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Introduction 
Cesagen is a multidisciplinary centre funded by the Economic and Social Research Council 
(ESRC) and is a collaboration between the Universities of Cardiff and Lancaster. 
Established in 2002, its remit is to examine the social, economic and ethical factors that shape 
science and technology. While our immediate focus has been genomics, we interpret that, in 
a broad sense, to mean ‘genomics-related’ (e.g. to include work on stem cells and other 
developments in biotechnology) and indeed have been widening our remit to explore other 
emerging technologies such as robotics, informatics, and the mind-machine interface. 
In what follows we have not answered every question. We have proceeded by first making a 
number of general points and then giving four case studies from Cesagen’s work, which 
illustrate more general insights for public policy concerning emerging technologies. We refer 
to the numbered questions in the consultation document as appropriate. 
If we had to make one point, it would be that attention needs to be paid to how the 
technologies and the associated issues are framed – ethically, politically, scientifically, and 
by whom. This includes how a given technology is itself described (typically well before it 
actually exists, if it comes to do so); the claims made for its purported benefits; and how the 
stakeholders are conceptualised. Such framing is not an exclusively scientific matter but a 
democratic societal one, involving collective public meanings, needs and concerns. 
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Questions of definition (Questions 1,2,3) 
We do not attempt a definition of ‘emerging biotechnology’. As the consultation document 
itself says, different technologies have taken very different paths and have had multiple 
effects. We take the view that they have no singular shape or form; but that said, the 
prevailing diffuse but widespread informed concern about ‘emerging technologies’ is a 
response to identifiable changes over the last two decades, in the conditions under which 
scientific-technological innovation arises. Thus emerging biotechnologies tend to be: 
• science intensive (thus more upstream in the life-cycle of innovation); 
• also therefore less-defined than say, a given chemical pesticide or pharmaceutical, 
thus it is harder to anticipate impacts; 
• more driven, shaped and promoted by a combination of funders, R&D 
practitioners, users and commercial beneficiaries, other stakeholders, than was 
previously the case; 
• more based in immature and provisional research-based scientific knowledge than 
matured and robust knowledge; 
• more experimental when they have passed into society, with ‘society as 
experimental laboratory’ for significant proportions of the learning and 
development which needs to continue as part of the ‘technology assessment’ 
process. 
A key question is when does a technology stop ‘emerging’? To use a common example, are 
mobile phones still emerging? This focuses attention on upstream questions, which we 
welcome and have argued for. We also suggest that a technology cannot be considered 
separately from its conditions of use; users are also innovators. 
As regards which currently emerging biotechnologies have the most important implications, 
this is a difficult question to answer, but in Cesagen we are working on in vitro meat (see 
case study 3), personalised medicine, high-throughput sequencing, mind-brain interface 
technologies and mitochondrial genomics. That suggests that we think these areas are 
important, though not necessarily more important than others. 
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Geographical and cultural factors (Questions 4,5) 
An obvious example of geographical factors influencing development would be to compare 
the US and UK with regard to stem cell research. The consultation paper points out the 
differences in funding and regulatory systems, and this example is often given. That said, it 
would be important to gather hard data on the comparative successes/failures of stem cell 
research (especially human embryonic stem cell research), otherwise this case runs the risk of 
being largely anecdotal. We are unaware of hard evidence1 clearly showing (for example in 
terms of publications, or industry success) that the restrictions on federal funding in the US 
have necessarily hampered research in this area. The normal story told is that the UK has 
advantages both because of government funding and because of a clear strict regulatory 
framework (which allows researchers to know where they stand, what they can do). Evidence 
that this is the case would be useful. 
Another good case (question 5) would be preimplantation genetic diagnosis (PGD), and the 
differences between, say the UK and Germany. The reasons for the German antipathy 
towards this technology are not particularly surprising, but more interesting is the resulting 
‘genetic tourism’ that has occurred. This provides an example of the impact that 
globalization, the movement of people and goods across borders, can have on state 
regulation. 
Internationalisation and globalisation (Question 6) 
The international nature of modern science, and the availability of scientific results over the 



web, has played a large role in the development of the modern direct to consumer genetic 
testing industry. The companies that have sprung up in the past three to four years (23&me, 
Navigenics etc) rely on electronic access to recent results in a range of research areas (usually 
studies using Genome Wide Association Studies or GWAS) to update their databases and 
keep their customers informed of their changing risk profiles for various conditions. Without 
this kind of data, these companies would offer a ‘static’ one-off test, yet the use of the web, 
1 Although Cesagen recently supported a research proposal on comparative US-UK work on stem cells. 
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both to gather data and communicate with customers renders this a very different kind of 
service. Because of the public nature of this data, these companies can use the results of 
research in ways that the original researchers did not intend or to which they may even be 
actively opposed. For example, in Cesagen we work with a number of researchers involved in 
GWAS studies of psychiatric conditions. While the researchers do not think it is appropriate 
to take the results of their work and give individuals’ their ‘risk’ profile for these conditions, 
the public nature of their results means that they cannot prevent these companies from doing 
this. 
A key example of internationalization has been the linking of biobanks in Europe and 
beyond. The rationale for this derives from claims about the greater statistical power that will 
result. However, in addition to this being a clear example of the internationalization of 
‘research, markets and regulation’ affecting the development of biotechnology, it also has 
consequences for ethics and regulation as a result of the perceived need for harmonisation. 
Cesagen’s work has included an exploration of the meaning of harmonisation in this context2. 
Political traditions (Question 7) 
Despite the widespread assumption of the entrepreneurial self and the framing of issues in 
terms of individual choice, attention is not always paid to the different meanings of ‘choice’ 
and how these are mobilized for different purposes (see Appendix case study 2). 
2 Chadwick, R. and Strange, H. ‘Harmonisation and standardisation in ethics and governance: conceptual and 
practical challenges’, in H.Widdows and C.Mullen (eds) The Governance of Genetic Information: Who Decides 
(Cambridge, 2009) pp. 201-13 
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Themes and considerations frequently overlooked 
(Question 9) 
Science as a framer of public meanings 
Cesagen’s work, especially that of Brian Wynne, has argued that the ways in which science 
purports to frame public meanings – a public role which goes beyond informing those public 
meanings, as it should - has been systematically overlooked. To explore this, we use the 
example of synthetic genomics and the publication in May 2010 of the Venter team’s 
successful production and insertion of a ‘viable’ synthetic genome into a host cell intended 
for industrial production of carbon-neutral or carbon-negative biofuels. In this case (see case 
study 4) we wish to highlight how specifically scientific, laboratory meanings typically 
standin 
for and pre-empt discussion of broader public understandings and assessments. This occurs 
without adequate broader public discussion. 
This is of practical policy importance, because such meanings carry normative weight, and 
unduly exaggerated deference to scientific-technical meanings allows the broader social 
imposition by science onto society of unstated and un-debated normative commitments. The 
precise responsibilities for addressing and improving on this situation are not clearly located, 
and need to be debated themselves. However, it is clear that the science media as well as 
scientific (and in Venter’s case along with many others, simultaneously commercial) 



