grants for undergraduate
education, which could be a situation the grantersiidn’t like. Randy didn’t want to take
that risk.”

We can see that concern over biosafety is calledyphe IGEM Direction to reject the
DIYIGEM proposal. The second point is a very diffier argument, putting into light how
both youth and academic composition of teams ap@itant to grantors.

Two important things follow the rejection: how tBbeY community proposes to take strategic
advantage of it and how IGEM 09 Competition answers

If we keep going on the post, Mackenzie Cowellngppsing different things to react to the
rejection. At first, the rejection seems to leadviBts to challenge safety concerns for two
reasons. At the same time, in order to enduredrfighd and to be well considered by society,
these safety norms will have to be established. &mzke these norms are established, it will
be a way for garage practices to be known and rezed as serious and responsible, rather
than being seen as a security risk. Then, the pagioses a very local strategy to create
something about its rejection: Mackenzie Cowellpmses to make a “DIYbio symposium at
the same time and place as iIGEM” and follows, ‘@wd be very valuable to bring as much
of the community together as possible to meet asduds these issues and to present a
collective snapshot of their work and projectshe world. There would be cross-pollination
with many of the iIGEM participants, and lastly, likde to use the symposium as a deadline
by which some group or groups of people could fdiyrnaresent thoughts and work on our
safety strategy to the community and to the resh@®fwvorld.”

As in traditional activism, the DIY movement knowst an innovative and quick reaction,
even about a “bad news” can get round the probleitarn it to their own benefit.

The MIT reacteded, presumably to the pressure of §bups, by a surprising but small
initiative. The IGEM 09 Competition will be the $irto propose an “Open Division”.

On the IGEM 09 official wiki, you can find:

“For IGEM 2009 we will are opening up an experingntack for individuals or small teams
that are interested in participating in IGEM inimited capacity. These non-competition
teams will have a chance to present a flash 5-mipuésentation and present a poster at an
exposition section of the IGEM 2009 Jamboree ookt 30 - November 2, 2009. Non-
competition teams will not be eligible for the sdlard prizes from the iIGEM judging
committee but might be eligible for a single awapecific to non-competition team$>

That way, MIT and the IGEM Direction are able toegean image of openness to the
participants, to DIY groups (which are mostly corm@d of very qualified biological
engineers) and to grantors. Without making eligipfior global prizes and requiring teams to
be “affiliated with a university or educational iitstion”, “have at least one faculty

13 http://2009.igem.org/Open_division
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instructor” and reserving the right to give DNA arctase by case basis, MIT seems protected
from “home made” projects.
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Conclusion — Last words

| want to end by raising some questions regardihgge@ have been through, to suggest what
can be understand about what is happening in thatrgng field, and to make a
recommendation.

First, regarding the third part of our analysis, @@ see an explosion of actors, something
like a scientific chess board, where companiesestaivil society movements and observers,
students, DIY movements are all vying to be invdluethe governance of the field, and both
to answer regulation necessities and to fulfillttaem, they are proposing different ethical
inventoriesandperspectives

This hybrid world of synthetic biology says somathabout the state of an emerging field in
science, and how the scientific field is now -- itaglways been -- clearly linked, mixed up
with, and related teconomigsocial political andcultural stakes.

Given the hybridity of actors and multiplicity ofakes, synthetic biology is like fastival
were the ethical needs can be related to the appicecof the “public”. This public is at the
same time concerned citizens, patients, mediagreadtc. As in destival the cartography
we elaborated in the third part can lead us toidensomething like ain / Outseparation in
the field. In the In program” we would find scientist, companies, staé@d international
institutions, universities. In thedut program”, civil society and DIY movements, actiMike
Steve Kurtz, etc.

But some elements like decision making processstility or legitimacy to the public don't
match up with thatn / Out interpretation. Sides and borders are not so.rigakes like the
DIYIGEM initiative prove that things can be reorgead and redesigned under unforeseen
events and we cannot predict who will finally tedalvantage of the situation. Largely, in the
governance question and through scientific, teabgioal and leadership issues, it is also very
difficult to predict how and who is about to be thain deciding actor of the field.

Let's keep in mind that safety concerns, as prdwedhe DIYIGEM rejection, will surely
smooth out this hybridity, and make kr/ Outseparation more established.

What kind of statement can we draw from that? mkht could be interesting to question it
ethically, in the scope of the youth generation tmgeof IGEM 09. We can wonder about
what kind of consequences this portrayal will ceefatr future biological engineers. Taking
over Merton's expression (Merton 1942) : In wheientific ethoss this generation about to
work?

Are thereuniversal normghat can now be shared by all the synthetic bilogmmunity?
Can the values of communalism, universalism, desedtedness, originality and skepticism
be shared both by biotechnological companies' 8stsrand by a DIY engineer?

| personally think that polyphony, explained in ootroduction, is creating something like
norms and duties. They now look more likeoalboxin order to build an ethical position,
rather tharscientificcommunity norms bases described by Merton in 1942.

