Supplementary Material
Table S1. List of 70 sub-themes informing quantitative analysis, based on themes derived from sustainability literature (Table 1), GR: Golden Rice, VAD: vitamin A deficiency.
Message
· Neutral: no judgement
· Cautious: a lack of empirical data prohibits judgement
· Doubtful: GR is regarded as an option, but serious concerns are mentioned and/or more promising solutions are proposed 
· Opposing: rejection of GR due to its described inadequateness
· Optimistic: GR is a promising solution to VAD, there are minor reservations
· Passionate: if GR will not be approved fast children die, no concerns expressed
Personal Background
· Mixed Team
· Global South
· Global North
Affiliation
· Interdisciplinary
· Social Science incl. Philosophy
· Economics
· Nutrition
· Plant Science
· Others
· Employee of Syngenta or Monsanto
· Part of the GR Humanitarian Board or working at one of the network’s institutes on GR
Does the respective article address…?
Participation
1. Does it call for an engagement of stakeholders in the choice of a malnutrition strategy/ of GR’s regulation?
2. Does it name local interests?
3. Have interviews been conducted?
Local culture
4. Has local data been used?
5. [bookmark: _GoBack]Does it analyze the need for GR or speak of such analysis as prerequisite? (Only coded if the argument for GR’s necessity goes beyond “rice does not contain beta-carotene”)
6. Does it address the acceptance of farmers and consumers?
7. Does it speak of eating habits (beyond a large share of rice in diet) and/or provide context information, name social norms? 
Health & well-being
8. Does it name predictors/causes of VAD? Min. 3 out of: poverty; lack of access to land; parasitic infestations; seasonality; education; refugees/famine; life stage; eating habits: polished rice, food variety, vegetarianism, fat in diet, breast-feeding
9. Does it list consequences of VAD?
10. Does it explain the interrelations of deficiencies, parasites and diseases, either as mutual reinforcement or the effect of other diseases on VAD? (Only naming a weakened immune system is regarded as consequence.)
11. Does it mention well-being or life quality? 
Dignity & human rights
12. Does it speak of human rights or dignity?
13. Does it address autonomy and self-determination of local people, in the sense of food sovereignty? 
Equity & empowerment
14. Does it mention inequality and social disparities or distributional justice?
15. Does it speak of empowerment & education?
16. Does it state a positive effect of GR on poverty & access to food (e.g. commercial advantage for GR farmers, more productive workforce)?
17. Does it state a negative effect of GR on poverty (e.g. competing for resources in poverty alleviation) or no change of situation?
