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Abstract

:

The project “A Plurality of Lives” was funded and hosted by the Pufendorf Institute for Advanced Studies at Lund University, Sweden. The aim of the project was to better understand how a second origin of life, either in the form of a discovery of extraterrestrial life, life developed in a laboratory, or machines equipped with abilities previously only ascribed to living beings, will change how we understand and relate to life. Because of the inherently interdisciplinary nature of the project aim, the project took an interdisciplinary approach with a research group made up of 12 senior researchers representing 12 different disciplines. The project resulted in a joint volume, an international symposium, several new projects, and a network of researchers in the field, all continuing to communicate about and advance the aim of the project.
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1. Introduction


Research groups around the world are currently busy trying to invent new life in the laboratory and looking for extraterrestrial life (see e.g., References [1,2,3,4,5,6,7,8]). Furthermore, new developments in artificial intelligence (AI) and robotics means machines are approaching a degree of autonomy that until now has been restricted to living beings (see e.g., References [1,9,10]). These areas have one thing in common, namely that they might, within our lifetime, provide us with what can be termed a second origin of life; that is, life that is not related to life as we know it today.



A few decades ago, both the creation of new life and the discovery of extraterrestrial life would have been seen as science fiction. Today, the scientific community generally agrees that it is a question of when, not if, any of these endeavors will be successful. Despite this, there are reasons to believe that we are ill-prepared for the challenges, as well as the opportunities, that the emergence of a plurality of lives—life forms with different origins—undoubtedly will create.



The emergence of a plurality of lives will have profound effects on a wide range of issues that all depend on how we look at life; from how to frame research questions in chemistry, biology, and astrobiology through legal and political questions, to philosophical and theological perspectives. Only a thoroughly interdisciplinary approach can tackle the basic question behind all these challenges; that is, how will the emerging plurality of lives change how we understand and relate to life?




2. Background


What it means to be alive is a question that can be approached from many different perspectives. It remains central in many contemporary research projects, most obviously in biology, astrobiology, and chemistry, but also in medicine, theology, and philosophy, not to mention in many works of literature, film, and art. Life and its limitations has inspired numerous novels, poems, films, and other works of art, as well as countless scientific endeavors. The phenomenon we call ‘Life’ is simply fundamentally different from all other phenomena, and we still have to figure out exactly how.



That life is such a multifaceted phenomenon makes it captivating to both scientists and the wider public. This is also part of the challenge, since it means that understanding life and its frontiers is a genuinely interdisciplinary task that has to take into account some deep human intuitions, as well as the latest findings in science and the latest innovations in technology and medicine. It is not possible to capture the full extent of what makes life special and how it differs from non-life with only the tools and methods of a single discipline. So far, there have been many attempts to understand the concept of ‘Life’ from many different disciplinary perspectives, and it is usually assumed that a definition of life has to take the form of a list of necessary properties [11,12,13,14,15,16,17]. Among the properties that are usually listed, some focus on typical biological properties such as evolution [14,18,19,20,21,22] or reproduction [20,22,23]. Others focus on chemical composition [21,23,24,25] or biochemical properties [26]. The physicist Erwin Schrödinger defined life in terms of entropy [27], while some want to focus on the acquisition and use of information [13,28] or energy [29]. Most authors try to combine different types of properties in order to produce a sufficient set of necessary properties, but the result is typically multi- rather than inter-disciplinary (see e.g., References [21,30]).



The existence of countless studies carried out from different perspectives does not automatically provide an inter-disciplinary understanding, however. It is similar to the old tale of a group of people standing in a dark room with an elephant. They all feel different parts of the elephant: a leg, the trunk, an ear, a tusk, and so on. Their descriptions of the animal in front of them will therefore be very different, and they will not be able to get a complete picture of the animal. Instead, they continue to argue and each of them defends their own perspective. This very much resembles the present discussion about the nature of life. To take the next step, representatives from different disciplines need to go beyond simply contributing their own suggestions based on their own perspectives, and instead work actively together in a joint effort, and with open minds. In this project, we took the latter approach by applying a methodology based on Ludwig Wittgenstein’s concept of family resemblance [31]. This is an approach that has so far only been suggested, but never actually tried [32,33,34,35].



The project was hosted and funded by the Pufendorf Institute for Advanced Studies (PIAS) at Lund University (https://www.pi.lu.se/) and carried out during the academic year 2016–2017. The mission of the PIAS is to initiate new interdisciplinary approaches and research constellations that deal with questions of high societal relevance, which cannot be dealt with in a satisfactory way within just one or a few adjacent disciplines. Projects funded by the PIAS are thus not primarily judged by their ability to immediately generate concrete answers to research questions, but by their ability to generate new interdisciplinary constellations and fundable research project ideas that in turn will produce cutting-edge research that might not otherwise have been initiated.




3. Practical Implications


A second origin of life will in a stroke change how we look at life. By providing an instance of life that is not related to us, it will help us deal with the question of whether something is a necessary criterion for life, or just happens to be a universal property of life as we know it today. It will therefore be invaluable for our attempts to understand life. A second origin of life will thus affect how we define life, but also our attitudes to life, and perhaps even how we live our lives [36,37,38,39,40,41,42]. This in turn will have many practical implications that need legislation and policy decisions [43,44,45,46,47]. In a nutshell, it might be one of the most revolutionary events in the history of our species, and it may well happen within our lifetimes.