Beside arethical toolboxwhich permits both scientist and non scientigidsition themselves
in all the debates we have been through, somettkea critical individualismseems to be
operating in the actors' mind. The idea afitical individualismis that we no longer have the
necessity to submit or adapt ourselves to the athied moral criteria of a whole community;
differences and divergences are accepted and exasda possibility of new and innovative
ideas. Beside that kind of freedom in positionimipich comes from liberal western culture
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which promotes the individual as the decider, @stn still matter and organized. Thus, the
scientist can join with very different perspectivas the Craig Venter Institute or the DIYbio
local group of his city.

This critical individualismseems to be theew scientific ethom synthetic biology.

To summarize our work, we can remember that thefinsbparts about the ethical stakes lead
us to the governance question. In order to fageragmatically, we tried to describe the
interests and interactions of the different actufrshe field. We always try, in this work, to
answer two imperatives : observing and questionwh@gt can be a morally and politically
good practices in synthetic biology. This statermeatls us not to limit ourselves to the risks
but to face more global ethical needs such as soaimmic problems.
We have to know how to take advantage of the emgrgharacteristic of the field as a
freedom to challenge :
In a daily and local effort : A reflexivity in atdtal reflexion on practices, discourses and
social interactions. Elements that are building...

. Disciplinary and larger problematic : A respomsilposition regarding whagcientific
paradigm through concepts, perceptions and values, is rpmiith this field, still under
construction but soon established.
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Additional references

General Reading

« J. L. Austin : How to do things with Words : The William Jamestuess delivered at
Harvard University in 1955Ed. J. O. Urmson. Oxford: Clarendon, 1962
« Judith Butler : Excitable Speech: A Politics of the Performatizd Routledge. 1997
« Hannah Arendt : Eichmann in Jerusalem : A Report on the Banalitiz\af (1963)
+ R. B. Merton : The Normative Structure of Scien(d®42)
+ Thomas Hobbes
o The Elements of Law, Natural and Politi640
o Philosophicall Rudiments concerning Government &adietyl651
o Leviathan, or the Matter, Forme, and Power of a @Gmnwealth,
cclesiasticall and CivilLl651

Blogs
Dailly reading of post in that blogs :

- http://my.biotechlife.net/

- http://singularityhub.com/

« http://www.wired.com/wiredscience/
- http://oscillator.tumblr.com/

« http://bookhling.wordpress.com/

Science Studies

- Evelyn Fox Keller
o Refiguring Life: Metaphors of Twentieth-century IBgy. The Wellek Library
Lecture Series at the University of California,ime. Columbia University
Press, 1995.
o Keywords in Evolutionary Biologico-edited with Elisabeth Lloyd). Harvard
University Press, 1992
o The Century of the GenBElarvard University Press, 2000.

« Emily Martin : The egg and the sperm : How science has constractethance
based on stereotypical male-female roegns: Journal of Women in Culture and
Society 1991, vol. 16, no. ¥1

- Donna Haraway:
o A Cyborg Manifesto: Science, Technology, and SigtiBeminism in the Late
Twentieth Centuryl985 french versidi english versiot?

4 http://anthro120.wikispaces.com/file/view/Emily+Kia.pdf
15 http://multitudes.samizdat.net/Le-manifeste-cyblargcience-la
18 http://www.stanford.edu/dept/HPS/Haraway/Cyborgesto.html
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o Situated Knowledges: The Science Question in Femiand the Privilege of
Partial Perspectivesn Feminist Studiesl 988, pp. 575-599.

o Modest_Witness@Second_Millennium.FemaleMan©Meetso®louse ™:
Feminism and Technoscience, New York: Routledg8719

« Bruno Latour :
o with Steve Woolgan, aboratory Life: the Social Construction of Sciénti
Facts Sage, Los Angeles, USA, 1979
o Science In Action: How to Follow Scientists and iBagrs Through Society
Harvard University Press, Cambridge Mass., USA,7198
o We have never been modé¢m by Catherine Porter), Harvard University
Press, Cambridge Mass., USA, 1993

OpenSource initiatives

. Drew Endy's talk at the 25C3"Programming DNA™":

- Janet Hope's works:
o Open source biotechnology: Why and How?
o Cooperative Strategies for Facilitating Use of Regé Inventions in
Biotechnology. Dianne Nicol and Janet Hope
o Open source genetics: a conceptual framework. RegylInstitutions
Network, Research School of Social Sciences, Alistrélational University,
Canberra ACT 0200 Australia.

7 http://hackaday.com/2008/01/05/24c3-hacking-dna/
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Appendices : Reports of the collective discussion i n the
team : Real time ethical reflexion

This reports can be find on the Paris Team wikhefIGEM 09 Competitiot?

