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Abstract: 

With the global population expected to reach more than 10 billion by the year 2050, one of the global challenges will be 

in meeting the growing food demand. Coupled with the effects of climate change on the environment, the world will 

need plant varieties that can adapt to changing environmental conditions to meet the food production challenge. A 

viable option to aid food production is using genetic modification for more specific plant breeding and crop 

optimization. The usage of genetic modification has been highly debated since the course of its first developed 

commercialized crop. The consumer concerns, stringent regulations and rigorous testing genetically modified crops 

face, may be circumvented with the legally undefined development of new biotechnological advancements such as 

CRISPR. This study aims to investigate whether arguments used against GMOs from different stakeholders and anti-

GM NGOs in Sweden are applicable to the CRISPR technique. Through content analysis of policy documents of 

influential stakeholders and a literature review of the scientific literature, major concerns with GMOs are identified and 

their applicability to the CRISPR technique analyzed. This study finds that the most prevalent reservations against 

GMOs do not apply to the new biotechnology, although the applicability and in effect acceptance of CRISPR among 

Swedish stakeholders depends on its legal classification, which the European Commission has yet to determine. The 

findings in this study also indicate that the reservations against GMOs are based on misconceptions and that if CRISPR 

falls into the same legal category, it will be subject to the same obstacles in its implementation. The implications of its 

categorical classification may in addition affect a possible utilization of CRISPR among Swedish crop producers in 

taking part in the global food production challenge. This study concludes that while the prevalent reservations against 

GMOs do not apply to CRISPR, its acceptance may solely rely on its legal classification and as such there is a need for 

a closer look on the regulations around the various biotechnologies, as well as a need for better biotechnological 

communication between researchers, decision makers and consumers. 
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Summary:  

The global population is expected to reach more than 10 billion by the year 2050. One of the many global challenges 

will be to meet the growing food demand of a growing population. In addition, the effects of climate change, causing 

extreme weather, higher temperatures in some regions, and droughts and wetter conditions in others, result in a more 

difficult situation for food growth. With the necessary political measures and economic investments in research and 

agricultural practices, the world can ensure long-term food security with the resources and technology at hand. Among 

the technologies available are biotechnological advancements such as genetic modification and more recent 

advancements such as the CRISPR technique, which is among the more recent New Plant Breeding Techniques in the 

field of biotechnology. These techniques could be used to develop plant varieties that can adapt to changing 

environmental conditions, more specific plant breeding and crop optimization. Currently there is a debate within the 

European Commission on how these techniques should be regulated, and whether some or all of them should fall under 

the same regulatory conditions of genetically modified organisms. 

 

While plant breeding for acquiring desired traits in plants has been practiced since the beginning of agriculture, the 

usage of genetic modification for plant breeding has been a great controversial topic over the years. Its uses, 

applications and implementations have been debated for decades and particularly in Europe, face stringent regulations 

and rigorous testing that other plant breeding methods are less frequently subjected to. While there is a consensus from 

the scientific community and international organizations that there is no more risk in genetically modified crops than 

there is in crops from conventional breeding, the public perception of genetically modified organisms is mainly 

negative. With the precise modification and faster results that these new gene-editing techniques provide, some of the 

reservations against genetically modified organisms may not apply. This study investigates Swedish stakeholder 

positions regarding genetically modified organisms and apply their reservations to the CRISPR technique in order to 

gauge whether CRISPR will be subject to the same concerns.  

 

The findings of this study shed light on CRISPR’s potential for acceptance and where the obstacles for its approval may 

lie. Many of the reservations against genetically modified organisms are categorically against the concept of gene 

editing and the applications of such products. The implication of the findings is that regardless of the potential uses of 

CRISPR with regards to food production, its introduction to the Swedish population may solely rely on its legal 

classification. This indicates the need for a closer look on the regulations around various biotechnologies as well as a 

more nuanced public discussion about different genetically modified plant varieties, potential biotechnological uses and 

their role in the pursuit of a more sustainable agricultural production system.  
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1. Introduction

With the global population expected to reach more than 10 billion by the year 2050 (United nations, 2009), 

one major challenge will be in meeting the growing food demand. In accordance with the United Nations 

2030 Agenda and its 17 Sustainable Development Goals (SDGs), goal number 2: No hunger, is one of the 

priorities of the world, and among the 193 nations that adopted the 2030 Agenda is Sweden 

(globalamalen.se, 2017). SDG 2 is specifically aimed at ending hunger, achieving food security, improving 

nutrition and promoting sustainable agriculture (ibid).  

According to the Food and Agriculture Organization of the United Nations (FAO) (2009), by 2050, the 

global food demand is expected to have risen by 70% and deprivation and malnutrition to remain widespread 

(ibid). In addition, with climate change causing extreme weather, higher temperatures in some regions, and 

droughts and wetter conditions in others, resulting in a more difficult situation for food growth, the world 

will need plant varieties that can adapt to changing conditions (Kiran, 2016; European Parliament, 2016). 

According to the FAO (2009), in spite of the many challenges and risks, the world has the resources and 

technology to eradicate hunger and ensure long-term food security, should the necessary political measures 

and economic investments in research and agricultural practices be made.  

While plant breeding for acquiring desired traits in plants has been practiced since the beginning of 

agriculture, the cultivation through traditional practices requires extensive labor and time (Qaim, 2016). 

Furthermore, certain traits are more difficult than others to procure, depending on plant compatibility for 

cross-pollinations (ibid). A viable, yet controversial option, is genetic modification (GM), which can aid in 

food production through more specific breeding and crop optimization, which can among other things, 

produce crops that could withstand harsher climates (Sprink et al., 2016). Usage of GM and genetically 

modified organisms (GMOs) has been a topic of great controversy over the years. There are claims that 

certain GMOs that were extensively tested but never approved for commercial use was due to overly 

precautious regulators, highly politicized policy processes, and extensive lobbying efforts of anti-GMO 

pressure groups (Qaim, 2016). Examples of such crops are insect-resistant (IR) eggplant in India, IR rice in 

China and virus-resistant papaya in Thailand (ibid). Notably, the virus-resistant papaya had a remarkably 

positive impact in Hawaii where it was first introduced. There, its production helped save the Hawaiian 

papaya industry and the livelihoods of papaya farmers (Gonsalves et al., 2003).  

In contrast, there is a concern in biodiversity loss among plants, where farmers grow GM crops and no other 

crop varieties (European Commission, 2016). However, there is a consensus from the scientific community 

and international organizations that there is no more risk in GM crops than there is in crops from 

conventional breeding (Norero, 2015). The United States National Academy of Sciences, The Royal Society, 

and the World Health Organization, to name a few, are among those that have declared GMOs no more 

harmful than conventional crops (The National Academies of Sciences, 2017; The Royal Society, 2016; 

World health Organization, 2017). While there is an affirmed consensus, a negative perception of GMOs and 

their acceptance has prevailed (West and Larue, 2005). Conversely, use of GM technologies for 

pharmaceutical and medicinal advancements are accepted (ibid; Jordbruksverket, 2017). However, activists 

and non-governmental organizations (NGO’s) have been pushing for stricter regulations (Greenpeace, 2016) 

stating that there is still much uncertainty in the technology’s long-term health effects on both the 

environment and the human DNA in regards to GM crops (West and Larue, 2005).  

With the advancement of new plant gene editing techniques, with faster and more precise results than 

conventional plant-breeding techniques, many frequently voiced concerns may not necessarily apply. New 

plant breeding techniques (NPBT) include Site Directed Nucleases (SDN), and among those the Clustered 

Regulatory Interspaced Short Palindromic Repeats (CRISPR) technique, which is a technique that allows for 

precise modifications where a targeted sequence of DNA can be “cut” out, and the resulting product may (in 

some variations of the technique) only contain its own genetic material. Through these advancements, there 

is a probability of these specific techniques to not be legally classified as a GMO (Hartung and Schiemann, 

2014). With the development of NPBT’s, scientists are now urging for a legislation update (Hansson, 2016). 
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Currently, there is a debate within the European Commission on how these new techniques should be 

regulated, and whether some or all of them should fall under the same regulatory conditions of GMOs 

(European Commission, 2016). The outcome is of importance to the question that this study is concerned 

with. Given the concerns and critiques commonly applied on GMOs, that have hindered the prevalence of 

techniques for food production that increase the likelihood of achieving SDG 2, and supplying a rising global 

populations food demands – how will new technologies and innovations within the field measure against the 

mentioned concerns and critiques? 

1.1. Problem statement 
The use of biotechnological advancements, in food production and its potential to aid in the global food 

challenge of today has hindrances. This is particularly the case for GM technologies. Whether the hindrances 

are due to the existing political restrictions, the arguments of anti-GM NGO’s, or reservations of consumers 

and food retailers, or a combination of the positional influences mentioned above, is not determined. The 

question is whether new biotechnological advancements that may be set apart from other GM technologies 

will be subject to the same challenges. 

1.2 Aim 
The aim of this study is to examine what the most prevalent arguments against genetic modification are from 

different stakeholders and non-governmental bodies in Sweden, and to see if the same criticism applies to the 

New Plant Breeding Technology CRISPR. As such the research question is as follows:  

 Are the criticisms used against genetically modified organisms from different stakeholders and anti-

GM NGOs in Sweden applicable to the CRISPR technique? 

1.3 Delimitations 
The GMO debate is an immensely vast topic encompassing technologies and their many applications dated 

from over 30 years ago. As such, the skepticisms, level of certainty, and acceptance have been varying over 

time. Thus, this paper will only focus on the most prevalent skepticisms of the technologies, and in 

particular, those expressed by vocal and influential actors. The acceptance of GMOs varies around the world, 

depending on cultural background and the application considered, coupled with the differences in the 

regulations around GM products. Therefore the analysis of the literature will be reflecting and limited to the 

demographic and legal boundaries of Sweden and the conditions that are set for Member States of the 

European Union. With regards to influential stakeholders, this paper will focus on the perceptions of 

consumers, retailers, farmers, and non-governmental bodies and excludes scientific organizations, certifiers 

and political parties.  

 

The scientific organizations have a consensus on the safety of the GM technology and certifiers with a 

declared position on the topic of GMOs are primarily organic certifiers that all adhere to the notion of natural 

foods and do not allow GMOs. What constitutes as natural is a topic requiring a paper of its own. This study 

also excludes the topic of genetically modified microorganisms and the enzymes that derive from such 

organisms. The exclusion of the GMO perception of political parties is principally due to lack of time and 

space. While this paper intends to include the judicial aspects of GMOs that determine the regulations of the 

specific technologies in Sweden, it will be done summarily and no in-depth analysis of the legal structure is 

given. Similarly, the various techniques within the scope of genetic modification the apply will be presented 

in general terms and no in-depth explanation of the technologies is given.  

2. Disposition 
 
This paper aims to analyze the reservations against genetic modification among influential stakeholders in 

Sweden and to determine whether those reservations are applicable to the new biotechnological advancement 

CRISPR. This paper aims to provide an overview of - and investigate the overall obstacles for the 
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introduction of a GMO product and whether or not the same obstacles will hinder CRISPR with regards to 

crop and food production. This paper may not determine whether or not CRISPR will overcome the negative 

perceptions regarding GMOs however it may shed light on its potential for acceptance and where the 

obstacles for its approval may lie. To provide an overview of the circumstances of GMO use and the 

perceptions regarding gene technology, this paper will include a background, results, analysis and 

conclusion. In the background section, information explaining what constitutes as a GMO and how CRISPR 

differs from other technologies that can produce GMOs will be presented. It will also explain the regulatory 

system within the EU and Sweden as pertains to GMOs. Additionally, it will include previous findings on the 

many contradicting views within the GMO debate. This will be done in order to give a full overview of the 

concept of GMOs and provide context for the results. The results of this study will contain the results of the 

research question presenting the positions and arguments against GMOs from each identified actor, or entity. 

The recurring arguments and reservations among the stakeholders and the NGOs will be tallied and divided 

into common themes and then applied to the CRISPR technology. This will be followed up with an analysis 

of the results and a conclusion. 

3. Method 
 
This study was conducted through a literature review of GM technologies, and the discourse around the 

concept of GMOs, as well as a content analysis of policy documents from identified stakeholders in order to 

identify major concerns with GMOs. The concerns were then assessed in relation to the CRISPR technique in 

order to evaluate their applicability. 

 

Influential stakeholders were identified at the initial stage of the study, where a preliminary investigation of 

influential actors in the food chain (i.e. which retailers and farmers) were found, as well as a search for vocal 

anti-GMO groups that led to the identification of influential NGOs.  

 

Identified non-governmental bodies that were the most vocal anti-GMO groups based on the preliminary 

investigation are the Swedish branches of Greenpeace and Friends of the Earth. With Friends of the earth 

being the largest democratic environmental organization with over two million members in 76 countries, and 

Greenpeace having nearly three million individual supporters, as well as a general consultative status with 

the United nations Economic and Social Council, the two NGOs are determined to be formidable entities 

with considerable influence.  

