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An overview of the Australian potato industry 
The potato industry represents 20% of all vegetable production in Australia, and potato is the 

single largest vegetable crop by volume.  The three distinct sectors are processed potatoes, 

fresh potatoes and seed potatoes.  

https://murdochuniversity-my.sharepoint.com/personal/s900513j_murdoch_edu_au/Documents/Gene%20editing%20potential%20in%20the%20potato%20industry%20vMJ.docx#_Toc98255274
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Potatoes (Solanum tuberosum L.) are grown in most States and Territories of Australia, with 

the greatest production in South Australia and Tasmania.  The major potato production areas 

are shown in Figure 1. 

 

Figure 1.  The major potato production areas in Australia (Australian Horticultural Statistics Handbook 2021, Hort 

Innovation) 

For the year ending June 2021, 1,458,991 t of potatoes were produced, valued at $807 m, 

with 67% of these processed (975,000 t, $347 m).  The wholesale value of the fresh supply 

was $523 m ( $445 m retail and $77.9 m into food services).  The supply chain is summarised 

in Figure 2. 
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Figure 2.  The potato supply chain in Australia (Australian Horticultural Statistics Handbook 2021, Hort 

Innovation). 

The current status of imports and exports of potato are shown in Figure 3, and international 

trade in processed potatoes in Figure 4 

 

Figure 3.  Import and export of fresh potato (t) by State, and imports and exports by country.  (Australian 

Horticultural Statistics Handbook 2021, Hort Innovation). 

 

Figure 4.  International trade in processed potatoes (Australian Horticultural Statistics Handbook 2021, Hort 

Innovation). 
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About 40,000 t of fresh potatoes are exported, with top five importing countries being South 

Korea, Philippines, Malaysia, Singapore and HongKong.  International market competition 

means exported potatoes should be free from disease and physiological disorders.  At the 

same time, resistance to disease and superior quality attributes will both increase production 

and give better value to Australian potatoes in the international market. 

Conventional potato breeding 
While potato is the fourth most important food crop worldwide, improvements in crop 

quality have depended largely on applying conventional breeding methods.  These are time 

consuming, and the tetraploid nature and limited gene pool of potato makes it difficult to 

select individuals with better properties.  This means that potato improvement is lagging 

behind the challenges posed by climate change and introduction of pathogens.  The traits 

targeted for improvement include resistance to pests and pathogens, tolerance to abiotic 

stresses, enhancing nutritional value, and improving longer-term storage.  Commercial potato 

varieties are maintained by vegetative propagation, which keeps the unique trait 

combinations developed from years of conventional breeding as a known variety.  If a genetic 

mutation occurs, there is no segregation or change in a modified phenotype, and so beneficial 

changes are maintained by clonal propagation after mutation of a particular gene in an 

existing variety with good agronomic performance.  

The ability of potato cultivars to be grown in tissue culture and also regenerated from isolated 

protoplasts makes potato a perfect candidate for application of new breeding technologies 

like gene editing.  

 

What is Gene/Genome Editing (GE): how does it differ from Genetic 

Manipulation (GM)? 
GM plants 

Since their introduction in 1996, GM or transgenic plants have been the most rapidly adopted 

new technology in agriculture.  The most common process used to generate transgenic plants 

is outlined in Figure 5.  A desired gene is cloned into the circular Ti plasmid of the common 

soil bacterium Agrobacterium tumefaciens to replace the T-DNA (transferred DNA) in the Ti 

plasmid.  Co-cultivation of the bacterium with plant tissues results in the transfer and 
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integration of the desired gene into the nucleus of plant cells, which can then be grown in 

tissue culture to generate complete plants containing the introduced gene. 

 

 

Figure 5.  The process of generating transgenic plants using Agrobacterium tumefaciens as a gene 

vector.  The transferred DNA (T-DNA) of the Agrobacterium is replaced by a cassette with the gene 

encoding the desired trait (1), which is transferred and incorporated into chromosomes of plant cells 

(2).  Regeneration of whole plants (3) from these cells results in a transgenic plant (Source: Creative 

Commons). 

Transgenic crops are now grown on nearly 200 million hectares or about 10% of the total 

cropping area of the world.  However, because of the cost of regulatory compliance, their 

implementation has been restricted mainly to four major broadacre crops: soybean, maize, 

cotton and canola.  The most widely adopted technologies confer herbicide and insect 

tolerance, but there are many other crops, including vegetable crops, either released for 

commercial growth or advancing towards deregulation.    

 

The J.R. Simplot Company in the USA released their first ‘Innate’ GM Russet Burbank potato 

variety in 2015.  The variety used RNAi technology to reduce the expression of (a) genes in the 

biochemical pathway that leads to black spot bruising and browning after peeling, as well as 

(b) genes in the pathway that can lead to the production of acrylamide on cooking.  The aim 

was to reduce wastage in the supply chain and to provide a possible health benefit to 

consumers.  This is now referred to as Generation 1 Innate and is sold as White Russet in the 

USA fresh market (Figure 6). 
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Figure 6.  Innate Russet Burbank potatoes have a 44% reduction 

in bruising compared to conventional potatoes.  Sources: 

http://www.innatepotatoes.com 

 

 

 

 

 

The second generation of Innate potato (Innate Generation 2) also includes reduced ‘cold 

sweetening’, another cause of postharvest wastage that can occur in cool storage or during 

transport, as well as a cisgene from a wild potato relative that provides significant tolerance 

to late blight caused by Phytophthora infestans (Figure 7). 

