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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 

Scientific Background on New Breeding Technologies initiates the process.  

 

 

 

******* 

 

  

 
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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Introduction 

The growing world population accompanied by a reduction in available agricultural land means that 

future provision of food will rely increasingly on the deployment of the best innovations in 

agricultural research and technology. These may be categorised as Agri-Bio, Agri-Tech and Food-

Tech.  However, large scale adoption and use of new technologies in Agri-Bio to improve production 

processes and products requires them to be accepted both culturally and politically. Conventional 

breeding using self or cross pollination has made a major contribution to increase yields and quality, 

but is limited to sexually compatible species, and yield increases for crops like wheat have failed to 

meet pace with futures demand.  

In contrast, gene technology can extend the range of genetic material available to breeders, by the 

generation of GM crops. On a world scale, more than 10% of the world’s food is now derived from 

GM crops (mainly soybean, maize, cotton, canola), and they have contributed to increased yields, 

reduced pesticide use and improved nutritional properties. In Australia, the two main GM crops 

grown are cotton (99%) and canola (>25%), with major imports of GM soybean and maize. 

Based partly on a remarkable increase in knowledge of plant genome sequences, and of the genes 

that underlie important crop traits, there have been rapid advances in plant breeding, both in 

conventional approaches (e.g. marker-assisted selection, and also ‘speed breeding’), and in 

particular, in what is now described as New Breeding Technologies (NBTs), which result in ‘genome-

‘ or preferably ‘gene-editing’ (GE), (since GE is a targeted process used specifically to modify one or a 

few genes, not the whole genome). 

Earlier versions of NBTs include ‘meganucleases’ (MNs, 1988) ‘zinc-finger nucleases’ (ZFNs, 1996), 

transcription activator-like effector nucleases (TALENs, 2010) and ‘clustered regularly interspaced 

short palindromic repeats’ (CRISPR, 2013) combined with a double stranded (ds) DNA nuclease, 

usually Cas9. These technologies can be used to induce site-specific cleavage of DNA sequences in 

the genome. ZFNs and TALENS use two peptide or protein sequences to bind to specific DNA 

sequences, each linked to a DS nuclease (usually Fok-1) to cut both strands of a target DNA 
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sequence, whereas the CRISPR/Cas9 system uses a short single-stranded ‘guide RNA’ to guide the 

Cas9 to cut a target sequence at a specific site. The important feature is that the DNA repair 

mechanisms in plants (and other organisms) tend to make mistakes in joining the cut ends of DNA 

together, and this results in mutations at or around the cleavage site. This generates targeted 

mutations, and the nucleases are therefore known as site-directed nucleases (SDNs). The general 

procedure followed by CRISPR/Cas9 gene editing is as follows (Figure 1): 

 

 

 

 

 

 

 

 

 

 

Figure 1: The general procedure for plant gene editing 

 

Types of Gene-Editing 

Because there are a range of types of gene-editing, the most relevant forms have been named SDN-

1, SDN-2 and SDN-3. SDN-1 refers to plants which have mutation(s) (deletions of insertions) at the 

target site, but no introduced DNA. SDN-2 refers to applications where one or a few bases are added 

at the target site, and SDN-3 refers to larger DNA inserts at the target site, up to a complete gene 

cassette.  Plants labelled as SDN-2 with one or a few base inserts are transgene-free may not be 

regarded as GMOs, but SDN-3 mutants are regarded as GMOs, and are subject to relevant OGTR/GM 

regulations.  

It is unlikely that conventional breeding methods alone can generate increases in crop yields to keep 

up with the growing population, or meet the demands for better nutritional quality requirements. It 
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is vital that the power of NBTs and  genome editing are applied to support global food security, 

improve the nutritional quality of crops and help reduce environmental impacts of agriculture. 

The field of gene editing has been described as the ‘second green revolution’, and it is evolving 

rapidly. A major focus is to generate gene-edited plants which do not contain any external DNA. In 

an increasing number of jurisdictions, such plants are not regulated as GMOs, since there is no 

introduced DNA in the final product. This exclusion from regulation as GMOs will remove the costs of 

regulatory compliance that applies to GM plants and products, and in turn this democratises the 

technology, making it available to SMEs, universities and public organisations, in addition to the 

major plant breeding entities. 

The types of modifications that can be achieved using GE are broad, and include many of the aims of 

conventional breeding, but also include new possibilities.  Examples of some of the changes that can 

now be made include: 

 

• Herbicide tolerance 

• Improved frost tolerance 

• Virus resistance (both RNA and DNA 

viruses) 

• Fungal resistance (eg powdery mildew 

resistance, bacterial blight) 

• Dwarf genotype 

• Taller genotype 

• Altered fatty acid content 

• Modified flowering 

• Delayed senescence 

• Non-browning phenotype (eg 

mushrooms, apples, potatoes) 

• Non-cold-sweetening in potato 

• Reduced Glycaemic Index (GI) 

• Male sterility 

• Removal of toxic compounds (eg 

antimetabolites, acrylamide 

production) 

• Reduced allergenicity 

• Enhanced fragrance (rice) 

• Altered anthocyanin content 

• Seedless citrus fruit 

• Apomictic fruit 

• Replacing many GM gene silencing 

(RNAi)-based traits and products of 

physical or chemical mutagenesis 

 

 

The power of gene-editing is illustrated in the following published examples (Figure 2): 
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Cherry tomatoes gene-edited to grow in a grape-like bunch, 

tailor-made for confined urban environments, hydroponic 

production and vertical farming (Kwon et al. 2020, Nature 

Biotechnology 38, 182-188).  

