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There are marked differences in the approaches that regulate genetically modified (GM) products and the new breeding techniques (NBTs) in the European Union (EU) and in other areas of the world. Through the review of regulations and ongoing discussions, we show that the world can be divided in two groups based on the discrepancies in the approach of the country's regulations. On the one hand, Europe, with the main countries of Asia and Africa, regulates New Breeding Techniques as a genetically modified organism. On the other, a group of countries mainly located in the American continent, together with Australia, adopted a case-by-case approach, and are generally at a more advanced stage in the implementation of these new techniques. The paper aims to evaluate the possible evolution in the countries' regulations on the use of NBTs in the next years. The division between Western and Eastern countries of the world is confirmed, with some interesting movements in some regions. Greater uniformity among national regulations would be desirable to promote the implementation of biotechnologies in agriculture. The main research findings are that most EU Member States have taken a conservative position, whereas the Eastern group is more advanced and this could be a driving force for some regions toward acceptance of these technologies in the coming years.
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1 Introduction

Global agriculture today faces the challenges of climate change and food security. Climate change is rendering the cultivation of traditional crops in some areas more difficult (extreme climatic events and rising temperatures affect production in some areas). At the same time, the global population increase requires an ever-increasing food supply, which could be achieved by increasing crop yield, particularly for cereal crops and oilseeds. In this context, the implementation of new production techniques could represent an opportunity to address these problems, through the development of crops that have higher yields and are more resistant to adverse climatic conditions and pests. As an alternative to traditional genetic selection tools, the development of new varieties can be achieved by genomic techniques like transgenesis (such as GMO), or new breeding techniques (NBTs), such as genome editing tools (e.g., conventional editing, base editing, prime editing, epigenome editing, etc.) (He et al., 2022; Hua et al., 2022).

The artificial engineering of GMOs allows the creation of new cultivars by introducing unrelated DNA sequences into the target species. Conversely, NBTs allow the introduction of new characteristics in a precise manner while also preserving the original genome background. Consequently, the final product is the same to the one produced through traditional breeding methods (EPSO, 2015).

From a regulatory point of view, the international debate is still open since policies are highly differentiated. There are countries where GMO regulations do not impose any restrictions on the use of GMO products and are open to NBTs; vice versa, in other countries, such as those of the EU, the regulations are restrictive, and NBTs are currently regulated as GMOs (Sprink et al., 2016).

The scientific debate is ongoing, and the literature indicates that consumers have less awareness of NBTs and the differences between products delivered therefrom. Consumers' food preferences and purchasing choices are influenced by many factors, including agricultural practices that they may not fully understand (Shew et al., 2018). More consistent opinions and attitudes could come from a huge information about the risks and benefits of purchasing foods containing GM ingredients. Consequently, government decisions to ban or approve GM crop cultivation influences consumer attitudes (Sendhil et al., 2022), as well as the communication strategies used (Marangon et al., 2021; Matsuo and Tachikawa, 2022). Research has found a lack of appropriate communication, and this in turn reinforces consumers' uncertainties. Suitable policies able to guarantee consumer safety could help GM foods spread by decreasing health consumer-perceived risk (Martinez-Poveda et al., 2009; Bawa and Anilakumar, 2012). Consumers can make more informed purchasing decisions with better education on quality information (Wunderlich and Smoller, 2019; Marette et al., 2021; DeMaria and Zezza, 2022).

The different legal frameworks and the current debate clearly show discrepancies across national regulations, and this contributes to slowing down the implementation of new biotechnologies (Menz et al., 2020; Turnbull et al., 2021). Starting from an examination of the nationally applied rules, we provide a possible perspective on the evolution of the regulatory framework regarding NBT use in agriculture over the next 5 years.



2 The worldwide legal framework for new breeding techniques

From a legal point of view, NBTs are regulated differently from country to country. Some regions do not have regulations regarding the labeling of genome editing (GE) products since the current regulatory systems are not based on the development process but on identified risks of the product.

