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Background 

Building Capacity for Small Exporters to Exploit New Breeding Technologies 

 

Amongst the factors that affect market trends and performance, regulatory changes are a key 

driver. Australia’s competitiveness in the global agricultural economy depends increasingly 

on access to, and implementation of, the most effective technologies for crop production and 

attributes. Plant breeders across the world develop new varieties both for domestic and 

international markets. Developments in biotechnology, and life sciences in general, have 

resulted in the emergence of new methods that can be applied in crop breeding. The generic 

term ‘New Breeding Technologies’ (NBTs) incudes both transgenic (GM) and genome-edited 

plants: more recently the term NBTs is now used specifically to refer to techniques of genome-

editing.  

With this pretext, the Crop Biotechnology Research Group has won a Department of 

Agriculture, Water and Environment (DAWE) grant titled ‘Building Capacity for Small 

Exporters to Exploit New Breeding Technologies’1. The aim of this project is to provide small 

exporters, peak bodies and other relevant stakeholders in the crop production sphere with 

an holistic structure for understanding the changing market dynamics, and translating this 

market intelligence into an increase in sales and distribution of NBT commodities, especially 

grains. 

This project entails a multilayered approach to achieving this goal including capacity building, 

conducting simulation negotiations, utilising science diplomacy for multistakeholder 

engagement, national and international workshops and producing market oriented 

deliverables. This report on the Prospect of New Breeding Technologies and the Current 

Regulatory Landscape is the second in series.  

 

 

  

 
1 https://www.murdoch.edu.au/news/articles/enhancing-access-to-gene-editing-technologies-for-farmers-
and-exporters 

https://www.murdoch.edu.au/news/articles/enhancing-access-to-gene-editing-technologies-for-farmers-and-exporters
https://www.murdoch.edu.au/news/articles/enhancing-access-to-gene-editing-technologies-for-farmers-and-exporters
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Executive Summary  

New breeding technologies (NBTs) such as genome (or gene) editing have the potential to 

revolutionise the landscape of agricultural biotechnology. With their precision, cost, and 

time efficiency, NBTs can help tackle pressing issues including food security and climate 

change.  

As is the case with other frontier technologies, the successful adoption of NBTs is directly 

linked to global regulatory architecture. At present, the regulation of NBTs is in a state of 

flux, perpetuated by a trans-Atlantic divide, with some many countries now reviewing 

existing biosafety frameworks. The debate is centered on basic definitions of biotechnology 

products, the kind of triggers used and the possibility of excluding some variants of NBTs as 

Genetically Modified Organisms (GMOs). The regulatory divide has also created non-tariff 

trade barriers affecting the ability of developing countries to benefit from NBTs adequately. 

There are related contentious issues such as the role of socio-economic factors in 

regulations and achieving a science-based risk assessment regime. The fragmented 

international regulatory regime, notably the Cartagena Protocol on Biosafety, has resulted 

in some impediments to regulatory harmonisation, such that there is not yet consensus 

among states. While many countries, including Australia, Argentina and Brazil are or have 

reviewed existing legislation, the European Union has taken a highly conservative approach 

towards NBTs, declaring them similar to GMOs. This outcome is unfavourable not only for 

building regulatory harmonisation, but it has also reduced member states' ability to develop 

and benefit from NBTs. Distinguishing NBTs and previous methods of plant breeding is not 

only scientifically accurate but also crucial to democratise its commercialisation. Developing 

countries which are dependent on agricultural trade will suffer if existing regulatory regimes 



4 

 

are not changed. Furthermore, social acceptance of NBTs is also a significant determinant 

for its success.  

1. Introduction 

Rising challenges of food security combined with climate change externalities constitute a 

significant threat to global agricultural productivity. Low agricultural productivity is a major 

driver of malnourishment in the developing world (Baldos and Hertel 2014). Modern crop 

biotechnology has kept pace with the changing spectrum of threats, with each decade 

yielding more sophisticated and targeted breeding techniques (Appendix A). Gene-editing 

technologies have ushered in a new era of powerful tools for the rapid and precise 

development of high-quality agricultural products with beneficial traits for growers and 

consumers (see PASE Market Report 1: New Breeding Technologies- Scientific Background). 