Actors, resources & power
18. Does it speak of power relations, networks or dynamics? 
19. Does it name media as relevant actor?
20. Does it name the GMO opposition as relevant actor?
21. Does it describe the role/interest of corporations? 
22. Does it describe the role/interest of scientists? 
23. Does it name national governments as relevant actors?
24. Does it name the CIGAR network or philanthropic foundations as actor?
25. Does it ascribe GR a potential as marketing tool or as business opportunity?
Governance & institutions
26. Does it speak of current biotech regulation policies as hurdle?
27. Does it speak of current biotech regulation policies as illegitimate over-regulation? 
28. Does it speak of biotech regulation in a neutral tone or describe them as a prerequisite for safe use?
29. Does it speak of property rights?
30. Does it speak of international institutions and unions (UN, WHO, WTO, EU…)?
31. Does it speak of local governance concerning the regulation and monitoring in target countries?
32. Does it address governance issues on a broader level?
33. Does it name effects of international trade policies? 
Climate change
34. Does it mention climate change?
Biodiversity
35. Does it speak of a potential loss of biodiversity (through monocultures, dominance of few cultivars or outcrossing)?
36. Does it state there will be no adverse effect on biodiversity (compatible with traditional landraces)?
Water and soil conservation
37. Does it speak of current adverse effects of industrial agriculture on soil and water?
38. Does it propose alternative agricultural practices like agroecology?
39. Does it state GR will have no adverse environmental impact or even a positive one? 
Resilience & risks
40. Does it describe the issue as complex and/or uncertain?
41. Does it state that case-by-case assessments are needed and/or that risks are a concern? 
42. Does it state that risks are negligible or non-existent? 
43. Does it propose a diversified strategy to combat malnutrition? 
44. Does it propose long term poverty alleviation?
45. Does it propose GR to be a complement only to fortification & supplementation?
46. Does it describe GR as superior to other strategies?
47. Does it describe external influences on the system, esp. threats and/or GR’s possible reaction to those?
48. Does it speak of emotions and irrational behavior?
Holism & systems thinking
49. Does it call for holism and/or speak in systems thinking terminology?
50. Does it make use of modelling, diagrams and/or explicit explain causal relations and underlying assumptions?
51. Does it describe system dynamics across scales?
Cost-utility-analysis 
52. Does it weigh cost and utility of GR’s implementation?
53. Does it distinguish short and long-term effects of GR or of biofortification in general?  
Achievability & realization prospects
54. Does it reflect on the feasibility of bringing GR to the consumer?
55. Does it speak of an evaluation/ monitoring of GR following implementation or of royalty payments of farmers earning more than $10,000?
56. Does it name cost estimations of parts of the implementation process or the entire GR project?
57. Does it address the nutritious efficacy of GR? 
58. Does it criticize a lack of details on GR’s rollout?
59. Does it comment on the funding of the distribution?
60. Does it name concrete project steps?
61. Does it mention information campaigns as tool to increase adoption?
Values & transparency
62. Does it propose a framework to evaluate GR? 
63. Does it mention biases of scientists and/or advocacy?
64. Does it regard the global spread of biotechnology as moral imperative? 
65. Does it describe ethics, principles and/or heuristics in a broad sense?
66. Does it describe the precautionary principle as useful?
67. Does it describe the precautionary principle as unnecessary and hindrance to innovation? 
68. Does the author disclose his or her standpoint?
Philosophy & reflection
69. Does it address the technological fix criticism?
70. Does it reflect on the role of science/scientists?


Table S2. Quotes illustrating each cluster’s narrative, five quotes per cluster.
Technical effectiveness (n=23) 
“This significant achievement in nutritional biofortification of rice endosperm was a major milestone in combating vitamin A deficiency and its associated effects. Golden Rice has now been demonstrated as an effective source of vitamin A [ref.]  and studies that focused on Golden Rice in view of public health in India suggest that, with governmental and public support, it has the potential to significantly reduce the disease burden of vitamin A deficiency [ref.].” (Bhullar & Gruissem, 2013, p. 52)
“Genetic modification (GM) technology has provided a solution to overcome this problem [of vitamin A deficiency (VAD)]: rice developed with the help of GM technology at the ETH Zurich and the University of Freiburg, known as Golden Rice (GR), which is claimed to be a source of VA [ref.]. Therefore, to achieve the millennium development goals (MDGs), particularly elimination of VAD, GR is likely to play a significant role. The commercial cultivation of GR is likely to commence in some Asian countries around 2012 [ref.].” (Kajale & Becker, 2014, p. 2)
“Another exciting field of modern plant biotechnology is represented by the enhancement of crop nutritional properties through genetic modification [ref.]. There are multiple nutritional advances underway and this review focuses on two representative examples that illustrate the potential impact of this technology.” (Schwember, 2008, p. 241)
 “Poor people whose diets primarily consist of cereal grains and tubers have serious prevalence of VAD. Thus, the focus of crop improvement for enhancing vitamin A is on cereal and tuber crops. The main target for provitamin A biofortification is b-carotene, and increased carotenoid accumulation can be achieved by directing and enhancing flux into carotenoid biosynthetic pathway or by downregulating the turnover of b-carotene [ref.]. The best example of the former strategy is the development of so-called Golden Rice [ref.].” (Khush, Lee, Cho, & Jeon, 2012, p. 198)