With a product-based regulation, the regulatory framework and risk assessment only depend on the product characteristics, regardless of the way this product has been developed. With process-triggered regulation, the regulation framework depends on the method used for process innovation.

Although product-based regulation seems more flexible because it can be applied to any technology, while process-triggered regulation must be adjusted each time a new technology is introduced, no studies show a preference between process and product regulation in terms of regulatory efficiency. However, we observed that many regions that implemented NBT regulation use a product-based regulation; conversely, the countries with a process-based regulation are more conservative.

Countries with a product-based approach include Canada and USA; while the EU, China, and Egypt apply a process-based approach. Most countries implement a mixed method, where a process and product-based approach are combined (such as Japan,1 or, it regulates case by case, as the example of Argentina,2 Colombia, Chile,3 Brazil,4 and some other South American countries).

As Figure 1 depicts, countries can be divided in two groups based on the level of progress of discussions on the use of NBTs. The first group includes several Western countries, both from North America (the USA and Canada), and South America (Brazil and Argentina) which have already provided NBT regulation in agricultural production, as well as Australia.5 Many South American countries are advanced as regards NBTs, even if not all have the same regulatory frameworks. South Africa is pro-technology, even though it has not yet regulated NBTs. This is the first African country to regulate GM crops through the Genetically Modified Organisms Act No. 15 of 1997, while other countries started regulating this technology in the 2000s. Some Latin American countries are science-based and flexible with respect to innovation, but regulations have yet to be determined. Others such as Brazil, Colombia, Paraguay, Chile,6 and very recently Honduras and Guatemala have also developed rules, but only Argentina has an official national framework on how to regulate NBT products. Underlying this framework is Resolution 173/15 [SAGyP (Secretaría de Agricultura, Ganadería y Pesca), 2015], which establishes a procedure for determining whether a product derived from NBT can be considered a GMO under Resolution 701/11 [SAGyP (Secretaría de Agricultura, Ganadería y Pesca), 2011a,b]. Therefore, Regulation 173/15 does not change the pre-existing regulations on GM plants, rather it establishes whether an NBT crop or plant is subject to pre-existing GMO rules and regulations (Whelan and Lema, 2015). Brazil has adopted a hybrid system, where the focus is in principle on the characteristics and safety of the final product.
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FIGURE 1
 Country categorization by type of NBT legal framework. Source: Authors' categorization based on countries' legal framework.


These regulations are quite diverse, but there are some common elements: if no foreign DNA is found in the final product, then this product will be considered non-GM: instead, if foreign DNA is found, or the product is a GMO, it will go through the typical approval process for a GMO.

The second group includes several Eastern countries, including Russia and China, which have not regulated NBTs. The Russian Federation actually banned GMO crops under amendments to Federal Law No. 358-FZ of July 2016 and again with the recent approval of the new food safety doctrine in January 2020. A similar view concerns some African and Central-South American countries, such as Mexico, Peru, and Venezuela, in which, to date, no specific legislation has been provided on NBTs, and which do not allow commercial cultivation. Ecuador among them, has a more flexible point of view allowing the use of GM seeds for research purposes, through the Organic Law of Agrobiodiversity, Seeds, and Promotion of Sustainable Agriculture.

In this variegate group, there are countries where the possibility of using NBTs has not yet been regulated, but a debate is ongoing. Most of the European countries, in addition to India and Burkina Faso, Kenya, and Nigeria have launched a consultation on future deregulation, suggesting they are moving toward the adoption of NBTs. By a decree-law approved in 2022, Kenya authorized the use of seeds, cultivating, and importing genetically modified crops (GMOs). It also drew up guidelines for regulating products derived from NBTs, but the process is still at an early stage. Kenya is an example of a country that uses a product-based approach. India revised geniting application rules in agriculture in March 2022. The ruling excludes gene editing from the GMO classification. Gene-edited products with classifications SDN1 or SDN2 will not be treated as other transgenic products. In the recent past, there have been some developments that have the potential to allow new breeding techniques to be used for plants. One of these developments is the use of CRISPR. Furthermore, in the UK, a Statutory Instrument was released in the same year that makes it easier to conduct trial research on plants that have undergone gene-editing. The implementation of this measure will allow plant breeders in the UK to maintain their established position as world leaders in research and development.