institutions, have an important responsibility to improve the established handling of such 
issues. Science and policy bodies like The Royal Society, led by Nuffield, could initiate such 
institutional learning and reconsideration. 
Philosophical questions 
Before we can address questions of ethics or policy, there are prior conceptual and 
philosophical questions to address. Developments in science and technology have the 
potential to change the boundaries of our concepts and the ways in which we understand the 
world. In vitro fertilisation and the associated debates to which it gave rise, for example, 
famously changed the interpretation of the concepts of ‘mother’ and ‘parent’, and introduced 
the word ‘pre-embryo’ to our vocabulary. While we may have views about the principles that 
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should be applied to human enhancement, there are also questions about what would count as 
an enhancement and the difference between the concepts of ‘enhancement’ and 
‘improvement’. 
In addition, in relation to any new development the question tends to be asked whether there 
are any new questions, or only old questions in a new guise. (This point is relevant to 
question 8, which asks whether there are ethical or policy issues that are common to most or 
many emerging biotechnologies). For example, when nanotechnology made its ‘big’ 
entrance, scholars wondered whether there were any issues that had not already arisen in the 
genomics field. Cesagen’s work on ICT ethics, including brain-machine interfaces, has 
confronted this issue. For example, Kevin Warwick3 has written about an intelligent deep 
brain stimulator. Do such brain-machine interfaces really give rise to questions that have not 
been encountered elsewhere (even if they have not yet been adequately answered)? 4 We are 
familiar, after all, with the effects of mind-altering drugs. Experiments with transplantation 
of neural tissue, also, to treat Parkinson’s disease, are ongoing. There are, of course, real 
risks here – the side effects of drugs, the possibility of transplanted tissue leading to a tumour 
or other pathogen-transfer, or to genetic change – but are the issues different in kind when we 
are dealing with brain-machine interfaces? The core of the issue here seems to be the 
description of the machine’s job as to ‘out-think the human brain’. Drugs and transplants do 
not do that because they are not ‘intelligent’, as the stimulator is described as being. Much 
depends then on the description and how it is and should be interpreted. The results of 
different kinds of intervention might be the same - or so similar that there may be little or no 
noticeable difference. If so then the question will be, in what ways, if any, does it matter 
that the result is achieved by this means? 
We go through life accepting, with more or less grace, that our bodies and psychological 
states will undergo enormous changes as we meet with situations and environments. Some of 
these will affect our freedom of action to greater and lesser degrees. The fact that an 
3 Warwick, K. ‘Future issues with robots and cyborgs’ Studies in Ethics, Law and Technology 4(3) (2010) 
Available at: http://www.bepress.com/selt/vol4/iss3/art6 
4 This passage is taken from R. Chadwick’s response to Warwick, ‘New questions, or only old questions in a 
new guise?’ ibid. Available at: http://www.bepress.com/selt/vol4/iss3/art8 
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intelligent machine is preventing my brain from doing what it ‘wants’ to do is something I 
may accept because my natural brain is not doing what ‘I’ want it to do in any case - the 
functioning of the natural brain according to the description of this case is just as much a 
threat to the ‘I’ as is the intelligent machine. This way of looking at it does pose questions 
for how we are to understand the ‘I’ – but this is certainly not a new philosophical puzzle. 
The issues are not all about the technology: dual use 
Developments in synthetic biology have considerable potential for impact on society for a 
range of reasons. Not only is synthetic biology seeking to alter and control biological and 
other systems at a very basic level, but built into the ‘ideology’ of many researchers, is the 



idea that this technology should be opened up to public access as far as possible. Thus one 
approach to synbio is the creation of ‘biobricks’ (the metaphor often used is that of Lego) 
which can be ‘clipped’ together in different combinations or designs, in modular fashion, to 
create new, functionally specific biological systems or organisms, without the need for 
extensive biological knowledge. While such opening to public access can be seen as a 
wonderful example of the democratization of science, it also undermines the conventional 
systems of social control within the scientific community (e.g. socialization into a particular 
set of values as regards risky applications, knowledge of regulations regarding 
biosecurity/biosafety) raising issues around the regulation and oversight of these potentially 
powerful technologies. Cesagen’s 2010 workshop on dual use (funded by the Wellcome 
Trust) made it clear that although the technical challenges of using synthetic biology to 
develop new biological weapons is considerable, the knowledge involved in this kind of work 
is spreading rapidly via amateur biology/bio hacking groups which lack the kinds of 
professional social control, or at least, institutional accountability (e.g. to funders, regulators) 
established within conventional scientific organisations. 
Ethical principles (Question 11) 
It is tempting to think that in order for ethics to be applied, there must be something such as a 
theory or a set of principles to apply, which is indeed one possible model of applied ethics. 
However this is a model that is increasingly challenged. The idea that there is a set of 
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principles that can be applied to a particular issue or problem presupposes that we understand 
how to describe that issue or problem. But the real ethical challenge can be precisely to get a 
sense of what the relevant ethical aspects of the situation are. 
It has been suggested above that advances in science and technology can produce a situation 
in which it is no longer possible to think in a certain way, and this leads to the requirement to 
rethink the meaning of certain concepts. Indeed even in the absence of the foregoing point, 
the same need often prevails when legitimate differences of meaning between different social 
or cultural groups come to intersect in public life. A prominent example of an ethical concept 
that has come under increasing scrutiny is that of privacy. Privacy has been under pressure, 
first within the genetic clinic, in the light of the dilemmas of disclosure, e.g. of non-paternity 
or of health status, then in the context of population genetic research, in the light of collection 
of biological samples linked to personal information, with associated debates about 
anonymisation and coding. Beyond the developments in research themselves, however, other 
social and political changes in the post 9/11 world are also relevant, as interest in security 
moves centre stage, with concomitant developments in biometric identification technologies, 
and shifting articulations of social values and priorities. Hence, it is important to examine 
critically the ways in which privacy is being rethought. 
Ethics mutates and evolves alongside science. In recent years there has been talk of a 
communitarian turn’5. A 2005 article by Bartha Knoppers and Ruth Chadwick6 claimed to 
identify a shift. In a 1994 article in Science they had identified the principles that were then, 
as they saw it, informing genetic research, and a decade later they claimed that there were 
‘emerging trends’ in ethics, speaking of a turn towards equity, mutuality, reciprocity and 
solidarity.7 Their observations were influenced by work as members of the Ethics Committee 
of the Human Genome Organisation (HUGO), in whose Statements it is also possible to see 
5 Chadwick, R. ‘The communitarian turn: myth or reality?’ forthcoming in Cambridge Quarterly of Healthcare 
Ethics 
6 Knoppers, B. and Chadwick, R. ‘The human genome project: under the international ethical microscope’, 
Science (1994) 265 (5181) 2035-2036 
7 Knoppers, B. and Chadwick, R. ‘Human genetic research: emerging trends in ethics’ Nature Reviews Genetics 
6 (2005) pp75-79 
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arguments for, and thus possibly evidence of, such a shift. In this connection it is interesting 
that the Nuffield Council of Bioethics itself currently has a project on solidarity as a core 
value. 
Let us consider the following excerpt, in the 2007 HUGO Statement dealing with 
pharmacogenomics: 
Past HUGO Ethics Committee Statements have reflected a commitment to the view 
that the highest ethical priority in implementing genomic knowledge is that of saving 
lives and reducing suffering, but the Committee considers it urgent that the ethical 
principles of solidarity and equity be given increased attention8 