Genetically modified (GM) crops can potentially contribute to societal demands of reduced 

food waste, improved animal welfare, reduced application of antibiotics and animal 

production. Additionally, the economic benefits of GM crops at the farm level were 

estimated to be $18.2 billion, and up to $186 billion for two decades (1996-2016). 

Significantly, more than half of the benefits (nearly 52%) were associated with farmers in 

developing countries (Brookes and Barfoot 2018).  

However, gene-editing technologies have raised socio-economic, health and environmental 

concerns. Governments traditionally employ regulations to potentiate the benefits and limit 

the risks of emerging technologies, as well as to protect the interests of its dependent 

stakeholders. However, regulations around agricultural biotechnology have been divisive 

and controversial. At present, stringent regulatory regimes are in place for GM crops, 

including procedures for safety testing and approval (Smyth and McHughen 2012). The 

current regulatory cost has been estimated to be around $140 million with a timescale of up 

to 13 years to bring a major GM crop to the market (Smart, Blum, and Wesseler 2017). As 

acknowledged by the United Nations Department of Economic and Social Affairs, the 

dissemination of biotechnology is hindered by ill-conceived regulatory regimes that render 

market entry for small scale farmers and industry virtually impossible. This has a spill-over 

effect on public sector research as well as the entire commercialisation cycle (Sanders et al. 

2018).  
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The safety of these crops, as well as their benefits, have been attested to by 284 scientific 

institutions and more than 3000 scientific studies (Norero 2017). The US National Academy 

of Sciences in a landmark publication on the health, risk assessment and socio-economic 

aspects of GM crops, declared them to be substantially equivalent to their non-modified 

versions (National Academies of Sciences and Medicine 2016). Nonetheless, concerns 

remain about whether these new genetic technologies may increase productivity gaps in 

agriculture, disadvantage the small-scale farming sector and pose possible environmental 

risks.  Whereas regulations are intended to control such risks, GM regulations are not driven 

solely by science-based risk assessments, as polarised social acceptance further exacerbates 

the global regulatory dissonance. How can governments develop regulatory regimes that 

protect against real safety and socio-economic threats whilst reaping the advantages of 

agricultural biotechnology? 

This market report examines the evolving nature of agricultural biotechnologies, especially 

the rise of gene-editing and how its modality requires a change in the status quo regulatory 

system. First, the context of gene-editing is explained with regards to agricultural 

biotechnology, and why its functionality is crucially different. This is linked to how 

inequalities created previously can be avoided. Second, the existing regulatory landscape is 

captured through the lens of the triggers used and the international regimes. The 

inadequacies of the Cartagena Protocol in assessing gene-editing are also discussed. Third, 

the current policy trends taken by different countries regarding genome editing are 

explained and analysed on how they could contribute to the potential form of 

harmonisation of standards. Lastly, policy recommendations are provided on how to bridge 

the gap between scientists, policymakers, and the general public, and how not to repeat the 

mistakes, learning from the experiences of genetically modified (GM) crops.  

2. The Age and Promise of New Breeding Technologies (NBTs) 

For more details on the science of NBTs please see PASE Market Report 1: New Breeding 

Technologies - Scientific Background. 

The ability to successfully exploit genomes of organisms to address global concerns, 

including food security and climate change, is a multifaceted discourse. On one end, there 

are the potential benefits and the role of New Breeding Technologies (NBTs) as an holistic 
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solution for helping solve issues such as the reduction in agricultural productivity caused by 

abiotic and biotic stresses, while on the other, there are socio-economic concerns and 

consumer sentiments on the perceived risks of agri-biotech products. However, scientific 

evidence has demonstrated the success and benefit of biotech crops (Howell et al. 2018), 

and with the emergence of precision agriculture aided by NBTs, it is evident that gene-

editing can play a pivotal role in achieving the UN Sustainable Development Goals 2 (end 

hunger, achieve food security, improve nutrition and promote sustainable agriculture) and 

13 (take urgent action to combat climate change and its impact by the year 2030).  

