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ABSTRACT 39 

 40 

Background  41 

Synthetic biology is an emerging multidisciplinary area of research with potential to deliver 42 

various novel agrifood applications. Its long-term adoption and commercialisation will 43 

depend on the extent to which the public accept synthetic biology and its different 44 

applications. 45 

Scope and approach  46 

A mapping review of existing research on public perceptions of, and attitudes towards, 47 

synthetic biology and its applications to agriculture and food production was conducted. This 48 

enabled an overall overview of current knowledge about  public perceptions and attitudes to 49 

be developed, and current research gaps to be identified.  50 

Key findings and conclusions  51 

Although some risk-related and ethical concerns were raised by the public, there was little 52 

evidence showing that people had an inherently negative perception of synthetic biology. The 53 

results demonstrated the importance of perceived benefits, perceived risks and ethical issues 54 

in shaping public acceptance of synthetic biology applied to agrifood production. Where 55 

analysis focused on specific applications, and people tended to be more positive about 56 

medical and environmental applications compared to those in the agrifood sector, an effect 57 

which has also been found in other areas of technology application. However, at present, the 58 

literature is focused on synthetic biology as an enabling technology rather than on its specific 59 

applications. Given that there is some evidence that people’s attitudes varied by product 60 

types, more research on specific applications is therefore needed to further investigate public 61 

attitudes and co-develop societal preferences for agrifood products. 62 

Key words: Synthetic biology, Food, Agriculture, Public perception, Public attitude; 63 

Mapping review. 64 
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 70 

1. Introduction  71 

Synthetic biology is a novel multidisciplinary area of research that has been the focus of 72 

considerable attention in academia due to its numerous potential applications across different 73 

domains (e.g. in medicine, material science and agriculture, inter alia) (Benner & Sismour, 74 

2005). In common with other emerging technologies, such as nanotechnology, there is no 75 

standardised definition available to date. The European Commision (2005) has defined 76 

syntheic biology as “applying the engineering paradigm of systems design to biological 77 

systems in order to produce predictable and robust systems with novel functionalities that do 78 

not exist in nature” (p. 10). The Royal Academy of Engineering (2009) has proposed that 79 

synthetic biology involves “the design and construction of novel artificial biological 80 

pathways, organisms and devices, or the redesign of existing natural biological systems” (p. 81 

13). Alternatively synthetic biology can be described as “the design and construction of new 82 

biological parts, devices, and systems, and the redesign of existing, natural biological systems 83 

for useful purposes” (Springer Nature, 2019). All definitions encompass the notion that 84 

applications of synthetic biology involve the creation of novel living systems through 85 

synthesising and assembling artificial and/or natural components.  86 

There are both technology and application differences between synthetic biology and genetic 87 

modification (GM). Synthetic biology constructs living systems by synthesising and 88 

assembling DNA according to engineering principles (Cameron, Bashor, & Collins, 2014), 89 

whilst GM simply inserts a piece of foreign DNA into host organisms to produce desired 90 

traits (Colwell, Norse, Pimentel, Sharples, & Simberloff, 1985). Consequently, synthetic 91 

biology could involve the use of much larger amounts of DNA, either that which is naturally 92 

occurring or synthetic, and the constructed parts could be standardised and shared within the 93 

community to establish more complex living systems (Cameron et al., 2014). The sharing and 94 

rebuilding based on standardised living systems could facilitate the development of new 95 

applications, but may simultaneously increase the risks of releasing synthetic biological 96 

agents into the environment (Polizzi, Stanbrough, & Heap, 2018). A serious challenge for 97 

scientists and policy-makers can be identified in relation to risk assessment and governance,  98 

as the complexity of synthetic biology-based applications constantly grows, including those 99 

within the agrifood sector (Pauwels et al., 2013). In addition, the “bottom-up” approach of 100 

synthetic biology, which  aims to create artificial or semi-artificial life de novo, has evoked 101 

strong ethical controversy (Bedau, Parke, Tangen, & Hantsche-Tangen, 2009). Ethical 102 
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concern can Thus, it is important to investigate public perceptions of, attitudes towards 103 

synthetic biology separately rather than intermingle the two technologies. 104 

At present, around 700 organizations are engaged in synthetic biology-related research across 105 

40 countries; and more than 350 companies have been established which apply synthetic 106 

biology as part of their activities. the global market value of these companies estimated to be 107 

$3.9 billion in 2016 (Bueso & Tangney, 2017). A number of applications have been 108 

developed for use within the agrifood sector (Table 1). However, future commercialisation of 109 

these applications could be uncertain due to societal concerns about potential risks and ethical 110 

issues (Polizzi et al., 2018). Companies which align their products with consumer preferences 111 

and priorities may gain commercial success (Raley, Ragona, Sijtsema, Fischer, & Frewer, 112 

2016). In this context, the present study attempts to review the existing literature for 113 

understanding public perceptions and attitudes regarding synthetic biology, including  those 114 

linked to agrifood applications. In addition, we attempt to compare the results with research 115 

on other emerging technologies, such as GM and nanotechnology, to identify differences and 116 

similarities in perceptions and attitudes, and to assess whether it is possible to learn how best 117 

to commercialise different applications of synthetic biology from applications of other 118 

enabling technologies in the agrifood sector.  (see Frewer et al., 2011). 119 

This paper therefore aims to address the following questions:  120 

• Are there specific issues raised that distinguish synthetic biology from other enabling 121 

agri-technologies regarding public concerns?  122 

• What factors may potentially affect the public’s perceptions of, and attitudes towards, 123 

synthetic biology and its applications?  124 

• What applications might the public and/or consumers prefer to be developed and 125 

commercialised within the agrifood sector? 126 

This information will provide knowledge of direct relevance to those with interests in 127 

applying synthetic biology in the agrifood sector, in particular in relation to which 128 

applications can be developed, how products should be designed, and how governance can be 129 

optimised in the light of public and environmental health as well as societal preferences 130 

(Frewer et al., 2011).   131 

 132 

 Methodology 133 
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This paper applied  a mapping review methodology to answer the proposed research 134 

questions by analysing and integrating existing research findings, while  simultaneously 135 

identifying  current knowledge gaps (Grant & Booth, 2009). The relevant  literature was 136 

identified  using a two-stage search strategy between 1st July and 30th October 2018. In the 137 

first stage, 3 databases (Scopus, Web of Science and ProQuest) were searched to retrieve 138 

literature published between January 2004 and December 2018. The terms, (a) “synthetic 139 

biology”;(b) “attitude”; (c) “perception”; (c) “media coverage”;  and (d) “press coverage” 140 

were used, in which (a) was separately combined with the other keywords. The returned 141 

references were screened and literature that was technical, (i.e. which discussed the process 142 

and application of synthetic biology as a scientific process), unempirical, in languages other 143 

than English, or “misunderstood” the concept of synthetic biology (for example, equating it 144 

with genetic modification) were  excluded. In the second stage, additional references were 145 

obtained from the reference list of eligible studies identified in the first stage. A total of 24 146 

studies were included, of which 8 were focused on an analysis of media reporting of synthetic 147 

biology, and 16 were empirically-based public attitudes related research. A comparison of the 148 

retrieved studies was conducted, which focused on their methods used and research findings 149 

to address the proposed research questions. The methodology therefore aligns with the 150 

criteria proposed for a “mapping review”, as proposed by Grant and Booth, 2009.  151 

2. Benefits, risks and ethical issues of synthetic biology-based agrifood applications 152 

There is evidence to suggest that emerging technologies have the potential to establish new 153 

industries or transform existing ones, delivering both benefits and risks (e.g. human health, 154 

environmental and socio-economic impacts) (Myers, 2007). These all need to be considered 155 

during their development and implementation processes, and integrated into the regulatory 156 

framework for technological governance. Previous studies have shown  that benefit and risk 157 

perceptions and attitudes drive societal acceptance of innovative food technologies, such as 158 

GM (Frewer et al., 2013) and nanotechnology (Giles, Kuznesof, Clark, Hubbard, & Frewer, 159 

2015). Specifically, different trade-offs between perceived potential risks, benefits and other 160 

issues could be made during people’s decision-making (Bearth & Siegrist, 2016; Hu, 161 

Hünnemeyer, Veeman, Adamowicz, & Srivastava, 2004; Mather et al., 2012).  This may also 162 

occur in  the context of public decision making associated with synthetic biology (Akin et al., 163 

2017; Pauwels, 2013). 164 

The technical advances (for example. new/cheaper ways of DNA synthesis and tools for 165 

DNA assembly) and more open sourcing (for example. circulation of foundational tools and 166 
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reusable synthetic parts) of synthetic biology have facilitated development of applications in 167 

different sectors, such as healthcare, energy, environment and agrifood. It is anticipated that 168 

these applications can provide new and cost-effective ways of disease treatment, drug and 169 

clean energy production, waste recycling, environment enhancement, among many others 170 

(Polizzi et al., 2018). Within the agrifood sector, synthetic biology offers better ways to 171 

improve crops, control pests and crop diseases, enhance the environment and manage 172 

livestock. It also has potential to deliver advantages to novel food and food ingredient 173 

production, food processing, food safety diagnosis, food waste processing and food 174 

packaging development (Table 1).  175 

……………………… 176 

Insert Table 1 here 177 

……………………… 178 

Despite the potential benefits, multiple risk issues have also been raised in relation to health, 179 

environmental, socioeconomic, and ethical impacts of synthetic biology. It is sometimes 180 

difficult to make precise risk calculations as the occurrence and consequences of a risk are 181 

associated with uncertainty (Rosa, 1998). This may indeed be the case for synthetic biology 182 

applied in the agrifood sector. For example, novel foods or food ingredients derived from 183 

synthetic organisms may be linked to public concerns about the uncertainties associated with 184 

their long-term impacts on human health, including  increased allergenicity, as has been the 185 

case with GM and other novel foods (van Putten et al., 2006). The release of synthetic 186 

microbes or plants may have adverse environmental impacts through affecting other natural 187 

species, and subsequently cause negative impacts on human health after entering the food 188 

system (Polizzi et al., 2018). An example is the use of synthetic gene-drive system to distort 189 

the sex-ratio of target pests, thereby reducing their ability to reproduce. Given the possibility 190 

of this system irreversibly entering other species, and the choice of insects as hosts, the 191 

application could be highly uncontrollable once released to the environment and subsequently 192 

damage the ecosystem more generally (Oye et al., 2014). In addition, upgraded techniques 193 

and open source platforms of synthetic biology make it easier to establish biological agents 194 

by people within or outside research institutes. It increases the  possibility of intended (e.g. 195 

“bioterror”) and unintended (i.e. “bioerror”) release of dangerous biological agents (Polizzi et 196 

al., 2018), and may in turn affect the perceived and actual potential for adverse effects on 197 

human health and environment.  198 
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Socioeconomic risks in relation to synthetic biology could also occur. For example, novel 199 

applications may negatively impact existing supply chains, within which stakeholders might 200 

suffer from negative economic consequences. The antimalarial drug (artemisinin) production 201 

by synthetic yeast might help stabilize the drug supply and decrease the cost, but traditional 202 

producers growing Artemisia annua for artemisinin extraction may be put out of business 203 

(Polizzi et al., 2018). Or the unbalanced adoption of synthetic biology-based agrifood 204 

applications, such as excessive growth of energy crops, may pose threats to food security if 205 

competition with food crops results (Harvey & Pilgrim, 2011). Ethical issues have also been 206 

frequently studied by ethics experts, in particular the raised concern about “playing God” or 207 