It might appear from this that the ethical framings are a matter of free choice, but the point is 
that principles which work well in one context may not be simply transferable to another. 
This is a logical point. We have seen this in relation to the debates about informed consent in 
relation to biobanks, and in the move from narrow to broad to open consent. Narrow 
informed consent simply will not work, especially in the light of the internationalization of 
research. Hence the answer to Question 11, which asks what ethical principles should be 
taken into account, does not have a ‘one size fits all’ answer. 
The insights of feminist bioethics are sometimes overlooked, and should not be. Feminist 
bioethicists not only reinterpret principles such as autonomy but also draw attention to the 
power relations that are at work in situations that require ethical assessment. They have 
pointed out the challenges of bringing to light the framing assumptions that reinforce those 
power relations and of making clear whose voices are heard. This is a very important 
consideration in debating the ethical issues of emerging biotechnologies. 
Animal biotechnology, and animal issues more generally, have arguably been 
underrepresented 
in the Bioethics literature. This might appear strange, as one of the early 
pioneers in the field was Peter Singer, who also published the groundbreaking book Animal 
8 HUGO Statement on Pharmacogenomics, Solidarity and Equity HUGO: 2007 
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Liberation in the 1970s. The importance of animal issues is highlighted by developments in 
genomics9: with regard to transgenic animals, not only are there animal welfare 
considerations, but attention is increasingly turning to issues regarding the dignity of the 
animals in question. While ‘dignity’ has been a hotly contested concept in human Bioethics, 
the employment of the concept in the context of animal Bioethics raises important issues that 
go beyond suffering, such as the ability of the animal to live according to its natural kind. 
Comparative genomics, moreover, has implications for the identity of species and of our own 
relations with other species, in the light of the ongoing search for what, if anything, makes 
humans unique. 
Risk and precaution (Question 13) 
This section is a summary but also an update of the collaborative work on risk and precaution 
undertaken in Cesagen and at the ESRC STEPS Centre (Wynne and Stirling), published as 
chapter 3 of the EU 2007 Report, Taking European Knowledge Society Seriously (D-G 
Research, Working Group on Science and Governance, chair Brian Wynne, Rapporteur 
Ulrike Felt). 
The almost exclusive use of risk assessment as the regulatory hurdle for governance of new 
technologies, including emerging technologies, raises questions about the adequacy of 
scientific risk assessment for anticipating the consequences or probable consequences of 
those technologies. Questions have been raised about the adequacy of risk assessment in this 
sense, even for technologies not seen as emerging, such as PCBs, Thalidomide, or CFCs10 

where the subjection of each technology to full regulatory risk assessment before it was 
approved for commercial use, did not prevent the later surprise arrival of harmful 



consequences which were simply unknown to science at the time of risk assessment and 
9 See, for example, Twine, R (2010) Animals as Biotechnology - Ethics, Sustainability and Critical Animal 
Studies London: Earthscan 
10 See Gee,D., Wynne,B, Keys, J., Stirling,A, MacGarvin,M., and Vaz, S. eds., (2003), Late Lessons From 
Early Warnings: The Precautionary Principle in the 20th Century, European Environment Agency, Copenhagen, 
and Earthscan, London. 
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decision. Risk assessment can, by definition, only address the known consequences of any 
new technology and attempt to assign probabilities to the consequential harms. Uncertainty 
can then be defined as known possible consequences, but where the probabilities of those 
consequences, and also maybe their scale of harm, are not known, even if the possible harm 
is known. 
However, these examples involved something further, namely ignorance: that is, the possible 
harm was not known, when commitment was made guided by the best scientific knowledge 
available. It only became known after-the-fact, as a very harmful, accidental surprise. When 
CFCs were risk assessed in the 1960s, no one knew to even pose the question: “what will 
happen if and when such chemicals percolate up to the stratosphere, and interact under 
specific extreme conditions of ultraviolet light and temperature, with the ambient 
ozonelayer?” 
Had they known this was a question, they might have anticipated that ozone-depletion 
would be the result. The same kind of drastic surprises occurred with Thalidomide, and 
PCBs. Scientists involved in managing the post-Chernobyl accident uptake of radiocaesium 
by Lake District sheep experienced the same kind of surprise thanks to their unrecognised 
ignorance of radiocaesium behaviour in local soils, which in contradiction to their 
predictions, stayed chemically and biologically mobile in the fell-top soils, and so kept 
recontaminating those sheep for years afterwards, instead of declining to acceptable levels 
within three or four weeks, as scientists had predicted. 
Scientifically rigorous risk assessment would always recognise the potential for some degree 
of ignorance to exist in risk statements made for policy. Ignorance cannot be exposed and 
overcome by risk assessment and science. It is not bad science, so much as a pervasive 
predicament; but this does not absolve policy and advisory science from responsibility to 
respond to it. Emerging technologies and their particular qualities make this all the more 
important, and indeed urgent. 
The more that immature scientific work and knowledge is pressured to translate itself as 
rapidly as possible into large-scale commercial technologies (as often happens with emerging 
technologies) the more likelihood there is in principle that this translation will produce 
unanticipated consequences and potentially nasty surprises. A rigorous and publically 
trustworthy risk assessment would acknowledge this scientific reality, even if, by definition, 
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it could not define those unknown consequences. A responsible policy culture would respond 
to this problem, by adapting the regulatory process accordingly, for example by requiring that 
benefits claims be examined, as well as risk questions; and by requiring upstream, that a 
diversity of options and alternatives are thoroughly funded, and assessed in relation to openly 
debated societal needs and priorities. With emerging technologies, their novel characteristics 
require the recognition that risk assessment alone is an inadequate regulatory tool, even if it 
remains a necessary element of a multifaceted governance toolbox. The more upstream we 
are in the life cycle from provisional research, the more this inadequacy of risk assessment 
becomes pertinent. Recognising the predicament of ignorance here requires not the shutdown 
of everything, but the posing of further necessary questions, about the benefits which 
are sought from such innovations, for whom and under what conditions; and about the social 
needs and priorities which are being thereby addressed - are these meeting important or trivial 