The fact that the new life is discovered or invented by a human (or an organization of humans) might affect how we value it, and it will most certainly invite discussions about its legal status. Life as we know it is an object of both governance and regulation, and the subject from which such regulation departs [48]. The prospect of a plurality of lives makes for problematic basic assumptions in both these aspects. Some of the vital questions that may be posed are to what extent we accept the technologically possible, and the procedures through which political decisions are made with respect to questions of new forms of life [49]. The possibility of discovering or inventing new forms of life is based on particularly advanced technical and scientific knowledge, involving experts from many domains. As with all complicated areas, policy-makers are deeply dependent on expertise to inform decisions [50], c.f. Reference [51]. However, there is a risk that experts will dominate at the expense of citizen influence and democratic values [52,53]. New life forms are not only an extremely technically complex field in need of expert advice, but also a field that concerns all humanity. Consequently, real democratic influence is of utmost importance [54,55,56].



Other questions concern if moral standing, but also property, agency, and accountability, are exclusively for the human species or extendable to other forms of life as well, such as extraterrestrial life, synthetic life, or autonomous robots [3,57,58,59,60,61,62].



There will also be questions about how to fit the new life into a religious context. Religious attitudes towards life are dependent on what conceptions of life religious believers have [63,64,65,66,67,68,69,70,71]. It is therefore not obvious how different religions will relate to life that does not yet exist. From a religious perspective it is sometimes also assumed that the invention of new forms of life is wrong since it means that we are taking over the role of creator. We are “playing God”, so to speak [72,73,74,75]. There is also room for discussion among believers of different religions regarding how to relate to life that is created by us and therefore cannot be conceived of as being created by a god.



Accusations of “playing God” or following in the footsteps of Frankenstein are quite regularly aired in connection with synthetic biology and artificial intelligence from secular sources as well [73,76,77,78,79,80] (see also Reference [81]). The basic worry behind this accusation seems to be that even though we might soon acquire enough knowledge to create life, we might not have the wisdom to take responsibility for our creations—both in the sense that we are not prepared for how their arrival will affect us and other existing life forms on the earth today, and in the sense that we do not yet have an ethic that covers their moral status.



A change in how we look at life resulting from a second origin of life can also imply a change in how we value life in general. Some have expressed worries that the ability to manufacture life at will, or the knowledge that our life is not the only life in the universe, will degrade the value of life [42,76,78,80].



One of the most serious potential problems with new life, whether invented or discovered, is that it will become invasive or in other ways threaten existing biological life and ecosystems [37,77,82,83,84]. An immediate concern is the question of planetary protection [56,85,86,87,88,89,90,91,92,93,94,95]. An example of this is the issue of quarantine for spacecraft to and from Mars [88,96,97,98]. The European Space Agency (ESA) ExoMars missions be looking for life on Mars but—due to ethical and biological sterilization considerations—will avoid landing in areas judged the most promising for life, first awaiting their detailed study from a distance [99,100]. Sample return missions, now in preparation, will have to evaluate the level of quarantine required for Martian soil samples brought to Earth. This means that we need to take action in relation to possible extraterrestrial life long before we have found evidence of any such life.



These are all very practical questions concerning all aspects of society, but they also have one thing in common; namely, that how to handle them depends to a large part on how we conceive of and understand both the new life forms, and existing life in view of the arrival of new life forms. The first step in dealing with the practical questions must therefore be to tackle the conceptual question, and to do so in a way that encompasses a wide spectrum of perspectives.




4. Main Aims


The main aims of the project were:



(1) To initiate an inter-disciplinary research initiative at Lund University whose focus will be to investigate how the emergence (finding or inventing) of life with a different origin than life as we know it will influence how we look at life.



(2) To initiate research aimed at handling the challenges identified in (1) in a constructive way.



(3) To create new connections between researchers working in this area at Lund University and between these researchers and researchers at other universities, as well as with society in general in order to improve both research, development, and policy making regarding these new kinds of life.




5. The Performance of the Project


The group of researchers funded by the project represented 12 different disciplines (Table 1).



The group spent one day per week on location at the PIAS working together, sharing and analyzing each other’s perspectives on life, with a focus on expected inventions and discoveries of new kinds of life unrelated to us. The project organized regular visits from researchers from outside the group, with an interest in various perspectives on Life. These visiting researchers interacted with the group and gave seminars (either internal or open to a wider audience). The visiting researchers also became the core of a wider network that is still in operation.



By focusing on the latest developments in areas such as synthetic biology, artificial intelligence, astrobiology, medicine, and robotics, as well as foreseeable future developments in these areas, we were able to formulate new questions and hypotheses that will be the basis of future projects.



In addition to joint weekly working sessions at the Pufendorf Institute, the group participated in study visits to the extremophile studies group at the Äspö Hard Rock Laboratory (http://www.skb.com/research-and-technology/laboratories/the-aspo-hard-rock-laboratory/), the Mars Simulation Laboratory at Århus University (http://projects.au.dk/marslab/), the robot laboratory at Lund University Cognitive Studies (https://www.lucs.lu.se/lucs-robotics-group/), and the tardigrade research project at Kristianstad University (https://www.hkr.se/en/research/staff/k.-ingemar-jonsson/research/). We also presented the project at relevant conferences.