“tampering with nature” (Rogers, 2011). The potential for secondary use or misuse, together 208 

with other issues such as bioerror, bioterror, patent management, benefit distribution, 209 

research integrity, and regulations, have also been identified due to potentially negative 210 

consequences (Newson, 2015; Rogers, 2011).  211 

3. Media portrayal of synthetic biology  212 

In contrast to technical assessment of risks and benefits, public responses to emerging 213 

technologies could be highly context-dependent, for instance, influenced by risk framing and 214 

market interaction (Falk & Szech, 2013; Kahneman & Tversky, 1984). Kasperson et al. 215 

(1988) suggest that social context, such as the information transfer system and response 216 

mechanisms of society, could lead to social amplification or attenuation of risk, resulting in 217 

behavioural responses. GM foods, for example, were presented as hazardous in a crisis 218 

context by the British media, which subsequently “amplified” or increased peoples’ risk 219 

perceptions and negative attitudes (Frewer, Miles, & Marsh, 2002). It is possible that a 220 

similar effect may be observed for  synthetic biology, insomuch as the way in which it is 221 

portrayed in the media may also affect public attitudes, in particular given that people know 222 

little about it at the current time (Kinder & Robbins, 2018; Oliver, 2018).  223 

A body of literature exists which has focused on American and European media portrayals of 224 

synthetic biology, and has covered the period between 2003 and 2016. Themes, metaphors 225 

and tones of media reportage were analysed mainly using qualitative and quantitative content 226 

analysis (see Table 2). The coverage of synthetic biology has substantially increased in 227 

recent years (Ancillotti, Holmberg, Lindfelt, & Eriksson, 2017; Pauwels, Lovell, & Rouge, 228 

2012). However, the focus of existing articles was more associated with prominent events 229 

rather than potential risks and benefits of synthetic biology given thehe large increase of 230 

reportage occurred in 2008 and 2010 (Pauwels & Ifrim, 2008; Pauwels et al., 2012), 231 



8 

 

underpinned by events related to elite scientists’ visons  (J. Craig Venter Institute, 2008) and 232 

significant technical advance (Gibson et al., 2010). With respect to the identified coverage 233 

concerns, American and European media mainly presented bioerror, bioterror and ethical 234 

issues, of which ethical concerns was a greater focus in Europe, and bioerror in America 235 

(Pauwels, Lovell, & Rouge, 2012). Benefits of potential applications in healthcare, energy 236 

and environmental sectors were also introduced. Overall, media coverages describing only 237 

benefits, or balanced benefits and risks, outnumbered those underlining risk or ethical issues 238 

in both Europe and America (Ancillotti et al., 2017; Pauwels & Ifrim, 2008; Pauwels et al., 239 

2012).  240 

Metaphors applied in synthetic biology related coverage were also studied. The results 241 

showed that the frequency of  “religious” metaphors, such as “playing God” and “creating 242 

life”, is substantially lower than engineering and information technology related metaphors 243 

(Ancillotti & Eriksson, 2015; Ancillotti et al., 2017; Borgers, 2017; Braun, Fernau, & 244 

Dabrock, 2018). Hellsten and Nerlich (2011) argued that engineering-related metaphors 245 

might suggest the controllability of applications and potentially reduce readers’ perceived 246 

risks. In addition, tone of published stories in the European media were categorised according 247 

to their normative impression (Ancillotti & Eriksson, 2015; Ancillotti et al., 2017; Borgers, 248 

2017). Those highlighting benefits, or with an overall “approving” atone were assigned to 249 

“positive”, and media coverage objectively introducing benefits and risks without value 250 

judgement were regarded as “neutral”. Media reportage that portrayed synthetic biology as a 251 

negative development associated with negative implications was labelled as “negative”. The 252 

findings overall suggested  that the percentage of neutral or/and positive coverages was much 253 

higher than negative ones in European media (Ancillotti & Eriksson, 2015; Ancillotti et al., 254 

2017; Borgers, 2017). 255 

……………………… 256 

Insert Table 2 here 257 

……………………… 258 

Taken together, the current media reporting about synthetic biology appears not to amplify 259 

public risk perceptions or increase their negative attitudes. It is possible that the potential for 260 

healthcare and energy applications introduced by the media might trigger public interest in 261 

synthetic biology. However, several issues associated with media coverage still need to be 262 

considered. For example, synthetic biology may have been “over-promoted” in terms of what 263 

it can potentially deliver, at least in the short term. . This might decrease public trust in 264 
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synthetic biology and associated research programmes, impeding its future development 265 

(Ancillotti, Rerimassie, Seitz, & Steurer, 2016). Verseux et al. (2016) have  attributed the 266 

“hype” and presentation of far-future scenarios in the media to the lack of understandable 267 

documents about the current state of technological development which are targeted at non-268 

biologists. Another issue relates to the demand for clarity in defining and framing synthetic 269 

biology, which, once met, may facilitate public engagement and risk communication 270 

(Ancillotti et al., 2017; Giordano & Chung, 2018). As a result, better communication between 271 

academia and the media community is required to help develop clearer framing of synthetic 272 

biology and conduct effective science communication to the public in the light of specific 273 

applications and their current state of development.  274 

4. Public perceptions of and attitudes towards synthetic biology per se 275 

Research on public responses to synthetic biology has been relatively infrequent and mainly 276 

conducted in Europe and America (see Table 3). Participants often made sense of synthetic 277 

biology by comparing it with GM technology, while, for example,  nanotechnology has been 278 

less frequently  mentioned in public perception and attitude research as a “comparator” 279 

technology from a public perspective  (Kronberger, Holtz, Kerbe, Strasser, & Wagner, 2009; 280 

Kronberger, Holtz, & Wagner, 2012). Despite the ambiguous information about synthetic 281 

biology presented to research participants, another potential expalnation is that the two 282 

technologies may be both perceieved to involve deliberate changes to cells at the genetic 283 

level. Consequently, public concerns about synthetic biology were expressed in a similar way 284 

to those associated  to GM, although synthetic biology sometimes was perceived more 285 

negativly as people regarded it as a technological “upgrade” of GM (Steurer, 2015). In 286 

existing studies, people are mainly concerned about potential risks (e.g. potential 287 

environmental and health impacts, bioterror), moral, emotional or value-related issues (e.g. 288 

“unnaturalness”, “creating life” and “playing God”) and increased control of technology and 289 

patents by large companies (Betten, Broerse, & Kupper, 2018; Hart Research Associates, 290 

2013; Mandel, Braman, & Kahan, 2008). The public distrust of major stakeholder groups 291 

(e.g. scientists, industry and government) was also identified in research (Betten et al., 2018). 292 

However, more optimism was expressed by research participants regarding applications 293 

benefiting human health, energy and environment (Betten et al., 2018; Pauwels, 2009). 294 

……………………… 295 

Insert Table 3 here 296 

……………………… 297 
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Individual attitudes towards synthetic biology were not only associated with their risk and 298 

benefit perceptions, but also “value predispositions” (e.g. religiosity and deference towards 299 

scientific authority) and trust in scientists (Akin et al., 2017). Deference towards scientific 300 

authority represents the long-term and stable belief that scientific enterprise focuses on the 301 

best interests of the public, which is correlated with individual’s support for other 302 

technologies such as nanotechnology (Anderson, Scheufele, Brossard, & Corley, 2012). Trust 303 

in scientists has been defined as the short-term amd individual confidence in scientists’ 304 

motivation and competency (Akin et al., 2017). Dragojlovic and Einsiedel (2012) reported 305 

that more religious respondents are less supportive of synthetic biology. However, the 306 

influence of religiosity on people’s attitudes decreases when they have higher confidence in 307 

the institution of science. Among those less deferential towards scientific authority, higher-308 

level trust in scientists could positively affect people’s support for synthetic biology (Akin et 309 

al., 2017). These findings suggest that increased trust in scientists may improve the public 310 

acceptance of synthetic biology. 311 

The association between public attitudes towards synthetic biology and their demographic 312 

characteristics was also studied, such as gender and educational background (see Table 3). 313 

Men in the US perceived lower risks associated with synthetic biology in comparison to  314 

women (Mandel et al., 2008), a demographic difference which has  been reported for other 315 

technologies (Finucane, Slovic, Mertz, Flynn, & Satterfield, 2000). Finucane et al. (2000) 316 

attributed the “white male effect” to men’s perceiving themselves to be more involved in 317 

controlling and benefiting from technologies than women in the US. People with higher 318 

educational levels were reported as exhibiting a tendency to be more supportive of synthetic 319 

biology (Akin et al., 2017), as were students with natural science backgrounds, compared to 320 

those studying humanities and social sciences, the latter being an intuitive outcome given 321 

participants motivation and preferences  (Ineichen, Biller-Andorno, & Deplazes-Zemp, 322 

2017). The influence of educational level and gender on public attitudes, however, was 323 

sometimes not reported in relation to synthetic biology, in contrast to what has been found for 324 

GM  (Akin et al., 2017; Frewer, Howard, & Shepherd, 1996; Kahan, Braman, & Mandel, 325 

2009; Verdurme & Viaene, 2003). However, there is evidence that gender differences in 326 

public attitudes to GM disappear after the tangible benefits of specific GM foods  have been 327 

presented to participants  (Frewer et al., 1996), again implicating the importance of contexts 328 

when assessing attitudes, which may shape perceived perceptions of benefit associated with 329 

specific products or applications.  330 
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5. Public perceptions of synthetic biology-based applications in the agrifood sector 331 

Public attitudes often varied according to different applications of emerging technologies. A 332 

recent systematic review indicated that people hold more positive attitudes towards GM 333 

plants and their derivative products compared to attitudes towards GM animal products 334 

(Frewer et al., 2013). People are less accepting of GM animals if these are modified for food 335 

use rather than for medical reasons, with  medical applications possibly perceived to be more 336 

“necessary” than those related to food (Frewer, Coles, Houdebine, & Kleter, 2014). In the 337 

case of nanotechnology, medical and environmentally beneficial applications tended to be 338 

viewed as more accepted by consumers (Priest & Greenhalgh, 2011). Within the food 339 

domain, nanotechnology for developing food packaging is more likely to be supported than 340 

food products for consumption (Giles et al., 2015).  341 

The pattern of results for synthetic biology applied in the agrifood sector is not greatly 342 

different to other technological applications, although comparisons are made complex 343 

because of differences in study design across technologies. In the case of  synthetic biology, 344 

more positive perceptions were found to result among research participants after concrete 345 

examples of applications were introduced (Ineichen et al., 2017; Rakic, Wienand, Shaw, 346 

Nast, & Elger, 2017). People expressed more optimism about medical applications, such as 347 

synthetic microbes used for the production of medicine (Ineichen et al., 2017; Pauwels, 2013; 348 