“Rice feeds more than half the human population worldwide, most of whom live in developing countries and many have (at least during certain seasons) no other or virtually no other diet. Rice contains small amounts of Fe and provitamin A in the aleurone layer of the seeds, which is polished away in order to prevent the kernels becoming rancid. Consequently, vitamin A and Fe deficiencies are widespread. Although certain rice varieties have been reported to contain more provitamin A or Fe in the central part of the seeds [ref.], traditional breeding has not yet solved the problem. Although for vitamin A the problem is close to being solved, for Fe a solution is currently actively being sought. These studies will be reviewed.” (Sautter, Poletti, Zhang, & Gruissem, 2006, p. 155)
Advocacy (n=17)
 “The moral calculus is surprisingly simple: if GR had been distributed in 2002 or 2003, millions of lives might have been saved. Not to have disseminated the seeds of GR until now has allowed as many people to die silently as were killed in the holocaust.”(Chassy, 2010, p. 543)
“What else is necessary to open the eyes of those, who carry political responsibility, to understand that not changing GE-regulation from extreme precautionary to science-based regulation, guided by considerations of the risks and benefits of the trait instead of regulating a technology on ideological terms, constitutes a ‘crime against humanity’ [ref]?” (Potrykus, 2010, p. 472)
“The consequence [of GMO opposition]: millions of avoidable blind and dead children. The author considers those who are responsible for this avoidable suffering of many innocent children (and mothers at childbirth) a crime to humanity. There are those who commit this deliberately and those who are participating passively, such as numerous ‘humanitarian organizations’ and ‘decision makers’ in politics and elsewhere. There is a wealth of scientific information and broad consensus that GMO-technology is at least as safe as any other technology involved in any context with our food or our environment. What we experience here is an example of ‘unreason’ and a perfect example in the context of The March of Unreason. Our ‘enlightenment’ and science-based successful European culture is on the verge of being replaced by unreason-based failure and lack of culture.” (Potrykus, 2013, p. S86)
“The controversy over Golden Rice has been very frustrating to many of us. As Potrykus says, it is unfortunate that offering a technology for free that could save so many children and pregnant mothers has been delayed for so long. Since the invention of Golden Rice, 2.5 million children are estimated to have died each year from VAD. Around 500,000 go blind each year, of whom 70 % die. They wouldn’t all have been saved by Golden Rice, of course, but every delay means many unnecessary dead or blind children [ref.]. As IRRI’s director general, I believe that it is high time that activists stop using their cynical and destructive ways to oppose Golden Rice and instead support scientific research, development, and assessment of the product because of its strong potential benefit to humanity.” (Zeigler, 2014, p. 260)
 “EU opposition and NGO domino politics are the real reasons we have been waiting since 1982 for the eradication of blindness in the developing world. NGOs like Greenpeace will never reconsider. Publics, however, could be a different story. The most important group to sway is the European public (…). Awareness should be premised on three key facts: GM foods have never been shown harmful. Golden Rice is not intended for export to Europe, and the obstructionism of their governments is allowing the blindness and deaths of hundreds of thousands. Public awareness campaigns like those conducted by the Golden Rice Project, as well as the addition of the topic to the local Rotary Club meeting, could do much to promote grassroots knowledge. Additionally, the United States should try to get the European Union and developing countries talking specifically about Golden Rice, not the far more threatening specter of GM foods at large.” (Baggott, 2006, p. 30)
Economic efficiency (n=10)
“We develop a methodology for comprehensive ex ante evaluation, which substantially improves upon the previous, more partial impact studies. Dawe et al. (2002) focused on the potential effects of GR on b-carotene intakes, but without considering actual health impacts. Zimmermann and Qaim (2004) considered health aspects, but only at a highly aggregate level and without taking into account important nutritional features like dietary heterogeneity across different regions and social groups or the role of reference intakes in dietary assessments. We use a truly interdisciplinary approach, integrating epidemiological and nutrition details, as well as socioeconomic and policy factors. In particular, we determine the current public disease burden of VAD in a country with an important rice-eating population, and simulate to what extent this burden could be reduced through GR. The simulations build on new insights of the technology’s efficacy [ref]. Finally, we assess the cost-effectiveness of GR more comprehensively than the previous work and compare the results with the cost-effectiveness of alternative VA interventions and other public health programs.” (Stein, Sachdev, & Qaim, 2008, p. 145)
 “The larger moral point is that the perfect should not be the enemy of the good; in general, even if the best ethical analysis of existing systems demonstrates that they are seriously flawed, it would not without further argument justify a categorical refusal to improve those systems, even if ideally a more comprehensive, but also more remote, solution be to replace them entirely with better ones.” (Hessler, 2011, p. 275)
“In this context, widespread consumption of Golden Rice could reduce the burden by 59%, which includes the saving of almost 40,000 lives every year (Table 3). Because the severity of VAD is negatively correlated with income, the positive effects are most pronounced in the poorest income groups (Stein et al., 2008). While these results suggest that Golden Rice alone is unlikely to eliminate the problems of VAD, the projected improvements in public health and nutrition are huge.” (Qaim, 2011, p. 45f.)