6. Outcomes


	
Initiation of a network bringing together researchers working on the discovery or invention of new life, and researchers working with the possible effects of a second origin of life. The project group and its associated researchers make up the starting point of this network. The network communicates mainly through a very active Facebook group.



	
Popular science presentations for high school students in cooperation with Folkuniversitetet / Forskningsnätet Skåne. The anthology is distributed to the high school students.



	
The identification of specific research questions leading to new grant applications. So far, one such application has been funded (“How will different forward-looking distributions of responsibility affect the long-term development of artificial intelligence?” funded by Marianne and Marcus Wallenberg Foundation, grant number 2018.0020).



	
Anthology published in the Pufendorf Book Series [101]. The book was written in Swedish to reach a wider audience. The aim of the anthology was to inspire and initiate further discussion about the topics of the project among experts as well as laypersons.






The book contains the following chapters (chapter titles translated to English):




	
The fascination for life (Mats Johansson): This chapter discusses what our fascination about life as a phenomenon has to say about ourselves [102].



	
What is life? The hunt for a new definition of life (Jessica Abbott, Erik Persson): This chapter describes the problems with the standard way of defining life as a list of necessary properties, and our work with producing a new definition inspired by Ludwig Wittgenstein’s family resemblance definition [103].



	
Molecular awakenings (Petter Persson): This chapter describes the molecular basis for life and the epistemological challenges we face when trying to understand the origin of life, as well as when trying to determine what it takes for a world to be habitable and when trying to construct life from scratch [104].



	
Life far out in space (Dainis Dravins): This chapter starts with a short overview of the history of astrobiology and ends with a description of methods and challenges in modern astrobiology [105].



	
Signs of life: The search for life on foreign worlds (David Dunér): This chapter discusses biosignatures, what have counted as biosignatures historically, what count as biosignatures today, as well as challenges in determining what should count as a biosignature [106].



	
Presenting humanity to extraterrestrials (Anna Klara Capova): This chapter discusses our attempts to send messages to extraterrestrials and what these attempts tell us about how we look at ourselves [107].



	
Almost alive: Robots and androids (Christian Balkenius): This chapter discusses attempts to make machines more humanlike. It brings up, among other things, the Turing test and the “uncanny valley” phenomenon [108].



	
Artificial intelligence as a life form: The legal status of autonomous weapons systems (Markus Gunneflo): This chapter discusses issues in international law regarding autonomous weapons systems [109].



	
Artificial intelligence: Who’s responsibility? (Maria Hedlund): This chapter discusses political challenges in connection with the development of AI. It brings up, among other things, the problem that it is difficult to make truly democratic decisions about this technology because of the heavy dependence on experts [110].



	
Is synthetic biology morally impermissible? (Anders Melin): This chapter questions the claim that humans should not take on the role as creator of new life. The discussion is based on the question of who, if anyone, is hurt by such an endeavor [111].



	
The conception of the human as creator of (in)human life: The example of Mary Shelly’s “Frankenstein or the new Prometheus” (Anna Cabak Redei): This chapter discusses how the human creator is depicted in Shelley’s novel about Frankenstein and how this novel is used as a metaphor in discussions about synthetic biology [112].



	
Created life and the value of life (Erik Persson): This chapter questions the claim that if humans acquire the ability to create life, it will negatively affect the value of both the new and existing life [113].








	
Five other publications:




	-

	
One report on the status of astrobiology in Europe and its relation to European society [3].




	-

	
One journal article on the attitudes towards the scientific search for extraterrestrial life among high school and university students in Sweden [114].




	-

	
One journal article and one book chapter on biosignatures [115,116].




	-

	
One journal article on the relation between humans and robots [117].









	
Six oral and seven poster presentations at international conferences.



	
Concluding symposium where the associated researchers as well as other national and international researchers in the area were able to meet and exchange ideas (Table 2).






In conclusion, we found that our approach in relation to the aims of the project was very fruitful and productive. We found, in particular, that our initial assumption that the questions dealt with in this project need an interdisciplinary approach.







Author Contributions


Conceptualization, E.P.; methodology, E.P., A.B., A.C.R., C.B., D.D., D.D., M.G., M.H., A.M., M.J., and P.P.; formal analysis, E.P., A.B., A.C.R., C.B., D.D., D.D., M.G., M.H., A.M., M.J., P.P., and K.A.C.; investigation, E.P., A.B., A.C.R., C.B., D.D., D.D., M.G., M.H., A.M., M.J., P.P., and K.A.C.; writing—original draft preparation, E.P., A.B., A.C.R., C.B., D.D., D.D., M.G., M.H., A.M., M.J., and P.P.; writing—review and editing, E.P.; project administration, E.P., J.A., and A.C.R.; funding acquisition, E.P.




Funding


This research was funded by the Pufendorf Institute for Advanced Studies.