Starkbaum, Braun, & Dabrock, 2015; Steurer, 2015), and disease treatment using engineered 349 

autologous cells (Rakic et al., 2017). However, concerns about unknown long-term impacts 350 

of such medicines on human health, unintended release of synthetic microbes, and economic 351 

interests were still raised. Environmental applications were more acceptable to participants 352 

than agricultural applications. Although released synthetic microbes are more uncontrollable 353 

regarding their reproduction and spread, participants still showed more support for those 354 

applied in pollutant sensing and bioremediation compared to GM maize (modified to faciliate 355 

reduced application of herbicides/insecticides) and rice (modified to increase levels of pro-356 

vitamin A) (Ineichen et al., 2017). As a result, synthetic biology-based applications for 357 

environmental enhancement (e.g. synthetic microbe as biosensors and for bioremediation) 358 

could be preferred by the public compared to those for crop improvement (e.g. productivity 359 

increase and reduced needs for inputs in agriculture) (see Table 1). 360 

Generally, people tend to express more negative attitudes to synthetic biology applied in 361 

agricultural and food production (Pauwels, 2013; Steurer, 2015). Synthetic organisms (e.g. 362 

virus, bacterium and insect), developed either for pest control or boosting plant growth, raised 363 
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concerns for research participants due to their uncontrollability, unknown long-term health 364 

impacts and potential for bioterroristic use (Steurer, 2015). It is notable that mosquitos 365 

engineered by synthetic gene-drive systems for facilitating the eradication of malaria were 366 

perceived to be highly uncontrollable, but people did not express strong opposition to this 367 

application (Hart Research Associates, 2013). Again this suggests that medical applications 368 

are perceived to be more “necessary” than agricultural applications (Starkbaum et al., 2015). 369 

Other agrifood applications, such as animals with accelerated growth and synthetic microbes 370 

applied to facilitate food production (e.g. production of food additive), were viewed more 371 

negatively by research participants (Hart Research Associates, 2013). This could potentially 372 

be related to consumers’ concerns about their unknown long-term impacts as well as 373 

perceived unnaturalness of the food production process (Román, Sánchez-Siles, & Siegrist, 374 

2017). A study by Dragojlovic and Einsiedel (2013) also indicated the negative influence of 375 

perceived unnaturalness on participant acceptance of synthetic yeast-based sweetener, in 376 

particular among participants who regard nature as sacred or spiritual.  377 

The evidence suggests that people’s attitudes appear to vary between different applications of 378 

synthetic biology, either across sectors or within the agrifood sector. Medical and 379 

environmental applications could be more acceptable than those applied in food and 380 

agricultural production. However, agrifood applications with tangible and desirable benefits 381 

may also be accepted, such as novel food products with health benefits (e.g. nutraceuticals), 382 

since they could evoke more positive perceptions compared with those delivering no health 383 

benefits. Application of synthetic biology for food packaging development may also be 384 

supported according to people’s preferences for nanotechnology applications (Giles et al., 385 

2015). So, of the listed agrifood applications in Table 1, the public may prefer those for 386 

environmental enhancement, producing healthy food products and food packaging to be 387 

developed and commercialised. These findings also imply that public perceptions and 388 

attitudes of synthetic biology are linked to attributes of specific applications, as is the case for 389 

GM and nanotechnology (Frewer et al., 2013; Giles et al., 2015). 390 

6. Discussion 391 

At present, there are no specific issues identified from existing research into public 392 

perceptions and attitudes  which distinguish synthetic biology from other enabling 393 

technologies, in terms of public perceptions and attitudes (Akin et al., 2017; Steurer, 2015). 394 

However, some issues uniquely associated with synthetic biology may need further 395 

consideration. For example, open-sourcing of synthetic biology improves accessibility of 396 
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technology development to non-professionals, which may increase risks in relation to both 397 

bioterror and bioerror. When applied as a bottom-up approach, ethical aspects become more 398 

prominent in societal discussions (Bedau et al., 2009). Therefore, it is important to study the 399 

influence of these two issues on public attitudes and associated governance practices by 400 

linking them to specific applications and other contexts. In addition, as more novel 401 

applications are being developed, ambiguities in regulation may occur, and improvement of 402 

regulation and governance is therefore needed. Taking the arsenic biosensor (where synthetic 403 

bacteria contained in a secure casing) as an example, the developers’ application for 404 

exemption from The Contained Use Directive (2009/41/EC)1 and The Deliberate Release 405 

Directive (2001/18/EC)2 was not approved in the European Union. This was because the 406 

application was technically “contained” but applied outside of a laboratory (European Food 407 

Safety Authority, 2015).  408 

A limited number of studies have identified factors that may affect public attitudes, such as 409 

perceptions of risks, benefits and ethical issues, trust in scientists, industry and government, 410 

and individuals’ socioeconomic, demographic and value attributes. Although findings in 411 

relation to the influence of individual socioeconomic and demographic characteristics as 412 

reported in the literature is somewhat inconsistent, ongoing research is required to assess how 413 

perceptions and attitudes in different demographic groups varies as this is required in order to 414 

develop targeted risk communication strategies (Frewer et al., 2013). Integrating findings of 415 

research on synthetic biology as well as GM and nanotechnology, participants’ perceptions 416 

and attitudes were linked to specific characteristics of applications, and they tended to hold 417 

more optimism after being informed of concrete benefits of applications. Metaphors such as 418 

“Playing God” and “creating life” were infrequently mentioned in the context of specific 419 

applications of synthetic biology, and perceived “unnaturalness” was only identified in food 420 

production (Dragojlovic & Einsiedel, 2013). These results suggest that, in common with 421 

other agri-technologies, risk and benefit perceptions will contribute in shaping public 422 

attitudes towards synthetic biology and its specific applications. Notably, these studies have 423 

tended to focus on synthetic biology per se rather than specific applications, and no research, 424 

so far, has investigated how trade-offs between benefits, risks and other issues are made by 425 

people during decision-making. Previous research showed that benefits of GM technology 426 

perceived by research participants are discounted (Siegrist & Sütterlin, 2016), and people’s 427 

                                                 
1 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32009L0041 (accessed 6 May 2009). 
2 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32001L0018 (accessed 12 Marth 2001). 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32009L0041
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32001L0018


14 

 

risk and benefit perceptions of the same product could be different due to diverse personal 428 

characteristics (Hu et al., 2004). Individuals’ trade-offs between perceived benefits, risks and 429 

other issues in decisions-making are also heterogeneous regarding innovative food 430 

technology acceptance (Bearth & Siegrist, 2016). In other words, the role of different 431 

perceptions in determining public attitudes could be highly variable, and is affected by 432 

various contextual factors, such as type of technology, socio-demographic, cultural or 433 

geographical differences between participants, and even regional difference in legislation of 434 

studied food technology (Bearth & Siegrist, 2016; Costa-Font & Gil, 2009). To avoid 435 

unnecessary scares and encourage the acceptance of synthetic biology applied in the agrifood 436 

sector, public perceptions and their influence on people’s attitudes need to be investigated in 437 

the context of specific applications with concrete and tangible benefits  (Hansen, Holm, 438 

Frewer, Robinson, & Sandøe, 2003). Specifically, it is important to understand how people 439 

make trade-offs between their perceived benefits, risks and other issues of synthetic biology, 440 

together with contextual factors that impact the decision-making process. 441 

With respect to the public attitudes towards synthetic biology, social amplification of 442 

perceived risks does not seem to have arisen, as the media portrayal is, to date, relatively 443 

positive. There is also little evidence showing  an “inherent societal aversion” to synthetic 444 

biology as an enabling technology (Betten et al., 2018; Pauwels, 2009). While a number of 445 

agrifood applications have been identified as potentially preferred by the public for 446 

development, there is still a lack of relevant studies to support this in practice, which makes it 447 

difficult to more accurately predict public priorities and preferences from Table 1.  448 

This review suggests that the context in which synthetic biology is applied may be relevant to 449 

understanding which applications should be a priority for commercialisation technologies 450 

(Oliver, 2018). It is well established that context (including product type) effects people’s 451 

preferences and decision-making (Kahneman & Tversky, 2000). From moral perspective, 452 

Falk and Szech (2013) also have argued that individuals’ decision-making in relation to 453 

moral or ethical issues may differ in different contexts.  Context, or how the product of an 454 

enabling technology is perceived, is likely to vary between different applications and so 455 

merits investigation.  456 

The process of reviewing the literature also highlighted some problems in experimental 457 

design. Some studies over-emphasised the origins of genes, which is a defining characteristic 458 

of GM, rather than the attribute of synthetic biology applications (Amin et al., 2013; 459 

Dragojlovic & Einsiedel, 2013). Previous research suggested that people may perceive 460 
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different risks and benefits of the same food product based on affect heuristic and/or 461 

cognitive reasoning (Slovic, Finucane, Peters, & MacGregor, 2004). For unfamiliar GM 462 

foods, people’s risk and benefit perceptions are formed by more information and thus more 463 

cognitive reasoning dependent.  The affect heuristic, however, plays a more important role in 464 

people’s perceptions of foods that are perceived to be unfamiliar by them (Fischer & Frewer, 465 

2009). In other words, if the presentation of synthetic biology to the public  is framed 466 

primarily based on attributes of GM, people’s attitudes towards synthetic biology-based 467 

applications could be biased due to their affect heuristic irrelevant to GM products, in 468 

particular those who perceive a situation of information sufficiency. /Furthermore, when 469 

developing experimental information interventions, the introduction of synthetic biology 470 

should be clear, and selected examples of applications should be realistic rather than “blue 471 

sky ideas”.  472 

It is also notable that previous research on the factors which drive agrifood technology 473 

acceptance has tended to occur after societal rejection, delivering greater understanding of 474 

drivers of public rejection as opposed to acceptance (Frewer et al., 2014). In the case of 475 

synthetic biology, it is important to ensure societal and consumer engagement occurs 476 

throughout the research and development process. That is, as the technology evolves, a 477 

number of research questions need to be further answered prior to, and during, the 478 

commercialisation process associated with agrifood applications.  479 

• What are the public preferences for potential applications of synthetic biology in the 480 

agrifood sector? And what “features” or characteristics of products will align with 481 

societal preferences and priorities? 482 

• What influences peoples’ decisions about the acceptability or otherwise of specific 483 

applications of synthetic biology? Will factors such as “open sourcing” and 484 

perceptions that “life is being created” impact people’s decisions? 485 

• How can key stakeholders in synthetic biology development (including scientists, 486 

industries and policy makers) “fine tune” the development and commercialisation 487 

process in line with societal priorities and expectations? What information and 488 

knowledge needs to be exchanged with societal stakeholders, and how might this be 489 

achieved? 490 

7. Limitations of the research  491 

At present, and as has been noted, there is a limited literature available for review. Despite 492 

extrapolating from research into public attitudes of GM and nanotechnology, the authors have 493 
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been unable to further identify public priorities for development from the listed applications 494 

in Table 1. The lack of empirical research also impeded comparisons of attitudinal 495 

differences across regions and time. As a consequence, important research gaps have been 496 

identified, which, once filled, will benefit the development of commercialisation trajectories 497 

for applications within the agrifood sector, as well as the development of effective 498 

governance practices. 499 

8. Conclusions  500 

Synthetic biology has undergone considerable growth in recent years, with various potentially 501 

beneficial applications in the agrifood sector having been under development. However, the 502 

future commercialisation of these applications could be uncertain due to public risk 503 

perceptions and ethical concerns. Given the relatively positive media portrayal at the present, 504 

public attitudes appear to be uncrystallised. Also, people’s attitudes and perceptions are likely 505 

to vary according to traits of applications. For instance, the public are inclined to accept 506 

applications for environmental enhancement, healthy food production and food packaging 507 

development. However, current studies into public attitudes towards synthetic biology have 508 

focused more on the technology per se, but failed to contemplate application types, which has 509 

impeded further identification of public priorities from Table 1. This is also an important 510 

research gap which merits investigation as it guides “fine-tuning” characteristics of 511 

applications in particular those at critical development points and optimise the 512 

commercialisation process. Other contextual factors, in particular those affecting the impacts 513 

of perceptions on people’s acceptance or rejection of synthetic biology, should also be 514 

investigated. This information, together with the public priorities, could provide the basis for 515 

more effective public risk communication and regulatory mechanisms establishment, for 516 

example, in relation to identification and discussion of potential (socially prioritised) benefits 517 

in agrifood governance. In summary, better framing of synthetic biology needs to be 518 

developed for better conducting relevant research and effective public engagement. More 519 

studies into public responses to synthetic biology are also required, which may provide 520 

information for “fine tuning” technical researchers’ experiments, companies’ product design 521 

and commercialisation, and forming the basis for more effective regulation mechanisms. 522 