 

 

Figure 2: Examples of crops successfully gene-edited for improved quality, production and disease 

resistance 

Immunoreactivity 

reduced by 85% 

Sanchez et al. 2018 

 

Gene-editing of all six MLO alleles in hexaploid bread wheat confers heritable, broad-spectrum 

resistance to powdery mildew (TaMLO-A1) (Wang et al. 2016) 

Gene-Edited triple-Recessive Mutation Alters Seed Dormancy in Wheat (Abe et al. 2019) 
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As shown in the Figure 3 below, gene-editing can be combined with conventional and developing breeding 

technologies, such as marker-assisted selection, whole genome scanning (genomic selection) and speed 

breeding - in which 4-6 generations can be achieved using LED lighting, to generate new varieties as quickly 

and efficiently as possible. 

 

 

 

 

Figure 4 below compares the major strategies for crop improvement, indicating pros and cons, the most 

important factors being the time taken to develop a new variety, and whether it is designated as GMO. As 

can be seen from this diagram, breeding by gene-editing can speed up the whole process, and SDN-1 

modified plants are transgene-free, that is, they are not regulated by the OGTR as GMOs in Australia. 

Hickey et al. 2019 

Figure 3: Combining GE with conventional and developing breeding technologies 
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Figure 4: Plant breeding techniques used to introduce new traits into an elite crop variety (modified from 
Gao et al. 2021) 

 

The toolbox for gene-editing technology is growing rapidly, with the aim of generating plants which are more 

flexible, efficient and precise in the intended changes. Some of the suite of technologies in the GE toolbox 

include: 

• deleting a section of a gene (using two guide RNAs) 

• editing several genes at the same time (using guide RNAs each targeting a separate gene) 

• changing the patterns of methylation or acetylation at specific sites 

• replacing a single base in a gene 

• producing gene edits without double-strand DNA breaks (prime editing) 

• using the isolated Cas9 protein plus guide (ribonucleoprotein , RNP) induction of gene-editing 

• increasing the precision and efficiency, using different ds nucleases (e.g. Cas 12a) 

• modifying the level of gene expression by mutating the promoter sequence to up- or down-regulate 

expression protein 

• if used, removing any GM elements used in the editing process, by selfing progeny and selecting 

edited plants without the GM elements (‘null mutants’) 
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As more countries accept and deregulate gene-edited products, this will give confidence to  scientists, 

breeders and industry to develop new crop varieties faster and more efficiently using GE technologies.  

A Summary of the Current Status of International Regulation of GE Crops 

A global map which summarises the current status of international regulations and acceptance of GE crops is 

provided in Figure 5.  The notable features are that most countries in north and south America have de-

regulated GE crops, as have South Africa, Japan and Australia. There is ongoing discussion in many countries, 

such as India, Kenya, Nigeria, the UK and Norway, but GE crops are still regulated as GMOs in the EU. 

Nevertheless, the scientific community in the EU is strongly in favour of deregulating GE crops. Although 

Russia has not clearly indicated its stance on regulation of GE organisms, its government has invested 

US$ 1.7-billion to create 30 new varieties by 2027 with a major focus on barley, sugar beet, wheat and 

potatoes, and China has invested heavily in GE technologies.  It is therefore important to understand the 

regulatory landscape for GE produce in countries which currently import crop produce from Australia, 

because lack of regulatory harmonisation effectively becomes a non-tariff trade barrier. 

(A more detailed discussion of regulatory and policy aspects is provided in the PASE Market Report 2: The 

Prospect of New Breeding Technologies and the Current Regulatory Landscape). 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: World map indicating global GE acceptance scenario for Agriculture 

  

GE crops not regulated 
Ongoing discussion with recommendation to deregulated GE crops 
GE crops regulated 
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In addition to the examples of application of GE to crop improvement illustrated above, the list of R&D 

projects applying GE to crop improvement is now extensive and is expanding rapidly.  Table 1 provides a 

flavour of some current R&D in this field. 

Table 1: Examples of some public and private sector gene-editing projects in progress  
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Crop Targeted trait Country/Company 

Tomato Gamma-AminoButyric Acid 
(GABA)-amino acid to help 
lower blood pressure 

Japan/ Sanatech Seeds 

Berries, lettuce Seedless berries, more 
nutritious berries and lettuce 

USA/ Pairwise 

Beans Increased digestibility and 
disease resistance 

Latin America 

Tomato and kiwifruit Drought and salinity tolerance Chile/University of Chile 

Apple Higher carotenoids and 
Reduced oxidation 

Chile/University of Chile 

Rice, beans, cassava and cacao Disease resistance Colombia/International 
Center for Tropical 
Agriculture 

Rice Resistance to white leaf virus Latin America 

Banana Disease resistance Costa Rica/ TEC University; 
QUT 

Maize Disease resistance (Maize lethal 
necrosis) 

Kenya/ Kenya Agriculture 
and Livestock Research 
Organization  

Sorghum and barley Modified canopy and root 
architecture for improved water 
use efficiency 

Australia/Queensland 
Alliance for Agriculture and 
Food Innovation (QAAFI) 

Wheat and peanut Reduced allergens USA/Crop Science Society 
of America 

Wheat Improved frost tolerance Murdoch 
University/COGGO 

Potato Reduced GI; reduced browning 
after cold storage 

Murdoch University/HZPC 
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