Acknowledgments


The authors want to thank the staff at the Pufendorf Institute for Advanced Studies for all their help during the project.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Hamada, S.; Yancey, K.G.; Pardo, Y.; Gan, M.; Vanatta, M.; An, D.; Hu, Y.; Derrien, T.L.; Ruiz, R.; Liu, P. Dynamic DNA material with emergent locomotion behavior powered by artificial metabolism. Sci. Robot. 2019, 4, eaaw3512. [Google Scholar] [CrossRef]

	



Kamm, R.D.; Bashir, R. Creating living cellular machines. Ann. Biomed. Eng. 2014, 42, 445–459. [Google Scholar] [CrossRef] [PubMed]

	



Capova, K.A.; Persson, E.; Milligan, T.; Dunér, D. Astrobiology and Society in Europe Today; Springer: Cham, Switzerland, 2018. [Google Scholar]

	



Des Marais, D.J.; Nuth, J.A., III; Allamandola, L.J.; Boss, A.P.; Farmer, J.D.; Hoehler, T.M.; Jakosky, B.M.; Meadows, V.S.; Pohorille, A.; Runnegar, B.; et al. The NASA astrobiology roadmap. Astrobiology 2008, 8, 715–730. [Google Scholar] [CrossRef] [PubMed]

	



Horneck, G.; Walter, N.; Westall, F.; Grenfell, J.L.; Martin, W.F.; Gómez, F.; Leuko, S.; Lee, N.; Onofri, S.; Tsiganis, K.; et al. AstRoMap European Astrobiology Roadmap. Astrobiology 2016, 16, 201–243. [Google Scholar] [CrossRef] [PubMed]

	



Gibson, D.G.; Glass, J.I.; Lartigue, C.; Noskov, V.N.; Chuang, R.-Y.; Algire, M.A.; Benders, G.A.; Montague, M.G.; Ma, L.; Moodie, M.M.; et al. Creation of a Bacterial Cell Controlled by a Chemically Synthesized Genome. Sciience 2010, 329, 52–56. [Google Scholar] [CrossRef] [PubMed]

	



Smith, H.O.; Hutchison, C.A.; Pfannkoch, C.; Venter, J.C. Generating a synthetic genome by whole genome assembly: φX174 bacteriophage from synthetic oligonucleotides. Proc. Natl. Acad. Sci. USA 2003, 100, 15440–15445. [Google Scholar] [CrossRef]

	



Gibbs, W.W. Synthetic Life. Sci. Am. 2004, 290, 74–81. [Google Scholar] [CrossRef]

	



Brooks, R.A. Steps Towards Living Machines. In Evolutionary Robotics. From Intelligent Robotics to Artificial Life. EvoRobots 2001. Lecture Notes in Computer Science; Springer: Berlin/Heidelberg, Germany, 2001; Volume 2217. [Google Scholar]

	



Kuffner, J.; Nishiwaki, K.; Kagami, S.; Inaba, M.; Inoue, H. Motion planning for humanoid robots. In Robotics Research. The Eleventh International Symposium; Springer: Berlin, Germany, 2005; pp. 365–374. [Google Scholar]

	



Cleland, C.E. Life without definitions. Synthese 2012, 185, 125–144. [Google Scholar] [CrossRef]

	



Deamer, D. Special collection of essays: What is life? Astrobiology 2010, 10, 1001–1003. [Google Scholar] [CrossRef]

	



Korzeniewski, B. Cybernetic formulation of the definition of life. J. Theor. Biol. 2001, 209, 275–286. [Google Scholar] [CrossRef]

	



Ruiz-Mirazo, K.; Peretó, J.; Moreno, A. A universal definition of life: Autonomy and open-ended evolution. Orig. Life Evol. Biosph. 2004, 34, 323–346. [Google Scholar] [CrossRef] [PubMed]

	



Ruiz-Mirazo, K.; Peretó, J.; Moreno, A. Defining life or bringing biology to life. Orig. Life Evol. Biosph. 2010, 40, 203–213. [Google Scholar] [CrossRef] [PubMed]

	



Trifonov, E.N. Definition of life: Navigation through uncertainties. J. Biomol. Struct. Dyn. 2012, 29, 647–650. [Google Scholar] [CrossRef] [PubMed]

	



Zhuravlev, Y.N.; Avetisov, V.A. The definition of life in the context of its origin. Biogeosciences 2006, 3, 281–291. [Google Scholar] [CrossRef]

	



Chodasewicz, K. Evolution, reproduction and definition of life. Theory Biosci. 2014, 133, 39–45. [Google Scholar] [CrossRef] [PubMed]

	



Lazcano, A. Towards a definition of life: The impossible quest? In Strategies of Life Detection; Springer: Boston, MA, USA, 2008; pp. 5–10. [Google Scholar]

	



Jagers op Akkerhuis, G.A. The Role of Logic and Insight in the Search for a Definition of Life. J. Biomol. Struct. Dyn. 2012, 29, 619–620. [Google Scholar] [CrossRef] [PubMed]

	



Joyce, G.; Deamer, D.; Fleischaker, G. Origins of Life: The Central Concepts; Jones & Bartlett Publishers: Boston, MA, USA, 1994. [Google Scholar]

	



Mayr, E. This is Biology: The Science of the Living World; The Belknap Press of Harvard University Press: Cambridge, MA, USA, 1997. [Google Scholar]