In the EU, the legislative revision process is currently ongoing. In demonstrating the urgency of the issue raised, not only for political actors but also for EU citizens, in 2019, Grow Scientific Progress proposed updating Directive 2001/18/EC based on opinions of European citizens (European Commission, 2001, 2019). The proposal distinguishes between mutagenesis-based NBTs and techniques resulting in conventional GMOs, as they result in heterogeneous products. Novel organisms require safety evaluation and authorization before cultivation. The European Commission public consultation results (September 2022) indicate that legislation needs to be updated for certain NBTs and their products in light of scientific and technological advancements. Legislation should ensure adequate risk assessment and correct the legislative disproportion between products obtained with different techniques but with similar risks (EFSA, 2021, 2022). According to the study, these new techniques pose lower risks in comparison to the conventional ones in altering genetic material. In Europe, the situation is still controversial. England has aligned with Australia, Japan, and the United States in allowing trials of GM plants. The Swiss parliament set up a table to ease restrictions on genetic engineering in agriculture, extending a moratorium on genetically modified organisms (GMOs) until 2025. Norway so far does not allow any production and trade in GM food or feed, even though GM crops are legally permitted under the Genetic Engineering Act.

Similar to EU regions, the Russian Federation is following a comparable approach in prohibiting GMO cultivation and GMO and NBT products use, according to Federal Law No. 358-FZ of July 2016 and the new Doctrine on Food Safety.

In general, one can distinguish the Eastern group, composed of Europe (excluding certain countries), Russia, which has not implemented the use of GM products, along with some countries of South America (Venezuela, Peru, Ecuador) and Africa (Uganda, Egypt, Burkina Faso) and the Western group, which includes countries historically more open to the use of biotechnology in agriculture.



3 A perspective for national regulatory frameworks on NBTs in the coming years

After reviewing the worldwide regulatory framework, in Figure 2 we present a perspective on the possible evolution of NBTs regulations in the coming few years. This perspective is based on the categorization of the country's regulation in light of recent advancements. Here, the several options for the NBT regulatory development have been re-aggregated into three types:

• “Yes, with specific regulation”: areas where specific requirements for NBTs, such as risk assessment, or risk management are in force. These obligations in many cases refer to the specific approval of NBT use by control agencies or safeguard committees.

• “Yes, without a specific regulation”: countries where requirements for NBTs are less stringent than the first group and, in some cases, derive from those on GMOs. In these countries there has been or there is ongoing a deregulation process, often already started with GMO products.

• “No”: regions which, according to our perspective, will not endorse regulations on NBTs, at least within the next 5 years.
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FIGURE 2
 Perspective of the NBTs countries position. Source: Authors' categorization based on countries' legal framework.


Despite the split between Western and Eastern countries, there are some interesting differences.

Comparing current country categorization (Figure 1) with our forecasted NBT regulation development (Figure 2), some regions make advancements in regulation and move into the country group most open to NBTs (“Yes, with specific regulation”). These are regions, such as Mexico, India, some African regions (Kenya, Nigeria, and Ethiopia) where GMO cultivation is authorized and discussions on specific rules for the use of NBTs are ongoing. Also expected to move to this group is New Zealand, where although GMO cultivation is not currently permitted, government agencies are considering the possibility of using NBTs. From a regulatory standpoint, we expect New Zealand to adopt an open view and follow the Australian approach. This is because food safety regulations are supervised by a common Australian and New Zealand authority (FSANZ), suggesting the two countries' regulations will align in the next few years.