 

From the preliminary investigation, a search was conducted on the major retailers in Sweden to find whether 

any of them had official policies on the use of GMOs or if they had stated a position regarding GMOs on 

their official websites. The four companies selected from the identified grocery retailers are: ICA, Citygross, 

Coop, and Axfood. The ICA Group is Sweden’s biggest food retailer, whereas Coop is a consumer 

cooperative with 3.3 million members that conduct business through owned chains. Similarly, Axfoods’ 

retail also consists of owned chains, though it also has franchise agreements. Citygross, a family owned retail 

business, was chosen as they were the first retailers to publicly announce that they had “taken a stance” on 

GMOs.  

 

The farmers were chosen as stakeholders, as it is farmers who are the main producers of food crops. There 

are two identified farming organizations, Lantmännen and The Federation of Swedish Farmers (LRF), that 

were chosen as they are respectively owned by Swedish farmers and have the primary objective of 

representing farmers.  

 

A study conducted by Björnberg et al. (2015) was found to have researched the perceptions of key 

stakeholders in the Swedish food chain on the role of biotechnology for sustainable agriculture. Their study 

examined the perceptions of Axfood, Coop, and ICA, Lantmännen and LRF, which further solidified the 

choices of stakeholders for this study. Björnberg et al. (2015) had also conducted interviews with 

representatives from each entity. Their results were referenced in this paper. 
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Consumers were chosen as they hold the power to influence farmers and retailers based on their food 

demands. In the case of consumer perception, since only a sample survey would have been possible for this 

study, and since the research question was to examine several stakeholder groups, the option to refer to other 

consumer sample studies was taken instead of conducting a sample study for this study.  

 

The arguments gathered from each investigated groups were then collected and tallied in order to find 

common themes of reservations against GMOs. The common themes of reservations were then applied to 

CRISPR. To be considered a common theme, an argument should be brought up by more than one of the 

investigated groups. The results show if the reservations are applicable.  

 

To understand the stakeholders’ positions and influence on the political and social sphere, the data collection 

is primarily consisting of policy documents and official statements gathered from each respective entity’s 

official webpage. In the absence of information, secondary data was collected from scientific studies or other 

reliable agencies such as the Swedish Board of Agriculture and the Swedish National Food Agency. 

Secondary data has also been collected from scientific papers where the search words included words such as 

“GM-free”, “GMO”, or “CRISPR/Cas9” in combination with, among others, “uncertainty”, “views”, or 

“risks”, “safety”, “controversy” and “perception”.  

 

There were a couple of attempts made to contact Greenpeace and Friends of the Earth via phone, however, 

oddly, there were no responses from either group, and so the quest to get into contact with them was 

abandoned. In the case of farmers and retailers’ perception and positions regarding GMOs, the study 

conducted by Björnberg et al. (2015) was found to have researched the same stakeholders, investigating their 

perceptions on the role of biotechnology in sustainable agriculture. Thereby, their results were referenced in 

this paper instead. In the case of consumer perception, since only a sample survey would have been possible 

for this study, and since the research question was to examine several stakeholder groups, the option to refer 

to other consumer sample studies was taken instead. The lack of clear consumer perception however is an 

issue that should be addressed at a larger scale and in accordance with the suggestions of from Hess et al 

(2013) to be, among other things, nuanced and interdisciplinary research endeavors. Since this study 

excluded other stakeholder groups, and only included a relatively small part of the food and retail market, it 

is important to bear in mind that study was a modest one. It is not possible to determine whether the CRISPR 

technique could indeed be accepted among Swedish stakeholders, however this paper may give an insight 

into where the potential for acceptance and obstacles for its approval may reside. 

4. Background and literature review 
 

The background includes the literature review that consists of information explaining what constitutes as a 

GMO and how CRISPR differs from other gene editing technologies. Here I present the widespread use of 

GM crops around the world and briefly present the regulatory system within the EU and Sweden in order to 

explain the regulatory process for new GM technology. It will also include the many concerns that are 

frequently brought up within the GMO debate. Furthermore, it explores the usage and acceptance of CRISPR 

technology in other parts of the world thus far. This will be done in order to give a full overview of the 

concept of GMOs, and gene editing, and provide context for the result section. 

4.1 What is a GMO? 
 

Here, the definition and general history of genetic modification are explained. The advancements in plant 

breeding that have been made throughout the history of agriculture are succinctly presented, showing the 

differences in the methods with which humans have used in order to develop agricultural plants. 

 

The World Health Organization defines GM and GMOs as “…organisms (i.e. plants, animals or 

microorganisms) in which the genetic material (DNA) has been altered in a way that does not occur naturally 

by mating and/or natural recombination” (WHO, 2017). The GM technologies are tools used in science, 

medicine, agriculture and industry (ibid). The term GM is rather misleading however; as it implies that the 
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manipulation of genes and modification of plants did not occur before the development of, or is performed 

besides using GM technologies. As such, while the term GM is commonly used to differentiate between 

conventionally bred crops and GM crops, both include methods that ultimately modify plant genomes. 

 

The breeding for desired traits in plants dates back to the beginning of agricultural developments about 12 

000 years ago (Vujaklija, 2006; Qaim, 2016). Without the initial cultivation and systemic breeding of plants, 

our potatoes would today still be toxic lumps and our maize would be unrecognizable (Qaim, 2016). Without 

human interventions “…our crops would be relatively inefficient nutrient converters and susceptible to 

countless diseases and pests” (ibid). The traditional methods of plant breeding include, among others, 

artificial pollination, cross-breeding or hybridization, wide crossing and bridge crossing; where both methods 

include a cross with another species and may result in the introduction of new traits within the species and 

even produce sterile hybrids; new subspecies subject to chromosome doubling so as to restore fertility (Al-

Khayri, Jain and Johnsson, 2016). Another method is mutagenesis, through which breeders can create novel 

traits through the application of radiation or chemical agents of mutation, mutagens (ibid). The 

aforementioned methods are together encompassed in what is called conventional (traditional) breeding. 

Developing improved crop varieties through conventional breeding typically takes 10-15 years from the first 

cross to the commercial release of a new variety, and the process is laborious and time-consuming (Qaim, 

2016). Over the last decades, in continuance of the general concept of breeding new varieties, 

biotechnological advancements such as GM, have been used in plant breeding to increase the efficiency of 

breeding considerably (ibid). The methods with which we modify plants have thus developed over time, 

though the objective of conventional plant breeding and GM technology is the same, which is to produce 

plants with desired traits.  

 

Genetic modification is a term that encompasses the methods that could alter or join DNA molecules from 

different species in vitro (a process performed outside a living organism i.e. a test tube) and ultimately 

introduce the hybrid DNA into a host cell producing a genetically modified organism (GMO) (Vujaklija, 

2006). The genetic transfer is usually performed with the help of the soil bacteria Agrobacterium tumefaciens 

(see figure 1.), which is used as a so-called vector of the foreign DNA (Qaim, 2016). In nature, the bacterium 

has the ability to infect plants and has a plasmid that carries tumor-inducing genes (Ti-genes), which induces 

cell division (Gelvin, 2003). Ti-genes contain a short sequence of so-called transfer-DNA (T-DNA) (ibid). 

By exchanging the sequence in between the beginning and end of the T-DNA, a gene of interest can replace 

the originally harmful gene with instead a desired trait. The modified Ti-plasmid, now called recombinant 

plasmid, or the so called transformation vector, is then inserted back into the bacteria and transferred into the 

cell of a specific plant, where the T-DNA with the desired trait will be incorporated into the plants genome 

(ibid). (See figure 1). It is the direct gene transfer that alters a plant’s genotype, becoming a transgenic plant, 

which sparked considerable controversy since its development in 1980 (Qaim, 2016). Although not all 

productions involving recombinant DNA have been met with controversy. The insulin used to treat diabetics 

is predominantly produced via a GM bacterium carrying the gene for human insulin and was the first 

commercial GMO, approved in 1982 by the FDA (US Food and Drug Administration) (Vujaklija, 2006). 

Genetically modified microorganisms (GMM), which produce for example insulin, are often used in the field 

of medicine. There are also vitamins and enzymes that have been produced from GMMs that are used in for 

instance cosmetics and skin care, and most notably, in cheese and bread production (Lehrman et al., 2014). 
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Figure 1. The most common method of gene transfer in plants is using the soil bacteria Agrobacterium tumefaciens. 

The bacteria have a plasmid that carries tumor-inducing genes that can be cut out and exchanged with a desired 

sequence. The modified plasmid, is inserted back into the bacteria and then introduced to a plant cell so that it can be 

incorporated with the plant genome (Illustration: Fredrik Saarkoppel, Lehrman et al., 2014). 

The first GM crops to be introduced on a larger commercial scale are herbicide tolerance (HT) and insect 

resistance (IR) traits. Herbicide-tolerant crops were produced e.g. to have tolerance against glyphosate, a 

group of low-toxicity herbicides, allowing the farmer to control weeds more easily (Hudson, 2016). The 

majority of insect resistant plants were designed to produce variants of a protein from the soil-borne 

bacterium Bacillus thuringiensis (Bt). The Bt-crops resulted in less need of insecticide application, 

benefitting both the farmer and the environment, through less labor and insecticide exposure (Barrows et al., 

2014). It is commonly used as a biological pesticide in corn, soybeans and canola, and referred to as Bt 

(ibid). Bt proteins are also used as insecticides in organic farming, as it is one of the few pesticides permitted 

by organic standards (isaaa.org, 2017). 

 

With further advancements in the technology, the next GM crops introduced, as mentioned by Hudson 

(2016), include traits that would increase product shelf life, nutritional content, nitrogen fixation, adaptability 

to climate change, and tolerance to drought. Golden Rice (and Golden Rice 2) is an example of such 

endeavors where a process of improving the nutrient content of food crops, known as biofortification (not 

necessarily a process of GM), was used to produce significant amount of β-carotene, provitamin A (Hudson, 

2016); Paine et al., 2005). Golden Rice was produced to counter vitamin A deficiency, a severe public health 

problem in developing countries, which is cause for an estimated 250 000 to 500 000 children becoming 

blind every year (Who.int, 2017). Although it was first produced in the year 2000 and later the improved 

version Golden Rice 2 (that had further increased provitamin A) in 2005, produced under the humanitarian 

license, the production faced many hurdles including, extensive field trials, food safety and risk assessments 

as well as activist vandalization (Dubock, 2014). Evidently, as the studies are continuous, the produce might 

still be approved for release in the future (Qaim, 2016). Also, a recent study has illustrated a further 

improved Golden Rice by not only significantly increasing β-carotene, but also iron and zinc content, 

proving that multi-nutrient enrichment is possible (Singh, Gruissem and Bhullar, 2016). Improved HT and IR 

crops as well as fortified crops for climate and soil adaption, will probably continue to be objectives of future 

research, and as mentioned by Hudson (2016) a third wave of GM crops will be designed for the purpose of 

producing substances for pharmaceutical or industrial purposes.  

 

Most GM crops are still today referred to as transgenic crops, implying the introduction of genes from other 

species, although gene transfer from the same species is also performed (Qaim, 2016). Such plants are called 

cisgenic crops, where certain traits may be edited without an extensive change to the genome, and is useful 

when working with species that are difficult to breed because they do not produce true seed (plants whose 

seed will yield the same type of plant as the original plant). An example is late blight resistant potato (Qaim, 

2016; Tiwari et al. 2013). Conventional methods of producing late blight resistant potatoes have been 

partially successful in introducing resistant genes from wild species of potato, and since it took over a decade 

of back crossing several generations, the cultivar cannot keep up with the evolving infesting disease (Tiwari 
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et al. 2013). To breed durable resistance within potato cultivars requires a combination of resistant genes 

(ibid; Jo et al. 2014). With a cisgenesis approach, a more effective way of introducing the genetic resistance 

is possible (Jo et al. 2014). Furthermore, this method is considered a great tool for regenerating lost 

properties within crops that their ancestors possessed, such as withstanding harsher climates; a process 

known as reverse-breeding (Qaim, 2016).  

 

The term GMO thus encompasses different technological methods of procuring a desired trait within an 

organism. The breeding objective of GM is not different from conventional breeding, however with GM, new 

varieties of plants that are otherwise difficult to procure are possible to develop.  

 

4.1.1 The CRISPR breakthrough 

 
This section aims to delve into the new biotechnological technique, CRISPR (The CRISPR technique 

involves different types of methods, such as CRISPR/Cas9 but is commonly referred to as CRISPR) that 

proposes applications in genetic alteration and plant breeding unprecedented in the biotechnological sphere. 

To further understand its use and capacity for plant breeding, this section will in short explain its history and 

function. 