Gene-editing is one of the latest biotechnologies developed for beneficial trait plant 

breeding. Gene-editing encompasses techniques in which specialised enzymes, that can be 

modified to undertake different changes in target DNA, can be used to insert, replace or 

remove DNA from a genome with a high level of specificity, directed by a guide RNA 

sequence (Friedrichs et al. 2019a). Current gene-editing techniques can be divided into 

three categories: a) site-directed nucleases (SDNs) such as the CRISPR (clustered regularly 

interspaced short palindromic repeats)/Cas9 system, b) oligonucleotide-directed 

mutagenesis (ODM) and c) base editing (BE). For plant breeding, the CRISPR-Cas9 system is 

the most developed and frequently used. The molecules that determine target site 

specificity are referred to as ‘single guide RNAs’ (sgRNAs). The initial process involves the 

identification of a target site by scanning the genome of a target organism for a specific 

sequence to be edited, using bioinformatics and choice of target sequence to avoid any 

potential off-target effects. The sgRNA is introduced into a cell together with the Cas9 

nuclease, this system is known as CRISPR-Cas9. These components (as a ribonucleoprotein 

complex – RNP) or an expression cassette which generates the two components in cells, are 

delivered into a plant cell using methods that have been developed and optimised 

previously, such as using Agrobacterium-mediated delivery, biolistic delivery (‘gene gun’) or 

nanotechnology-based approaches. After delivery, plant cells are screened for changes, 

either using a selectable marker system or direct sequencing of the target site sequence, 

and then selected for further functional studies (Bortesi and Fischer 2015).  

A crucial and game-changing difference between gene-editing and previous methods such 

as genetic engineering is that editing does not necessarily result in the insertion of foreign 

DNA into plants to develop desired traits. This has significant implications for the regulatory 
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regime globally, which is predicated on the ‘process’ of genetic engineering as the addition 

of ‘foreign’ DNA. The regulatory uncertainty associated with NBTs is based on the spectrum 

of novel methods which can be achieved by gene-editing, which are not currently governed 

by institutional arrangements. This has spawned legal and commercial uncertainty in 

different jurisdictions, and so is likely to have detrimental effects on the future of genome-

editing unless this uncertainty is clarified.  

3. Regulatory Environment Surrounding New Breeding Technologies  

Legal instruments do not merely determine the regulation of biotechnologies, but also 

include other factors such as consumer perception and socio-economic considerations. 

Public perception of GM crops can be described as a failure of science communication, 

which has had political and economic implications to this day. If the regulatory structure 

remains in its present condition, it could lead NBTs to encounter the same issues that GM 

crops have experienced.   

The trigger for the label of ‘genetic modification’ is based on the type of trigger deployed. 

Globally, two identifiable triggers are being used by states to regulate biotechnologies: 

process and product-based. These either indicate the use of certain technologies in the 

generation of regulated products (process-oriented), or the specific traits of the regulated 

product (product-oriented). The fundamental advantage of the product-oriented trigger is 

that it can be used to accommodate a whole spectrum of products of biotechnologies 

without the need for legislative changes. Canada and the U.SA. deploy this trigger to 

regulate biotechnology products. 

On the other hand, the process-oriented trigger renders all products, irrespective of their 

attributes, to be regulated. Australia, the EU and many countries follow this trigger. In the 

light of NBTs, the question has emerged as to whether existing regulations should 

encompass them, or should current legislation change?  