social needs? What alternatives might they be foreclosing, or have already been foreclosed? 
These kinds of questions cannot be answered by deterministic forms of scientific response, 
but need structured and informed social and ethical debate, including discussion about the 
unspoken social imaginations and prescriptions embodied in particular scientific R&D 
programmes and trajectories, and the alternative visions which have thereby been preempted. 
This returns the issue to that of which kinds of stakeholder does scientific research 
agenda-setting and funding listen to, and identify with? A strategic approach to science-led 
innovation based upon rigorous treatment of one of science’s weakest spots in terms of 
public trust, namely ‘uncertainty’, would have two positive consequences: 
• It would explicitly recognise that the scientific and policy focus on control (including 
predictive control, as in risk assessment), as a perceived condition for public 
legitimacy, is not attainable; 
• It would thereby discover that the pretence that it is attainable, is not only not 
necessary, but counterproductive, in that it helps generate the public mistrust and 
hesitation which it is attempting to avoid. Typical publics already know, intuitively if 
nothing else, that such control is only achievable in artificial places like laboratories 
and computer simulation models, and not in real situations in which real lives are 
lived. 
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The observations made above indicate that our answer to Q14 would be that no singular, thus 
inevitably standardised, framework for addressing the governance and regulation of all of the 
class of emerging technologies could possibly be developed and implemented with any 
semblance of credibility. 
Public engagement (Questions 15 and 16) 
Cesagen has a long tradition of work on public engagement and has had a number of projects 
in this field. For present purposes we are including a case study on GM crops (case study 1) 
from UK experience of the GM crops and foods controversy between the early-mid 1990s, 
and the mid-2000s. This focuses on an unrecognised dimension of BBSRC funding of 
science-based plant and crop genomics, when the April 2004 BBSRC Crop Sciences Review 
recognised the need to respond to strongly-expressed public concerns over the GM 
cropsfoods 
issue, acknowledging its own inadvertent concentration, over many previous years, of 
plant sciences R&D under a singular and hegemonistic vision of GM. Recognising this 
inadvertent diversion of its own scientific R&D under such forces and conditions, the Crop 
Sciences Review proposed, instead, to deliberately diversify its R&D portfolio under 
nontransgenic 
(non-GM) options. Public resistance here helped persuade UK biosciences to 
recognise the inherent but unexploited flexibility in-principle of plant genomics scientific 
research, when this was being inadvertently restricted, arguably through a longer-developing 
restriction in the range of stakeholders allowed to influence scientific priority and 
agendasetting. 
We propose that a key strategic issue here, for more than just the UK plant sciences, is that 
science policy bodies across the board should be required to review the way they define and 
involve relevant societal stakeholders in the establishment of R&D priorities and needs, 
including institutional reflection upon what salient voices and needs might be being 
inadvertently excluded from such processes of mutual learning between scientists, funders, 
and broader ranges of such societal stakeholders. We also note here how this diversification 
of science which took place thanks to public resistance to GM, did not result only from public 
demands or proposals, but that it also required, and in this case enjoyed, deliberate collective 
15 



reflection on the part of qualified research scientists. Such modest enlightenment should not 
have to be born only of conflict and confrontation. 
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Appendix: Case Studies 
1. GM crops 
This case study is an extract from Brian Wynne (Cesagen) and Rob Doubleday, ‘Despotism 
and Democracy in the United Kingdom: Experiments in reframing citizenship’ in Sheila 
Jasanoff (ed) Reframing Rights: Bioconstitutionalism in a Genomic Age, MIT Press 
2011, pp.461-467. The section was written by Wynne. 
N.B. As these extracts are taken from publications the references have been left in the 
text. For the bibliographical details the original should be consulted. 
Adventures in Public Engagement and UK Plant Sciences? 
Amplifying the UK institutional inhibitions against a more active role for civic actors in 
public issues involving science have also been fears as to what public engagement might 
involve. The academic advocacy of “upstream” public engagement, as distinct from 
engagement only on downstream issues of risk and impacts, was accompanied by the crucial, 
explicit note that this shift of attention meant asking different questions, in a different way, 
about the meanings, purposes, and priorities imagined for scientific research. When this 
upstream shift was endorsed by the enthusiastic GM-promoting Minister for Science Lord 
Sainsbury (Sainsbury 2004), and indeed by the Royal Society’s 2004 Nanoscience report 
(Royal Society and Royal Academy of Engineering 2004), that original understanding was 
transformed and retrenched back into the idea that upstream was simply about earlier 
anticipation of risks and impacts and earlier warning of public concerns, at a point where they 
might be pre-empted before they became disruptive. The original intent was thus overlooked 
and unnecessary fears were fuelled that upstream dialog meant allowing the public to dictate 
to scientists what research they should be doing next, on what, and in what ways. 
Almost unnoticed, a much more authentic, scientifically informed, and reflectively reasoned 
example of upstream public engagement with science—through indirect, scientifically 
mediated reorientation of the imaginaries shaping scientific research and its funding—has 
occurred in the UK GM controversy and related science policy. This is indeed modest and 
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fragile, but also potentially groundbreaking. Here we need to shift focus to the UK BBSRC as 
the main public funder of basic and strategic plant and crop science. 
As has been recognized (van Lente 1993; Jasanoff and Kim 2009), forward-looking 
imaginaries embodied and enacted in public funding and research for science and technology 
are a key factor shaping the directions and outcomes of innovation. Significantly, these 
shaping imaginaries are invariably social as well as technical, in mutually reinforcing forms, 
and they are typically under articulated in public reasoning, even if they are influencing the 
forms and directions of major social consequences and inadvertently excluding other 
unimagined or neglected possibilities. 
From roughly 1990 to the late 2000s, an inadvertent selective commitment had become 
cumulatively entrenched in the social-institutional structures shaping UK agriculture and in 
the UK BBSRC (previously the Agriculture and Food Research Council). This imaginary had 
materialized and developed in a somewhat monolithic and concentrated form, with attendant 
loss of intellectual and stakeholder diversity. The concentrating forces were not exclusively 
GM-oriented interests and expectations but also included commitments to a particular model 
of plant species and exclusive dependencies on big technologies; further factors were 
GMrelated, 
but indirect, as explained shortly. Nevertheless, the pervasive expectation that GM 