 

The advancement of biotechnological tools has in recent years brought more specific methods of editing 

genetic material called New Plant Breeding techniques (NPBT). Such advancements include site-directed 

mutagenesis, methods developed to reduce the possibility of random changes in the genome and used for 

specific and intentional changes to the DNA sequence of a gene (Singh, Braddick and Dhar, 2017). A 

number of these methods, with more specific editing capacity, are collectively known as Site Directed 

Nucleases (SDN) (Podevin et al., 2013).  

 

SDNs are used in three different ways (SDN-1, 2 and 3), though the base for all of them is that they possess 

the ability to cut the DNA strands (double-strand breaks, DSB) at a specific site, and then allow for the cells 

natural reparative system to reattach the DNA strands through homologous repair (HR) or non-homologous 

end joining (NHEJ) (See figure 2.) (Singh, Braddick and Dhar, 2017). The technologies are such that they 

can introduce subtle modifications, such as small deletions or substitutions of target genes (ibid; Chen and 

Gao, 2013). With SDN-1 and 2, the modification that occurs has no recombinant DNA in the product, similar 

to that of mutagenesis from conventional breeding (except that it is a more precise approach), and the product 

subsequently cannot be differentiated from other organisms that underwent a mutagenesis process (Hartung 

and Schiemann, 2014; Chen and Gao, 2013). The precise mutation that is enabled through these technologies 

also circumvents the negative side effects of conventional mutagenesis, which is the risk of acquiring an 

unintended mutation. SDN-3 is a method that inserts a DNA sequence, into a specific site (ibid).  
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Figure 2. An example of targeted mutagenesis using Site Directed Nucleases (SDN) such as CRISPR, where a protein 

complex consisting of a domain that binds and a domain that cuts, creates a double strand break (DBS) on the 

predetermined place in the DNA, and then allow for the cell to repair the DBS using it’s own repair system (Illustration: 

Fredrik Saarkoppel, Lehrman et al., 2014). 

Among the SDNs is the Clustered Regulatory Interspaced Short Palindromic Repeats (CRISPR) and CRISPR 

Associated (cas)-system. Named Science’s Breakthrough of the year in 2015, this technology is now widely 

used, researched and debated (Science | AAAS, 2017). The most widely used CRISPR-Cas system is the 

CRISPR/Cas9 system (Barrangou et al., 2007; Singh, Braddick and Dhar, 2017), which is a genome-editing 

tool based on RNA (Ribonucleic acid – single strand DNA) engineered nucleases (an enzyme, or protein, that 

cleaves the building blocks of DNA) (Bortesi and Fischer, 2015; Encyclopedia Britannica, 2017). In 

comparison to other NPBT, CRISPR has a higher reported Target Efficiency and a wider range of genome 

editing applications, including high efficiency in multiple gene mutations (Noman et al. 2016; Xing et al. 

2014). The significance of this specific SDN method lies in its simplicity, specificity, versatility and 

efficiency (ibid; Singh, Braddick and Dhar, 2017),  

 

CRISPR was first discovered in the bacteria Escheria coli, in 1987, although it wasn’t until further 

experimental studies, mainly in the bacterium Streptococcus thermophiles, where its function become known 

(Barrangou and van der Oost, 2015). The CRISPR-Cas systems were identified, and found to be part of the 

immune systems of bacteria and archaea, that protects from phages, a virus which infects and reproduces in 

bacteria and plasmids (small and circular double-stranded DNA that exist in bacterial cells) (ibid). The 

discovery of the CRISPR-Cas system became a tool for gene editing when it was shown that the Cas9 

endonuclease could be reprogrammed with a guide RNA (gRNA) engineered to target any DNA sequence of 

interest (Jinek et al., 2012). As mentioned by Bortesi and Fischer (2015) its simplicity was determined when 

in comparison to other methods of SDNs, the CRISPR/Cas system does not require additional engineering 

steps but rather a short gRNA for each target, allowing for many more applications than would its 

predecessors and demonstrating it’s versatility and efficiency. Furthermore it allows for multiple traits to be 

modified simultaneously (ibid). According to the European Parliament (2016) potential applications of the 

technology (and other NPBTs) include:  

 Precise and rapid alteration of crops to boost yields 

 Plants with herbicide tolerance 

 Plants with pest or insect resistance (field trials in the Netherlands and in Belgium of potatoes bred 

using cisgenesis to make them resistent against the oomycete (water molds), causing ’late blight’ 

 Plants with drought or flood tolerance 

 Enhanced nutritional quality of food crops 

 Changes in composition of nutrients in plants, for example vitamins or fatty acids 

 Food crops with reduced allergenicity (for example wheat without gluten). 
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Off-target mutations is one of the few criticisms against the CRISPR/Cas9 method, primarily due to the high 

frequency of off-target mutations that were reported in some of the earlier studies as mentioned by Bortesi 

and Fischer (2015). However, recent studies have demonstrated methods of reducing off-target mutations 

(Zhang et al., 2016; Kleinstiver et al., 2016). In addition, there have been several strategies developed to 

reduce off-target mutations, including testing for off-target effects and conducting comparative studies 

through which “guidelines and online tools have been developed to facilitate the selection of unique target 

sites in well-characterized organisms including several plants” (Bortesi and Fischer, 2015). Seemingly, the 

strategy is feasible as the reprogramming of gRNA is reportedly easy, rapid, and comparatively inexpensive.  

 

The application of this technology has furthermore shown to be efficient in gene knockout, genomic deletion, 

and suppression of virus infection as mentioned by Ma et al (2016). 

 

In summary, CRIPSR is a technique that is more precise, versatile and easy to use in comparison to other 

plant breeding methods. Along with other SDNs, it has the potential to alter the genetic setup of an organism 

without introducing foreign genetic material, which according to the current definition of a GMO would 

make any product (using SDN-1 or 2) a non-GMO. (This has yet to be legally determined as the deliberations 

on how to regulate these technologies are still pending.) 

4.2. GMO foods  

4.2.1. GMO application in Sweden and the world 
 
All GMO products must be risk assessed and approved for commercial use within the EU. In Sweden there 

are currently no GMO crops cultivated for commercial use. Though for a time the Amflora potato (a GM 

potato with altered starch content) was being grown in field trials. The activities ended in 2012 when another 

GM potato not approved for commercial use, got mixed up in the field trial, preventing the Amflora from 

being released, ultimately causing the company BASF to end all activities (Jordbruksverket, 2007). There are 

however GM crops grown in field trials and also in greenhouses and laboratories (contained environments) in 

Sweden (Jordbruksverket, 2007).  

 

GMOs in the EU require traceability and must also be labeled should they approved for commercial use 

(Livsmedelsverket.se, 2017). This is so that consumers can have the opportunity to consciously choose 

between a GMO product and a non-GMO product (ibid). Exceptions to this include enzymes, amino acids 

and vitamins procured from GMMs where the final product does not contain GM DNA (ibid). Foods that 

have unintentionally been contaminated with GMO, for instance conventionally bred maize milled in a mill 

that has also ground GMO maize can accidentally be contaminated with small amounts of material from the 

GM maize (ibid). No more than 0.9% of the food product may be GMO for it to be exempt from GMO 

labeling. Furthermore, meat, dairy and eggs from animals that have been fed GM feed are not GM products 

and do not require labeling (ibid).  

 

It is a stark contrast between GMO availability in Sweden in comparison to the rest of the world. Every year 

the number of countries cultivating GM crops is increasing (isaaa.org, 2017). The agricultural land area used 

for GM crops has around the world been steadily rising every year since 1996 (see figure 2). GM crops are 

considered the fastest adopted crop technology in the history of modern agriculture (ibid). 
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Figure 3. Global area of cultivated GM crops from 1996-2016 (million hectares) (Isaaa.org, 2017) 

Developing countries (low to middle low income countries) have for the past five years been planting more 

GM crops than industrial countries, with over 54% (99.6 million hectares) of the global land area where GM 

crops are planted. This is mainly due to the commercialization of new biotech crops such as rice, which is 

mostly grown in developing countries (ibid). The remaining 46% were planted in 7 industrial ones where the 

United States has remained a top producer covering 39% of global GM crop plantings (ibid). The great 

majority of GM crops that are being planted today are soybean, cotton, maize, and oilseed rape. Other 

examples are sugar beet, squash, papaya, eggplant and potato (ibid). 

 
There are many differences in the attitudes towards GMOs in Sweden (and Europe) and the rest of the world. 

According to The Swedish Board of Agriculture (Jordbruksverket) (2007) this is due to a couple of different 

reasons: some critics claim that it is the strict EU regulations that have hindered GMOs products from being 

commercialized, and the only producers with the means to undergo the many expensive field trials and 

assessments are the organizations or companies with high financial capacity (i.e. Monsanto, Bayer, 

Syngenta) (ibid). GMO regulations vary around the world, where in some countries, the regulations are 

product-based compared to the process-based EU legislation (Hansson, 2016). The cultivation of GM-crops 

in for instance North and South America and Asia are extensive, and their respective publics are more 

positively inclined in comparison to the European public (Guehlstorf and Hallstrom, 2005). While the EU 

has been a frontrunner in GM science, having carried out almost 50% of the research done globally 

(European Parliament, 2016), public opinion coupled with the long political process have taken the 

precautionary principle to the extreme (Hansson, 2016). There is also the impression of the EU having been 

too influenced by vocal oppositional environmental activists, making it increasingly difficult to find 

acceptance for GMOs in the EU (Jordbruksverket, 2007). In addition, while private companies have 

developed most of the GM crops commercialized so far, many of the field trials testing new biotechnologies 

are carried out by public sector organizations (Qaim, 2016).  

4.3 European Regulatory framework for GMOs 
 

In this section, the GMO legislation within Sweden will be explained. Although as Sweden is a member of 

the European Union, GMO use is dependent on the regulations set by the EU, and is liable to the 

Precautionary Principle. Therefore, the regulations and definitions of the EU, as well as the precautionary 

principle will also be presented here. This is to further elucidate the circumstances of the perceptions and 

definitions of GMO.  
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4.3.1. GMO regulations and NPBT within the EU 
 

The use of genetically modified organisms is governed by common legislation that all EU Member States 

must follow. Sweden can therefore not make its own decisions to approve a GMO application that has not 

first been approved by the EU (Jordbruksverket.se, 2017). If a company or scientific organization wants to 

sell a GMO variety in the EU, it must thus first apply for its approval (ibid). It is the European Food Safety 

Authority (EFSA) that reviews and assesses the safety of the GMO. Should it be deemed safe for use, it will 

fall unto the European Commission to draft a proposal for its approval, and thereafter for the Member States 

to vote for the permission to be granted. The authorization requires a majority vote, and the votes may be in 

contrast to the assured safety from the EFSA. The process for approval has in some cases been under review 

for 15 years. Between 1998 and 2010, no cultivation approvals were granted, due to a non-majority votes 

(Swinnen and Vandermoortele, 2010). However, if the GM variety has been assessed and approved for 

commercial use in the EU, the Member States nevertheless have the right to disallow planting of GM crops 

in their country (ibid).  

 

The responsibility of European food safety lie with the EFSA, a European agency founded by the European 

Union to operate independently of the European legislative and executive institutions and EU Member States 

(Efsa.europe.eu, 2017). The system is such that the risk assessment science and risk assessment management 

(policy) is kept separate, where the EFSA is responsible for the science behind food safety (ibid). 

 

The ruling GMO legislation of today was formed over 25 years ago (Nyman, 2015), and was formulated in 

accordance with the biotechnological advancements at that time. As such, some of the newer technologies 

are in legal limbo, as to whether or not the standing regulations for GMOs should apply, and are thereby 

prevented from implementation and entering the market (Hansson, 2016; Sprink et al., 2016; European 

Commission, 2016).  

 

There are currently two trends that determine how GMOs are regulated. One is product-based and one is 

process-based (ibid). The current regulatory system in the EU is considered to be strictly process-based 

(ibid). In a process-based regulation, the focus is on the production of the product, and whether or not it 

should be classified as a GMO. In contrast, in a product based regulation system; the assessment of the 

product is predominantly based on the end product and not the technological process with which the desired 

trait was developed. Consequently, under the current EU guidelines, two identical plants produced by 

conventional mutagenesis and genetic modification would be regulated differently as conventional 

mutagenesis expressly does not constitute as a GM technology. 