Our process

As others IGEM 09 teams, we plan to join the « ragesn a bubble » project with an ethical
reflexion about it in particular and synthetic loigy in general.

An anthropological study of the Paris team is ragnin parallel with the IGEM 09
competition, we decide to join this move to thdtiedl reflexion, and it lead us to perform it
in a special way. We've decided to have an everyidayatic one hour talk about ethic and
social practices in science and biology. We decittednake that talks observable for
everyone, even if something more constructed vall &t least, produce. You'll find on this
wiki page the talk reports, with questions askedh® team and the main argument of the
discussions. It should also be considered amorexarcise and a report of experimental and
anthropological thought. This should be regardedamsethical and anthropological « lab
book », as an everyday, real time look on the xédte of the Paris’' team about that kind of
guestions.

Enjoy our daily mileage in ethic, sociology, lifeience and synthetic biology !
Introduction

1. Why an ethical endeavor in science, life science and
specifically synthetic biology?  (08/18)

The main aim of this first discussion was to introd ethical questions in science from a
broad point of view. We started with the followimgiestion: «Which conditions are we
willing to accept in order to acquire a new knovged ». In other words - and in a “what
acceptable means to our end” process - which orthese two fundamental posture do we
consider prominent : our quest of knowledge, orgbssible consequences of that knowledge
- by his existence itself or in its applications?

We wondered about the tension between the obviegessity of an ethical endeavor in
science and the inherent slowing down it imposeshenresearch and innovation processes.
That led us to discuss the principle of precautistarting with the fact that it seems
impossible to get the effect of a certain discowsithout actually experimenting it. In this
light, the precautionary principle appears as atdition to the process of research - and even
worst, something that may incite ourselves to iwactAll these questions and arguments
were illustrated with concrete examples : treatmannuclear waste, stem cells cases in
France and in the US, psychology experiment wiimats in the 50's and 60's...

Then, we thought about who have to take the ulgnacisions in science with respect to
ethical issues. The position of the Paris' IGEMte@as quite homogeneous : scientists must
take decisions, because the ones who hold knowletdgst be responsible for it. Such a

18 http://2009.igem.org/Team:Paris/Ethics_ethicallaiistop
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regulatory role would be played by a scientific woili - or anything which represent the

scientific community. One of us evoked a more doarad democratic approach : if every

citizen is concerned by scientific productions,ntheveryone has to decide. Nevertheless,
everybody admitted that nowadays it turns out thatlegislators are those that finally take
the decisions, even though they are not necesdalijyaware of what they do.

At the end of this first discussion, some propa@sal analysis were expressed : Knowledge is
amoral while the ethical problems relies on appilices. what about é&ote for good use”
written by scientists?

As a brief conclusion, we can notice that - frora finst question to the final point - all ethical
guestions, analysis and recommendations are spmbifiexpressed by the team from a
scientific standpoint. The main issue here dealth whe will to gather knowledge and

guestions how acceptable fulfilling this will isu& ideas would be very different between
different communities. The ethical questions, dggphgmatic, are included and performed
in that“how to” concern, which then framed and stated asoav to get and manage both

knowledge and its application”

2. Definition of Synthetic Biology by the team (08/19)

The challenge of this discussion was to confroatglrsonal opinions of team individuals so
as to come up with a collective definition of sy&tib biology.

| submit that exercise to the team because the ominept underlying this new disciplinary
approach of biology is defined in a variety of difnt way in the literature. The engineering
method and the design of standardized parts géypstahd as the main principles to build a
definition of synthetic biology. Some authors castrthe bottom up and top down methods to
manipulate life, others gets tdesignto characterize synthetic biology (as opposed to
description or understandingthat characterize “natural biology”)Utility, artificiality,
function componentliving devices and systemassemblingand disassemblingare the key
concepts, methods and materials that are used ieyntists, sociologists and others to
construct their own definitions.

We round the table to estimate the degree of diyed definition within the Paris 2009
team. The main idea was that“pfoviding new functions to existing organismahd it was
mostly expressed in the framework of utility. Ireithown words all was about “creating”, “re-
creating”, “engineering”, “using”, “knowing and lvgj able to divide” théiving. Nevrtheless,
the diversity of viewpoints apparent in the litewr&t was also expressed by the team: Charlotte
mentioned the process of “controlled evolution” ¢iwe an organism some characteristics it
wouldn't develop “naturally” through artificial sstion). Guillaume, Vicard, Pierre and
Christophe were concerned about the kind of newdeished function we can get from an
organism - specifically about what degree of comipfecould reasonably be attainable.
Romain proposed a quite different approach by pyitknowledge at the heart of synthetic
biology. In this view, knowing every functions piggly and being able to divide and
manipulating them comes as a prove of our undetstgrof biological processes.