crop and food futures would dominate global innovation and markets had pervaded the plant 
sciences as elsewhere, and many public scientists were sincerely convinced spokespersons for 
this imaginary. Until the public opposition to GM crops condensed resoundingly into GM 
Nation, this was the uniformly entrenched but implicit commitment driving BBSRC’s 
research and related policies. Yet in 2004, the BBSRC, as an institution of the state, 
recognized the legitimacy and salience of public opposition to GM organisms and of the 
uninvited public engagement that had been expressed through the persistent and proliferating 
controversy. Such engagement, upstream in key senses, but also long downstream in terms of 
the formulation of government priorities, reshaped the monolithic, institutionally entrenched, 
sociotechnical imaginary, in material (if still fragile and open-ended) ways. 
During the late 1990s and early 2000s, the BBSRC was publicly committed to promoting 
scientific research on the assumption that UK agriculture would be fully integrated with a 
global vision of agriculture in which GM crops would be grown commercially and traded 
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globally. The BBSRC’s chief executive, Ray Baker, himself an ex–chemical industry 
executive, appeared frequently on radio and television arguing the pro-GM case against NGO 
critics and academic skeptics. Such imaginaries of monolithic concentration, in which GM 
was simply assumed as the future for agriculture, seamlessly integrated GM-oriented, 
publicly funded science with international corporate R&D and its structures of intellectual 
property rights. 
Thus, when—between 2002 and 2005—social and natural sciences researchers (Stengel et al. 
2009; Kamara 2009) interviewed many UK university and BBSRC scientists about the effects 
of intensified commercial demands on their scientific research, a repeated lament was about 
the undue concentration and narrowing that had occurred over an extended period in UK 
plant sciences, including plant genomics research. Not all of this was due to a singularly GM 
vision, but GM was a central element. In one 2003 example, an internationally leading crop 
plant geneticist interviewed at the BBSRC’s John Innes Research Centre complained that 
other non-GM approaches (such as using plant genomics to assist conventional plant 
breeding, as with marker-assisted selection and breeding) were being ignored and starved of 
public funds to the benefit of GM-oriented science, which he described as a scientifically 
inadequate commercial “short circuit from lab to field”. 
A further tangential agricultural policy development a few years earlier had already 
reinforced the GM trajectory concentration in science itself. In the late 1980s, the Thatcher 
government had privatized the national Plant Breeding Institute at Cambridge, in the process 
undermining public plant breeding as a diverse community of commercial and knowledge 
production (Webster 1989). Thus, an important institutional vehicle that could feed farmer 
interests and knowledges back upstream into research, similar in some respects to the U.S. 
agricultural extension program, was destroyed. Without this field-grounded stratum of 
expertise and possible mediation, laboratory plant sciences were left with the only route from 
lab science to field as the high-science, high-technology GM “short circuit,” from 
commercially oriented R&D lab to the industrialized, commercially regulated field. 
Agricultural research was thus constrained in its imaginable crops and in the organizational 
modes of such narrowly selected crop production (van Dooren 2009). This is a classic 
empirical manifestation of the STS concept of “coproduction” (Jasanoff 2004). Science and 
society were mutually shaped not as a direct function of specific decisions, but through a 
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longer more gradual process of “naturalization” of commitments and adjustments between 
interdependent and interactive agents. 
It is interesting to note that the BBSRC stimulated a process of self-reflexive learning as to its 
own strategic scientific commitments. In 2003, the BBSRC initiated a crop science review. 