 

The EU put in place a regulatory system in 1990 that focused mainly on the distinction between conventional 

plant breeding techniques, which involved hybridization and induced mutations, and the recombinant DNA 

technology (GM technique). At the time the definition of GMO was stated as “an organism in which the 

genetic material has been altered in a way that does not occur naturally by mating and/or natural 

recombination” (The Council of the European Communities, 1990). The definition was in line with the 

Cartagena protocol on biosafety (ibid) and is still used in the directives that are in place today. The current 

directives are Directives 2001/18/EC and 2009/41/EC (European Parliament and European Council 2001; 

2009). Both of which list techniques of genetic modification, the requirement of case – by – case evaluation 

of potential risk, environmental risk assessment, overall long-term effect evaluation as well as a long-term 

effect evaluation of the GMO interaction with other GMOs (ibid). Each product is also required to undergo 

and receive appropriate monitoring and labeling (ibid). The GM product should clearly state that a GMO is 

present, with the words “This product contains genetically modified organisms” on a label or document 

accompanying the product (European Parliament and European Council 2001). The limit for labeling is, as 

mentioned in the previous section, 0.9% GMO material in the product. Moreover, the directives require 

ensured traceability (ibid). However, if an organism is developed with a NPBT, and contains no foreign 

genetic material in its final product, the requirement for traceability will be implausible. Thus, since the 

definition of GMO stated in the documents is reflective of the 1990 definition, the regulations are not in 

coherence with the development of advanced breeding techniques such as CRISPR.  
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In 2015 however, the European Commission sent out a letter to all Member States stating that until legal 

status of NPBTs would be clarified, a protective approach should be implemented (European Commission, 

2015), meaning that Member states have to wait for the outcome before authorizing field trials or cultivation 

for commercial use of products developed with a NPBT. The legal interpretation by the European 

Commission is currently still pending (ibid). It is important to note however that GMO applications in field 

trials, greenhouses and in laboratories are up to each member state (European Parliament and European 

Council 2001). 

 

That same year, as mentioned by Sprink et al. (2016) the EC requested technical assistance from the EFSA 

with the issue of the legal analysis of NPBTs. The EFSA responded that certain techniques, including SDN-1 

and -2 at present are used to create point mutations only, and are identical to those introduced via 

conventional mutagenesis, and can thereby be considered a form of mutagenesis, yet no decision on their 

classification has been made (ibid).  

 

4.3.2. GMO regulations and NPBT in Sweden 
 

In Sweden, the issue of GMOs falls under the jurisdiction of the Ministry of Environment and Energy. The 

EU directives mentioned above have been implemented in Swedish legislation through the Environmental 

Code (Miljöbalken) and Regulation 2002/1086, on the deliberate release of GMOs into the environment 

(Riksdagen.se, 2017; Genetiknämnden.se, 2017). The Swedish legislation has however added an ethical 

aspect to the GMO regulations that the EU directives do not have, which is merely that GMO use and 

application should be done with ethical consideration (Riksdagen.se, 2017). The objective of the 

Environmental Code is to promote sustainable development that ensures current and future generations are 

assured of a healthy and good environment (MB 1:1). The responsibility of monitoring the field of genetic 

engineering, monitoring ethical questions and give advice on the use of GM are placed on The Board of 

Gene Technology (Genetiknämnden) (MB 13:19).  

4.3.3. The precautionary principle 
 

In Europe, the precautionary measures with regards to environmental, plant, animal, food, and human health 

are applied through the “precautionary principle” (Eur-lex.europa.eu, 2017). The principle “aims at ensuring 

a higher level of environmental protection through preventative decision-taking in the case of risk…[and] 

may be invoked when a phenomenon, product or process may have a dangerous effect, identified by a 

scientific and objective evaluation, if this evaluation does not allow the risk to be determined with sufficient 

certainty” (ibid).  

 

According to the European Commission (Eur-lex.europa.eu, 2017) the precautionary principle may be 

invoked when three preliminary conditions are met:  

 Identification of potentially adverse effects; 

 Evaluation of the scientific data available; 

 The extent of scientific uncertainty. 

 

Applying the precautionary principle to evaluations of GMOs will thereby delay or prohibit release of GM 

crops if a doubt is raised about uncertainty of long-term effects. The burden of proof to “…demonstrate the 

danger associated with a procedure or a product placed on the market, except for medicines, pesticides and 

food additives…” lies on the European consumer and the associations that represent them (Eur-lex.europa.eu, 

2017). “In the case of an action being taken under the precautionary principle, the producer, manufacturer or 

importer may be required to prove the absence of danger. This possibility must be examined on a case-by-

case basis. It cannot be extended generally to all products and processes placed on the market” (ibid). 

 

In summary, crops that have been developed by GM are subject to special regulatory consideration, setting 

them apart from other crops developed through conventional breeding methods like mutagenesis, which is 
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excluded from EU regulatory consideration. The process of getting a GMO approved takes many years as the 

regulatory considerations first involve extensive risk assessments from the EFSA, which the commission 

then receives and commences to write a proposal for the approval or rejection of the GMO based on those 

assessments. The proposal is then presented to, and put to a vote by Member States. With the application of 

the Precautionary Principle, a GMO can be delayed or prohibited until the producer can assure the safety of 

the product, and its commercial authorization will then depend on a majority vote for approval. The 

implications of these conditions are such that they limit the number of actors that can afford to use the GM 

technology, as the cost of field trials can be too high to keep up for the many years required to produce 

results. There are no exact numbers to the cost of introducing a new GM product, however it is estimated to 

be between 6-12 million euros (Lehrman et al, 2014). As NPBT are still under legal consideration, should 

their products (regardless of whether SDN1 or SDN2 is used in the development) be considered GMOs, they 

may be subject to the same extensive consideration as GMOs are, before they can be released. 

4.4 Previous research: The GMO debate 
Here the major concerns that have been found to be central in the GMO discourse will be presented, in order 

to provide an overview of the GMO debate. The major areas of concern revolve the possible impact of 

GMOs in general, and arguments of environmental issues blend in with socio-economic circumstances. 

While the concerns here are presented as separate, and as the scientific pool of data with arguments both for 

and against is too large for this paper to address in full, the concerns and counter arguments will be described 

in summary. It is important to note, that these are general concerns that do not take into account specific 

GMO varieties or environments in which they are utilized. 

4.4.1. GM food consumption  
 

A major concern regarding GMOs have been whether or not they are safe for consumption and if they pose a 

risk for human and animal health (Key, Ma and Drake, 2008). As mentioned in the previous section, GM 

crops undergo extensive testing and require full risk assessments before they are approved for commercial 

use, more so than conventionally or organically produced foods. GM foods are thus the most tested foods 

available for human consumption. There is however a scientific consensus that GMOs pose no greater risk 

than other conventionally bred crops, and to date there have been no reported ill effects on humans to date 

(WHO, 2017). The main issue of concern has been the toxicity and allergenicity (to provoke allergic 

reactions) of GM foods. However, according to Herman (2003) there is no evidence that GMOs actually pose 

risks of leading to allergies any more than, or even to a small fraction of, the risks encountered daily from 

naturally occurring plant allergens. Nevertheless, the matter of allergenicity is an issue that is assessed in the 

risk assessment of a GM crop (WHO, 2017; Efsa.europa.eu, 2017). As are other concerns such as 

genotoxicity (destructive to a cells’ genetic material) (ibid). To date there have been two examples where a 

GMO development has had to be discontinued due to allergenicity (Key, Ma and Drake, 2008). One was a 

project to develop GM peas by adding a protein from beans, which was discontinued after it was found to 

cause lung allergy in mice, and the second was a soya bean modified to express a Brazil nut protein, which 

was also found to be allergenic in tests (ibid). GM opponents have used the two instances as proofs that 

GMOs are inherently unpredictable; although another argument is that the two instances are examples of GM 

testing successfully analyzing the products (ibid). Conversely, there are cases of allergenicity and toxicity 

among conventional crops that are still available on the market (Dolan et al. 2010). Examples are for instance 

potatoes (Solanum tuberosum) that have, after being cooked, caused chronic allergic disease among children, 

and bitter zucchini that normally contains low levels of cucubitacin (a defense against herbivores) yet still 

has caused poisoning in 22 cases with ingestion levels as low as 3 grams (De Swert et al. 2002; Dolan et al. 

2010). In comparison, there is more evidence of allergenicity and toxicity among conventional foods than 

within GMOs. Thereby, though regulatory agencies like the EFSA and the FDA (US Food and Drug 

Administration) continuously test, label and prohibit foods for the protection of consumers, there is no 

guarantee that any food is 100% safe for consumption for all (Dolan et al. 2010). 

4.4.2. GMOs and the environment 
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The concerns with GMOs and their effects on the environment are primarily regarding the potential of GMOs 

to introduce the modified genes into wild populations, or contamination, biodiversity loss; the reduction of 

plants and insects (as well as non-target insects), and an increased use of chemicals in agriculture (WHO, 

2017). It is important to note that while the environmental implications differ depending on the crop variety 

and the locations of its application, it is also difficult to gauge the long-term effects that may occur from 

introducing GMOs, both on accounts of biodiversity as well as gene contamination (BVL, 2007).  

 

The risk of contamination is a concern that has had reports of occurrences. It is however an occurrence that 

befalls conventional breeding as well. According to Herman and Price (2013) over 2500 crop varieties have 

been generated by mutagenesis (conventional breeding method). The gene flow however, only occurs when 

there is compatibility between the wild population and the new crop, both physical and in space. There are 

methods to hinder contamination from GM crops to wild populations, such as having the crops grown at 

distance from identified wild relatives, or grown in containment, the crops being planted in isolated areas, or 

molecular containment of GM crops through sterility and incompatibility systems to limit the transfer of 

pollen (Key, Ma and Drake, 2008).  

 

The issue of increased use of chemicals has had varying reports as it depends greatly on the type of crop, 

location, and farming practices. According to a meta-study on the agronomic and economic impacts of GM 

crops, conducted in 2014, since 2012 on average, GM technology has reduced chemical pesticide use by 37% 

(Klümper and Qaim, 2014). Yield gains and pesticide reductions were found to be larger for insect-resistant 

crops than for herbicide-tolerant crops (ibid). In contrast, a study on pesticide use and GM crops in U.S. 

soybean and maize, found that while pesticide use dramatically decreased since GM crop adoption in 1998, 

the use has steadily been increasing (Perry et al, 2016). However, the study shows that only the use of 

herbicide is shown to have increased, which they attribute to weeds developing resistance. The GM crops 

carrying a variety of Bt (IR), were still effective as IR- crops, and showed no increase of pesticide use (ibid). 

Resistance development is however a long-term effect that was already anticipated from the risk-assessments 

(European Commission, 2007). The expected effectiveness of a pesticide is approximately 10 years (ibid). 

 

In the case of biodiversity loss from the use of HT crops, the objective is to get rid of weeds with genetically 

modified crops tolerant to herbicides, which allow farmers to effectively get rid of weeds without destroying 

the crop, resulting in a higher yield and less tillage. (Hudson, 2016). The alternative to having an HT crop 

often involves less environmentally benign herbicides, as well as a more plough-based agricultural method, 

which is not only worse for the soil but also adds to labor and field work (Brookes, 2014). The herbicide use 

is said to be a necessity for an effective production of specific crops (ibid). Similarly, IR crops are produced 

to eliminate insect species that destroy crops and destruct production (Barrows et al., 2014). Concerning non-

target species being affected by IR-crops, there was a great controversy surrounding the Monarch butterfly 

being affected by Bt-crops and the pollen derived from the crops that can be carried by wind and rain 

(Shelton and Sears, 2001). The controversy began when a study published in 1999 expressed a prediction that 

planting Bt-corn could have negative consequences for the monarch butterfly. The study was conducted in a 

laboratory with monarch butterfly larvae and Bt-corn pollen, where 3-day old monarch larvae were placed 

onto milkweed leaves that had been dosed with an unspecified amount of Bt-corn pollen. The authors found 

lower survival of larvae feeding on leaves dusted with transformed pollen compared with leaves dusted with 

untransformed polled or no pollen, and hypothesized from their results that there could be profound 

implications for the conservation of monarch butterflies with the widespread use of Bt-corn (ibid). The paper 

was first submitted to Science from which it was rejected, only to be published by Nature. The paper has 

since been heavily rejected by scientific communities, and the results have been refuted for it’s lack of proper 

controls, the lack of a choice test, missing details such as the dose used, the lack of information on the 

potential for a temporal and spatial overlap of pollen shed, milkweed plants and monarchs under natural field 

conditions (ibid). Nevertheless, the concern for monarch butterflies and other Lepidoptera species persisted 

and is still used as an argument against Bt-crops (Greenpeace, 2008). It is important to note that all HT and 

IR crops are tested for toxicity to non-target species and are not permitted for use if they pose a risk to 

species such as monarch butterflies (efsa.europa.eu, 2017). In addition, both conventional farmers and 

organic farmers use Bt as an insecticide spray (isaaa.org, 2017). 
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Long-term effects are most likely to be caused indirectly through changes in agricultural management of GM 

crops (European Commission, 2006). Altered crop rotation and soil tillage often affect biological systems in 

ways that becomes apparent after a certain time span (ibid). However, in 2006, after more than 20 years of 

experimental field releases and more than 10 years of commercial cultivation, the EFSA reported that there 

had been no other adverse long-term effects reported other than the resistance development within target 

organisms of Bt crops, which was to be expected considering the extensive use (EFSA, 2006).  