	



Rensch, B. Biophilosophy; Columbia University Press: New York, NY, USA, 1971. [Google Scholar]

	



Benner, S.A. Defining life. Astrobiology 2010, 10, 1021–1030. [Google Scholar] [CrossRef] [PubMed]

	



Pross, A. Toward a general theory of evolution: Extending Darwinian theory to inanimate matter. J. Syst. Chem. 2011, 2, 1. [Google Scholar] [CrossRef]

	



Carroll, J.D. A new definition of life. Chirality 2009, 21, 354–358. [Google Scholar] [CrossRef]

	



Schrödinger, E. What’s Life; Cambridge University Press: Cambridge, UK, 1944. [Google Scholar]

	



Korzeniewski, B. Formal similarities between cybernetic definition of life and cybernetic model of self-consciousness: Universal definition/model of individual. Open J. Philos. 2013, 3, 314. [Google Scholar] [CrossRef]

	



Reid, W.L., III; Martin, R.L.; Gilley, L. The L-Factor: Toward an Operational Definition of Life. Bios 1983, 54, 128–141. [Google Scholar]

	



Macklem, P.T.; Seely, A. Towards a definition of life. Perspect. Biol. Med. 2010, 53, 330–340. [Google Scholar] [CrossRef] [PubMed]

	



Wittgenstein, L. Philosophical Investigations; John Wiley & Sons: Hoboken, NJ, USA, 2009. [Google Scholar]

	



Persson, E. Philosophical Aspects of Astrobiology. In The History and Philosophy of Astrobiology; Dunér, D., Parthemore, J., Persson, E., Holmberg, G., Eds.; Cambridge Scholars Publishing: Newcastle upon Tyne, UK, 2013; pp. 29–48. [Google Scholar]

	



Persson, E. Vad är Liv? In Extrema världar. Om sökandets efter liv i rymden; Dunér, D., Ed.; Pufendorfinstitutet: Lund, Sweden, 2013; pp. 73–83. [Google Scholar]

	



Neuman, Y. The definition of life and the life of a definition. J. Biomol. Struct. Dyn. 2012, 29, 643–646. [Google Scholar] [CrossRef]

	



Pennock, R.T. Negotiating boundaries in the definition of life: Wittgensteinian and Darwinian insights on resolving conceptual border conflicts. Synthese 2012, 185, 5–20. [Google Scholar] [CrossRef]

	



Attfield, R. Biocentrism and artificial life. Environ. Values 2012, 21, 83–94. [Google Scholar] [CrossRef]

	



Bedau, M.A.; Parke, E.C. Introduction to the Ethics of Protocells. In The Ethics of Protocells: Moral and Social Implications of Creating Life in the Laboratory; MIT Press: Cambridge, MA, USA, 2009; pp. 1–17. [Google Scholar]

	



Cho, M.K.; Magnus, D.; Caplan, A.L.; McGee, D. Ethical considerations in synthesizing a minimal genome. Science 1999, 286, 2087–2090. [Google Scholar] [CrossRef]

	



Kaebnick, G.E.; Murray, T.H. Synthetic Biology and Morality: Artificial Life and the Bounds of Nature; MIT Press: Cambridge, MA, USA, 2013. [Google Scholar]

	



Holm, S.; Powell, R. Organism, machine, artifact: The conceptual and normative challenges of synthetic biology. Stud. Hist. Philos. Sci. Part C Stud. Hist. Philos. Biol. Biomed. Sci. 2013, 44, 627–631. [Google Scholar] [CrossRef] [PubMed]

	



Newson, A.J. Synthetic Biology: Ethics, Exeptionalism and Expectations. Macquarie LJ 2015, 15, 45. [Google Scholar]

	



Mahowald, M.B. Protocell research and its implications. Perspect. Biol. Med. 2010, 53, 136–147. [Google Scholar] [CrossRef]

	



Wolfe, A.K.; Campa, M.F.; Bergmann, R.A.; Stelling, S.C.; Bjornstad, D.J.; Shumpert, B.L. Synthetic Biology R&D Risks: Social–Institutional Contexts Matter! Trends Biotechnol. 2016, 34, 353–356. [Google Scholar]

	



Douglas, C.M.; Stemerding, D. Challenges for the European governance of synthetic biology for human health. Life Sci. Soc. Policy 2014, 10, 6. [Google Scholar] [CrossRef] [PubMed]

	



Erickson, B.; Singh, R.; Winters, P. Synthetic biology: Regulating industry uses of new biotechnologies. Science 2011, 333, 1254–1256. [Google Scholar] [CrossRef] [PubMed]

	



Persson, E. What does it take to establish that a world is uninhabited prior to exploitation? A question of ethics as well as science. Challenges 2014, 5, 224–238. [Google Scholar] [CrossRef]

	



Persson, E. Ethics for an Uninhabited Planet. In The Human Factor in a Mission to Mars; Springer: Cham, Switzerland, 2019; pp. 201–216. [Google Scholar]

	



Jasanoff, S. Reframing Rights: Bioconstitutionalism in the Genetic Age; MIT Press: Cambridge, MA, USA, 2011. [Google Scholar]

	