From a policy standpoint, countries have the following options:  

Option 1: no amendment to existing regulations 

Option 2: regulate NBTs 

Option 3: regulate NBTs based on the process used 
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Option 4: exclude some NBTs from regulation based on the outcomes they produce 

Scientific evidence, coupled with socio-economic considerations, suggests that there is a 

need for change. The issue with option 1 is that it fails to consider the new, beneficial 

developments which can be delivered by NBTs. Option 2 is problematic since it creates a 

new level of regulation that is not commensurate with risk. Option 3 and 4 fit into the 

existing process and product definitions, as explained above. Option 4 works well with the 

scientific assertion that edited organisms can be excluded from regulation if the changes 

they carry are identical to or undetectable from the products of ‘conventional’ breeding.  

3.1. Regulatory Approaches Addressing NBTs 

States have responded differently to NBTs based on the options described above.  Argentina 

was among the first countries to modify legislation for the regulation of NBTs. Their 

competent authority, CONABIA, is applying a different criterion to determine if products 

obtained from NBTs require regulation or not. CONABIA demands all products of NBT to be 

submitted for an early consultation. The decision to regulate hinges on the insertion of 

foreign DNA, thus excluding some NBTs from regulation. Their model is of a case-by-case 

basis and helps the developer through the early consultation options. The Biosafety 

Committee is mandated to complete the assessment within sixty days (Lema 2019). Brazil 

and Chile have also taken similar approaches and introduced a case-by-case approach, 

exempting SDN-1 and 2 from regulation.  

Australia, like some other countries, initiated a review through its competent authority (the 

Office of the Gene Technology Regulator, OGTR) to assess possible changes needed for 

living organisms developed using NBTs. The premise was to provide regulatory clarity, be 

based on rigorous scientific analysis, provide certainty in the regulatory pathway and 

maintain regulations commensurate with risk. Following phases of submissions and 

deliberations, it was proposed that one variant of NBT (SDN-1) be exempt from regulation 

(Thygesen 2019), and this has now been enacted. Food Standards Australia New Zealand 

(FSANZ) is still considering its response on foods developed using NBTs. 

The United States uses three agencies, the Food Drug Administration (FDA), Environmental 

Protection Agency (EPA) and the Animal Plant Health Inspection Service (APHIS) to regulate 

biotechnology products. Each agency has a designated administrative task with APHIS 
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regulating plant pests and noxious weeds, EPA regulating crops modified to control pests 

and the FDA regulating food products coming from biotechnology. The consensus for NBTs 

is that the “USDA does not regulate or have plans to regulate plants that could otherwise 

have been developed through traditional breeding techniques as long as they are not plant 

pests or developed using plant pests” (Grossman 2019). Canada has a unique regulatory 

regime in which it regulates plants based on the novelty of their traits, irrespective of the 

technique used. Canada has persisted with its novel trait approach for crops developed 

through NBTs (Smyth 2017).  

The European Union (EU) has taken the most extreme stance, with a ruling from the Court 

of Justice of the European Union (CJEU) rendering all forms of NBTs to be regulated. Under 

the directive, the EU will apply current legislation to regulate plants developed using NBTs. 

The Court’s interpretation, without scientific considerations, highlighted that products from 

NBTs are catered to by the existing definition of a GMO (Wasmer and Robienski 2018). The 

ramifications of this ruling are profound and are discussed in the next section. 

In summary, the following five major approaches (Eckerstorfer et al. 2019) have emerged: 

a. No oversight required for NBTs if no genetic component is introduced from 

pathogenic species or pesticidal traits (adopted by the US) 

b. Regulate one variant of gene-editing, SDN-3, which involves the addition of foreign 

DNA. SDN-1 and SDN-2 are excluded from regulation if they do not contain any 

foreign DNA (adopted by Argentina and Brazil) 

c. Exemption of SDN-1 from regulation, but other variants are regulated (adopted by 

Australia) 

d. Coverage necessary if genome-editing used to develop plants with novel traits 

(adopted by Canada) 

e. Coverage of all variants of gene-editing (EU and New Zealand)   

 