We identified that the “evolutionary approach” mened above locates synthetic biology
within a larger paradigm of life science. Howeverreverse the usual trend by putting
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biological practices and goals as a new cause arigdy a new way - a rational one - for the
organism to gets new characteristic. Similarlylte agronomic perspective, the evolution of
organisms in synthetic biology is now managed, dgtiand operated by human - and not
only by the organisms' own contingent needs. Thengdiscussed the perspective of “making
an organism that do something we decide”. At leas, discuss about an inventory of
biological knowledge is performed across molechimogy methods.This last perspective
seems to be close to the “re-writing” process, s performance of our knowledge and
technologies about life science.

After covering our own definitions, | proposed wars definitions that one can find in the
literature in order to discuss them.

Artificiality

The idea of synthetic biology as building “artificilife” is quite rejected by the team - or at
least temperate. Members of the team reject thee tlolat, in the lab work, researchers could
be in a "state of mind as to create artificial’lif€hey didn't recognize themselves in that
“Frankenstein™s attitude. The fact that life sces - and particularly agronomy - is about
creating something unnatural is globally admittaad cannot be considered as a peculiarity
of synthetic biology.

Utility and implementation in natural systems

In the team's (collective) mind, the differencewss#n “natural” and “synthetic” biology is
caught between “understanding life” and “using timslerstanding to manipulate life”.

Bio engineering : relations and differences withditional engineering

That point led to the questiorAre we able to put life into engineering proce3$fts process

is seen as both a question and a goal. The aimgheering is to get to simplicity to make
things works together and to be able to build fastencepts that are embodied in the
“specification process”. The basic concern of eagis is to get their designs to work. From
this theoretical standpoint, traditional and biagjieeering are easily comparable. However,
things are quite different in reality, and tradi@ engineering may rather be viewed an
analogy or a metaphor which is hardly achievablesimthetic biology. The specification
process is a fancy for biology, biological parte aot bolt or screw, and will never be. That
is, all theoretical and material systems that frammlt (well controlled specs, independence
with respect to other components) might be beyaatthr for biological systems. The “bolt
paradigm” is not working here. Why? Traditional evegring works by planning a whole
system, you hardly can be surprised by the resqdtmause one controls everything in the
specifications. This contrasts with synthetic bgylowherein the limits of understanding are
often crossed, leading to surprising, unpredictabiel uncontrollable behavior. Pierre
proposed the idea of retro-engineering as moretadap the biological endeavor thus far :
researchers deconstruct living entities to smaftideustandable pieces and question it.
Synthetic biology would then re-build entities withinor variations owing to that newly
acquired knowledge. The main point common to bgtiiletic biology and retro-engineering
is the way to question the object : how do it woHt@w could it work better? The main
difference - and it's a big one - is the fact thahg things are historical entities. They can be
compared to a mechanism, but in reality it is aational mess evolved as it could to cope
with changing needs. In this way, a living entigncbe compared to a computer program
patched for millions of year instead of completedyforge its architecture.

This discussion was about defining synthetic biglddgsually, this kind of exercise relies on
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identifying links and differences between objettattare regarded as close from each other,
in order to highlight their own particularities. iStway, we tried to “locate” synthetic biology
in a larger disciplinary field, to qualify it and draw a system of reference. | noticed the
diversity and heterogeneity of the references vgeuwdis, which - from my point of view -
underlies the interest of that discipline. Indee®, went through various methods (bottom
up/top down, design/understanding), concepts fttilartificiality), goals (creating, re-
creating, re-writing, standardizing) and paradigevolution, engineering). This large
“landscape” shows the complexity and the stakehef éxercise. To define oneself seems
always both difficult and necessary. Referring @lign Fox Keller's works, synthetic biology
is trying to define itself and the outcome will [z, always, decisive for the development of
the discipline.

Practices

1. DIY in synthetic biology ( 08/21)
What about DIY in synthetic biology?

We started the debate by watching thigbio video headlined “DIYbio in 4 minutes”, a
presentation by Andy Mac Cowell, an active diyrsinh the DIY bio Boston group.

The DIYbio Community - Presented at Ignite Bostai2809)from mac cowellon Vimeo.

First, | have to make a notification about this tpddat talk leads us to something a bit
discussed, like a controversy. My own opinion adobt and amateurs in science is not the
point here, even if my graduated work is mostly wibthat question. Here, | just try to
transcribe what | presume understandable in tha'seposition. | don't share the team's mind
but that is not the point.