This scientific community review shifted plant and crop science policy in important (if 
modest) ways that have yet to be more widely recognized. The resulting Crop Science Review 
(BBSRC 2004), which included a consultation with relevant scientists and stakeholders-users, 
stated a marked if imprecise shift in scientific ethos: “[the review] proposes a stronger 
national focus on research underpinning ‘public good’ plant breeding” (6). 
The BBSRC defined public-good plant breeding in terms that explicitly noted the tie-in 
between good science and good politics. The consultation exercise identified a widely 
perceived need for public-good plant breeding, in order to address crops and traits not 
emphasized by multinational interests and to restore public confidence in plant breeding” (6; 
emphasis in original) The review concluded more specifically and directly: “BBSRC should 
seek to increase publicity for public-good plant breeding and to emphasise the role of 
genomically-informed but non-transgenic approaches to crop science research” (11). And 
further: “We highlight . . . the need to identify and generate new sources of variation for 
important traits and to strengthen the science underpinning the development of non-GM 
approaches to crop improvement. . . . Transgenic plants involving gene transfer between 
species are not a prerequisite for exploiting genomics” (23). 
This was not an anti-GM move. It recognized the routine scientific view that transgenic 
techniques are a useful (but not exclusive) tool for understanding gene function. However, 
the review did display an important shift in the BBSRC’s sociotechnical imaginary to a more 
holistic, diversely grounded, and flexible portfolio of future scientific, agricultural and social 
possibilities and priorities. It is worth noting that although this upstream shift did occur as a 
result of public intervention—largely indirectly—in GM science, reflection by scientific 
actors on the reasons for those public interventions, and their recognition that technical 
alternatives could be adopted in response, were also crucial. No typical non-specialist 
member of the public would have been able to conceptualize and propose these strategies for 
themselves. Since the BBSRC Crop Science Review was published and digested, modest 
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material moves have been made according to this new science policy imaginary, with £15 
million being spent by BBSRC in 2008–2009 in the ensuing Crop Science Initiative. Where 
this may lead in future remains open. 
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2. Nutrigenomics 
The following case study, an extract from R.Chadwick, ‘Nutrigenomics and statistical 
power: the ethics of genetically informed nutritional advice’ in D. Bagchi et al., Genomics, 
Proteomics and Metabolomics (Wiley-Blackwell, 2010) pp. 23-33, examines the different 
notions of choice that may be at stake in relation to an emerging biotechnology 
What basis is there for accepting dietary advice? The difficulty of establishing the relevant 
(statistical) associations between genetic factors and dietary response in the first place is 
crucial. Beyond that, however, there is a problem about the meaning of that information for 
the individual. Let us take the five a day programme. The health benefit of consuming five 
portions of fruit and/or vegetables a day has been established statistically at population level. 
For any given individual it may not be true, and yet it is not clear that this is realised by those 
who are making food choices. Analogously in the pharmacogenomics (pgx) context, the 
degree of awareness that some drugs on the market for general use had established efficacy in 
as little as 30% of the population was limited until it became possible to promote the 
comparative benefits of personalised medicine. The issues surrounding awareness of the 
statistical evidence of efficacy are now replaced by those concerned with awareness of the 
degree to which the statistical associations have been or can be established between genetic 
factors and response in the phenotype. 
…………………………………………… 



Although the notion of ‘choice’ is relied on in arguments on these issues… its meaning is not 
always clear. Different philosophical positions on ‘choice’ can be found in the arguments, 
with different implications for directiveness and the qualities of the information conveyed. It 
is therefore important to be clear about what is involved. One position, identifiable with a 
‘liberal’ political philosophy, is that the job of government, in relation to food (analogous to 
its job in other areas) is to ensure that the food that consumers eat is safe – but beyond that it 
is up to the individual what he or she eats. This appears to be the philosophy that underpins 
at least some current food policy in Europe, so that, for example, novel foods are examined 
for safety but not for efficacy, but regard is had to issues of access and choice. The liberal 
philosophical position appears to be technology friendly: it is of course important to give 
22 
consumers information about the pros and cons of new developments, but in the name of 
‘choice’ it is up to them whether or not they avail themselves of these new possibilities. 
This approach adopts a ‘thin’ account of individual autonomy, where the concept of choice is 
limited to choosing for or against a new development on the basis of information provided. 
The provision of information is seen as potentially empowering, as is the technology itself. 
This position was reflected in the UK Department of Health White Paper of 2003, Our 
Inheritance, Our Future, where the vision of the future of health care includes individualised 
dietary advice, and the individualisation will be made possible, it is predicted, on the basis of 
genetic information. On this position, then, advice will be ethical if the information is 
accurate and the advice giver has the authority appropriate to the context. Any limitations on 
statistics would need to be transparent, however, for the information to be of the appropriate 
quality. 
However, there are drawbacks in this position, both from the point of view of other 
interpretations of ‘choice’, and concerning some practical issues. In the context of pgx, for 
example, there are worries about the implications for liability in the advent of genetically 
informed drug prescribing. What if someone wants to take a drug but not to have a genetic 
test? Can the physician prescribe it without fear of liability in the event of adverse reactions? 
Alternatively, what if someone has the genetic test, indications suggest he or she is a poor 
responder, but wants the drug anyway? It is questions like these that show the pgx context is 
very different from the case of non-directive genetic counselling. 
In the case of nutrigenomics (ngx), the situation may be different, if for example the issue is 
whether enhancing effects are going to ensue, rather than avoidance of harm. There are also 
considerations relating to whether the context is the commercial one, where the consumer is 
paying for ngx advice. 
Returning to underlying philosophical positions, however, when we look at Choosing Health 
it seems that what is envisaged is something more going on in ‘advice’ than the provision of 
information in a non-directive way. A second philosophical position, which seems to be 
encountered here, also operates with a notion of choice, but, a thicker one – instead of simply 
providing the information on which to make a choice, we find encouragement of healthy 
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choice, while still using the language of empowerment. The problems of what counts as a 
healthy food and/or diet of course, still remain. 
Although this view still uses the rhetoric of choice, it implies a view about individual 
responsibility for one’s own health. Whereas on the liberal view it is in principle open to 
individuals to take any choice on the basis of the information provided, without disapproval, 
on the second view there is a barely hidden assumption that people given information will 
make certain sorts of choices. On this view the autonomous agent, then, is conceived of as a 
responsible agent, it being an essential part of responsibility to maintain the integrity and 
healthy functioning of the body, which is a necessary condition of survival and future 