3.2. Issues with International Regulatory Approaches  

The current international regulatory regime for agricultural biotechnologies includes the 

Cartagena Protocol on Biosafety to the Convention on Biological Diversity, the Codex 

Alimentarius established by the Food and Agricultural Organization (FAO), the World Trade 
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Organization (WTO), the International Plant Protection Convention (IPPC) and the 

Organization for Economic Cooperation and Development (OECD).  At the national levels, 

the chief legislative instrument is the National Biosafety Framework, designed to cater to 

each state’s requirements and aspirations for biotechnologies. National Biosafety 

Frameworks are composed mainly of five elements, which include a biosafety policy, 

biosafety guidelines, an administrative system with a competent authority, mechanisms for 

consumer awareness and systems for enforcement and monitoring of health and 

environmental risks (Arujanan and Teng 2018).  

At the heart of the global regulatory landscape for biotechnologies, there is a transatlantic 

divide (Jasanoff 2011), which has spread through the international institutional arrangement 

as well as trade-based interdependence. Presently, the policy landscape for 

commercialisation of biotech crops is bifurcated between substantial equivalence and the 

precautionary principle. The former is practiced and favoured by the United States, and 

postulates that biotech products may be deemed safe if no harm is reported compared to 

the non-GM equivalent. The latter broadly implies that oversight is necessary when a 

technology poses a potential risk to health or the environment. For instance, the Agreement 

on Sanitary and Phytosanitary Measures (SPS) under the WTO allows states to restrict an 

imported good only on the basis of scientific evidence, whereas the Cartagena Protocol 

allows restrictions based on the rationale of the precautionary principle (do Amaral Junior 

and Vieira 2020).  

This divergence in regulation has the potential to be a major threat to the socio-economic 

inclusion of developing countries in benefitting from NBTs. The fragmented international 

system as indicated above has resulted in major non-tariff barriers for states. When 

approvals of new GM crops become asynchronous between different states, imports and 

exports are affected. In some cases, states impose a ban on GM crop imports based on 

stringent risk assessment frameworks. The effect of harmonisation was recently modeled in 

a study which reported that if regulations were harmonised only for the trade of maise, 

soybean and rapeseed/canola, the gains in global trade would be $927 million. In contrast, 

at present, due to lack of synchronisation, trade losses for the same three crops is projected 

to be about $2.4 billion annually (Pavleska and Kerr 2019).    
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The precautionary principle has emerged more as a political argument rather than an 

objective risk assessment framework and is having a serious impact on the potential of 

agricultural biotechnology in food-insecure regions like sub-Saharan Africa. It has been well 

documented that developing countries look to their dominant trade partner when adopting 

new technologies, as observed in African countries with close relationships to the EU 

(Makinde, Mumba, and Ambali 2009). This generates a fear of trade loss and consequently, 

biosafety law approvals are delayed, forcing a conservative standard of regulation to all 

countries dependent on them for trade (Paarlberg 2009).  

The recent EU ruling on the status of NBTs is a step back for achieving harmonisation of 

regulations. The ruling has created strong counter-reactions from stakeholders within the 

EU, including scientists and industry. This will further curtail the future-proofing of rapidly 

changing biotechnologies. It has also reaffirmed the notion that the risk management 

process in the EU is politicised, that is, where science-based risk assessment has taken a 

back-seat (Jorasch 2019). This restrictive approach towards regulation is further complicated 

by the fact that the EU is the second-largest importer of GM products in the world (Jones 

2019). From a scientific point of view, the EU is erroneously regulating NBTs that produce 

precise mutations also found in non-edited equivalents. By that logic, identical plants can be 

treated as GMO or non-GMO based on the processes used to produce them. Within the EU, 

plants developed through chemical mutagens or radiation are exempt from regulation. This 

method produces many random mutations in the genome and requires large scale screening 

to identify any useful products, but has been exempt due to a history of safe usage. On the 

other hand, NBTs which generate highly precise changes, are being regulated. In Appendix 

B, a case of gluten-free wheat with respect to both methods is illustrated, together with a 

comparison of EU and the US regulatory processes, which shows how the former’s approach 

is restricting and delaying innovation (Jouanin et al. 2018).  