 

With the potential of NPBT, plants that are susceptible to infections from for example viruses or fungi can be 

modified for resistance to that specific infectant. Wheat genetically modified for resistance to powdery 

mildew is an example of both the precision the CRISPR technique, as well as the potential for future bio-crop 

resistance (Wang et al, 2014).  

 

4.4.3. Consumer acceptance 
 
Consumer acceptance of GMOs seems to be different depending on cultural background, personal 

characteristics and the application considered. The European public is believed to have a negative attitude 

towards GM foods, whereas Japan, Canada and the US for instance have shown a relatively positive attitude 

towards GMOs (Guehlstorf and Hallstrom, 2005). The US is also the top producer of GM crops. The public 

concerns of GMOs in the US appear to be limited to a small number of interest groups (Nelson, 2001), 

whereas the public concerns in Europe have led to stricter GMO regulations that aims to reduce or eliminate 

risks in the food supply, even if the scientific evidence does not show strong enough risk (ibid).  

 

A study by Hess et al. (2013) however, has found that no substantial evidence can be found to sustain that 

European consumers would be more reluctant to accept biotechnology in food products than the sample 

average in consumer evaluations from other countries. Through a meta-study examining the existing research 

on consumers’ evaluation of biotechnology in food products, and measuring the underlying constructs of the 

surveys, the study found that consumer response is sensitive to the positive or negative connotations within a 

survey question (ibid). EU surveys have been shown to ask questions related to risk and ethical concerns 

more often than non-EU countries, which Hess et al, argues could reflect the theory that socio-economic 

research might not be independent from the political context within which it takes place (ibid). This 

coincides with the above-mentioned cultural aspects of perception and acceptance, where for instance the US 

has less stringent GMO regulations, is the highest producer of GM crops and has more positively inclined 

consumers in comparison with the EU. In addition the study showed that web surveys generate the most 

negative responses from consumers, and that consumer surveys should preferably be conducted through 

joint, and interdisciplinary research strategies (ibid). 

 

A research study conducted by Marris et al. (2001) demonstrated that there is a gap between decision-

maker’s understanding of consumer concerns and actual consumer perception regarding GMOs. The authors 

state that stakeholders in the GM debate misunderstand public responses to GMOs, which represents one of 

the key underlying causes for the current impasse in the GM debate (ibid). The report argues that decision-

makers often frame public responses either in terms of lack of knowledge or of “non-scientific” ethical 

concerns, and do not fully capture the nature of public concerns, nor do they recognize the social, cultural 

and institutional factors that shape them (ibid). The report studied (1) the perceptions of GMOs among 

ordinary citizens (using focus groups from France, Germany, Italy, Spain and the United Kingdom) and (2) 

the perceptions of public responses to GMOs among engaged actors in the GMO debate (ibid).  Their results 

showed that participants did not, overall, express any opinions about “for” or “against” GMOs, and that 

participant responses were more nuanced, and overall ambivalent to GMOs as they recognized both positive 

and negative dimensions of GM in agriculture (ibid). The participant responses did not coincide with what 

the engaged actors perceived consumer views to be, revealing that there is a persistence of a number of 

entrenched views about the public perceptions among numerous policy actors (ibid). The demonstrated gap 

between the two different groups indicates that policy decisions made with misconceptions around consumer 

perceptions will lead to policies that do not fully grasp consumer demands (ibid). 
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4.4.4. Social impacts  
 
Focus on the impacts of GMOs has primarily been on environmental and human health, whilst the 

knowledge around social impacts of GMOs in agriculture is still fragmented (European Commission, 2011). 

The economic impacts of GMOs currently dominate the literature and, while they have reported that GM 

crops provide economic benefits for farmers worldwide, the social impacts are less known (ibid). A review 

by Fischer et al. (2015) examined 99 peer-reviewed journal articles published since 2004 on the social 

impacts of GM crops in agriculture, to summarize the current knowledge and knowledge gaps. Social 

impacts, as described by Fischer et al (2015) can be defined as: “The consequences to human populations of 

any public or private actions that alter the ways in which people live, work, play, relate to one another, 

organize to meet their needs and generally cope as members of society”. The review confirmed that the 

existing literature focuses almost exclusively on farming in the global south, as only four out of the 99 were 

about the Global North (USA, Australia, Canada and Switzerland). The authors argue that studies from the 

Global North could provide examples comparable to the situation in the Global South, such as the 

comparison they made between introduction of Bt-cotton within an Integrated Pest Management strategy 

(IPM) in Australia, and parts of India where the introduction of Bt-cotton was made without comprehensive 

agricultural advice, which reportedly perpetuated the use of pesticides (ibid). There were overall three key 

findings in the review which were that: (1) “[e]conomic studies present a more positive picture of the role of 

GM crops in sustainable agriculture than is warranted, looking at the broader set of social impacts”, (2) “[t]he 

way in which GM crops are governed today reinforces market dominance by private industry and particularly 

reduces the possibilities for GM crops to benefit poorer and more marginalized farmers”, and (3) “[t]here is a 

substantial lack of knowledge regarding the social impacts of GM crop introduction for farmers in the Global 

North” (ibid). 

 

The knowledge we have on the social impacts of GMOs is thus insufficient to fully grasp what the 

implications of GMOs may be and how they affect farmers’ lives. The reported economic benefits of GMOs 

may imply indirect positive outcomes such as, less extensive fieldwork and time saved off of the farm, which 

may be variables in measuring well being. However, as this has not been comprehensively researched, 

besides economic status, a correlation between GMOs and farmers wellbeing is not yet determined. 

 

4.4.5. Seed control 
 
Researching and developing new plant varieties cost both time and money, and the investment can only be 

recouped if the company can commercialize the variety and the ongoing developments of new varieties 

require specific knowledge (Dons and Louwaars, 2012). The Plant breeder rights protect the holder (i.e. the 

developer of the variety) by prohibiting others to sell the seeds (ibid). The development in biotechnology in 

the 1970’s revolutionized plant breeding (ibid). The introduction of novel plant breeding methods also 

introduced other Intellectual Property Rights (IRPs), the patents system, into the business (ibid). However, 

the system of IPR applies to a broad range of techniques, and is not specific to GM seeds (ibid). Patent rights 

do not have to be of much difference to the growers. A patent give the holder the legal right to prevent others 

to produce, use, and offer for sale or sell the patented product without the permission, via a license of the 

patent holder (ibid). The Plant breeder’s rights, allows for others to use the variety in research, 

experimentation and as starting materials for the production of new varieties (Jordbruksverket, 2015).  

 
Over time, the growing number of new crop varieties and especially hybrid crops, which seeds to not serve 

well for planting (due to outcrossing), the agricultural method of saving seeds for replanting has 

consequently decreased as a practice, and has become a cause for concern among some farmers and NGO’s 

(Evenson et al, 2002). Some companies, like Monsanto have a Technology/Stewardship agreement signed 

from the farmer upon purchasing seeds, which include among other things, instructions on how to best use 

the product (Monsanto.com, 2017). The instructions are in the form of a Grower Guide and an Insect 

Resistance Management guide, which is also to be implemented per the agreement. In the agreement the 

farmer also promises to only use the seed for planting and not to save or sell the seed, or use it for research 

purposes (ibid). Nowhere does it force the farmer to continuously purchase their seeds or force them to 
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purchase their chemicals, though in the case of HT crop it is suggested to do so (ibid). Specifically, for 

herbicide tolerant crops, it is suggested to use the chemical that the crop is tolerant to (i.e. Roundup Ready 

crop and glyphosate) (ibid).  

 
The concern for seed control, or “corporate control” regarding GM crops, worsened due to the production of 

Gene Use Restriction Technology (GURT), dubbed the Terminator Gene Technology. The Terminator gene 

permits engineered plants to be sterile and not produce viable seeds, which would force farmers to buy seeds 

from one season to the next (Lombardo, 2014; Rey and Katzenstain, 2005). The controversy around GURTs 

began with papers analyzing the potential impact of this technology on low-income countries, predicting that 

it would further polarize developed and developing regions and societies as well as forcing farmers to 

become dependent on agricultural companies (ibid; Hubicki and Sherman, 2005). The public outcry 

following the development of these technologies, had corporations like Monsanto vowing not to release them 

(Rey and Katzenstain, 2005). Thus, while terminator genes exist, they are not commercialized (Lombardo, 

2014). Though the hypothesized negative impacts of the technology have been spread wide enough for it to 

be a common concern, there have been little focus on the intention behind the technology and the possible 

benefits of GURTs (Hubicki and Sherman, 2005). Cultivation of sterile seeds could limit for example cross 

contamination and gene flow (Rey Katzenstain, 2005), which ironically are two expressed concerns with 

using GMOs. It is the issue of cross contamination, or rather of unauthorized propagation of new varieties 

from patented seeds, and pirating seeds, that is one of the primary reasons GURTs were developed (Hubicki 

and Sherman, 2005). There are however breeding methods with similar characteristics, although in less 

extreme forms, to the GURTs that have been used for decades, specifically hybridization (Evenson et al, 

2002). Hybridization began in the 1930’s where hybrid varieties were obtained from crossing two highly 

inbred parent lines, which would generate genetically homogenous (of the same nature or kind) offspring 

(Qaim, 2014). The offspring often produce, especially in maize, yields in excess of either parent line, an 

effect known as heterosis or hybrid vigor. The word hybrid is also used to refer to any offspring of two 

different species, though in breeding context it is used to describe varieties that display a high degree of 

heterosis (Qaim, 2014). Hybrid plants only display hybrid vigor in the first generation however, as the 

second generation yields significant genetic variation will be “out-crossing” and the heterosis effect is lost, 

resulting in a lower yield crop. Apart from the heterosis effect, the method of hybridization thus also protects 

against unauthorized reproduction by farmers (Hubicki and Sherman, 2005). The composition of the hybrid 

can be withheld from other breeders, should the innovator choose not to disclose the inbred lines that make 

up the hybrid crop (Evenson et al, 2002). In summary, excluding the hypothetical impacts of GURTs, the 

concern for seed control involves issues that are related to both conventional breeding methods as well as 

GMOs. Seed patents which in essence hinder farmers from using the seeds in any other form other than 

planting, and hybrid crops that produce less viable crops for a second season, pushing farmers to 

continuously purchase new seeds, are thus issues risen from systemic agricultural policies and agricultural 

business rather than specific breeding methods. 

5. Results - GMO standpoints among Swedish stakeholders 
 
Here, the results are presented. The investigated positions, perceptions and arguments from the identified 

stakeholders and NGOs are presented, and then tallied in order to find common themes. The common themes 

are then applied to the CRISPR technique.  

5.1. Stakeholder and NGO positions 
 
Not all of the stakeholders had official policy documents regarding GMOs or biotechnological 

advancements; therefore the information was obtained through their official webpages, and in the case of 

consumer perception, from a few sample studies. A study conducted by Björnberg et al (2015) investigated 

Swedish retailers and farmers’ views and perceptions of biotechnology in sustainable agriculture. The 

retailers they investigated were ICA, Coop, and Axfood and together, by 2015, the three represent 

approximately 87% of the Swedish food retail market. The farmer organizations were The Federation of 
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Swedish Farmers (LRF - Lantbrukarnas riksförbund) and Lantmännen. The authors interviewed retailers on 

the role of biotechnology for their enterprise and what the influential factors are for determining their 

policies. The results from their interviews with each stakeholder will be presented in this section. 

 

5.1.1. GMO Reservations and positions of Swedish farmers 
 
This section explores the positions of Swedish farmers in regards to biotechnology in accordance with their 

policy documents and what has been published on their official webpages. Two identified organizations are 

examined, one of which is LRF and the other is Lantmännen, an agricultural cooperative owned by 25,000 

Swedish farmers (Lantmannen.com, 2017). Additionally, a study conducted by Lehrman and Johnson (2008) 

on Swedish farmers’ attitudes towards farming GM crops, with a sample study of 585 participants, is used to 

further examine the GMO perception among farmers.  

 

5.1.1.1 The GMO position of The Federation of Swedish Farmers, LRF 
 

The Federation of Swedish Farmers, LRF, has an adopted policy on biotechnology consisting of six 

fundamental principles regarding, perseverance/sustainability, precaution and ethics, competitiveness, 

choice, labeling and transparency and responsibility (LRF, 2010). LRF has a positive outlook on the usage of 

GMOs in agriculture given that the products contribute economically and environmentally to a sustainable 

development and have no adverse effects on the human quality of life (ibid). They maintain that GMOs 

should be assessed on a case-by-case basis, so as to determine the risks and benefits and determining the 

long-term benefits for society, human and animal welfare and environmental health (ibid). 