Hilgartner, S.; Miller, C.; Hagendijk, R. Science and Democracy: Making Knowledge and Making Power in the Biosciences and Beyond; Routledge: New York, NY, USA, 2015. [Google Scholar]

	



Brown, M.B. Science in Democracy: Expertise, Institutions, and Representation; MIT Press: Cambridge, MA, USA, 2009. [Google Scholar]

	



Boswell, C. The Political Uses of Expert Knowledge: Immigration Policy and Social Research; Cambridge University Press: Cambridge, UK, 2009. [Google Scholar]

	



Fischer, F. Democracy and Expertise: Reorienting Policy Inquiry; Oxford University Press: Oxford, UK, 2009. [Google Scholar]

	



Turner, S. Liberal Democracy 3.0: Civil Society in an Age of Experts; Sage: Thousand Oaks, CA, USA, 2003. [Google Scholar]

	



Hedlund, M. Demokratiska Genvägar: Expertinflytande i den Svenska Lagstiftningsprocessen om Medicinsk Genteknik; Department of Political Science, Lund University: Lund, Sweden, 2007. [Google Scholar]

	



Young, I.M. Inclusion and Democracy; Oxford University Press on Demand: Oxford, UK, 2002. [Google Scholar]

	



Persson, E. A philosophical outlook on potential conflicts between planetary protection, astrobiology and commercial use of space. In Our Common Cosmos; Lehmann-Imfeld, Z., Losch, A., Eds.; T&T Clark: Loondon, UK, 2019; pp. 141–160. [Google Scholar]

	



Kahn, P.H., Jr.; Kanda, T.; Ishiguro, H.; Gill, B.T.; Ruckert, J.H.; Shen, S.; Gary, H.E.; Reichert, A.L.; Freier, N.G.; Severson, R.L. Do people hold a humanoid robot morally accountable for the harm it causes? In Proceedings of the seventh annual ACM/IEEE International Conference on Human-Robot Interaction, Boston, MA, USA, 5–8 March 2012; pp. 33–40. [Google Scholar]

	



Tegmark, M. Life 3.0: Being Human in the Age of Artificial Intelligence; Knopf: New York, NY, USA, 2017. [Google Scholar]

	



Persson, E. The moral status of extraterrestrial life. Astrobiology 2012, 12, 976–984. [Google Scholar] [CrossRef] [PubMed]

	



Persson, E. Interplanetär Etik; Pufendorfinstitutet: Lund, Sweden, 2013. [Google Scholar]

	



Allen, C.; Wallach, W. Moral machines: Contradiction in terms or abdication of human responsibility. In Robot Ethics: The Ethical and Social Implications of Robotics; MIT Press: Cambridge, MA, USA, 2012; pp. 55–68. [Google Scholar]

	



Sparrow, R. 19 Can Machines Be People? Reflections on the Turing Triage Test. In Robot Ethics: the Ethical and Social Implications of Robotics; MIT Press: Cambridge, MA, USA, 2011; p. 301. [Google Scholar]

	



Kaplan, F. Who is afraid of the humanoid? Investigating cultural differences in the acceptance of robots. Int. J. Hum. Robot. 2004, 1, 465–480. [Google Scholar] [CrossRef]

	



Ambrosius, J.D. Separation of church and space: Religious influences on public support for U.S. space exploration policy. Space Policy 2015, 32, 17–31. [Google Scholar] [CrossRef]

	



McAdamis, E.M. Astrosociology and the Capacity of Major World Religions to Contextualize the Possibility of Life beyond Earth. Phys. Procedia 2011, 20, 338–352. [Google Scholar] [CrossRef]

	



Peters, T. The implications of the discovery of extra-terrestrial life for religion. Philos. Trans. A Math. Phys. Eng. Sci. 2011, 369, 644–655. [Google Scholar] [CrossRef]

	



Olson, A.R.; Tobin, V.V.M. An Eastern Orthodox Perspective on Microbial Life on Mars. Theol. Sci. 2008, 6, 421–437. [Google Scholar] [CrossRef]

	



Arnould, J. Does Extraterrestrial Intelligent Life Threaten Religion and Philosophy? Theol. Sci. 2008, 6, 439–450. [Google Scholar] [CrossRef]

	



Losch, A.; Krebs, A. Implications for the Discovery of Extraterrestrial Life: A Theological Approach. Theol. Sci. 2015, 13, 230–244. [Google Scholar] [CrossRef]

	



Capova, K.; Dartnell, L.; Dunér, D.; Melin, A.; Mitrikeski, P.T. Society, Worldview and Outreach. In Astrobiology and Society in Europe Today; Springer: Cham, Switzerland, 2018; pp. 19–24. [Google Scholar]

	



Peters, T. Does extraterrestrial life have intrinsic value? An exploration in responsibility ethics. Int. J. Astrobiol. 2018, 1–7. [Google Scholar] [CrossRef]

	



Evans, J.H. Playing God?: Human Genetic Engineering and the Rationalization of Public Bioethical Debate; University of Chicago Press: Chicago, IL, USA, 2002. [Google Scholar]

	



Dabrock, P. Playing God? Synthetic biology as a theological and ethical challenge. Syst. Synth. Biol. 2009, 3, 47–54. [Google Scholar] [CrossRef] [PubMed]