Acknowledgements 523 

This research did not receive any specific grant from funding agencies in the public, 524 

commercial, or not-for-profit sectors. 525 



17 

 

 526 

 527 

 528 

 529 

References 530 

Abbas, Z., Zafar, Y., Khan, S. A., & Mukhtar, Z. (2013). A chimeric protein encoded by 531 

synthetic genes shows toxicity to Helicoverpa armigera and Spodotera littoralis larvae. 532 

International Journal of Agriculture and Biology, 15(2), 325–330. 533 

Akin, H., Rose, K. M., Scheufele, D. A., Simis-Wilkinson, M., Brossard, D., Xenos, M. A., 534 

& Corley, E. A. (2017). Mapping the landscape of public attitudes on synthetic biology. 535 

BioScience, 67(3), 290–300. http://doi.org/10.1093/biosci/biw171 536 

Amin, L., Azlan, N., Ahmad, J., Hashim, H., Samian, A., & Haron, M. (2013). Ethical 537 

perception of synthetic biology. African Journal of Biotechnology, 10(58), 12469–538 

12480. http://doi.org/10.4314/ajb.v10i58. 539 

Ancillotti, M., & Eriksson, S. (2015). Synthetic biology in the press: Media portrayal in 540 

Sweden and Italy. In K. Hagen, M. Engelhard, & G. Toepfer (Eds.), Ambivalences of 541 

Creating Life: Societal and Philosophical Dimensions of Synthetic Biology (1st ed., pp. 542 

141–156). Zug, Switzerland: Springer International Publishing. 543 

http://doi.org/10.1007/978-3-319-21088-9 544 

Ancillotti, M., Holmberg, N., Lindfelt, M., & Eriksson, S. (2017). Uncritical and unbalanced 545 

coverage of synthetic biology in the Nordic press. Public Understanding of Science, 546 

26(2), 235–250. http://doi.org/10.1177/0963662515609834 547 

Ancillotti, M., Rerimassie, V., Seitz, S. B., & Steurer, W. (2016). An Update of Public 548 

Perceptions of Synthetic Biology: Still Undecided? NanoEthics, 10(3), 309–325. 549 

http://doi.org/10.1007/s11569-016-0256-3 550 

Anderson, A. A., Scheufele, D. A., Brossard, D., & Corley, E. A. (2012). The role of media 551 

and deference to scientific authority in cultivating trust in sources of information about 552 

emerging technologies. International Journal of Public Opinion Research, 24(2), 225–553 

237. http://doi.org/10.1093/ijpor/edr032 554 

Bar-Even, A., Noor, E., Lewis, N. E., & Milo, R. (2010). Design and analysis of synthetic 555 

carbon fixation pathways. Proceedings of the National Academy of Sciences of the 556 

United States of America, 107(19), 8889–94. http://doi.org/10.1073/pnas.0907176107 557 

Bearth, A., & Siegrist, M. (2016). Are risk or benefit perceptions more important for public 558 

acceptance of innovative food technologies: A meta-analysis. Trends in Food Science 559 

and Technology, 49(March), 14–23. http://doi.org/10.1016/j.tifs.2016.01.003 560 

Bedau, M. A., Parke, E. C., Tangen, U., & Hantsche-Tangen, B. (2009). Social and ethical 561 

checkpoints for bottom-up synthetic biology, or protocells. Systems and Synthetic 562 

Biology, 3, 65–75. http://doi.org/10.1007/s11693-009-9039-2 563 

Benner, S. A., & Sismour, A. M. (2005). Synthetic biology. Nat Rev Genet, 6(7), 533–543. 564 

http://doi.org/10.1038/nrg1637 565 

Betten, A. W., Broerse, J. E. W., & Kupper, F. (2018). Dynamics of problem setting and 566 

framing in citizen discussions on synthetic biology. Public Understanding of Science, 567 



18 

 

27(3), 294–309. http://doi.org/10.1177/0963662517712207 568 

Bhat, S. A., Malik, A. A., Ahmad, S. M., Shah, R. A., Ganai, N. A., Shafi, S. S., & Shabir, N. 569 

(2017). Advances in genome editing for improved animal breeding: A review. 570 

Veterinary World, 10(11), 1361–1366. http://doi.org/10.14202/vetworld.2017.1361-571 

1366 572 

Borgers, M. (2017). Representation of synthetic biology in Dutch newspapers. Utrecht 573 

University. Retrieved from 574 

https://dspace.library.uu.nl/bitstream/handle/1874/349043/Masterthesis Maaike 575 

Borgers.pdf?sequence=2&isAllowed=y 576 

Braun, M., Fernau, S., & Dabrock, P. (2018). Images of synthetic life: Mapping the use and 577 

function of metaphors in the public discourse on synthetic biology. PLoS ONE, 13(6), 578 

e0199597. http://doi.org/10.1371/journal.pone.0199597 579 

Bueso, F. Y. ., & Tangney, M. (2017). Synthetic Biology in the Driving Seat of the 580 

Bioeconomy. Trends in Biotechnology, 35(5), 373–378. 581 

http://doi.org/10.1016/j.tibtech.2017.02.002 582 

Cameron, D. E., Bashor, C. J., & Collins, J. J. (2014). A brief history of synthetic biology. 583 

Nature Reviews Microbiology, 12(5), 381–390. http://doi.org/10.1038/nrmicro3239 584 

Colwell, R. K., Norse, E. A., Pimentel, D., Sharples, F. E., & Simberloff, D. (1985). Genetic 585 

Engineering in Agriculture. Science, 229(4709), 111–112. 586 

http://doi.org/10.1126/science.229.4709.111 587 

Conti, J., Satterfield, T., & Harthorn, B. H. (2011). Vulnerability and social justice as factors 588 

in emergent U.S. nanotechnology risk perceptions. Risk Analysis, 31(11), 1734–1748. 589 

http://doi.org/10.1111/j.1539-6924.2011.01608.x 590 

Costa-Font, M., & Gil, J. M. (2009). Structural equation modelling of consumer acceptance 591 

of genetically modified (GM) food in the Mediterranean Europe: A cross country study. 592 

Food Quality and Preference, 20(6), 399–409. 593 

http://doi.org/10.1016/j.foodqual.2009.02.011 594 

Damiati, S., Mhanna, R., Kodzius, R., & Ehmoser, E. K. (2018). Cell-free approaches in 595 

synthetic biology utilizing microfluidics. Genes, 9(3). 596 

http://doi.org/10.3390/genes9030144 597 

De Mora, K., Joshi, N., Balint, B. L., Ward, F. B., Elfick, A., & French, C. E. (2011). A pH-598 

based biosensor for detection of arsenic in drinking water. Analytical and Bioanalytical 599 

Chemistry, 400(4), 1031–1039. http://doi.org/10.1007/s00216-011-4815-8 600 

Dragojlovic, N., & Einsiedel, E. (2012). Playing God or just unnatural? Religious beliefs and 601 

approval of synthetic biology. Public Understanding of Science, 22(7), 869–885. 602 

http://doi.org/10.1177/0963662512445011 603 

Dragojlovic, N., & Einsiedel, E. (2013). Framing Synthetic Biology: Evolutionary Distance, 604 

Conceptions of Nature, and the Unnaturalness Objection. Science Communication, 605 

35(5), 547–571. http://doi.org/10.1177/1075547012470707 606 

European Commission (2005). Synthetic biology: Apply engineering to biology. Retrieved 607 

from http://www.synbiosafe.eu/uploads/pdf/EU-highlevel-syntheticbiology.pdf  608 

European Food Safety Authority. (2015). Risk assessment of the genetically modified 609 

microorganism ‘ Arsenic Biosensor ’ , a derivative of Bacillus subtilis 168 trpC2 , for 610 

the purpose of its inclusion in Part C Annex II of Council Directive. Retrieved from 611 



19 

 

https://www.efsa.europa.eu/en/supporting/pub/en-917 612 

Falk, A., & Szech, N. (2013). Morals and markets. Science, 340(6133), 707–711. 613 

http://doi.org/10.1126/science.1231566 614 

Farrar, K., Bryant, D., & Cope-Selby, N. (2014). Understanding and engineering beneficial 615 

plant-microbe interactions: Plant growth promotion in energy crops. Plant 616 

Biotechnology Journal, 12(9), 1193–1206. http://doi.org/10.1111/pbi.12279 617 

Finucane, M. L., Slovic, P., Mertz, C. K., Flynn, J., & Satterfield, T. A. (2000). Gender, race, 618 

and perceived risk: The “white male” effect. Health, Risk & Society, 2(2), 159–172. 619 

http://doi.org/10.1080/713670162 620 

Fischer, A. R. H., & Frewer, L. J. (2009). Consumer familiarity with foods and the perception 621 

of risks and benefits. Food Quality and Preference, 20(8), 576–585. 622 

http://doi.org/10.1016/j.foodqual.2009.06.008 623 

Fraser, P. D., Enfissi, E. M. A., & Bramley, P. M. (2009). Genetic engineering of carotenoid 624 

formation in tomato fruit and the potential application of systems and synthetic biology 625 

approaches. Archives of Biochemistry and Biophysics, 483(2), 196–204. 626 

http://doi.org/10.1016/j.abb.2008.10.009 627 

Frewer, L. J., Bergmann, K., Brennan, M., Lion, R., Meertens, R., Rowe, G., … Vereijken, C. 628 

(2011). Consumer response to novel agri-food technologies: Implications for predicting 629 

consumer acceptance of emerging food technologies. Trends in Food Science and 630 

Technology, 22(8), 442–456. http://doi.org/10.1016/j.tifs.2011.05.005 631 

Frewer, L. J., Coles, D., Houdebine, L.-M., & Kleter, G. A. (2014). Attitudes towards 632 

genetically modified animals in food production. British Food Journal, 116(8), 1291–633 

1313. http://doi.org/10.1108/BFJ-08-2013-0211 634 

Frewer, L. J., Gupta, N., George, S., Fischer, A. R. H., Giles, E. L., & Coles, D. (2014). 635 

Consumer attitudes towards nanotechnologies applied to food production. Trends in 636 

Food Science and Technology, 40(2), 211–225. http://doi.org/10.1016/j.tifs.2014.06.005 637 

Frewer, L. J., Howard, C., & Shepherd, R. (1996). Effective communication about genetic 638 

engineering and food. British Food Journal, 98(4/5), 48–52. 639 

http://doi.org/10.1108/00070709610119883 640 

Frewer, L. J., Miles, S., & Marsh, R. (2002). The media and genetically modified foods: 641 

Evidence in support of social amplification of risk. Risk Analysis, 22(4), 701–711. 642 

http://doi.org/10.1111/0272-4332.00062 643 

Frewer, L. J., van der Lans, I. A., Fischer, A. R. H., Reinders, M. J., Menozzi, D., Zhang, X. 644 