| wanted to know more about the reception of DIéqgbices in biology for the team because
of several question. The IGEM concourse seems toWway to experiment, to test some new
way to make science : young students spend theimsr time on a own-build project, the
teams are undergraduated, the project are oftevative or stimulant. The DIY in biology
claim that kind of alternative way to make sciemaseone of their goals. So, for the team,
regarding the IGEM science making experimentatishat about a daily experimentation?
We also can notice that, even if they aren't tptadmit” in the iGEM competition (named
“non-competition teams”), DIYist and amateurs hav@ace in the 2009 event to compete for
their own “non-competition pricé®. The iGEM projects are often planned, design onteg
as “fun”, “sexy” or innovative. What about “havirfgn” by “making science”? That point
take us to a more global question about researohk and producing scientific knowledge :
Do every scientific work has to be a strain? Iso#ffand hardness necessarily close to
scientific production? Can't we imagine having farthe lab? Do that “sexy” projects are
serious? Can biology be a hobby? The DIY praciicesynthetic biology take us to two more
points : amateurs in science and link with the ratimns in informatics and web 2.0. DIYbio
wants to make amateurs more involved in biologpvirg that DIY is the better way for
them to learn, and that they can bring some newiramal/ative knowledge for biologist they
work with : a cooperation, everyone take from thigeg a “get some, give some” movement
(I borrow that maxim to the Registry of StandarwlBgical Parts). The "get some, give
some" is questioned by some student of the teaarn@sv way to create elitist community of

19 http://2009.igem.org/Experimental_track
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users and that communalism is not so obvious noygadde link with the Internet world is
claimed by DIYbio in a pragmatical perspective. femtion, barcamp$ “having fun
projects” is also presented as the way innovatemesmade in the Internet. So, why not in
biology?

Everyone in the team agrees to reject it, to metenmas a matter of principle which is

expressed, embodied in concrete cases. In othafswirlays the question of the system of
practices in science as a question of epistemoloigactical paradigms and the way scientist
perceive and have accepted the architecture afdlagi work. The principle expressed by the
team is that “science is serious, science is nouthaving fun”. The team's global reject
could be reduced to two element, about scienceisiple and its effect on practice : science
is not about “having fun” but about knowledge (asaral precept of science) and that the
researcher's work will be strain, because biolsgyat a hobby (about the scientist work).

How that principle is defended by the team? Whatthe embodiment of that position? In
which theoretical and practical examples?

Informatics.

What about taking in other “knowledge productiomes@” their methods of creativity and
innovation? For the team, what happened in infoleatan't be traced in life science. The
idealization of the geek mythical character (youlegrning on his own in his room, quite
critical and/or asocial) is quite operative herdaflkind of character, making that things
possible in informatics, can be find in informatiost in biology.

IGEM : a certain DIY way to learn?

Christophe, who is from an traditional engineerc&th admits that the way he “reach”
biology through iIGEM was quite DIY and on his owkle has to learn it by himself and,
above all, for his own interest and needs : nokasked him to do that. The idea of build your
project, build your knowledge seems quite operatmigsEM competition. That idea leaded
him to think that amateurs in science could be @gsay to make people wonder about new
stuff, and hope, in this direction, that “somethirappens”.

The idea of material constraint : what the lab p#no scientist, what the garage forbid?

The question of the cost of the failure is onehaf thain point expressed here : coding is free,
of course it takes time but it is not like wet miatks. Failure has not the same cost in both
disciplines, so you don't take the same risk bynglat with amateurs and/or in a garage.
Guillaume expressed the fact that a lot of what ensjynthetic biology interesting is in the
lab. That thing can't be bring at home, for botktad the outfit and the danger of handling.

“I don't laugh by doing a PCR”

Among that talk, the most representative senteweeheard was something close to “I don't
laugh by doing a PCR”. Is Molecular biology not fahacause of the scale? Because of the
special practices implied by that scale? The idea tmolecular biology is not fun”
reconfigures the question : if you are not lookiogfun or cooperation, you are looking for
efficiency, results. That way, the failure findshet signification, the way to get that
knowledge and results is not self-sufficient, resahd knowledge are wanted. That idea was

20 http://en.wikipedia.org/wiki/BarCamp
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also symbolized in the critics against the MIT 20B&M's project (which was about making
bacterias smell banana or wintergreen), sayingtti@igeneral process was impressive, but
the “have fun” point was bad : why didn't they chkedo make about it a project more useful?

What kind of misuse?

When we evoke the question of misuse, the mainl@nolpointed by the team wasn't that
“bioterrorism fear” but the risk that some innowatipermits by life science today could be
used by everyone for bad reason. That way, biaiemois not dreaded, but “own and home
made paternity test”. That point lead us to thatipalar place life science technology are
about nowadays : new form of knowledge take us éw rform of control. When that
technologies are in everybody's hands, that con&molbe too.

The Steve Kurtz's case : a way to reconsider DIigadly.

During the debate, | refer to the Steve Kurtz caSteve Kurtz is an American professor and
artist of the Critical Art Ensemble, was arreste®004 under the patriot act law, because of
his possession of biological materials in his owise, preparing an art exhibitfonlt was,

for our talk, a way to wonder about the politicé¢meent of that kind of DIY practices.
Someone in the team reconsider it in that new lajhpolitical resistance, thing went more
“useful”. DIY is good to protest, not to make saen

To conclude, that talk wasn't about doing crazyf stuyour garage, but about science : aim,
methods, places, creativity, professional and amnateoles in that process. That kind of
uncompromising way to perceive alternative prasticetheir field is obviously about that,
because of acceptation of it in other disciplimédimatics) or for other goals (protest).