[bookmark: __Fieldmark__5424_1393660456]“Their influence [of NGOs advocating organic farming] is not to be ignored, and if GR is to be adopted, educational campaigns targeted to farmers and the general public will be of crucial importance. There are several other risks that could be important. First, after substantial investment, GR may not be widely adopted and will have little semblance of the impact envisioned. Farmers who wish to sell it in markets (…) may not want to take the risks of adopting a new variety (…) unless they are compensated with higher prices or yields.” (Dawe & Unnevehr, 2007, p. 158) 
“This paper analyses potential impacts in a Philippine context. Since the technology is still at the stage of R&D, benefits are simulated with a scenario approach. Health effects are quantified using the methodology of disability-adjusted life years (DALYs). Golden Rice will not completely eliminate the problems of vitamin A deficiency, such as blindness or increased mortality. Therefore, it should be seen as a complement rather than a substitute for alternative micronutrient interventions. Yet the technology could bring about significant benefits. Depending on the underlying assumptions, annual health improvements are worth between US$ 16 and 88 million, and rates of return on R&D investments range between 66% and 133%. Due to the uncertainty related to key parameters, these results should be treated as preliminary.” (Zimmermann & Qaim, 2004, p. 147)
Equity & holism (n=14)
“Unless participatory approaches are used to reflect indigenous knowledge and cultural systems and are gender sensitive with respect to women’s knowledge, contributions and needs, biofortification may not succeed as intended. (…) Addressing the most immediate and fundamental problems of food insecurity and undernutrition such as micronutrient deficiency, while essential, can only succeed in the long run by proceeding in balance with environmental, sociocultural, political, economic, behavioral and biomedical perspectives. (…). Focusing on staple cereals is unlikely to benefit the poor for economic and nutritional reasons alike, and as it leads to even greater dietary simplification can do more harm than good. Biofortification would better focus on local vegetatively propagated species.” (Johns & Eyzaguirre, 2007, p. 17ff.)
“Golden rice will not offer the solutions needed for the elimination of VAD/xerophthalmia and indeed the researchers themselves know this. There were several instances where golden rice as an intervention appears to fall short of providing the holistic approach needed to eliminate VAD/xerophthalmia. For instance, the prevalence of parasitic infestation and inadequate fat intake in high-risk communities have to be taken into account if real breakthroughs are to be made.” (Egana, 2003, p. 174)
“While those involved in the project praise it as a new form of private-public partnership in a humanitarian setting, critics consider it an inappropriate high-tech solution to the complex problem of food access, which has been taken up by life sciences companies and used for their own public relations. Ultimately, however, it will be governments, development organizations and local people who will have to make the choice about the measures they decide to adopt to combat malnutrition.” (Lorch, 2001, p. 22)
[bookmark: __Fieldmark__5484_1393660456] “Until Western dietary practices were introduced, indigenous people historically avoided vitamin A deficiency by consuming local green leafy vegetables. Engelberger carried out a search for abandoned native provitamin-A-rich plants. These were identified, and proved to provide a much more reasonable solution than the ‘vitamin A fiasco’ [ref.] supplementation programme previously implemented. Bruinsma [ref.] noted that ‘Golden Rice could have counterproductive impacts on nutritional problems by curtailing the progress made in educating people to diversify their diet and increase the diversification of agriculture production’. Indeed, there is a disconcertingly imperialistic aspect about the efforts of affluent interests to thrust ‘biotechnology for the poor’ on the Global South [ref.].” (Small, 2014, p. 285) 
[bookmark: OLE_LINK1] “The practical criticisms alert one to the ambiguity of technological fixes. They can be said to solve problems only when the criteria for success is narrowly defined in the manner of an engineering problem. (…) It [Golden Rice] could play the positive role of technological fixes as listed by Weinberg – providing policy makers with more options and additional means for addressing social problems. The debate over biotechnology is in part a debate over how to frame the challenges of twenty-first century agriculture. It is obvious that these challenges are scientific and technological as well as social and political.” (Scott, 2011, p. 225)
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