Y., … Zimmermann, K. L. (2013). Public perceptions of agri-food applications of 645 

genetic modification - A systematic review and meta-analysis. Trends in Food Science 646 

and Technology, 30(2), 142–152. http://doi.org/10.1016/j.tifs.2013.01.003 647 

Gaskell, G., Bauer, M. W., Durant, J., & Allum, N. C. (1999). Worlds apart? The reception of 648 

genetically modified foods in Europe and the U.S. Science, 285(5426), 384–387. 649 

http://doi.org/10.1126/science.285.5426.384 650 

Gibson, D. G., Glass, J. I., Lartigue, C., Noskov, V. N., Chuang, R. Y., Algire, M. A., … 651 

Venter, J. C. (2010). Creation of a bacterial cell controlled by a chemically synthesized 652 

genome. Science, 329(5987), 52–56. http://doi.org/10.1126/science.1190719 653 

Giles, E. L., Kuznesof, S., Clark, B., Hubbard, C., & Frewer, L. J. (2015). Consumer 654 

acceptance of and willingness to pay for food nanotechnology: a systematic review. 655 



20 

 

Journal of Nanoparticle Research, 17(12), 467. http://doi.org/10.1007/s11051-015-656 

3270-4 657 

Giordano, S., & Chung, Y.-L. (2018). The story is that there is no story: media framing of 658 

synthetic biology and its ethical implications in the New York Times (2005–2015). 659 

Journal of Science Communication, 17(03), A02. http://doi.org/10.22323/2.17030202 660 

Gonen, S., Jenko, J., Gorjanc, G., Mileham, A. J., Whitelaw, C. B. A., & Hickey, J. M. 661 

(2017). Potential of gene drives with genome editing to increase genetic gain in 662 

livestock breeding programs. Genetics Selection Evolution. 663 

http://doi.org/10.1186/s12711-016-0280-3 664 

Gonzalez-Esquer, C. R., Shubitowski, T. B., & Kerfeld, C. A. (2015). Streamlined 665 

construction of the cyanobacterial CO2-fixing organelle via protein domain fusions for 666 

use in plant synthetic biology. The Plant Cell, 27(9), 2637–44. 667 

http://doi.org/10.1105/tpc.15.00329 668 

Grant, M. J., & Booth, A. (2009). A typology of reviews: An analysis of 14 review types and 669 

associated methodologies. Health Information and Libraries Journal, 26(2), 91–108. 670 

http://doi.org/10.1111/j.1471-1842.2009.00848.x 671 

Hansen, J., Holm, L., Frewer, L. J., Robinson, P., & Sandøe, P. (2003). Beyond the 672 

knowledge deficit: Recent research into lay and expert attitudes to food risks. Appetite, 673 

41(2), 111–121. http://doi.org/10.1016/S0195-6663(03)00079-5 674 

Hanson, A. D., Amthor, J. S., Sun, J., Niehaus, T. D., Gregory, J. F., Bruner, S. D., & Ding, 675 

Y. (2018). Redesigning thiamin synthesis: Prospects and potential payoffs. Plant 676 

Science, 273, 92–99. http://doi.org/10.1016/j.plantsci.2018.01.019 677 

Hart Research Associates. (2013). Awareness & Impressions of Synthetic Biology: A Report 678 

of Findings Based on a National Survey among Adults. Washington, DC. Retrieved 679 

from http://www.synbioproject.org/site/assets/files/1289/synbiosurvey2013.pdf 680 

Harvey, M., & Pilgrim, S. (2011). The new competition for land: Food, energy, and climate 681 

change. Food Policy, 36(Supplement 1), 40–51. 682 

http://doi.org/10.1016/j.foodpol.2010.11.009 683 

Hellsten, I., & Nerlich, B. (2011). Synthetic biology: Building the language for a new science 684 

brick by metaphorical brick. New Genetics and Society, 30(4), 375–397. 685 

http://doi.org/10.1080/14636778.2011.592009 686 

Ho, S. S., Brossard, D., & Scheufele, D. A. (2008). Effects of value predispositions, mass 687 

media use, and knowledge on public attitudes toward embryonic stem cell research. 688 

International Journal of Public Opinion Research, 20(2), 171–192. 689 

http://doi.org/10.1093/ijpor/edn017 690 

Hu, W., Hünnemeyer, A., Veeman, M., Adamowicz, W., & Srivastava, L. (2004). Trading off 691 

health, environmental and genetic modification attributes in food. European Review of 692 

Agriculture Economics, 31(3), 389–408. http://doi.org/10.1093/erae/31.3.389 693 

Inceoglu, A. B., Kamita, S. G., Hinton, A. C., Huang, Q., Severson, T. F., Kang, K., & 694 

Hammock, B. D. (2001). Recombinant baculoviruses for insect control. Pest 695 

Management Science, 57(10), 981–987. http://doi.org/10.1002/ps.393 696 

Ineichen, C., Biller-Andorno, N., & Deplazes-Zemp, A. (2017). Image of synthetic biology 697 

and nanotechnology: A survey among university students. Frontiers in Genetics, 698 

8(SEP), 1–17. http://doi.org/10.3389/fgene.2017.00122 699 



21 

 

Jagtap, U. B., Jadhav, J. P., Bapat, V. A., & Pretorius, I. S. (2017). Synthetic biology 700 

stretching the realms of possibility in wine yeast research. International Journal of Food 701 

Microbiology, 252, 24–34. http://doi.org/10.1016/j.ijfoodmicro.2017.04.006 702 

J. Craig Venter Institute. (2008, January 24). Scientists Create First Synthetic Bacterial 703 

Genome -- Largest Chemically Defined Structure Synthesized In The Lab. ScienceDaily. 704 

Retrieved March 19, 2019 from 705 

www.sciencedaily.com/releases/2008/01/080124175924.htm 706 

Joshi, N., Wang, X., Montgomery, L., Elfick, A., & French, C. E. (2009). Novel approaches 707 

to biosensors for detection of arsenic in drinking water. Desalination. 708 

http://doi.org/10.1016/j.desal.2008.05.096 709 

Jung, Y. K., Kim, T. Y., Park, S. J., & Lee, S. Y. (2010). Metabolic engineering of 710 

Escherichia coli for the production of polylactic acid and its copolymers. Biotechnology 711 

and Bioengineering, 105(1), 161–171. http://doi.org/10.1002/bit.22548 712 

Kahan, D. M., Braman, D., & Mandel, G. N. (2009). Risk and Culture: Is Synthetic Biology 713 

Different? Harvard Law School Program on Risk Regulation Research Paper No. 09-2; 714 

Yale Law School, Public Law Working Paper No. 190. Retrieved from 715 

https://dx.doi.org/10.2139/ssrn.1347165 716 

Kahneman, D., & Tversky, A. (1984). Choices, values, and frames. American Psychologist, 717 

39(4), 341–350. http://doi.org/10.1037/0003-066X.39.4.341 718 

Kasperson, R. E., Renn, O., Slovic, P., Brown, H. S., Emel, J., Goble, R., … Ratick, S. 719 

(1988). The Social Amplification of Risk: A Conceptual Framework. Risk Analysis, 720 

8(2), 177–187. http://doi.org/10.1111/j.1539-6924.1988.tb01168.x 721 

Kim, H. J., Jeong, H., & Lee, S. J. (2018). Synthetic biology for microbial heavy metal 722 

biosensors. Analytical and Bioanalytical Chemistry, 410(4), 1191–1203. 723 

http://doi.org/10.1007/s00216-017-0751-6 724 

Kinder, J., & Robbins, M. (2018). The Present and Future State of Synthetic Biology in 725 

Canada. In “Canada Synbio 2018” Conference and Workshop. Ottawa, Canada: The 726 

Institute on Governance. Retrieved from https://iog.ca/docs/The-Present-and-Future-727 

State-of-Synthetic-Biology-in-Canada.pdf 728 

Krishnamurthy, M., Moore, R. T., Rajamani, S., & Panchal, R. G. (2016). Bacterial genome 729 

engineering and synthetic biology: combating pathogens. BMC Microbiology. 730 

http://doi.org/10.1186/s12866-016-0876-3 731 

Kronberger, N., Holtz, P., Kerbe, W., Strasser, E., & Wagner, W. (2009). Communicating 732 

Synthetic Biology: From the lab via the media to the broader public. Systems and 733 

Synthetic Biology, 3(1), 19–26. http://doi.org/10.1007/s11693-009-9031-x 734 

Kronberger, N., Holtz, P., & Wagner, W. (2012). Consequences of media information uptake 735 

and deliberation: Focus groups’ symbolic coping with synthetic biology. Public 736 

Understanding of Science, 21(2), 174–187. http://doi.org/10.1177/0963662511400331 737 

Lakhundi, S. S. (2012). Synthetic biology approach to cellulose degradation. PQDT - UK & 738 

Ireland. Retrieved from 739 

http://easyaccess.lib.cuhk.edu.hk/login?url=http://search.proquest.com/docview/177423740 

4720?accountid=10371%5Cnhttp://findit.lib.cuhk.edu.hk/852cuhk/?url_ver=Z39.88-741 

2004&rft_val_fmt=info:ofi/fmt:kev:mtx:dissertation&genre=dissertations+%26+theses742 

&sid=ProQ:P 743 



22 

 

Lee, D., Lloyd, N. D. R., Pretorius, I. S., & Borneman, A. R. (2016). Heterologous 744 

production of raspberry ketone in the wine yeast Saccharomyces cerevisiae via pathway 745 

engineering and synthetic enzyme fusion. Microbial Cell Factories, 15(1). 746 

http://doi.org/10.1186/s12934-016-0446-2 747 

Leonard, E., Ajikumar, P. K., Thayer, K., Xiao, W.-H., Mo, J. D., Tidor, B., … Prather, K. L. 748 

J. (2010). Combining metabolic and protein engineering of a terpenoid biosynthetic 749 

pathway for overproduction and selectivity control. Proceedings of the National 750 

Academy of Sciences, 107(31), 13654–13659. http://doi.org/10.1073/pnas.1006138107 751 

Mandel, G. N., Braman, D., & Kahan, D. M. (2008). Cultural Cognition and Synthetic 752 

Biology Risk Perceptions: A Preliminary Analysis. SSRN ELibrary, (November 2015). 753 

http://doi.org/10.2139/ssrn.1264804 754 

Marques, C. R. (2018). Extremophilic microfactories: Applications in metal and radionuclide 755 

bioremediation. Frontiers in Microbiology. http://doi.org/10.3389/fmicb.2018.01191 756 

Mather, D. W., Knight, J. G., Insch, A., Holdsworth, D. K., Ermen, D. F., & Breitbarth, T. 757 

(2012). Social Stigma and Consumer Benefits: Trade-Offs in Adoption of Genetically 758 

Modified Foods. Science Communication, 34(4), 487–519. 759 

http://doi.org/10.1177/1075547011428183 760 

Mays, Z. J., & Nair, N. U. (2018). Synthetic biology in probiotic lactic acid bacteria: At the 761 

frontier of living therapeutics. Current Opinion in Biotechnology, 53, 224–231. 762 

http://doi.org/10.1016/j.copbio.2018.01.028 763 

McFarlane, G. R., Whitelaw, C. B. A., & Lillico, S. G. (2017). CRISPR-Based Gene Drives 764 

for Pest Control. Trends in Biotechnology, 36(2), 130–133. 765 

http://doi.org/10.1016/j.tibtech.2017.10.001 766 

Myers, M. L. (2007). Anticipation of risks and benefits of emerging technologies: A 767 

prospective analysis method. Human and Ecological Risk Assessment, 13(5), 1042–768 