About ethics in our project

That talk was pretty important. We really had tokm¢hat ethical reflexions more “practical”,
appreciating that questions in our own practices,avn habits, our own project. Different
stakes were discuss during that talk, making itrsea bit messy, I'll try here to arrange it to
make that stakes more obvious, | hope nobody inghm will mind about that kind of “over
conceptualization” I'm about to do. We started thalk with a method | propose, a
before/during/after evaluation of our own way tdiraate the ethical parts of our project.
What do we had in mind when we had to choose oajegir? What happened when we
choose to work on vesicles? What happened then teelab’'s manipulations started? What
will happen after? What are we responsible folb@th senses) : by asking us questions at the
time and by producing something in that iIGEM's abads? All that questions, put into that
light, were quite delicate to handle... My own riegdof that certain “caution” is that there is
both factor of closeness and factor of distancenftie ethical question at work in the team's
mind. We try to enlighten that point at the endhat post.

" Before" : the ethical implication of the choice of a fundametal research project
The unrealistic perspective

The choice of that “unrealistic” term has not torbad as a pejorative word. Unrealisticness is
about “not wondering about a certain applicatidnit about something more global, that long

2 http://www.caedefensefund.org/
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distance communication system between bacteriagedlisticness is about “not decreeing
now about reality”. Before choosing thmessage in a bubbleroject, during the
brainstorming period, we wonder about a lot of eté#ht project which could be more
“ethically fitted”, in particular when we were tatlg about biomedical projects.

It lead us to a question : is there some “favorgoteind” for ethical reflexion? Why it seems
so hard for us to “find” ethical questions to askour project? Why closeness to mankind
seems to make ethical reflexions possible and @ek®v To me, the way bioethics was
culturally and historically built was to answergmagmatical needs. After World War 1, then
with the “authority crisis of the 60's/70's”, therpon, the individual, is put in the heart of
ethical reflexion : giving him rights, conscioudgrée and well-informed consent”, etc. That
process, mainly lead by Americans thinkers in tpaagmatical perspective, put the
individual, the single, the man, at the crossingalbfconcerns. The issue was, at that time,
about claiming that science and knowledge, everdkssary and “good”, couldn't be allowed
to forget mankind in their process. What aboutaathieflexion when there is so few man? So
few reality? The way that point was express bytdan was by certifying that our project
was about fundamental research, and we don't leeiievthe application nowadays. The
application is so, the moment, the instant whenkimahis coming into the science process,
when it is not anymore “science for science” assdhis project possible?”, when you have to
answer to other imperatives, and among it, ethiogleratives. That “science for science”
period is close to a world of concept, of will, foture, of performances of knowledge and
practices. Then, it is the crossing between twasguestion : from “is this possible?” to “is
this good?”.

Conceptualization of our project : “create a langyed.

Our project is about communication between bademath OMVs, about building a
framework which can be easily expanded to a |ddiffiérent inputs and outputs. As express
by Christophe during the talk, we are not creaingractical tool, we are at the anterior and
more meta level, trying to create and to contralt tbommunication system. Bacterias are
thought through the metaphor of the transistor.t Tg&spective, already defined as more
“fundamental” than “applicative”, is also a hew wiyenlighten what can be a engineered
approach of biotechnology : looking for a “groundn¥’, a “base” in the perspective to be
used for some very different applications.

About the analogy with a communication systemit:athically problematical?

| was personally wondering about that analogy wilmmunication and computing. Is this a
problem? Do we have to consider it ethically? Dfe*lhas to be treated as “mankind”? What
kind of changes are we performing? Referring toathaytic philosophy of John Austin and it
rewriting by the gender studies (Austin 1975), aeibns about performativit§ and speech

act® could help us to ask a new question to our projBetes performativity has to be include
in ethical reflexions? | think | was the one fingithat question relevant, but | allow myself to
tell a few words on it. Performativity and speedt are very useful tools to resolve the
problem of that “fundamental” versus “applicativeérspectives. By saying that words are

22 http://en.wikipedia.org/wiki/Performativity
2 http://en.wikipedia.org/wiki/Speech_act
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actually “doing thing”, the theoretical and praatiqerspectives are now joined in “real
world”. By creating an analogy between communicgtimomputing and life sciences, we are
actually performing something, creating a new rdgan bacterias, from now on tool to
communicate. | really think that kind of performatly is really one of the most interesting
point for social science studies and epistemologpak at synthetic biology. To the question
which underlies that reflexion : “is that perforivéty ethically acceptable?” the team seems
quite unanimous even if quite intuitive : sense saigaification about what is “life” is always
moving, by the research dynamics and discoveridgerscience, it is not a problem, it is
actually what “science is”.