 

5.1.1.2. The GMO position of Lantmännen 
 

Similar to LRF, Lantmännen have a positive attitude on GMO and state the opportunities the technologies 

offer, as well as the potential it presents towards a sustainable society (Lantmannen.com, 2017). Notably, 

among their focus areas are projects on developing agricultural breeding methods (ibid). However, they 

distinctly state that their “food products do not contain any raw materials from genetically modified 

crops…[and] ensure availability of non-GMO feed”, stating that GM has “…potential risks, and many 

consumers have a skeptical attitude towards genetically modified foods. The risks discussed include 

uncertainty about long-term effects of new varieties and reduced biodiversity due to the strong dominance of 

a small number of crop varieties. Another criticism concerns agriculture’s dependence on the chemical 

industry and the large plant breeding companies.” (ibid).  

 

Both LRF and Lantmännen are generally positive towards the possible use of biotechnology with the 

condition that it contributes to more environmentally- and economically sustainable agriculture.  

5.1.1.2. Sample Study on Swedish farmers 
 
The study surveyed farmers’ attitudes regarding GM crops as well as their perceptions concerning potential 

advantages and disadvantages of growing IR GM crops (Lehrman and Johnson, 2008).  It also examined 

whether educational levels, age and farm size had any correlation with the responses (ibid). The survey 

provided multiple-choice options in the form of statements that the respondents could choose to agree with 

(ibid). The survey showed that out of the 585 respondents, 57% were negatively inclined, 30.6% were neutral 

and only 12.7% were positively inclined to growing GM crops (ibid). The perceived benefits were that IR 

GMOs could reduce labor costs, reduce health risks for the farmer and reduce insecticide costs (ibid). The 

most selected benefit was that IR GMOs have potential to increase yield (ibid). Among the perceived 

negative drawbacks, the most selected negative statement was that consumers have a negative attitude 

towards GM crops (ibid). Other perceived negative drawbacks were that IR GMOs could be a risk for, or 

harm humans and livestock, potentially harm other organisms, and could potentially spread IR GM crop 

genes to non-GM varieties or wild relatives (ibid) The study showed that farmers who had studied to degree 
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level in agronomy or agriculture and rural management were more positive towards GM crops in comparison 

to other groups (ibid). Furthermore, there was a significant correlation between farm size and more positive 

attitudes, and that farmers who were positively inclined predominantly chose statements linked to the 

economic viability of the crop (ibid). A major find in this study is that there is a portion of farmers that are 

open to growing GM crops if there is a market for it, as the major drawback they see is related to consumer 

acceptance (ibid).  

5.1.2. GMO positions among Swedish retailers 
 

Here, the attitudes of major Swedish Retailers in regards to GMOs are presented according to the information 

available on their official webpages, as none of the retailers have official policy documents on the subject. 

The examined retailers are COOP, ICA, Citygross and Axfood.  

 

5.1.2.1. The GMO position of COOP 
 

COOP has a clear stance on GMOs, which is that they do not sell GMO foods and that even if a GM crop is 

regarded as safe, the cultivation is in several parts of the world of unethical and unsustainable manner and 

should the technology be considered safe they maintain that the application in different parts of the world are 

of doubtful nature (Coop.se, 2017). The basis for their positions was not stated.  

 

5.1.2.2. The GMO position of Citygross 
 

Citygross state on their website that their products are GMO-free in order for their customers to be able to 

safely choose products, and that GMO-free is good for the consumer (Citygross.se, 2017). They distinctly 

choose to “take a stance” against GMO pig feed, and state that they have taken this stance after considering 

the worries of customers from surveys. Similar to COOP, they do not provide any further information to 

clarify, what those surveys were and where they base their information. 

 

5.1.2.3. The GMO position of ICA 
 

ICA, in contrast to the above mentioned retailers, are in general positive towards new technological 

advancements however due to ethical and environmental reasons they question the production and cultivation 

of GMOs that are not produced in a closed environment, and no such products shall be included in their 

assortments (ica.se, 2017). Like the aforementioned retailers, however, they do not provide further basis for 

their standpoint. 

5.1.2.4.The GMO positions of Axfood 
 

Similar to ICA, Axfood acknowledges that the technology may have benefits, however at present, they do 

not sell GM products in their stores (Axfood, 2017). They have not given out any official policy on GMOs, 

though they have stated on their webpage that “genetic modification is a relatively new tool, and Axfood 

realizes that this technology may be helpful in certain contexts” (ibid). They have also stated that GM 

products must be clearly labeled, in order for the consumer to be able to make informed choices (ibid).  

 

Of the four retailers examined, only ICA and Axfood were positively inclined towards the use of 

biotechnology, however none of the four companies have a plan to have GM products in their stores.  

5.1.3. GMO perceptions and positions of Swedish consumers 
 
This section presents the perceptions of consumers in Sweden with regards to GMOs. There have been very 

little research done on consumer positions in Sweden after the year 2000, and as such, sample surveys from 

Konsumentföreningen Stockholm (KfS) and the Eurobarometer are presented. KfS is a consumer association 
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with 775 000 members and is one of the main owners of COOP. Its purpose is to inform consumers and 

influence society towards more sustainable consumption (Konsumentföreningen Stockholm, 2017). In 

addition to the two consumer surveys, two studies by students in Linköping University and Umeå University 

respectively, have been examined to understand the prevalent reservations of GMOs among Swedish 

consumers. 

 

The Eurobarometer has conducted seven sample surveys on biotechnology among all member states of the 

EU, with an estimated 1000 respondents from each member state for each survey, and the last one was 

conducted in 2010 (European Commission, 2010). The survey showed that optimism towards 

biotechnological advancement has increased since their earlier surveys. However, in the case of GM foods 

not much has changed in the public eye (ibid). In all of the Eurobarometers, a majority of Swedish 

respondents were opposed to GM foods: 35% in 1996, 33% in 1999, 41% in 2002, 24% in 2005 and 28% in 

2010 (ibid). A dominant concern was in regards to technology’s implications on “the natural order” and 

respondents felt uncertain about the unnaturalness of the technology (ibid). A curious find in the 

Eurobarometer was that a chosen concern that one of the survey options provided was if the respondent did 

not want GMOs because they did not want DNA in their food, indicating that some consumers do not 

understand the concept of a GMO, nor do they understand the building blocks of an organism (ibid). The 

Eurobarometer found that the respondents were more positively inclined towards biotechnological use for 

medicinal purposes, and that supporters of biotechnology were generally better educated (ibid). It also 

concluded that unless new crops and products are deemed to have consumer benefits, the consumers would 

continue to be doubtful (ibid). The Eurobarometer study was conducted 7 years ago, and may not be enough 

to represent or reflect the consumer perception among the Swedish people today. 

 
In 2012, KfS conducted a study among its members on their acceptance of GMOs (Livsmedelsverket, 2017). 

Their survey found that more consumers are willing to buy GMO foods in comparison to 14 years ago (ibid). 

Their study in 2012 showed that 46% of consumers viewed GMOs negatively, whereas their previous study 

in 1998 had 74% of the consumers with that same belief (ibid). According to that same study, the acceptance 

rate was higher for GMOs that help reduce use of chemicals in the environment. The acceptance rate was 

also higher for GMOs developed and utilized for medicinal purposes (ibid).  

 

In a study on the perceptions of GMOs among civil society conducted on 4 focus groups with a total of 14 

participants, the discussions were centered on three themes (1) risks, (2) opportunities, and (3) added values 

(Asplund, 2008). The reservations against GMOs among the focus groups were mainly the risks involved in 

the “unnatural”/anthropogenic tampering with nature; the risk of endangering biodiversity through herbicide 

and pesticide resistance, unforeseen consequences of introducing new species, and the risk of unethical 

applications (ibid). Acceptance among the focus groups was seemingly determined by the definition of what 

was natural, where natural equaled good and unnatural equaled bad (ibid). The focus groups also discussed 

the risks of endangering human health. Notably, the mentioned positive aspects of GMOs were almost 

conclusively about foods and food production, where the idea that GMOs could aid in food shortage. Evident 

in the study was that the social impacts of GMOs were a more dominant cause for doubt (ibid). The study 

had a too small sample group to have statistical power and may not be enough to represent the population of 

Sweden, however it offers a sampling of the perceptions among consumers.  

 

Another study on Swedish consumer attitudes in regards to GMOs had 110 participant answer a survey with 

multiple option choices that participants could choose if it matched their beliefs on GMOs (Cronqvist and 

von Almassy, 2017). The options were written out as positive or negative statements and multiple answers 

could be checked. Among the biggest potential benefits of GMOs were thought to be that GMOs can have a 

positive effect on the economy (62%), a positive effect on the environment (49%), and that GMOs could help 

reduce world hunger (40%). The potentially biggest drawback of GMOs was thought to be that there is too 

little knowledge on the long-term effects (45%). There were also participants who believed there to be no 

positive aspects of GMOs. However, only 31.8% of participants, with the majority of them being women, 

were unwilling to buy GM foods. The biggest incentive for buying a GMO product was found to be if the 

product causes less of an environmental impact through the use of less pesticides. Another finding in this 

study was that participants with middle to high knowledge about GMOs were also more positively inclined. 

The study was conducted thorough an online survey (ibid). This study also has too low statistical power 
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represent the population of Sweden due to small sample size, though it offers insight into the perceptions of 

some consumers. 

 

The sample studies mentioned in this section may not be large enough to represent the public opinion in 

Sweden in regards to GMOs, however, the studies showed certain indications that coincide with each other. 

According to the study by Hess et al. (2013), consumer responses are sensitive to survey questions, and in 

addition to the findings of Marris et al (2001), the interpretation of survey responses may not provide the 

full scope of consumer perceptions. 

 

5.1.4. GMO positions of Swedish non-governmental bodies. 
 
Here, the reservations and skepticisms of large anti-GM NGOs are presented. The NGOs in question are the 

Swedish branches of Greenpeace and Friends of the Earth. Both entities have several publications and 

documents that explain their stance on GMOs and as such the investigation of their positions will be 

presented in a condensed form. 

 

5.1.4.1. The GMO position of Greenpeace Sweden 

 
Greenpeace is perhaps among the most vocal anti-GM actors in the world do not only promote stricter 

regulations on GMOs but also aim to stop its use entirely (Greenpeace Sverige, 2011). The Swedish branch 

reservations against GMOs are specific to those that are allowed in EU and Sweden, with a focus on animal 

feed containing GMOs. (At present the milk and meat industry in Sweden have decided not to allow GM 

feed). They claim that: 

 

 Allergies and declined animal kidney and liver function have been detected among animals fed with 

GMO feed. 

 GMOs can dramatically reduce biodiversity through large-scale, chemically dependent cultivation of 

a single GMO crop on large areas. When some species are weakened or knocked out, they upset 

natural interactions and balance. This threatens sensitive ecosystems. 

 A report shows that GMO maize is spreading and has contaminated conventional maize varieties in 

Mexico. Local food culture and old as well as new seedlings risk being "infected" with GMOs.  

There were no references given to their claims in the document. 

 

The Swedish branch does however have two official documents titled  “Proven environmental and health 

effects of GMOs” and “Social and economic effects of GMOs” (Greenpeace Sverige, 2008a; Greenpeace 

Sverige, 2008b). 

 

In the “Proven environmental and health effects” document they state that: 

 IR crops are poisonous to non-specific pests such as the monarch butterfly, and have adverse effects 

on their behavior (Prasifika et al., 2007; Lang and Vojtech, 2006; Dively et al., 2004). 

 Bt-crops excrete the poison from their roots to the ground leaving restproducts of the Bt-toxin, and 

the long-term effects of that have not been studied (Saxena, Flores and Stotzky, 2001). 

 Agricultural waste from Bt-maize have been found in a water stream, where the waste may be toxic 

to some insects (Rosi-Marshall et al., 2007). 

 Bt-maize attracts more aphids than conventional maize which is due to changes in saps and these 

changes have not been described in a single study despite the great ecological consequences (no 

reference was given for this claim, because there is none apparently) 

 Roundup Ready crops (HT GMO crops) can cause endocrine disorder, that is to say hormonoal 

disorders (Richard et al., 2005). 

 Weeds are increasing in tolerance against Roundup which leads to increased use of herbicides as a 

complement to the Roundup GM crop 
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 Biodiversity loss. A study in Great Britain has found 24% less butterflies in the outskirts of field 

where GMO-rapeseed oil is planted  

The “Social and economic effects of GMOs” document state that: 

 Farmers that plant GM crops are not held accountable for genetic contamination to non-GM crops, 

which harms other farmers. 

 New GM crops do not reduce the dependency of herbicide and insecticide spray. An incident in India 

where the Bt cotton had no effect on a secondary pest destroyed the crop, led to farmers being deeply 

in debt and in despair. 800 Indian farmers committed suicide  

 No commercially developed and available GMO crop has so far given higher yield, better nutrition, 

can withstand drought or is salt-tolerant. 

 Scientists consider the best method to develop plant varieties that can meet future challenges, like 

increased drought, is through conventional breeding and ”marker assisted selection”.  

 Monsanto has sued hundreds of farmers for saving seeds from GM farming resulting in farmers 

having to pay millions to Monsanto with added fees for extrajudicial explanations. 