	



Der Au, C.A. Playing God? Synthetic Biology from a Protestant Perspective. Worldviews Glob. Relig. Cult. Ecol. 2013, 17, 48–59. [Google Scholar] [CrossRef]

	



Braun, M.; Ried, J.; Dabrock, P. From Homo Faber to Homo Creator? A Theological-Ethical Expedition into the Anthropological Depths of Synthetic Biology. Worldviews Glob. Relig. Cult. Ecol. 2013, 17, 36–47. [Google Scholar] [CrossRef]

	



Bedau, M.A.; Triant, M. Social and ethical implications of creating artificial cells. In Ethics and Emerging Technologies; Sandler, R.L., Ed.; Palgrave Macmillan: London, UK, 2014; pp. 562–574. [Google Scholar]

	



Hantsche-Tangen, B. The Ambivalence of Protocells: Challenges for Self-Reflexive Ethics. In The Ethics of Protocells: Moral and Social Implications of Creating Life in the Laboratory; MIT Press: Cambridge, MA, USA, 2009; pp. 199–220. [Google Scholar]

	



Van Den Belt, H. Playing God in Frankenstein’s footsteps: Synthetic biology and the meaning of life. Nanoethics 2009, 3, 257–268. [Google Scholar] [CrossRef] [PubMed]

	



Zoloth, L.; Watching, W.A.W. Second life: Some ethical issues in synthetic biology and the recapitulation of evolution. In The Ethics of Protocells: Moral and Social Implications of Creating Life in the Laboratory; MIT Press: Cambridge, MA, USA, 2009; pp. 143–164. [Google Scholar]

	



Link, H.-J. Playing God and the intrinsic value of life: Moral problems for synthetic biology? Sci. Eng. Ethics 2013, 19, 435–448. [Google Scholar] [CrossRef] [PubMed]

	



Shelley, M.W. Frankenstein, or, the Modern Prometheus; Lackington, Hughes, Harding, Mavor, & Jones: London, UK, 1818. [Google Scholar]

	



Cranor, C. The acceptability of the risks of protocells. In The Ethics of Protocells: Moral and Social Implications of Creating Life in the Laboratory; MIT Press: Cambridge, MA, USA, 2009. [Google Scholar]

	



Joy, B. Why the future doesn’t need us. Wired Mag. 2000, 8, 238–262. [Google Scholar]

	



Levy, S. Artificial Life: A Report from the Frontier Where Computers Meet Biology; Random House Inc.: New York, NY, USA, 1993. [Google Scholar]

	



Persson, E. Ethics and the potential conflicts between astrobiology, planetary protection, and commercial use of space. Challenges 2017, 8, 12. [Google Scholar] [CrossRef]

	



Rummel, J.D.; Race, M.; Horneck; the Princeton Workshop Participants, G. Ethical Considerations for Planetary Protection in Space Exploration: A Workshop; Mary Ann Liebert, Inc.: New Rochelle, NY, USA, 2012. [Google Scholar]

	



Criswell, M.E.; Race, M.; Rummel, J.; Baker, A. Planetary Protection Issues in the Human Exploration of Mars; NASA: Moffett Field, CA, USA, 2005. [Google Scholar]

	



McLennan, S.; Sephton, M.; Beaty, D.; Hecht, M.; Pepin, B.; Leya, I.; Jones, J.; Weiss, B.; Race, M.; Rummel, J. Planning for Mars returned sample science: Final report of the MSR End-to-End International Science Analysis Group (E2E-iSAG). Astrobiology 2012, 12, 175–230. [Google Scholar]

	



Arnould, J.; Debus, A. An ethical approach to planetary protection. Adv. Space Res. 2008, 42, 1089–1095. [Google Scholar] [CrossRef]

	



Persson, E.; Martínez-Frías, J.; Milligan, T.; Arnould, J.; Kminek, G. Environment and Sustainability. In Astrobiology and Society in Europe Today; Springer: Cham, Switzerland, 2018; pp. 25–30. [Google Scholar]

	



Cockell, C.S. Planetary protection—A microbial ethics approach. Space Policy 2005, 21, 287–292. [Google Scholar] [CrossRef]

	



Cockell, C.S. The ethical status of microbial life on earth and elsewhere: In defence of intrinsic value. In The Ethics of Space Exploration; Springer: Cham, Switzerland, 2016; pp. 167–179. [Google Scholar]

	



Cockell, C.S. Duties to extraterrestrial microscopic organisms. J. Br. Interplanet. Soc. 2005, 58, 367–373. [Google Scholar]

	



Smith, K.C. The curious case of the Martian microbes: Mariomania, intrinsic value and the prime directive. In The Ethics of Space Exploration; Springer: Cham, Switzerland, 2016; pp. 195–208. [Google Scholar]

	



Cockell, C. Ethics and extraterrestrial life. In Humans in Outer Space—Interdisciplinary Perspectives; Springer: Vienna, Austria, 2011; pp. 80–101. [Google Scholar]

	



Board, S.S.; Council, N.R. Preventing the Forward Contamination of Mars; National Academies Press: Washington, DC, USA, 2006. [Google Scholar]

	