"During" : A certain deviation about practices in science

By asking the “during the project” question, we aam a kind of deadlock. Nobody seemed
to be “affected” by ethical questions during theject. Mankind is far away from our lab. So,
we went to a more general question about the labttiges : “what can you accept?”, “what is
your limit?”.

Lab : Accepting degrees in the manipulation intéem, the notion of scale.

We went round the table to know what was that Bm#&nd what was the ethical stake of
manipulating bacterias. It was pretty funny to ais& question of “animal rights” by the
means of bacterias. The analogy with mankind wasate point. Everyone was referring to
a limit that cannot be exceeded by similarity wilankind definition : to be a mammal, to
have a nerve system, to have a brain. Soufiang brgood point to the debate, by saying that
one of the explanation of the fact that nobodylyeaares about what could happen to
bacterias was that animals, mouses, even insecaWasty”. We are in the scale's question :
bacterias are regarded in colony, they're neverepezd as a unity. Remembering what we
already told about the birth of bioethics, we atsm bring to our reflexion the fact that the
guestion of individuality and its respect is ondlaf way to threat ethical question. When you
face something which look more like a drop tharbeirig”, it is quite hard to consider it as
something able to “afford” ethical perspective.

Modeling : “It's only a curve”

After asking that “lab” ethical question, we haddonsider the second part of the project
process : model-building. Can we ask ethical gorgsth modeling? Does abstraction could be
responsible for something? Of course, yes. Intelyivif you are building a model to “killing

a large group of people”, the ethical problems wappear very quickly. If we have in mind
the work of Hannah Arendt about authority and buceacy (Arendt 1992), picking up the
idea that procedures, protocols and organizatisinattures to manage activity can be a part
of a certain disengagement of the actor's respiitsim the process. Let's consider that
problem in our project : do abstraction can turrawsy from ethical topics? Modeling in our
project relates to mainly two phenomena: the emissif vesicles and the reception of the
signal. Modeling has, among other thing, like psgdo think and perform the increase the
virulence of the bacterium. That work is mainly decon implemented mathematics, the
product of that work is expressed in formulas, éigna and frames of references. Is this a
depreciation in the perception of the phenomenonth®gy means of these mathematical
“detours™? Up to what point, the mathematical egpren moves away the students from the
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ethical issues related to their models? Christaptpressed these detours: “it's only a curve”.
Thus, we can issue the fact that a specific vigdehas to be built looking at the stakes of
modeling. The abstraction of the mathematical taolgely to involve a depreciation of the
ethical issues of the phenomenon, the models esipge%only curves”. We could refer to the
linguistic theory to make that point clearer, bg thistinction between signifier (the mean, the
mathematical expression of a physical phenomenod)sanified (the physical phenomenon
itself). The signifier, even complex one, should nake us loose sight of the fact meant.
This phenomenon must be examined in all its realityorder to not neglect the ethical
problems it could pose.

Ethical stakes of IGEM process in Paris

Samuel putted forward the remark of the accessolodical knowledge and to the laboratory
during the summer, by the IGEM team. Indeed, weehtavconsider modes of pedagogy and
biological accesses to the material which are péssvithin the IGEM patrticipation. You can
join the team of Paris by answering to a call fartigipation of the Center for Research and
Interdisciplinarity (CRI) and after the selectiod the students. An evaluation of the
motivations is made but, encouraging the autonoryhe team, pedagogical principles
deserve to be questioned in that “responsibilitprapch”. Indeed, and without criticizing
fundamentally the aspects of this autonomy of sitgjeve can point the following problems :
which visibility, which control can we have on tlearning and the techniques transmitted to
the students? How can we be insured about thenl goactices during the preparation of the
contest and after this one? Without any obsessidhabry on the possible obscure
motivations of a student, the question of the respé the standards of containment and
safety, protocols, etc is also posed in these tebusng the summer, the Parisian laboratory
is in free access to the team. Knowledge, techsicaued potentially risky practices of
handling are taught to students. Confidence andl afiltransmission of the learning are
motivations that | obviously won't called in questihere, but we must, in order to get to
these ethical “situated” and reflexive reflectioognsider questions which arise in our ethical
perspective. Is this autonomy ethically problens#dHow liberal principles of education can
be assessed? In other worlds, how to deal autonasnyan educative principles and
responsibility as an ethical one? Are that priresptontradictory? The Center for Research
and Interdisciplinarity was founded in 2005 inside Medicine University of Paris Descartes
and define itself as a convivial place at the ammd between Life Sciences and exact,
natural, cognitive and social sciences. New waleathing and learning are daily practices at
the CRI, for graduate students, Phd and researchieesoriginality of that collaborative, non
hierarchical interactions between students andheraccan be find in the autonomy of the
student (they collectively choose the content & ¢hasses) but also in the main research's
themes and perspectives, by the Interdisciplinapprdaches to Life Sciences master
program and the European Interdisciplinary "Frasti@ Life Sciences” PhD program. The
CRI has also educative projects to promote sciemchildren or to high school students from
disadvantaged environment.