3.3.  Perception Issues 

The origins of this global regulatory divide also stem from the influence of perception and 

disinformation around GMOs. The perception of GMOs globally is an indicator of how the 

fate of NBTs might evolve if efforts are not taken towards harmonisation of regulatory 

standards. In the case of GMOs, despite scientifically documented benefits as well as longer 

term evidence of safe usage, perceptions of the technology have affected the integrity of 
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regulatory regimes. To further affect the situation adversely, advocacy groups have 

frequently promoted unfounded and subjective campaigns against agricultural 

biotechnology. The brunt of this has been faced by developing countries, where regulatory 

governance is a major hurdle for technology adsorption. Also, since these countries do not 

have large scale industries to provide market impetus, agricultural capacity is massively 

under-utilised (Valentinov et al. 2019).  

The anti-GM rhetoric by some advocacy groups is quite paradoxical. The arguments against 

the technology were evidentially a proxy against multi-national companies (MNCs). This 

rhetoric impacted public acceptance, which in turn resulted in over-regulation, thus 

increasing the cost of commercialisation and elevating barriers to entry, leaving only MNCs 

in an affordable position to capture the market. Presently, apart from uncorroborated views 

from advocacy groups, misinformation campaigns and fake news pose a challenge for 

rational governance and policy design for NBTs (Scheufele and Krause 2019). A recent study 

on the disinformation landscape related to GM crops reported that more than half of the 

online coverage of GM crops was sourced from alternative health and pro-conspiracy sites 

that tend to frame coverage in an attention-grabbing manner (Ryan et al. 2019). With 

mainstream media under pressure to meet engagement quotas, many have resorted to 

clickbait tactics and information that may not accurately portray agricultural biotechnology 

(Petre 2015). While considering the socio-economic costs of NBTs, states and authorities 

should also consider the socio-economic costs of disinformation campaigns and how they 

are costing sustainable development by delaying vital products to the market. A related cost 

is that of lost trust in scientific authority and innovation capacity due to ill-founded anti-GM 

narratives (Marwick and Lewis 2017). While regulations to protect from evidence-based 

risks are a necessity, regulations against imaginary risks are an obstacle. However, it would 

be a mistake to ignore consumer opinions if harmonisation is to be obtained, making it vital 

to work on the communication between all stakeholders.  

4. Recommendations for Building an Inclusive Policy Design Model for Genome-

Editing 

From 28-29 June 2018, the OECD held a conference on ‘Genome-editing: applications in 

agriculture - implications for health, environment and regulation.’ The purpose was to bring 

together policy, academia and industry stakeholders for a technology assessment related to 



13 

 

genome/gene-editing. One session was dedicated to discussing the regulatory aspects of 

genome/gene-editing. Some major points raised included reducing escalating data 

requirements for NBTs, adoption of a risk-tiering approach and emphasised mutual 

understanding between trading partners (Friedrichs et al. 2019a).  

Policy recommendations are summarised below: 

i. While complete harmonisation is the main objective, states should consider 

regional consensus for regulatory standards, which will be able to deliver 

immediate benefits to farmers. Apart from the EU, many countries have 

deregulated plants produced through SDN-1. This can be the starting point for 

confidence-building and implantation of a synchronous agricultural trade 

pipeline. Such an approach can be further bolstered by launching an 

international public registry inclusive of all biotechnology products in the market. 

One possibility might be to modify the existing Biosafety Clearing House (BCH) 

mechanism under the Cartagena Protocol (Eckerstorfer et al. 2019).  

ii. The inclusion of science advice in the Cartagena Protocol needs to be examined. 