1052. http://doi.org/10.1080/10807030701506371 769 

Newson, A. (2015). Synthetic Biology: Ethics, Exeptionalism and Expectations. Macquarie 770 

Law Journal, 15, 45–58. Retrieved from 771 

http://content.ebscohost.com/ContentServer.asp?T=P&P=AN&K=108715935&S=R&D772 

=ofs&EbscoContent=dGJyMNLe80SeprM4zdnyOLCmr0%2BeqK9Sr664Sa%2BWxW773 

XS&ContentCustomer=dGJyMPGpt02xr65LuePfgeyx43zx 774 

Nigam, P. S., & Luke, J. S. (2016). Food additives: Production of microbial pigments and 775 

their antioxidant properties. Current Opinion in Food Science, 7, 93–100. 776 

http://doi.org/10.1016/j.cofs.2016.02.004 777 

Oliver, A. (2018). Behavioral Economics and the Public Acceptance of Synthetic Biology. 778 

Hastings Center Report, 48(S1), S50–S55. http://doi.org/10.1002/hast.819 779 

Ostrov, N., Jimenez, M., Billerbeck, S., Brisbois, J., Matragrano, J., Ager, A., & Cornish, V. 780 

W. (2017). A modular yeast biosensor for low-cost point-of-care pathogen detection. 781 

Science Advances, 3(6). http://doi.org/10.1126/sciadv.1603221 782 

Oye, K. A., Esvelt, K., Appleton, E., Catteruccia, F., Church, G., Kuiken, T., … Collins, J. P. 783 

(2014). Regulating gene drives. Science, 345(6197), 626–628. 784 

http://doi.org/10.1126/science.1254287 785 

Park, S., Peterson, F. C., Mosquna, A., Yao, J., Volkman, B. F., & Cutler, S. R. (2015). 786 

Agrochemical control of plantwater use using engineered abscisic acid receptors. 787 



23 

 

Nature, 520, 545–548. http://doi.org/10.1038/nature14123 788 

Pauwels, E. (2009). Review of quantitative and qualitative studies on u.s. public perceptions 789 

of synthetic biology. Systems and Synthetic Biology, 3(1), 37–46. 790 

http://doi.org/10.1007/s11693-009-9035-6 791 

Pauwels, E. (2013). Public Understanding of Synthetic Biology. BioScience, 63(2), 79–89. 792 

http://doi.org/10.1525/bio.2013.63.2.4 793 

Pauwels, E., & Ifrim, I. (2008). Trends in American & European Press Coverage of Synthetic 794 

Biology:Tracking the last five years of coverage. Woodrow Wilson International Center 795 

for Scholars. Washington, D.C. Retrieved from 796 

http://www.synbioproject.org/site/assets/files/1279/synbio1-web.pdf? 797 

Pauwels, E., Lovell, A., & Rouge, E. (2012). Trends in American & European Press 798 

Coverage of Synthetic Biology:Tracking the years 2008-2011. Woodrow Wilson 799 

International Center for Scholars. Washington, D.C. Retrieved from 800 

http://www.synbioproject.org/publications/why_scientists_should_care/ 801 

Pauwels, K., Mampuys, R., Golstein, C., Breyer, D., Herman, P., Kaspari, M., … Schönig, B. 802 

(2013). Event report: SynBio Workshop (Paris 2012) - Risk assessment challenges of 803 

Synthetic Biology. Journal Fur Verbraucherschutz Und Lebensmittelsicherheit, 8(3), 804 

215–226. http://doi.org/10.1007/s00003-013-0829-9 805 

Polizzi, K., Stanbrough, L., & Heap, J. (2018). A new lease of life, Understanding the risks of 806 

synthetic biology. An Emerging Risks Report Published by Lloyd’s of London. 807 

Priest, S. H., & Greenhalgh, T. (2011). Nanotechnology as an experiment in democracy: How 808 

do citizens form opinions about technology and policy? Journal of Nanoparticle 809 

Research, 13(4), 1521–1531. http://doi.org/10.1007/s11051-011-0229-y 810 

Prima, A., Hara, K. Y., Djohan, A. C., Kashiwagi, N., Kahar, P., Ishii, J., … Ogino, C. 811 

(2017). Glutathione production from mannan-based bioresource by 812 

mannanase/mannosidase expressing Saccharomyces cerevisiae. Bioresource 813 

Technology, 245, 1400–1406. http://doi.org/10.1016/j.biortech.2017.05.190 814 

Rakic, M., Wienand, I., Shaw, D., Nast, R., & Elger, B. S. (2017). Autonomy and Fear of 815 

Synthetic Biology: How Can Patients’ Autonomy Be Enhanced in the Field of Synthetic 816 

Biology? A Qualitative Study with Stable Patients. Science and Engineering Ethics, 817 

23(2), 375–388. http://doi.org/10.1007/s11948-016-9786-x 818 

Raley, M. E., Ragona, M., Sijtsema, S. J., Fischer, A. R. H., & Frewer, L. J. (2016). Barriers 819 

to using consumer science information in food technology innovations: An exploratory 820 

study using Delphi methodology. International Journal of Food Studies, 5(1), 39–53. 821 

http://doi.org/10.7455/ijfs/5.1.2016.a4 822 

Rogers, C., & Oldroyd, G. E. D. (2014). Synthetic biology approaches to engineering the 823 

nitrogen symbiosis in cereals. Journal of Experimental Botany, 65(8), 1939–1946. 824 

http://doi.org/10.1093/jxb/eru098 825 

Rogers, W. (2011). Ethical Issues in Synthetic Biology: a Commentary. MacQuire Law 826 

Journal, 2011–2016. Retrieved from 827 

https://www.mq.edu.au/__data/assets/pdf_file/0020/213761/mlj_2015_rogers.pdf 828 

Román, S., Sánchez-Siles, L. M., & Siegrist, M. (2017). The importance of food naturalness 829 

for consumers: Results of a systematic review. Trends in Food Science and Technology, 830 

67, 44–57. http://doi.org/10.1016/j.tifs.2017.06.010 831 



24 

 

Rosa, E. A. (1998). Metatheoretical foundations for post-normal risk. Journal of Risk 832 

Research, 1(1), 15–44. http://doi.org/10.1080/136698798377303 833 

Savadori, L., Savio, S., Nicotra, E., Rumiati, R., Finucane, M., & Slovic, P. (2004). Expert 834 

and public perception of risk from biotechnology. Risk Analysis, 24(5), 1289–1299. 835 

http://doi.org/10.1111/j.0272-4332.2004.00526.x 836 

Shih, P. M., Liang, Y., & Loqué, D. (2016). Biotechnology and synthetic biology approaches 837 

for metabolic engineering of bioenergy crops. The Plant Journal : For Cell and 838 

Molecular Biology, 87(1), 103–117. http://doi.org/10.1111/tpj.13176 839 

Siegrist, M., & Sütterlin, B. (2016). People’s reliance on the affect heuristic may result in a 840 

biased perception of gene technology. Food Quality and Preference, 54, 137–140. 841 

http://doi.org/10.1016/j.foodqual.2016.07.012 842 

Slomovic, S., Pardee, K., & Collins, J. J. (2015). Synthetic biology devices for in vitro and in 843 

vivo diagnostics. Proceedings of the National Academy of Sciences, 112(47), 14429–844 

14435. http://doi.org/10.1073/pnas.1508521112 845 

Slovic, P., Finucane, M. L., Peters, E., & MacGregor, D. G. (2004). Risk as Analysis and 846 

Risk as Feelings: Some Thoughts about Affect, Reason, Risk, and Rationality. Risk 847 

Analysis, 24(2), 311–321. http://doi.org/10.1111/j.0272-4332.2004.00433.x 848 

Smith, R., Marris, C., Sundaram, L., & Rose, N. (2017). Synthetic Biology Biosensors for 849 

Global Health Challenges. Workshop Report of the Flowers Consortium, (April). 850 

Retrieved from https://www.kcl.ac.uk/sspp/departments/sshm/research/csynbi-851 

PDFs/Biosensors-Final.pdf 852 

Sola-Oladokun, B., Culligan, E. P., & Sleator, R. D. (2017). Engineered Probiotics: 853 

Applications and Biological Containment. Annual Review of Food Science and 854 

Technology, 8(1), 353–370. http://doi.org/10.1146/annurev-food-030216-030256 855 

Springer Nature (2019). Synthetic biology. Retrieved 15 March 2019, from 856 

https://www.nature.com/subjects/synthetic-biology 857 

Starkbaum, J., Braun, M., & Dabrock, P. (2015). The synthetic biology puzzle: a qualitative 858 

study on public reflections towards a governance framework. Systems and Synthetic 859 

Biology, 9(4), 147–157. http://doi.org/10.1007/s11693-015-9182-x 860 

Steurer, W. (2015). “Some kind of genetic engineering... only one step further”-public 861 

perceptions of synthetic biology in Austria. In Ambivalences of Creating Life: Societal 862 

and Philosophical Dimensions of Synthetic Biology (pp. 115–140). 863 

http://doi.org/10.1007/978-3-319-21088-9_6 864 

Tarayre, C., De Clercq, L., Charlier, R., Michels, E., Meers, E., Camargo-Valero, M., & 865 

Delvigne, F. (2016). New perspectives for the design of sustainable bioprocesses for 866 

phosphorus recovery from waste. Bioresource Technology, 206, 264–274. 867 

http://doi.org/10.1016/j.biortech.2016.01.091 868 

Tay, P. K. R., Nguyen, P. Q., & Joshi, N. S. (2017). A Synthetic Circuit for Mercury 869 

Bioremediation Using Self-Assembling Functional Amyloids. ACS Synthetic Biology, 870 

6(10), 1841–1850. http://doi.org/10.1021/acssynbio.7b00137 871 

The Royal Academy of Engineering (2009). Synthetic Biology: scope, applications and 872 

implications. Retrieved from https://www.raeng.org.uk/publications/reports/synthetic-873 

biology-report 874 

Van Der Meer, J. R., & Belkin, S. (2010). Where microbiology meets microengineering: 875 

https://www.raeng.org.uk/publications/reports/synthetic-biology-report
https://www.raeng.org.uk/publications/reports/synthetic-biology-report


25 

 

Design and applications of reporter bacteria. Nature Reviews Microbiology, 8(7), 511–876 

522. http://doi.org/10.1038/nrmicro2392 877 

van Putten, M. C., Frewer, L. J., Gilissen, L. J. W. J., Gremmen, B., Peijnenburg, A. A. C. 878 

M., & Wichers, H. J. (2006). Novel foods and food allergies: A review of the issues. 879 

Trends in Food Science and Technology, 17(6), 289–299. 880 

http://doi.org/10.1016/j.tifs.2005.11.010 881 

Verdurme, A., & Viaene, J. (2003). Consumer beliefs and attitude towards genetically 882 

modified food: Basis for segmentation and implications for communication. 883 

Agribusiness, 19(1), 91–113. http://doi.org/10.1002/agr.10045 884 

Verseux, C., Acevedo-Rocha, C. G., Chizzolini, F., & Rothschild, L. J. (2016). 885 

Misconceptions of Synthetic Biology: Lessons from an Interdisciplinary Summer 886 