Board, S.S.; Council, N.R. Assessment of Planetary Protection Requirements for Mars Sample Return Missions; National Academies Press: Washington, DC, USA, 2009. [Google Scholar]

	



Race, M.S. Mars sample return and planetary protection in a public context. Adv. Space Res. 1998, 22, 391–399. [Google Scholar] [CrossRef]

	



Board, S.S. European Space Sciences Committee, National Academies of Sciences, Engineering, and Medicine. Review of the MEPAG Report on Mars Special Regions; National Academies Press: Washington, DC, USA, 2015. [Google Scholar]

	



De Vincenzi, D. Planetary protection issues and the future exploration of Mars. Adv. Space Res. 1992, 12, 121–128. [Google Scholar] [CrossRef]

	



Abbott, J.; Persson, E. LIV—Utomjordiskt, Syntetiskt, Artificiellt; Pufendorfinstitutet: Lund, Sweden, 2017. [Google Scholar]

	



Johansson, M. Fascinationen för liv. In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Ed.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 13–20. [Google Scholar]

	



Abbott, J.; Persson, E. Vad är liv? Jakten på en ny definiiton av liv. In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Persson, E., Eds.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 21–33. [Google Scholar]

	



Persson, P. Molekylära uppvaknanden. In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Persson, E., Eds.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 35–62. [Google Scholar]

	



Dravins, D. Liv långt ute i rymden? In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Ed.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 65–90. [Google Scholar]

	



Dunér, D. Livstecken: Sökandet efter liv i främmande världar. In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Persson, E., Eds.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 91–127. [Google Scholar]

	



Capova, K.A. Att presentera människan för utomjordingar. In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Persson, E., Eds.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 129–147. [Google Scholar]

	



Balkenius, C. Nästan levande: Robotar och androider. In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Persson, E., Eds.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 151–160. [Google Scholar]

	



Gunneflo, M. Artificiell intelligens som livsform: Om autonoma vapensystems rättsliga ställning. In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Persson, E., Eds.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 161–167. [Google Scholar]

	



Hedlund, M. Artificiell Intelligens: Vems ansvar? In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Persson, E., Eds.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 169–185. [Google Scholar]

	



Melin, A. Är syntetisk biologi moraliskt otillåtet? In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Persson, E., Eds.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 189–201. [Google Scholar]

	



Redei, A.C. Synen på människan som skapare av (o)mänskligt liv: Exemplet Mary Shellys Frankenstein, eller den moderne Prometeus. In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Persson, E., Eds.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 203–216. [Google Scholar]

	



Persson, E. Skapat liv odh livets värde. In LIV—Utomjordiskt, Syntetiskt, Artificiellt; Abbott, J., Persson, E., Eds.; Pufendorfinstitutet: Lund, Sweden, 2017; pp. 217–237. [Google Scholar]

	



Persson, E.; Capova, K.A.; Li, Y. Attitudes towards the scientific search for extraterrestrial life among Swedish high school and university students. Int. J. Astrobiol. 2018, 18, 280–288. [Google Scholar] [CrossRef]

	



Dunér, D. Semiotics of Biosignatures. South. Semiot. Rev. 2018, 9, 47–63. [Google Scholar] [CrossRef]

	



Dunér, D. The history and philosophy of biosignatures. In Biosignatures for Astrobiology; Springer: Cham, Switzerland, 2019; pp. 303–338. [Google Scholar]

	



Cabak Rédei, A. Semiotic aspects of Lacan’s notion of the Imaginary order: An inquiry into Spike Jonze’s film Her (2013). South. Semiot. Rev. 2018, 9, 111–121. [Google Scholar] [CrossRef]








[image: Table]





Table 1. Members of the project team paid by the project.






Table 1. Members of the project team paid by the project.





	Name (Affiliation)
	Discipline
	Role in the Project





	Jessica Abbott (Lund University)
	Biology
	Researcher/project coordinator



	Christian Balkenius (Lund University)
	Cognitive science
	Researcher



	Anna Cabak Redei (Lund University)
	Semiotics
	Researcher/project coordinator



	Klara Anna Capova (Durham University)
	Anthropology
	Guest Researcher



	Dainis Dravins (Lund University)
	Astronomy
	Researcher



	David Dunér (Lund University)
	History of science and ideas
	Researcher



	Markus Gunneflo (Lund University)
	Law
	Researcher



	Maria Hedlund (Lund University)
	Political science
	Researcher



	Mats Johansson (Lund University)
	Medical ethics
	Researcher



	Anders Melin (Lund University)
	Ethics/theology
	Researcher



	Erik Persson (Lund University)
	Philosophy
	Researcher/project leader



	Petter Persson (Lund University)
	Chemistry
	Researcher










[image: Table]





Table 2. Invited speakers at the concluding symposium.






Table 2. Invited speakers at the concluding symposium.





	Name
	Affiliation





	Sherryl Vint
	University of California, Riverside, USA



	Fredrik Heintz
	Linköping University, Sweden



	Kelly Smith
	Clemson University, USA



	Jacques Arnould
	Centre National d’Études Spatiales (CNES), France











© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  challenges-10-00032


  
    		
      challenges-10-00032
    


  




  





media/file0.png