Some countries, such as China, South Africa, Sudan, and some European countries, including the UK, Spain and Portugal, are expected to move to the group “yes, without a specific regulation.” We suppose the use of NBTs should be simple and should not lead to more rigid or stringent approval requirements and procedures than those already envisaged for GMOs (ISAAA, 2022). When we look at African countries such as Sudan and South Africa, we can see that they are facing various challenges such as water shortages, extreme climatic events, and pests and diseases. Even though there are some difficulties in using genome editing to address these issues, these countries are now considering modernizing their current legislation to enable the use of genome editing as a potential solution. Russian Federation should follow the same path due to the federal program 2019 which established funding for genome editing.

Among the EU countries, Spain and Portugal are the only ones to allow GMO cultivation, showing a greater openness to NBT use. Norway is also an exception among EU countries, where both stakeholders and consumers seem to be favorable to genome editing (Kjeldaas et al., 2021). In the UK, NBTs are currently regulated under the EU rules (UK Parliament, 2022). However, the UK's exit from the EU with Brexit allowed the UK to adopt a different strategy for the implementation of new NTBs regulation. The UK Government seems to be more open to NBTs, which are considered to have no costs in comparison to GMOs.

Finally, a third group of countries is expected, at least in the few next years, to be less open to the NBTs use (group “No” in Figure 2). Most EU regions are expected to continue maintaining a conservative position.

One of the main problems in changing the current situation is the qualified majority required to adopt future changes in Member States, which should be more than 55% (currently 15 out of 27, without a strong supporter of transgenic crops, such as the UK).7 Indeed, since 2001, a qualified majority for or against approval has never been reached, suggesting that at least in the short term the EU will not move toward NBT use. The most conservative group of countries includes some South American countries (Peru and Venezuela) and some African countries (Egypt, Uganda, and Ghana).

Overall, the results of the country categorization suggest a kind of dynamism in the implementation of biotechnological innovations in the agriculture of some regions. In many areas, the subject of GMOs has always been a hot topic, on which the actors are divided due to environmental, social, and ethical issues. These controversies also have repercussions on new genetic improvement techniques. It follows, therefore, that there is a need for transparency, clarity and dissemination of information on scientific progress.



4 Policy implications and conclusion

The development of new genetic engineering brings opportunities to face critical challenges in different aspects of human life, such as food safety and environmental problems. This paper provides insight into the possible future NBT regulatory framework by classifying countries on the basis of the progress of their regulatory approaches, “Yes, with specific regulation,” and “Yes, without specific regulation.” The results of the paper are in line with empirical evidence which suggests that a universally recognized system does not exist, and there is clearly a problem in terms of harmonization of regulations. Regions such as China, United States, India, and Brazil are also among the top agricultural producers in the world. However, the debate on the deregulation of NBTs is still controversial, especially in the EU. The conservative EU position should be considered an obstacle given its role in international trade. Our work is in line with the spirit of Sprink et al. (2016), which offers considerations on the conservative EU position and the need for some regions to move toward NBT regulation. What has happened in the recent years has meant that some countries have changed their point of view, and this clearly emerges in the category “yes, without specific regulation.” The main question now is what will happen in the EU in the long term. Both stakeholders and the scientific community have noted the need for a common path to promote a process of harmonization leading to the deregulation of the rules in force. This goal could be achieved by a high level of transparency in communication which should be clear, understandable, and addressed to a wide audience.
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Footnotes

1 USDA, 2019.

2 USDA FAS, 2021.

3 USDA FAS, 2020.

4 USDA FAS, 2018.

5 FSANZ (2018, 2019a,b).

6 SAGyP (Secretaría de Agricultura, Ganadería y Pesca), 2001. Resolution no. 1.523/2001.

7 The legislative procedure for changing Directive 2001/18 or any other EU legislative act concerning GMOs also requires a qualified majority among the representatives of the Member States in the Council.
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