School. NanoEthics, 10(3), 327–336. http://doi.org/10.1007/s11569-016-0264-3 887 

Wang, C., Zada, B., Wei, G., & Kim, S.-W. (2017). Metabolic engineering and synthetic 888 

biology approaches driving isoprenoid production in Escherichia coli. Bioresource 889 

Technology, 241, 430–438. http://doi.org/10.1016/j.biortech.2017.05.168 890 

Webb, A. J., Kelwick, R., Doenhoff, M. J., Kylilis, N., MacDonald, J. T., Wen, K. Y., … 891 

Freemont, P. S. (2016). A protease-based biosensor for the detection of schistosome 892 

cercariae. Scientific Reports, 6. http://doi.org/10.1038/srep24725 893 

Webb, A. J., Kelwick, R., & Freemont, P. S. (2017). Opportunities for applying whole-cell 894 

bioreporters towards parasite detection. Microbial Biotechnology, 10(2), 244–249. 895 

http://doi.org/10.1111/1751-7915.12604 896 

Ye, M., Peng, Z., Tang, D., Yang, Z., Li, D., Xu, Y., … Huang, S. (2018). Generation of self-897 

compatible diploid potato by knockout of S-RNase. Nature Plants, 4(9), 651–654. 898 

http://doi.org/10.1038/s41477-018-0218-6 899 

 900 

 901 

 902 



26 

 

 

Table 1. Applications of synthetic biology in the agrifood sector  

Area of application Host Traits/product Examples Stage  References 

Agriculture 
  

  

  

  

  

  

  

  

  

  

  

  

Crop improvement Plant Productivity increase  Improved carbon fixation in crops. Laboratory Bar-Even, Noor, Lewis, & Milo, 2010; 

Gonzalez-Esquer, Shubitowski, & Kerfeld, 2015. 

Plant Production of novel substance 

or increased content of 

existing substance 

 

Nutraceuticals such as carotenoid; Increased 

content of lignocellulose, oil, soluble sugar 

as bioenergy. 

Laboratory Fraser, Enfissi, & Bramley, 2009; Shih, Liang, & 

Loqué, 2016. 

Plant Reduced need for inputs into 

agriculture 

 

Engineered crops with reduced demands for 

inputs such as pesticide, water and nitrogen. 

Laboratory Abbas, Zafar, Khan, & Mukhtar, 2013; Park et 

al., 2015; Rogers & Oldroyd, 2014. 

Plant New ways of self-

incompatible crop breeding  

Diploid potato breeding. Laboratory, trial Ye et al., 2018. 

Microbe Biofertilizer or biopesticide 

production 

Provide biofertilizer or biopesticide through 

plant-microbe interaction. 

Laboratory, trial Farrar, Bryant, & Cope-Selby, 2014; Project 

Auxin from iGEM (http://2011.igem.org/Team: 

Imperial_College_London). 

Pest/crop disease control Microbe Biosensors 

 

Pathogen detection in plants and soil. Laboratory Damiati, Mhanna, Kodzius, & Ehmoser, 2018; 

Ostrov et al., 2017; Van Der Meer & Belkin, 

2010. 

Microbe Bio-insecticides Fusion protein toxic to certain insects. Laboratory Abbas et al., 2013. 

Microbe Synthetic microbe killing 

specific pests 

 

Synthetic virus/fungus targeting and killing 

specific pests 

Envisioned Inceoglu, Kamita, Hinton, Huang, Severson, 

Kang & Hammock, 2001. 

Insect Sterile pests with synthetic 

gene drive system 

Synthetic gene drive for sex-ratio distortion 

of certain pest group 

 

Laboratory, trial McFarlane, Whitelaw, & Lillico, 2017. 

Environmental enhancement Microbe Biosensors Pollutant test such as heavy metal. Laboratory, trial, 

commercial 

Joshi, Wang, Montgomery, Elfick, & French, 

2009; Kim, Jeong, & Lee, 2018. 

Microbe Bioremediation Bioremediation of metal, radionuclides and 

other substances. 

 

Laboratory, trial Marques, 2018; Tay, Nguyen, & Joshi, 2017. 

Microbe Tackling soil erosion Engineered bacteria for promoting root 

growth and protecting the soil from erosion. 

Laboratory, trial Project Auxin from iGEM 

(http://2011.igem.org/Team: 

Imperial_College_London). 

Microbe Biofuels Production of cellulosic ethanol, diesel, etc. Laboratory, trial, 

commercial 

Mascoma (http://www.mascoma.com); Solazyme 

(http://solazyme.com). 

Livestock management 

  

Microbe Biosensor and biotherapeutics 

 

Whole cell-mediated health monitoring and 

disease treatment  

Laboratory Krishnamurthy, Moore, Rajamani, & Panchal, 

2016; Slomovic, Pardee, & Collins, 2015; Sola-

Oladokun, Culligan, & Sleator, 2017. 

Microbe Function of facilitating feed 

processing  

Engineered microbe or enzyme for feed 

processing. 

Laboratory, trial, 

commercial 

Mascoma (http://www.mascoma.com); 

Metabolic Explorer SA (https://www.metabolic-

explorer.com). 

http://www.mascoma.com/
https://www.metabolic-explorer.com/
https://www.metabolic-explorer.com/
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Animals Animal breeding  Breeding of new lines depending on 

synthetic gene drive, genome editing, 

synthesised genes, etc.  

 

Envisioned Gonen et al., 2017; Bhat et al., 2017. 

Food  
  

  

  

  

  

Food products  Microbe, 

plant 

 

Novel foods Casein for milk production from yeast; Egg 

white from yeast. 

Laboratory, trial, 

commercial 

Perfeet Day (http://www.perfectdayfoods.com); 

Clara Foods (https://www.clarafoods.com). 

Microbe, 

plant 

Food additives Colorant and flavours (vanillin, raspberry 

ketone, Stevia et al); nutraceuticals 

(vitamins, carotenoid et al.). 

Laboratory, trial, 

commercial 

Evolva (https://www.evolva.com); Hanson et al., 

2018; Leonard et al., 2010; Nigam & Luke, 

2016; Prima et al., 2017; Wang, Zada, Wei, & 

Kim, 2017. 

Food processing Microbe Improved fermentation 

process 

Higher fermentation efficiency or better 

flavour products. 

Laboratory, trial, 

commercial 

Jagtap, Jadhav, Bapat, & Pretorius, 2017; Lee, 

Lloyd, Pretorius, & Borneman, 2016; Mays & 

Nair, 2018; iGEM Munich Team 

(http://synbio.info/display/synbio/ 

Beer+with+caffeine). 

Food safety diagnosis Microbe Biosensors Food toxin, pathogen, parasite or other 

substance detection. 

Laboratory, trial Sample6 (https://www.sample6.com); De Mora 

et al., 2011; Webb et al., 2016. 

Food waste processing Microbe Waste degradation and useful 

substance extraction 

Engineered microbe for phosphorus recovery 

from food waste. 

 

Laboratory, trial Lakhundi, 2012; Tarayre et al., 2016. 

Food packaging Microbe Material production Biodegradable material such as biopolymer. Laboratory, trial, 

commercial 

Jung, Kim, Park, & Lee, 2010; Yield10 

Bioscience (https://www.yield10bio.com); 

Bioamber (https://www.bio-amber.com); GC 

Innovation America 

(https://www.gcinnovationamerica.com). 

https://www.yield10bio.com/
https://www.bio-amber.com/
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Table 2. Analysis of media portrayal about synthetic biology 

Origins of reportage Search method Sample size Period of media 

reportage 

Data analysis Research focus Major findings References 

US and Europe “Synthetic biology" was searched in 

major US newspapers based on 

LexisNexis; multilingual search for 

the term "synthetic biology" in 

major European newspapers 

(articles in English, French, Dutch, 

German, Spanish and Italian). 

309 from US; 

841 from Europe. 

January 2003 to 

December 2011 

Not reported  Change in the amount of 

coverage in relation to 

synthetic biology; key 

issues mentioned in media. 

Coverage of synthetic biology in press 

grew in the 2008–2011 period when 

compared with the 2003–2008 period; A 

significant increase occurred in particular  

of coverage was seen in 2008 and 2010; 

energy and health applications were 

reported as benefits; the media reported 

concerns focused om biosafety, 

biosecurity and ethics. 

 

 

Pauwels & Ifrim, 2008; 

Pauwels et al., 2012 

Austria, Germany and 

Switzerland 

Terms such as "synthetic biology", 

"artificial life", "designer AND 

organism", "minimal organism", 

"minimal genome", "bioengineer", 

"biomachine", "biobrick", "artificial 

DNA", "artificial proteins", 

"artemisinin", "biorobot", "synthetic 

bacterium", "synthetic virus" and 

"DNA AND synthesis" (German 

equivalents) were used to search the 

media database APAdefacto and 

Google Alerts. 

 

 

233 in German January 2004 to 

December 2009 

Qualitative and 

quantitative 

content analysis  

Motives?? Synthetic 

biology topics covered by 

media coverage; framing 

of synthetic biology; 

related risks, benefits and 

applications. 

Engineering metaphors are more 

prominent in media coverage; a new 

aspect of “playfulness” was identified in 

coverage of synthetic biology compared 

with GM; ambiguities exist between the 

description of synthetic biology and GM. 

Gschmeidler & Seiringer, 2012 

English and German 

speaking countries 

GBI-Genios database was searched 

using the term "Synthetische 

Biologie"; LexisNexis database was 

searched using "synthetic biology". 

10831 in English;  

1036 in German. 

January 2004 to 

December 2015 

Qualitative and 

quantitative  

content analysis 

Framing of, and metaphors 

for, synthetic biology 

discussed in the media 

discourse. 

A substantially higher frequency of 

engineering and IT related metaphors were  

identified in media coverage compared to 

religio-cultural expressions, such as 

"playing God" or "creating life". 

 

 

Braun et al., 2018 

US News articles were collected from 

The New York Times using the 

term "synthetic biology". 

32  January 2005 to  

July 2015 

Qualitative and 

quantitative  

content analysis 

Discussion of ethical 

issues; comparison of 

"synthetic biology" and 

genetic modification 

discussed in media reports 

or stories. 

 

Ambiguity about potential ethical issues 

and the relation between synthetic biology 

and genetic engineering were identified, 

which might act as a barrier public 

engagement. 

Giordano & Chung, 2018 
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Denmark, Finland, 

Norway and Sweden 

Terms such as "Artemisinin", 

"artificial life", "synthetic life", 

"bio-brick", "bioterrorism", "DNA 

synthesis", "iGEM", "synthetic 

biology", inter alia (equivalents in  

four national languages) as well as 

names of renowned scientists were 

used for searching in newspapers’ 

archives and through the media 

databases Mediearkivet, Infomedia, 

and PressText. 

 

 

146  January 2009 to 

December 2014 

Qualitative and 

quantitative 

content analysis 

The tone of the articles 

analysed was assessed by 

the authors according to 

their interpretation of the 

narrative provided by the 

story; other issues assessed 

included the synthetic 

biology topics covered by 

media coverage; framing 

of synthetic biology; 

metaphors used for 

synthetic biology.  

 

Potential benefits of synthetic biology 

were highlighted; the media portrayal of 

synthetic biology tended to be very 

positive; minor risks were mentioned 

mainly related to bioterror and bioerror; 

public involvement was rarely suggested 

as relevant. 