That alternative educative principles are perfornmethe IGEM competition too, going on
pretty well with the IGEM' spirit. We spend our som@r working on the “message in a
bubble” project, on our own in the CRI's premisgghout any “teacher” or “chief” except
with the help of Guillaume, educator for the lallorg part of the project and the global
management of Ariel and Samuel. We had to work an @wn, to manage meeting,

e e |
iIGEM Team Paris 2009 55/57



f Ge™
(e :
DS

schedules, defining our own rules and work's ogion. Autonomy is a real experience,
quite risky sometimes, but very attractive and &xgiand permitting student to perform they
own way to practice science. That autonomy, confideto student and educative principles
performed at the CRI during the IGEM competitiorulcoscare people. How the CRI's
leaders manage the safety and security issuessofdimpetition? We can refer to an other
educative principle to explain it: the transfer rebponsibility. That transfer is not like a
contract or a pact, but like a process. Teachers rasearchers did not pick up any
safety/security manager or special leader of tlaentéo deal with that question. In all the
brainstorming phase, by their presence, their @&dyitheir own practices, they progressively
lead us to consider that questions, as we wereindweir part. We came to responsibility
“softly” and “naturally”, without pressure from thresearchers, but as playing that researcher
part. The IGEM competition is, in the CRI, the asioa of a correlation between a system of
confidence, teaching principles encouraging theraarhy and the creativity of the team and a
certain “taking risk” regarding the access of shud® “risky knowledge and materials”.
Autonomy and the confidence granted to the teamn edtate to the respect of the safety
regulations and the “good” use of the receivediieay on this occasion.

A regard on the team difficulties to consider ethial questions

Regarding a certain difficulty for the team to takehand that ethical question, | try to
understand what factors could explain that diffiguLet's consider both factors of distance
and proximity with ethical problems, creating thextsion.

Factors of distance : scale and time

Scale :

As we already notice, the particularity of bacterés object of knowledge can be divided in
two “set of questions” referring to two standpoinf¢ho is the subject of the ethical question :
bacterias or man? If we focus on bacterias, adrebdy has been told, it is so far from
mankind that the usual ethical questions are hardised and the answer seemed quite
obvious to the team, that “bacterias can't be thatterias can't suffer from our handling”.
We had to go through general questions about asinrallaboratories to get to that
conclusion. If we focus on man, the fact that oactbrias are non pathogenic makes thing
quite different regarding risks. Even if unintemi@ mutation could happen, the risk is not
daily dreaded as if we had to use pathogenic hasteEthical problems seem, in both case, a
quite far away from us.

Time :

A second factor of distance is the question of stunf time, creating a certain tension for an
ethical reflexion. There is two different runs ohé in the team's mind : the “long run” of the
project stakes and the “short run” of the IGEM pobj As already told, the main ethical
problems are thought through hypothetical applicesi The idea that the project could be use
for “bad” applications is faced seriously by tharte But, it is approached as an abstraction, a
so distant future. Charlotte even tell us thatdida't believe still being alive when that kind
of project could find a serious application. Risikdked to industrialization processes or to
safety issues when mutated bacterias are set @tplgdls environment, are handled like SF-
problems, even if they already exist here and novipotentiality”. Student are living in an
other temporality : the temporality of the IGEM conrse. From June to November, we had
to build a team, pick a project, read papers tooshoour way to implement that project,
realize it, etc. All that specification needed fioe IGEM concourse take a part in the fact that
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it seems difficult to care about what could possibhppen in 200 years, because of that
radical focus on what could happen tomorrow, int th&@EM project temporality”. Stress,
short time project, deadlines, are factors of distawith ethical problems.

Factor of proximity : synthetic biology and IGEMirsp

In spite of that factors of distance, we can fiminge items which explain why the ethical
guestions are nevertheless relevant. That itemsmaialy linked to the development of
synthetic biology as discipline. The democratizatiof the scientific stakes, the place
increasingly important of a citizen debate abootdzhnologies (let's think about GMO, stem
cell, nanotechnologies...), or the profane visipitin debates of experts with internet, explain,
among other things, why the formation of a newrddie discipline occurs with, at the same
time, at its sides, the questions of its regulatidrhe ethical questions, strategic, or related to
the forms of its governorship are questioned.

The increasingly large importance of the socigkesarelated to the technoscience today has
as a consequence the fact that the question afsetlies not appear anymore as a solution
“after blows” to face a failing responsibility bas a preliminary and necessary frame. The
guestion of the responsibility, of the morals awdial values which are performed in the
scientific practices of the new discipline takesrcat the same time, but in tension, with the
very first development of the discipline in questio
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