As explained earlier, the working of the AHTEG needs to be depoliticised by 

separating political discussion from a scientific basis of risk assessment. Also, the 

prescriptive nature of the AHTEG should be changed to a more workable model 

of identifying the best practices. This may reduce the time needed to develop 

consensus and would also help document risk assessment based on actual cases. 

Furthermore, with the ever-changing canvas of NBTs, a case-by-case approach 

may help avoid deadlocks and stagnancy within COP-MOP. This effort can be 

further boosted by revamping the efforts of capacity building by the UNEP-GEF 

to be tailored the individual needs of states.  

iii. There is a real need to overhaul the communication model for agricultural 

biotechnologies. The present discourse is dominated by a false dichotomy of 

GMOs and Organic which is creating an anti-GM perception. The main problem 

with the science communication of NBTs by scientists is that it is being run on the 

deficit model, which assumes that consumers need more information to come to 

a favourable conclusion (Simis et al. 2016). However, this model should be 

substituted with a more inclusive approach.  The same is applicable to the ‘linear’ 
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model of science policy being pursued. The public should not be reduced to a 

secondary role as a consumer, and the need for a social licence for products of 

NBTs is vital. The creation of deliberative forums can help scientists and 

policymakers identify sources of discontent and put them in a better position to 

counter campaigns of misinformation.  

iv. Science advice mechanisms in different countries need to be reframed under the 

structure of science diplomacy to create an enabling environment for evidence-

based policy design. The multiple aspects of science diplomacy can be extended 

to include not just training for scientists, but also help share large scale 

technological equipment such as sequencing technologies with the developing 

world.   

v. The equitable distribution of new breeding technologies (NBTs) depends on 

regulatory oversight. On a related note, a structured approach to genome-editing 

would also help reduce the creation of monopolies, a situation that existing 

biotechnologies suffer from. It is well documented that, compared to genetic 

engineering, the push for genome/gene-editing has come from the public sector. 

Gene-edited plants require less capital, laboratory infrastructure and risk 

assessment compared to products of genetic engineering (Friedrichs et al. 

2019b). At present, there is an opportunity for democratisation on how genome-

editing is developed globally, leading to less risk for investors. This means that 

the possibility that NBTs become geographically centered in a few states is 

greatly reduced. However, all of this depends on the kind of regulatory regime 

adopted for NBTs. Any scientifically unfounded regulatory decision can lead NBTs 

to the same limitations as crops improved by genetic engineering. The exclusion 

of regulation of some variants of genome-editing is a positive step and will 

provide a major boost to agricultural value chains. There is a need to work 

towards a global standard for NBTs, a realistic possibility considering the 

specificity of the method.   
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Appendix A. Different techniques used in agricultural biotechnology and their 

classification 

Technology Description Regulatory 

status 

Example 

Mutagenesis 

breeding 

Random mutations introduced into 

genome via chemical or irradiation 

mutagenesis None required 

Ruby red 

grapefruit 

Transgenesis 

Introduction of novel traits by delivering 

DNA from a different organism to the 

target organism 

Regulated in 

countries that 

permit its sale Golden rice 

Cisgenesis 

Introduction of a trait by delivering DNA 

from similar, sexually compatible 

species 

Regulated in 

countries that 

permit its sale 

American 

chestnut 

RNA 

interference 

(RNAi) 

Introduction of antisense RNA 

corresponding to a gene from an 

organism or from an invading pathogen 

of that organism 

Regulated in 

countries that 

permit its sale 

RSVR 

papaya 

Genome/gene-

editing 

Targeted nuclease, in conjunction with 

the cell’s DNA repair machinery, makes 

small one or a few nucleotide changes 

within an organism’s genome 

Currently 

unclear 

Swedish 

cabbage 

Reprinted from (Hefferon and Herring 2017) 
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Appendix B. Comparison of regulatory steps between the US and EU for approving a 

hypoimmunogenic wheat variety through mutation breeding and gene-editing (reprinted 

from (Jouanin et al. 2018) 
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