Ancillotti et al., 2017 

Sweden and Italy  Terms such as "Artemisinin", 

"artificial life", "synthetic life", 

"bio-brick", "bioterrorism", "DNA 

synthesis", "iGEM", "synthetic 

biology", inter alia (Swedish and 

Italian equivalents) as well as 

names of renowned scientists were 

used for searching in newspapers’ 

archives and through the media 

databases Mediearkivet and 

PressText. 

 

 

131  January 2009 to 

December 2013 

Qualitative and 

quantitative  

content analysis 

The tone of the articles 

analysed was assessed by 

the authors according to 

their interpretation of the 

narrative provided by the 

story; other issues assessed 

included the synthetic 

biology topics of media 

coverage; Motives??? 

framing of synthetic 

biology; metaphors used 

for synthetic biology; 

issues related to 

technology oversight or 

public interest or public 

engagement. 

 

The portrayal was very positive, 

describing synthetic biology as a 

“biotechnology with great benefits and 

minor risks”; risks were mainly related to 

bioterror and bioerror; coverage of 

synthetic biology was more “event-

driven”, i.e. linked to novel developments 

etc.  rather than about the technology per 

se; public involvement was rarely 

suggested as relevant. 

Ancillotti & Eriksson, 2015 

Netherlands Terms such as "synthetic biology", 

"synthetic cell", "synthetic 

genome", "minimal genome", 

"iGEM", inter alia (Dutch 

equivalents) were used to search for 

newspaper articles in LexisNexis 

database. 

261 January 2000 to 

November 2016 

Qualitative and 

quantitative  

content analysis 

The tone of the articles 

analysed was assessed by 

the authors according to 

their interpretation of the 

narrative  provided by the 

story; other issues analysed 

included the synthetic 

biology; motives??? topics 

of media coverage; 

applications, risks, and 

ethical issues; and the use 

of metaphors in articles. 

Dutch newspapers paid limited attention to 

synthetic biology; when it occurred, the  

coverage was more event-driven; The 

Dutch press tended to be neutral or 

positive about synthetic biology; 

healthcare and environmental applications 

were discussed  in terms of potential 

benefits rather than in terms of risk and 

ethical issues; engineering related 

metaphors were more frequently used 

which potentially suggested that the 

technology is "controllable". 

 

 

Borgers, 2017 
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Table 3. Literature focused on public perceptions of , and attitudes towards, synthetic biology    

Research method            Data analysis  Participants Sample size  Demographic 

differences assessed  

Information provided 

to participants 

Participants' perceptions and attitudes References 

Observation on 

stakeholder discussion 

Discourse analysis Prospective politicians and 

synthetic biologists from 

Netherlands  

 

Not reported Not assessed General introduction about 

synthetic biology and the 

current academic 

discussion.  Information 

about specific applications 

was not presented. 

 

The issues discussed focused on the need for synthetic 

biology and  participant concerns about deliberate 

release, moral boundaries and political control. 

Rerimassie, 2016 

Focus group Thematic analysis Dutch citizens  46 (8 groups)  Not assessed Although both a general 

introduction and 

applications (in relation to 

health, environment and 

food) were provided, the 

paper analysed, 

participants’ opinions 

about the technology per 

se and its development 

rather than upon different 

applications. 

 

Participants discussed concerns about human health 

effects, the uncontrollability of applications, and ethical 

issues, although the results indicate that people are not 

inherently against or for synthetic biology. 

 

Betten et al., 2018 

Citizen panel  Content analysis; 

frame analysis 

Austrian citizens  67 (8 panels)  Not assessed A general introduction and 

examples of applications 

were presented to 

participants (including 

synthetic yeast-based 

artemisinin, a modified 

organism for pest control, 

and synthetic algae-based 

biofuel) were provided to 

participants for discussion.  

 

The anti-malaria drug production presented invoked 

concerns about potential long-term health effects and 

potential for bioerror, but the application was still 

assessed as “acceptable” to study participants However, 

participants tended to oppose the use of synthetic 

organisms for pest control due to perceived 

uncontrollability, potential for long-term impacts and 

potential for bioterror; some participants expressed 

distrust in scientists, industries and authorities; "playing 

God" and unnaturalness were not mentioned by 

participants. 

 

Steurer, 2015 

Focus group Descriptive and 

inferential statistics 

Austrian citizens  49 (8 groups) Not assessed A general introduction 

about synthetic biology 

developed from the 

available media coverage 

was provided without 

discussion  of specific 

applications. 

Concerns were mainly focused on bioterror and 

potential environmental and health impacts; participants 

expressed skepticism about manipulating human and 

animal cells; values related to a group's identity may 

collectively affect their examination of technologies 

such as synthetic biology. 

 

 Kronberger et al., 

2012 
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Interview Thematic analysis Stable patients in  

German-speaking part  

of Switzerland  

36 Not assessed A general introduction and 

information about specific 

applications (engineered 

autologous cells for disease 

treatment) were provided. 

 

Participants expressed concerns about "playing God" 

before being provided with information about specific 

applications; their attitudes became more positive after 

learning about specific applications. 

 

Rakic et al., 2017 

Observation on 

stakeholder discussion 

Not reported Non-synthetic biologists in 

disciplines (e.g. social 

sciences, philosophy and 

biology) mainly from 

Europe  

 

23 Not assessed The paper does not report 

on whether any 

information has been 

provided to participants, 

and there is no presentation 

of about specific 

applications.  

 

Participants (stakeholders)  exhibited unrealistic 

expectations of what synthetic biology can deliver, at 

the same time expressing fears about the potential for 

bioterror; participants' attitudes depend on their values 

and interests, in line with their stakeholder interests.  

Verseux et al., 

2016 

Observation on 

stakeholder discussion 

Not reported Scientists, members of 

NGOs, funding agencies, 

and industry mainly in 

Europe and America 

 

124 Not assessed A general introduction to  

synthetic biology was 

provided without 

discussion of specific 

applications   

 

"The creation of life" was  expressed as a concern by 

the participants; participants were  also concerned about 

potential threats associated with biohackers who 

conduct biological experiments individually or in small 

organizations. 

Schmidt et al., 

2008 

Focus group Grounded theory German and Austrian  

citizens  

69 (9 groups)  Age had no effects on the 

discussions about synthetic 

biology; groups with 

higher educational level 

focused more on the 

benefits and regulation of 

synthetic biology 

compared to  those with 

lower educational level.  

 

A general introduction to 

synthetic biology was 

presented, together with 

information about specific 

applications (including 

synthetic yeast-based 

artemisinin, a modified 

organism for pest control 

and synthetic algae-based 

biofuel).   

 

Synthetic organisms intended for medical production 

are considered to be more beneficial and necessary than 

those developed for pest control and energy; 

participants are more concerned about bioerror than 

bioterror; in relation to ethical concerns, equitable 

benefit distribution across different beneficiary was the 

issue most discussed. 

Starkbaum et al., 

2015 

Survey and focus  

group afterwards 

Descriptive statistics 

for survey data; not 

reported for focus 

group data 

American citizens 3,004 surveys 

and 8 focus 

groups  

Not assessed A general introduction to 

synthetic biology was 

presented, together with 

information about specific 

applications (including a 

synthetic virus for vaccine 

production, synthetic 

yeast-based artemisinin 

and altered pigs and cows 

with accelerated growth).  

 

Medical and biofuel applications were  accepted by 

most participants; Applications which facilitated animal 

growth were less acceptable to participants than 

medical production using animals; potential long-term 

effects on human health and environment were a focus 

of concern. 

 

Pauwels, 2013 
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Survey Descriptive and 

inferential statistics 

American citizens 1,500 An analysis of 

demographic differences 

indicated that Europeans, 

males, or participants with 

higher incomes perceived 

synthetic biology to be less 

risky; no significant 

attitudinal differences were 

associated with education 

level. 

 

A general introduction to 

synthetic biology was 

provided, but no 

information about specific 

applications was included. 

 

Over 80% respondents reported knowing  little about 

synthetic biology; the majority of participants perceived 

benefits to be more relevant than risks; people's risk 

perceptions were, however, associated with their 

cultural dispositions. 

Kahan et al., 

2009  

Survey Descriptive statistics American citizens 804 An analysis of 

demographic differences 

indicated that Europeans, 

males, or participants with 

higher incomes, higher 

educational level or higher 

incomes tended to be more 

supportive of synthetic 

biology. 

 

A general introduction to 

synthetic biology was 

provided, together with 

information about specific 

applications (altered 

mosquito for disease 

control, and a synthetic 

microbe for facilitating 

crop growth or food 

additive production). 

 

People trusted scientists more than industry and 

government; concerns were expressed about the 

enabling technology in relation to its potential capacity 

to create harmful things, the “creation of artificial life” 

and potential for adverse human health effects; medical 

applications were more acceptable to  participants than 

agrifood applications. 

 

Hart Research 

Associates, 2013 

Survey Descriptive and 

inferential statistics 

Canadian citizens 1,201 Not assessed A general introduction to 

synthetic biology was 

provided, together with 

information about a 

specific application 

(synthetic yeast-based food 

additive).  

 

Perceived unnaturalness reduced people's acceptance of 

sweetener production using synthetic yeast. 

 

Dragojlovic & 

Einsiedel, 2013 

Survey Descriptive and 

inferential statistics 

People from 32 European 

countries 

15,588 Not assessed A general introduction to  

synthetic biology was 

provided, but no 

information about specific 

applications was included.  

 

Most participants’ attitudes towards synthetic biology 

tended to be supportive or neutral; belief in God is 

associated with participants’  opposition to synthetic 

biology. 

 

Dragojlovic & 

Einsiedel, 2012 

Survey Descriptive and 

inferential statistics 

University students in 

Switzerland  

1,474 Female students perceived 

higher risks to be 

associated with synthetic 

biology and its 

applications; students in 

the humanities and social 

sciences perceived higher 

risks and lower benefits to 

be associated with 

synthetic biology than 

those in natural sciences. 

 

A general introduction to 

synthetic biology was 

provided, together with 

information about specific 

applications (a synthetic 

microbe for pollutant 

sensing, and land 

bioremediation). 

 

Participants showed more support for medical and 

environmental applications of synthetic biology than for 

GM crops; synthetic biology as an enabling technology 

is more accepted than GM, but less than 

nanotechnology. 

Ineichen et al., 

2017 
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Survey Descriptive and 

inferential statistics 

American citizens 1,771 Participants with higher 

educational level are 

supportive of synthetic 

biology; no significant 

attitudinal difference was 

found in terms of gender, 

income and age. 

 

A general introduction to 

synthetic biology was 

provided, but no 

information about specific 

applications was included. 

A range of factors influence people's attitudes towards 

synthetic biology. These include risk perceptions 

(reduced acceptance), benefit perceptions, (increased 

acceptance) higher trust in scientists (increased 

acceptance), deference to science (increased 

acceptance), educational level (increased acceptance) 

and greater religiosity (reduced acceptance).  

Akin et al., 2017 

Survey Descriptive and 

inferential statistics 

Indonesian students 

majoring in life science  

50 Not assessed A general introduction to 

synthetic biology was 

provided, which also 

addressed its potential for 

protecting biodiversity and 

developing healthcare 

products. However,  no 

specific applications were 

presented. 

 

Participants perceived both benefits and risks to be 

associated with synthetic biology; participants’  

attitudes varied between  different applications; in 

particular respondents' showed optimism about 

potential applications of synthetic biology in 

biodiversity conservation. 

 

Kemal, 2018 

 

 

 

 