responsible action. When ngx is added to this mix, arguably the responsible agent would be 
one who not only acts on ngx information when it is provided, but one who takes action to 
know genetic information about him- or herself, when the opportunity presents itself. 
Choosing Health recognises that children are a special case, but there is a wider problem than 
that. Clearly, in the case of food, the class of people who consume the food is not identical 
with the class of people who buy it or prepare it. Many people in many different contexts do 
not buy and prepare their own food. This is probably true of the majority of people for some 
of the time and of a minority of people all of the time. In this sense to encourage 
responsibility for one’s own health can be beside the point. 
Claims of responsibility for one’s own health are also challenged by claims of a genetic 
determinist sort, including purported discoveries of ‘genes for’ conditions such as obesity. 
There are different issues here: one concerns the status of the factual claims about the causal 
effects of genetic factors; another concerns what follows from that. A third concerns 
people’s reactions to those claims, which range from fatalism on the one hand to making 
extra efforts to counteract the genetic influence, on the other. 
The implementation of pgx in health care practice arguably demands more responsibility on 
the part of both professional and patient. The professional has to be relied upon not to 
prescribe ‘off-label’ i.e., to those whose genetic profile suggests they are likely to have an 
adverse reaction. The patient has to be relied upon to stick to the prescribed regime. For pgx 
may affect not only the choice of drug but also the dosage of the drug in question. 
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There is a third view relating to choice which presupposes yet another notion of autonomy, 
according to which the agent’s choice concerns a certain way of life. Here the agent himself 
is conceived of as making choices of what sort of life to live. To assume that everyone is 
primarily concerned about health when choosing food is a mistake: food choices are 
influenced by cultural factors, peer group pressure and so on. From this perspective it makes 
sense, for example, for stomach stapling to be preferred to attempting to change diet, so that 
obese children can continue to eat a diet of burgers with their peer group, only not in such 
great quantities. 
Here we find the possibility of ‘personalisation’ being applied in the third sense described 
above, of advice in relation to a person as a self-aware being with his or her own goals and 
life plan. What factors affect the kind of information relevant here? Non-directiveness is 
implied, in so far as the advice has to be open to the advisee’s goals rather than those of the 
adviser. One of the pertinent lifestyle choices may be a rejection of the relevance of genetics, 
especially in genetically modified foods and functional foods. On the other hand there may 
be particular lifestyle choices such as sport which make the choice of ngx advice important. 
It might be asked whether there is a real difference between the first position and the third, in 
relation to giving advice to support choice, on the grounds that even in the first position the 
advisee, given the information, is regarded as free to make any choice on the basis of that 
information without disapproval. The difference is that the third position has to have regard 
to different lifestyle choices and arguably to make them possible, by making the options 
available. More is required that simply ensuring safety and then leaving choices up to the 
individual. To say there is respect for different lifestyles is empty if certain lifestyle choices 
are not possible. 
In all cases, if the advisee thinks he or she is being treated as an individual, and being given 
personalised (and more certain) advice rather than just statistical, it needs to be clear to what 
extent this is true. Otherwise the benefit of supposed greater personal relevance is not the 
benefit it is claimed to be: the issues surrounding statistics have only been shifted to another 
place, to the reliability of the association study in question. The issues of statistical power 
need to be put very firmly at the centre of ethical debate. 
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3. The Promissory Languages and Social Space of In Vitro 
Meat Research 
This case study is an extract from an article by Cesagen’s Neil Stephens, N Stephens, "In 
Vitro Meat: Zombies on the Menu?" (2010) 7:2 SCRIPTed 394, 
http://www.law.ed.ac.uk/ahrc/script-ed/vol7-2/stephens.asp It demonstrates the different 
ways in which an emerging biotechnology can be framed in accordance with different 
interest groups 
In vitro meat protagonists make a range of claims for the product. The development of meat 
free from the practical issues of livestock rearing is said to make it suitable for vegetarians 
and vegans, as no animals have been harmed or killed in its production. The absence of actual 
animals in the production process also deems the food environmentally friendly because it 
negates the contribution of livestock rearing to global warming and de-forestation. 
Furthermore, its supporters claim, the production process will appeal to health advocates 
because the level of control over it ensures that the meat can be rendered free of fat, naturally 
occurring animal disease, and medical interventions such as vaccination and steroid use 
experienced by whole animal meat sources. We have already noted that one very different 
type of potential market is found in space and defence agencies. In situations of long distance 
space travel or lengthy periods of seclusion, for example, in a nuclear bunker, the ability to 
produce meat with no access to farming facilities would be useful. Scientists are keen to 
promote these promissory languages as a mechanism for enrolling support and funds to the 
research. These pro-in vitro meat claims can however be contested, and the extent to which 
the identified potential markets will resist these configurations of their politics and identities 
is yet to be determined. 
There is a further, different, pro-in vitro meat voice. These are individuals and campaign 
groups who see potential in the technology for social good, usually as a means to cut green 
house gas emissions or reduce animal cruelty. The leading campaign group is called New 
Harvest. They focus entirely on promoting and raising funds for in vitro meat development. 
While essentially spearheaded by one individual, New Harvest is well connected to scientists 
active in the area, and has had moderate success in raising and distributing financial support 
to the field. In addition to targeting laboratory work, New Harvest recently funded Dutch and 
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UK based researchers to conduct an environmental analysis of the energy requirements for in 
vitro meat production. The goal was to provide estimates of the potential benefit of in vitro 
meat, in terms of green house gas omissions, as compared to whole animal meat production 
methods. The group is well organised, with a well-produced website containing sufficient 
information to be used as a resource by the scientists active in the field, as well as wider 
publics. Since its inception in 2004, New Harvest has featured consistently in the media 
reporting on in vitro meat. 
Another high profile, although less consistently pursued, intervention supporting in vitro 
meat was made by People for the Ethical Treatment of Animals (PETA), who, in 2008, 
announced a prize of US$1m for the first group to commercialise in vitro meat in the United 
States. PETA framed in vitro meat as an animal rights issue in keeping with its broader 
portfolio of high impact campaign tactics. The competition was reported to have caused ‘near 
civil war’ within the organisation over whether it, a pro-vegan organisation, should be 
supporting meat production at all (Schwartz 2008). While the political alignment of animal 
rights activists and innovative biotechnology could be an example of the ‘strange bedfellows’ 
that categorically re-defining bioscience can provoke (Evans, Plows, & Welsh 2007), it is 
also easy to be cynical about the genuine nature of competition. The Contest Rules set a high 