 GMOs are not the solution to hunger, poverty or climate change 

 GMOs have not reduced prices. 

The document indicates that it has references, however they are not available in the document itself. 

 

Greenpeace European unit maintains that GMOs can have unexpected and unpredictable effects, and that 

newer technologies should not be considered the same as conventional mutagenesis, promoting their 

continued legal status as GM technology and be required to undergo the extensive risk assessments and field 

trials in accordance with the EU regulations as they stand today (Greenpeace Europa, 2015).   

 

5.1.4.2. The GMO position of Friends of the Earth Sweden (Jordens vänner) 
 
The Swedish branch of Friends of the Earth, called Jordens vänner, has no official policy documents on their 

stance on GMO, however they have a webpost in response to a criticism they have faced in their campaign 

against GMOs in Europe (Jordens vänner, 2017). In this post they state that GMOs will not provide a 

solution to the challenges we face in regards to food production, biodiversity and climate change, they state 

that in many cases the contrary is true; GM crops exacerbates the damage against biodiversity, the 

environment and human health (for those living near GMO-farms), as well as increasing corporate control 

over agriculture through biotechnological companies (ibid). Unlike Greenpeace however they do not provide 

references to these claims in their post.  

 

With regards to NPBT, Greenpeace (European unit), together with Friends of the Earth along with three other 

notable environmental groups, sent a joint letter to the EC, urging for equally strict regulations and that 

NPBT should not be exempt from GMO legislation (New techniques of genetic engineering, 2016). The 

letter states that there are “…risks and uncertainties associated with each of the new GM techniques…[and] it 

is not possible to fully evaluate the potential for adverse effects” (ibid). It also states that Gene-editing is 

poorly understood and especially so in plants. Also, it states that it is difficult to identify potential hazards, 

and could ultimately have irreversible effects on whole ecosystems. The letter mentions CRISPR/Cas9 

specifically when quoting a CRISPR researcher stating that ”the possibility of off-target alterations, as well 

as on-target events that have unintended consequences” is cause for further research needed to understand 

and manage risks (ibid). 

5.2. The applicability of GMO reservations to CRISPR 
 
This section will explain the results obtained and presented above in Part II in sections of common themes, 

so as to bring together the most prevalent reservations against GMOs. The observed and established themes 

will then be applied to the CRISPR technique to test whether the CRISPR would be exempt from common 

GMO concerns. 
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The findings show similarities between stakeholder concerns, where some are more elaborate than others. 

Though some of the stakeholders had a positive attitude towards GMOs, they still held reservations due to 

uncertainties around GMOs. A summary of the NGOs and stakeholder, reservations are shown in the table 

below. 

 
Table 1. A summary of stakeholder and NGO reservations against GMOs. The area of concern is shown in italics in 

parentheses. 

Entity Reservations 

Consumers 

GMOs may have implications on “the natural order (ecosystem), "tampering with 

nature (unnatural); "risk of biodiversity through herbicide and pesticide resistance"(risk 

to biodiversity) 

LRF In other words adhere to the precautionary principle 

Lantmännen 

"Uncertainty about long-term effects" (long-term effects); "reduced biodiversity due to 

dominance of a small number of crops” (risk to biodiversity);  "dependence on the 

chemical; industry and the large plant breeding companies.” (corporate control); 

consumer concerns 

Greenpeace 

"Allergies and declined animal kidney and liver function have been detected among 

animals fed with GMO feed" (risk to animal health) reduced biodiversity due to 

chemical use and risk of spread (risk to biodiversity)  - Pertaining NPBT: risk of off-

target mutations and uncertain effects 

Jordens vänner Risk to biodiversity, the environment and human health; increases corporate control 

Coop Application is doubtful, unsustainable and unethical 

Ica Unethical application; uncertainty of environmental effects (implied) 

Axfood Adhere to labeling policy 

Citygross Consumer concerns, and (implied) negative health effects 

 
In order to find the common themes, the number of times each concern was brought up from the different 

stakeholders was noted and tallied. This is shown in the table below. 

 
Table 2. The concerns that were raised and the amount of times they were brought up from different stakeholders, (i.e. 

unnaturalness was only brought up by consumers = 1) 

Concern Times mentioned 

Risks of endangering the biodiversity, ecosystem, environment 2 + 2 + 4 = 8 

Unethical application 3 

Risks of endangering human health, animal health 2 + 1 

Corporate control and farmer dependence 2 
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Uncertainty of long-term effects 2 

Unnaturalness 1 

 
To be considered a common theme, an argument should be brought up by more than one of the investigated 

groups. The argument that GMOs are hazardous to animals and that GMOs are unnatural were each brought 

up once from the investigated groups, namely Greenpeace and consumers, respectively, and were thus not 

considered a common theme. As risks to the environment includes risks to human and animal health, 

biodiversity, and ecosystems, the most prevalent reservations against GMOs thus pertains to (1) risks of 

endangering human health and (2) the environment, in particular the biodiversity and ecosystems (the risk of 

spread and thus reducing the diversity of non-GM crops), (3) uncertainty of long-term effects, (4) unethical 

applications, and (4) Corporate control.  

 

Applying the reservations against GMOs to the CRISPR technique is done based on the background 

information of CRISPR as well as the literature review. The result is shown in the table below. Although 

some of the arguments against GMOs have been addressed in previous sections, the table below is merely a 

reflection of what the reservations are from the investigated groups and will be based on their perceptions of 

GMOs.  

 
Table 3. Whether or not the reservations against GMOs are applicable to the CRISPR technique 

Stakeholder Reservations CRISPR 

Risk to human health  No 

Risk to environment No 

Uncertainty of long-term effects No 

Unethical applications ? 

Corporate control ? 

 
(1) Risks of endangering human (and animal) health from consumption of GM foods. 

There is no scientific guarantee that a product will be free from risk of harm to humans or animals, however, 

considering that there have been no reported harms to humans or animals from consumption of GM crops, 

added with the more precise breeding method that CRISPR provides (i.e. less off target mutations), it would 

be sensible to expect that a CRISPR modified product would pose no more harm than a GMO product or a 

conventionally bred product. In actuality, according to the previous research, a CRISPR modified product 

would pose even less of a risk to humans and animals, than conventional foods. 

 

(2) Risks of endangering the environment, in particular the biodiversity and ecosystems (the risk of spread 

and thus reducing the diversity of non-GM crops) 

Similar to the reservation against human health, there is no scientific guarantee that a product will be free 

from risk of harm to the ecosystem in general. With regards to the risk of harm towards biodiversity, a 

CRISPR modified crop will most likely pose no more harm than a conventional or GM crop. With the 

potential uses of CRISPR there may be products that cause considerably less harm to the environment, where 

the susceptibility of certain crops to specific fungi or viruses can be inactivated, such as bread wheat 

genetically modified for resistance to powdery mildew. Additionally, a potential use is producing food crops 

with reduced allergenicity (for example wheat without gluten). 

 

(3) Uncertainty of long-term effects 

Uncertainty of long-term effects may go both ways. Just as possible harm is uncertain, so is possible benefit. 

Primarily it is important to consider that uncertainty does not equal risk, and that after almost 3 decades of 

growing GM crops, the only long term effects reported have thus far been predicted and not unforeseen (such 
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as increase in weed resistance and insect resistance related to IR and HT crops). The long-term effects of a 

CRISPR modified product will thus be comparable to the effects of a conventionally bred product or a GMO. 

What is certain however is that efficiency in agriculture practices aided with biotechnological advancements 

such as GM crops have generally reduced harm to the environment. For example, soil tillage and less 

pesticide use (on average), which is potentially harmful to both the grower and the surrounding environment.  

 

(4) Unethical applications 

There is currently too little knowledge regarding social or ethical implications of the application of a 

CRISPR product in relation to food production. Since social implications of the GMOs available on the 

market today are, from an economic perspective, beneficial to farmers, it presupposes that the application of 

crops developed with the CRISPR technique may have the same outcome. The GMOs that are available 

today are primarily of the IR or HT variety, thus with the potential uses of the CRISPR technique such as 

biofortification and adding traits to crops like drought resistance, the ethics may well be reversed (i.e. it is 

unethical not to utilize this tool for ameliorating food production challenges).  

 

(5) Corporate control 

Considering the high cost of commercializing a GM crop, the issue of corporate control will ultimately 

depend on the legal classification of the CRISPR technique. Should a CRISPR modified product be legally 

classified as a GMO and be subject to the same GM regulations, it is highly likely that a majority of CRISPR 

products that make it to the market will be financed by organizations that have the financial means to 

undergo the long trials. However, should CRISPR be regulated differently, more crop developers may be 

able to apply for commercialization of new crop varieties developed with new biotechnology. In the case of 

seed patents and plant breeders rights, a CRISPR crop will be subject to the same regulations that apply to 

any new plant variety, be it conventionally bred or GM. Thus a grower that choses to purchase a CRISPR 

modified seed, will be bound by the same policies that exist for seeds produced by other breeding methods, 

and will be equally free to choose between those varieties. Furthermore, humanitarian projects such as the 

Golden Rice, excludes corporate profit entirely. Should the CRISPR technique be regulated differently than 

GMOs, there may be a higher chance of such initiatives gaining acceptance as the GMO stigma will not 

follow and delay its implementation, as was the case with Golden Rice, and as a result the endeavor to pursue 

such initiatives will not be as deterring.  

 

These results indicate that the prevalent reservations against GMOs are not applicable to the CRISPR 

technique, though many of the arguments are dependent on the legal classification of the NPBTs. If products 

developed with CRISPR would be legally classified as non-GMO, they may not face the same challenges 

that have been experienced by GMOs, and would not be subject to the same reservations. However, if 

CRISPR products were to be legally classified as GMOs, the reservations, in the views of the identified 

stakeholders and the NGO’s would categorically apply. Consequently, a CRISPR product would be less 

considered for the modified trait and regarded more as a product of a GM technology, which in accordance 

with the prevalent arguments, have different GM crop varieties held accountable for overall reservations. 

Arguably, some of the reservations revealed by the stakeholders do not apply to GMOs either when 

considering other agricultural alternatives.  

6. Analysis and Discussion 
 
The aim of this study was to examine if prevalent arguments against GMOs from identified stakeholders and 

NGOs are applicable to CRISPR. According to the findings in this study, the prevalent reservations against 

GMOs, namely the risk to human health, biodiversity, ecosystem, uncertainty, corporate control, and to a 

degree, unethical applications, do not apply to CRISPR. However, the applicability of the reservations are 

based on the specific methods included in the CRISPR system; type 1 and 2, which do not introduce new 

genetic material in a product, meaning that the product will not be included in the current definition of a 

GMO. In addition, the reservations against GMOs were solely based on identified stakeholder perceptions 

and positions. The implications of their viewpoint will be further discussed in this section.  
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To reiterate, with the CRISPR technique the introduction of foreign DNA can be avoided. As such the new 

trait would be comparable to natural random mutation and the issue of contamination would no longer be 

cause for concern. Thereby the reservations against GMOs may not apply to products developed with the 

CRISPR technique (if they are produced with the type 1 or 2 method). Furthermore, as the CRISPR 

technique is a more precise, versatile and easy method to use, in comparison to other breeding techniques 

including conventional breeding, the method is more accurate and the desired outcome more effectively 

produced. This is because the technique will, for instance, sidestep other methodical procedures and 

circumvent unintended mutations and unexpected outcomes in the process of development. This technique 

thus saves producers time and labor for procuring a desired outcome. It is important to note that the 

technology is still considered young by comparison, and as both its potential in plant breeding has yet to be 

fully explored so are any negative future implications yet to be determined. The future applications of 

CRISPR within EU Member States, as it stands, depend on its legal classification.  

 

The EFSA has reported that certain techniques, namely, SDN-1 and SDN-2 should be considered a form of 

mutagenesis, however the deliberations have still not come to a close, and the techniques are now in legal 

limbo.  

 

Based on the prevalent reservations that are presented in this study, most of the concerns are based on the 

technology that is involved rather than the product that is produced, reflecting the current GMO regulations. 

Simultaneously, the reservations seem to reflect the applications of the technology more than the outcome 

(i.e. GM crops that kill insects versus less pesticide use and higher yield). Many of the reservations against 

GMOs seem to be without relevance for the alternative methods of agriculture and agricultural 

circumstances. To put the issue of GMOs and gene editing techniques in a broader perspective and compare 

it to methods of conventional breeding, the reservations do not only apply to GMOs but also to conventional 

breeding methods (i.e. mutagenesis). This is shown in the table below. 
 

Table 4. Stakeholder reservations applied to Conventional breeding, GMOs, and CRISPR. 

Stakeholder Reservations 
Conventional 

Breeding 
GMOs CRISPR 

Risk to human health Yes Yes Yes 

Risk to environment Yes Yes Yes 

Uncertainty of long-term effects Unknown Unknown Unknown* 

Unethical applications ? ? ? 