benchmark for winning the prize: selling 2,000lbs of meat in no less than 10 states 
consecutively for three months at the same price as whole animal meat before mid-2012. 
Such a high level of production looks unrealistic. Furthermore, as some scientists have 
expressed, if PETA was serious about supporting the research it would have awarded the $1m 
as research grants to develop the technology instead of as a prize for completing the work. 
That said, the PETA intervention was important for significantly raising the profile of the 
technology (as well as its own profile) and making many people consider, perhaps for the 
first time, whether they would eat it, zombie or not. 
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4. Synbio 
The case-study here begins from the Venter team’s Science paper (20 May 2010). In that 
paper, they refer to their aim having been achieved, namely to produce a “minimal cell that 
contains only essential genes” (paper, p.1, 2nd para excluding abstract). In an earlier paper 
by the same authors describing this project, this aim was to produce a “minimal functional 
genome”. 
This shift from genome to cell to “life” is of course a familiar obsession with the media etc., 
and Paul Nurse observed on the Radio 4 Today programme of 21st May 2010, that there is a 
distinction between a self-replicating genome, and cellular-organismal ‘life’. Indeed he said 
that (we quote from notes made at that time by Brian Wynne) “I don’t think we will create a 
living cell synthetically”, just because we have created a synthetic genome. This poses a crux 
question for the debate on this – Venter and colleagues talk of functionality as above, yet 
also acknowledge (para 1, p.1) that “no single cellular system [let alone therefore, multi-cell 
organisms] has all of its genes understood in terms of their biological roles”. From 
epigenomics, we know this to be the case, but the crux then is, what does Venter mean by 
‘functionality’, or “a minimal cell that contains only essential genes” – essential functions, in 
what biological conditions, precisely for what? This kind of question remains unvoiced, and 
unrecognised – by scientists, by regulators, and by media and other commentators. By 
default, two (or three, at least) societal risk and ethical questions are obscured here: 
(1)‘Minimal function’ for scientific research purposes in Venter’s lab might well be just 
‘self-replicating’, thus reproducing bare ‘cellular life’ as-it-were. But this is not just a 
long way in time and scientific development from beneficial, acceptable, and safe 
societal functionality, it is also undefinably different in terms of the different 
conditions of ‘functionality’ which the resultant synthetic cells will have to achieve 
in e.g., industrial-scale production conditions (including, containment, on which 
Cesagen work has found some interesting material in JC Venter Institute patent 
applications, about artificially added amino acids which would render ‘escaped 
organisms’ unviable, thus safe - in theory). Laboratory ‘functionality’, and societal 
‘functionality’ are not remotely the same thing, yet there seems to be no explicit 
recognition of this difference, and thus no awareness of the need to develop and 
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interject those societal meanings, conditions, concerns, and alterations, into the 
science as it translates from lab to society. In effect, therefore, society is handing 
over wholesale the direction of science and innovation, and thus social change and 
direction, to scientists like Venter, because of the difficulty of opening up scrutiny 
and debate about apparently innocent but crucially ambiguous technical terms such 
as ‘function’ or ‘essential genes’. Key questions need to be posed, including: 
essential for what purpose? Moreover, there are larger questions about who identifies 
those purposes. In the absence of mechanisms and avenues for opening up such 
crucial democratic issues, Venter exclusively controls this terrain. 
(2)Venter’s version of ‘minimal functional genome’ or ‘minimal cell containing only 



essential genes’ assumes that a very specifically situated and localised scientific 
version of functionality or essentiality - should become the accepted social version of 
functionality or (therefore, as we have said in Cesagen, and in the Wilsdon, Wynne, 
Stilgoe 2004 Demos pamphlet, The Public Value of Science) ‘public good (science)’. 
In addition, this process neglects crucial questions concerning the biological 
unknowns involved in the identification of a self-replicating synthetic genome, with 
organisms which will be (i) useful, and (ii) safe and safely manageable under realistic 
conditions. Venter et al, as we know, insist that these organisms will only ever be 
used under contained industrial vat production conditions, and, as he said, in reply to 
a query from Brian Wynne at a Royal Society event in Dec 2008, they do not ever 
envisage or intend any environmental release. As Paul Oldham of Cesagen has noted, 
in his examination of JCVI synbio patent applications, they have asserted the use of 
particular amino acids artificially inserted into synthetic cells the presence of which 
would be needed to be continually replenished to keep them viable. Thus, ‘escape’ 
would, they assume, mean no further human lab replenishment, therefore nonviability, 
therefore guaranteed safety. As scientists continually remind us, there is no 
such thing as ‘zero-risk’, and there are plenty of scientifically and socially plausible 
mechanisms by which this protection could fail, with self-replicating uncontrolled 
and unpredictable consequences. Moreover, this would be the case even for very 
specially attended to, resourced, and small-scale disciplined lab activities, let alone 
for industrial scale, routinised, and so more ubiquitous and undisciplined, mass 
production conditions. 
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(3)The reductionist and presumptively universalised definition of ‘essential’ and 
‘nonessential’ 
genes and other biological entities which we have problematised above 
continues through the 2010 Science article, (e.g. at p.3, 1st para. of Discussion). 
Thus, here there is reference to knocking out major chunks of the genome containing 
what they term “non-essential genes”, which “had no observable impact on 
viability”. Thus, functionality, or essentiality, is reduced only to ‘viability’ again, and 
‘viability’ means, in this instance, only the restricted lab meaning, which is selfreproduction, 
as if this therefore encompasses all societal functions, and 
understandings of ‘viability’ and ‘no ill-effects’. This continues onto p.4, in the 
comment: “The demonstration that our synthetic genome gives rise to transplants 
with the characteristics of M Mycoides cells implies that the DNA sequence upon 
which it is based is accurate enough to specify a living cell with the appropriate 
properties [our emphasis]”. Again, this quality, a “living cell with the appropriate 
properties”, may be salient and justified as “appropriate” for the specific and artificial 
world of the research lab – but de facto, this context of meaning and validity is, in 
normal science-society interactions, never contained to this context only. There are a 
multiple and varied practical translations during innovation and regulatory processes 
which need to be examined to fully evaluate such meanings. Hence, these are not 
matters of narrowly perceived versions of scientific risk identified by such expert 
groups. 
Venter and his team claim to have led on the ethical and social audit of this work. Yet this 
ethical review has excluded the kinds of extensive ethical and social issues we raise here. 
One of the key issues we would emphasise here is the distinction between functionality 
understood in highly artificial and restricted scientific laboratory terms, and functionality 
in full social terms. This is an issue which needs to be openly and rationally debated in a 
broad social context, involving not just leading-edge scientists and media commentators, 



but public representatives. Moreover, such discussion needs to be informed (but not 
determined) by careful and multi-disciplinary academic analysis. 
This is not a matter of critiquing ‘science’. Rather, this commentary comes from the 
acknowledgement that all science, in its pragmatic way, has to start from somewhere 
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inadequate and this is what justifies continuing The problem arises because we have let 
that endemic inadequacy and provisionality of much scientific knowledge-practice to go 
unnoticed and unremarked. The danger that our case-study highlights is that cutting-edge 
techno-scientific developments like synthetic biology become too quickly identified as 
established and there is no space for examining rigorously the risks, as well as the 
possibilities, they entail. 
We propose that as the public authority on social and ethical issues in bio-sciences, 
Nuffield might articulate and create space for exploring some of these neglected questions 
which are particularly crucial in relation to emerging sciences-technologies, which are 
particularly reliant upon immature fields of basic scientific knowledge, often multiple 
intersecting ones. 
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