Corporate control Circumstantial Circumstantial Circumstantial 

*It is scientifically impossible to rule out all long-term effects 

 
An alternative perspective on the broader picture shown in the table above is that, if the same reservations 

apply to conventional breeding, but are not cause for concern, then the negative perception of GMOs is based 

on non-objective considerations.  

 

The implications of this finding is that acceptance of the CRISPR technique among Swedish stakeholders 

may solely rely on its classification, and that regardless of the many benefits it could provide with regards to 

food production, it may not overcome the negative perception that follows a GMO classification.  

 

With regards to stakeholder perception, the farmer organizations, LRF and Lantmännen, as well as two of the 

bigger retailers, acknowledged the benefits and potential use of GM crops, but remained unwilling to include 

GMO products due to uncertainty and consumer concerns. According to Björnberg et al. (2015), the 

representatives of the farmer organizations were asked what the external factors that may influence their 

policy decisions were, and the particularly influential groups were admittedly consumers and NGOs (ibid). 
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The authors of the study asked about what concrete influence the NGOs have had on the organizations 

policies and positions regarding sustainability and/or biotechnology, and Lantmännens response was the 

following: “In one way or another, NGOs do affect our policies. Obviously, we do not change any policies 

overnight as a consequence of different campaigns being directed at us, but the public debate and activities of 

this kind do affect our policies over time” (ibid). The authors asked about what the farmers believed the 

biggest obstacles to including biotechnology in their work towards sustainability are, to which LRF replied is 

the issue of public fear, that large biotechnological companies will monopolize the market, and that the 

prevalent negative opinion of GMO has more to do with the perception of the actions of the big companies 

and how patent rights have been granted in the past (ibid). Similarly the same external influences that factor 

in on the farmer organizations’ policies influence the retailers’ (excluding Citygross) policies and positions 

regarding biotechnology. Particularly influential groups are NGOs and Consumers, where in the case of ICA 

and Coop, they conduct and place great importance on customer polls conducted on a regular basis with the 

aim to get a better grasp of consumer opinions (ibid). According to Björnberg et al. (2015) the topic of 

biotechnology is not a prioritized policy area, except for Coop, which considers it important among both its 

members and customers (ibid). This is reflected in the company’s standpoint on GMOs. The authors of the 

study asked what the retailers believed the biggest obstacles to including biotechnology in their work towards 

sustainability, to which several representatives pointed to public attitudes and consumer opinion coupled with 

the current stringent regulatory framework (ibid). The study included a quote by a representative from ICA 

stating, “there is a built-in fear and skepticism toward biotechnology among many consumers” (ibid). In their 

view, consumer reservations are mainly grounded in environmental considerations as well as the activities of 

strong anti-GMO environmental organizations (ibid).  

 

Yet according to the study by Hess et al. (2013) consumer responses are sensitive to survey questions. If a 

survey question has negative connotations, the response is more likely to be negative. In addition, Hess et al. 

(2013) found that consumer surveys evaluating GMO perception in European countries consisted of more 

questions regarding risk and ethical considerations than other non-European countries. Considering the GMO 

acceptance in other countries with more lax GMO regulations, such as the US, where consumer perception is 

shown to be more positively inclined in comparison with European consumers, it presupposes that there may 

be overlooked unintentional bias by the survey producer as a result of entrenched views. In accordance with a 

risk perception and behavior study by Nelson (2001), the social focus on risk from a common set of 

information, reinforces the risk assessments drawn from the available heuristic. It can thus be argued that 

consumer acceptance is (unintentionally) made to reflect the regulatory disposition, more so than vice-versa. 

In addition to the study by Marris et al (2001) which demonstrated how consumer responses are not fully 

grasped by decision makers due to preconceived notions about consumer perceptions, it begs to question how 

well the retailers and farmers in this study have understood consumer concerns. This also applies to the 

results from the sample studies that have been referenced in this paper. With this in mind, overall acceptance 

of the CRISPR technique will depend on how it is presented which makes its classification even more 

imperative for it’s future application.  

 

On a further note, the sample studies of the consumer perceptions by Asplund (2008) and Cronqvist and von 

Almassy (2017) as well as the survey on farmers’ attitudes by Lehrman and Johnson (2008) showed that 

there was a strong correlation between knowledge about biotechnology in agriculture and a positive 

inclination towards it. The correlation indicates that while the sample studies show a majority of the 

respondents being negatively inclined towards GMOs it is likely based on insufficient knowledge. According 

to Björnberg et al. (2015), this is an issue well known to the LRF representative, who in the study interview 

suggested that initiating a more nuanced public discussion about different GM varieties and their role in 

creating more sustainable agricultural production systems could help overcome the present obstacles of 

introducing GM crops (ibid). Should CRISPR and other NPBTs be exempt from a GMO classification, the 

mentioned obstacles may be circumvented.  

 

Considering the impact and influence Greenpeace and Friends of the Earth (and environmental activists in 

general) have on retailers, farmers and consumer views, not to mention on political regulations regarding 

GMOs, some of the arguments made by Greenpeace will here be addressed and discussed. Although 

Greenpeace and Friends of the Earth have expressed their negative stance on NPBT, should the techniques be 

regarded as non-GM, the products would be comparable to conventional methods of plant breeding and thus 
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the pursuit of categorically disparaging the CRISPR technique will be less feasible. However should they be 

regulated the same as GMOs they will categorically fall under some of the arguments presented by 

Greenpeace. 

 

The arguments presented by Greenpeace against GMOs were more in number and more detailed than any of 

the other groups in the study, therefore the arguments and their respective references presented by 

Greenpeace were investigated to determine whether or not they are applicable to CRISPR. Surprisingly, 

some of the references were not applicable to GMOs. It is important to note that if the claims are not 

applicable to the GMOs that are commercially used today, the applicability of the claims to the CRISPR 

technique is insubstantial. The analyses of their arguments are further discussed below. 

 

The Swedish branch of Greenpeace claims that some animals that have been fed GMO feed have declined 

liver and kidney function. There was no reference given to this claim. However, according to a study on 

American farm animals from 1983-1984 and 2000-2001 by Van Eenennaam and Young (2014), no 

indications of any negative effects were shown on animal health or productivity from switching to GMO 

feed.  

 

The argument that GM crops reduce biodiversity due to being a more dominant variety of a crop is more due 

to agricultural practices than the GMO itself (European Commission, 2005). Farmers have the choice to 

choose which seeds they wish to buy and grow. There are for instance zoning methods that can be applied to 

reduce crosses between GM crops and non-GM crops.  

 

The claim that there are fewer butterflies in the outskirts of a GMO field is an indirect effect of using 

herbicide in general, which is supposed to get rid of the weed (milkweed), which butterflies use to lay their 

eggs. There are mitigation strategies for the preservation of milkweed, such as planting milkweeds in areas 

where they would not be pests to vegetation. These actions are mostly shouldered by government initiatives 

and wildlife services with funding pledges from biochemical companies. Without the mitigations strategies, 

the alternative is to not use herbicides at all, which would compromise production and crop yield. The 

options then are to either: keep the milkweed and have low yield, or to get rid of the weeds and have a higher 

yield. Another option is to use more land area to produce the same volume of crop that would be produced 

should herbicides be utilized. Using HT and IR crops has been demonstrated to need less chemical spray, and 

has been a more efficient tool for targeting only the pests and weeds that destruct production. In a world 

where food production is becoming, and in the future surely must become increasingly intensified, these 

methods are, for now, the better alternative when considering food production and farmers livelihood (not to 

mention the economic influences of export and import expectations on a regions economic revenue). 

 

The studies they refer to with regards to the adverse effects on the monarch butterfly are primarily studies 

performed on butterfly larvae. Only three of the five references they refer to have been added next to the 

claim, as the criticism against the claim apply to them all. The first study by Prasifika et al. (2007) was 

conducted in a closed environment on larvae having no other alternative but to feed on milkweed leaves 

dusted with Bt, as milkweed leafs in the field can sometimes (due to wind and rain) be dusted with pollen 

from Bt maize. The authors themselves mention that larvae would have to consume thousands of grains of 

pollen before the adverse effects on leaf feeding and weight gain would have been seen. No conclusion could 

be made about the larva behavior except that larvae exposed to Bt seemed to wander away and feed less than 

the control group. According to Field studies performed by the USDA and the Agricultural Biotechnology 

Stewardship have concluded that pollen from Bt maize plants poses little or no adverse effects for monarch 

butterflies, and that exposure levels to Bt maize pollen under field conditions are generally well below a 

harmful level. Evidently, the hazard indicated in the laboratory does not translate into risk in nature. The 

studies by Lang and Vojtech (2006) and Dively et al. (2004) are subject to the same criticism.  

 

The claim that Bt toxin from GMOs exudate into soil is inconsequential since (1) Bt toxin is derived from a 

naturally occurring soil borne bacteria, (2) is used as a pesticide in both conventional farming and organic 

farming, (3) is meant to be harmful only to the insects it targets (and the study by Saxena, Flores and Stotzky 

(2001) mention no adverse effects on earthworms, nematodes, protozoa, bacteria and fungi). The same 

criticism applies to the Bt found in headwater streams.  
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The claim that Roundup ready GMOs cause endocrine disorder from a study that only examined Roundup, 

with its active substance glyphosate (broad spectrum herbicide) on placental cells in a petri dish, is faulty 

(Richard et al., 2005). No GMOs were used in this study. According to a review on the safety evaluations 

and risk assessments of Roundup for humans by Williams, Kroes and Munro (2000), studies have shown that 

Roundup has no adverse effects on development, reproduction, or endocrine systems. Furthermore a joint 

meeting between the FAO and WHO in 2016 concluded, from a large cohort of studies where the effects of 

glyphosate were extensively tested, that there was no evidence of an association at any exposure level. 

Moreover, it was concluded that glyphosate is unlikely to be genotoxic (have a destructive effect on genetic 

material) at dietary exposure (WHO.int, 2016).  

 

In summary, many of Greenpeace’s’ claims used against GMOs, and cases used for those claims, can be 

misleading. As such, there is a possibility that the public are misinformed, or influenced toward a negative 

perception of GMOs based on unsatisfactory data. As this in turn influences producers, farmers and retailers, 

it may be that in some cases, GMOs that may be promising are unfairly or unnecessarily hindered in their 

prevalence due to said misinformation. This in turn, may have adverse effect on new technologies trying to 

break ground, such as CRISPR if they should fall into the same category of GM technology.  

 

In consequence, the implications of the above-mentioned negative concerns on CRISPR may not only affect 

its acceptance among the Swedish stakeholders but also on its utilization for future food production 

challenges that Sweden could partake in alleviating. Sweden is globally one of the biggest actors in 

development cooperation (foreign aid) and has taken on the 2030 Agenda, along with all 17 SDGs 

(Regeringen.se, 2016; globalamalen.se, 2017). SDG2, which pertains to eradicating world hunger, proposes a 

complex problem. In the wake of climate change, food production needs to increase under changing 

environmental conditions that are predicted to be detrimental to agriculture around many parts of the world. 

Adding to the pressure of feeding a growing population is the reduced availability of arable land, which 

follows increased food production and expansion of cities worldwide. Thus, in accordance with the 2009 

FAO rapport (FAO, 2009) our global food production needs to utilize tools that will effectively increase 

yield while adhering to sustainable agricultural methods. Arguably, the many benefits of the CRISPR 

technique as mentioned by the European Parliament such as rapid alteration of crops (boosting yield), HT 

crops and IR crops, including crops with resistance to specific fungi or viruses, crops with drought or flood 

resistance, enhanced nutritional value and reduced allergenicity, proposes opportunities to help achieve 

SDG2.  

 

The challenges within our global food production are admittedly about more than food production and 

agricultural yield, but also about food distribution and economic and social policies. The argument here 

however is that, using biotechnological advancements such as CRISPR may help alleviate immediate 

problems within our food production system while political and social improvements are sought.  

7. Conclusion 
 
This study aimed to investigate the prevalent reservations against GMOs among specific Swedish 

stakeholders and examine whether they are applicable to the CRISPR technique. The findings in this study 

indicate that while the reservations are not applicable to CRISPR, the applicability and in effect the 

acceptance of CRISPR among Swedish stakeholders, depends on its legal classification, which the European 

Commission has yet to determine. According to the findings in this study, the negative perception of GMOs 

among Swedish stakeholders, are largely based on misconceptions. This may implicate the introduction of a 

CRISPR product, subjecting it to the same misconceptions around GMOs if it should legally fall into the 

same category. The implications of its categorical classification may in addition affect a possible utilization 

of CRISPR among Swedish crop producers in taking part in the global food production challenge. There is 

thus not only a need for a closer look on the regulations around the various biotechnologies, but also a need 

for better biotechnological communication between researchers, decision makers and most importantly the 

consumers.   
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