 

 

 

 

Figure 7.  Innate Generation 2 potatoes resist Phytophthora late 

blight http://www.innatepotatoes.com 

 

 

 

 

 

Gene Edited (GE) plants 

In contrast to GM plants, the most widely used GE strategy is based on the Clustered 

Regulatory Interspaced Short Palindromic Repeat (CRISPR)-Associated Protein System 

(CRISPR/Cas9), as illustrated in Figure 8.  
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Figure 8.  CRISPR-Cas9 targeted double-strand DNA break.  Cleavage occurs on both strands, 3 base 

pairs upstream from the NGG protospacer adjacent motif (PAM) sequence on the 3’ end of the target 

sequence.  The target specific guide sg RNA sequence defines where the DNA will be cleaved, and the 

remainder of the RNA complexes with the Cas9 protein, shown in orange.  In Non-Homologous End 

Joining, NHEJ insertions and deletions can occur; Homologous End Joining’, HEJ, or HDR can take place 

of a donor oligonucleotide is present, to introduce new DNA at that site  (Source: 

http://www.labgene.ch/img/cms/AATI/crispr-dual-editing-method.png). 

 

The CRISPR/Cas9 system can be used to generate targeted mutations (double-stranded cuts 

to the DNA sequence) at precise sites as specified by the single guide (sg) RNA.  Mistakes in 

the repair mechanism results in small insertions, deletions or mutations at that site.  This 

system was first shown to be effective in directing mutations in bacteria and mammalian cell 

lines, but has now been adapted rapidly to obtain beneficial gene mutations in crop plants.  

Thus, the CRISPR/Cas9 system has been used successfully to improve a range of food crops, 

including potato.  Since cultivated potato is tetraploid, meaning that there are at least four 

copies of each gene, the challenge is to mutate all four alleles of a gene of interest to knock 

out or modify the function.  It is therefore notable that as a result of rapid advances in the GE 

toolbox, it is possible to mutate all the target genes in situations where there are multiple 

copies of a target gene in polyploid plant species (Wang et al. 2014). 

 

The first report of successful CRISPR/Cas9-based GE in potato was published in 2015, and 

targetted the StIAA gene (Aux/IAA protein) to introduce monoallelic and biallelic mutations, 

so demonstrating the amenability of potato to this technology (Wang et al. 2015).  



9 
 

Gene Edited potatoes (SDN-1) are not GM 
In Australia, the Office of the Gene Technology Regualtor (OGTR) is responsible for regulating, 

and de-regulating GM organisms including crop plants for commercial growth.  Following a 

review of GE technologies, using the definitions provided in the Figure 9, in which SDN refers 

to Site Directed Nuclease, it was determined that SDN-1 plants in which there was no 

introduced DNA, would be de-regulated, that is they could be grown in the same way as 

conventionally bred plants. 

 

 

Figure 9.  Definitions of Site-Directed Nucleases, based on whether any external DNA is introduced or not. 

Figure 10 provides this information in diagrammatic form. 

 

Figure 10.  A diagrammatic representation of the different forms of gene editing. 

 

An overview of the path for de-regulation of edited potato products is provided in Figure 11. 
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Figure 11.  The path-to-market for gene edited products in Australia 

 

Food Standards Australia New Zealand (FSANZ) 

FSANZ is responsible for regulating non-living foods, and is currently deliberating whether to 

alter ‘the Code’ to exclude SDN-1 or SDN-2 food products from regulation as GM foods. 

Improving potato through gene editing 

Disease-free potatoes 
Plant pests and diseases reduce the yield and quality of potato crops.  Some major diseases 

affecting potato production in Australia include Bacterial Wilt (Brown rot), Potato Spindle 

Tuber Viroid (PSTVd), viruses such as Potato Virus Y (PVY) and Late blight (Phytophthora 

infestans).  GE technology can be used to confer resistance to pests and diseases, including 

bacterial, fungal and viral diseases, and insect and nematode pests.  The strategy used 

depends on the specific pest or pathogen, for example, this can include mutation of a gene 

for susceptibility, overexpression of an existing resistance gene, or replacing an ineffective 

allele with a more affective allele (SDN-2).  

There are variants of Cas proteins, for example the CRISPR-Cas 13d system, and this can 

efficiently mediate RNA virus interference in plants (Mahas et al. 2019).  Potato late blight 

caused by Phytophthora infestans can spread rapidly, resulting in collapse of the entire field 

foliage, or remain dormant in soil until favourable conditions occur.  It can severely affect 

tuber quality resulting in substantial crop losses. 
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Gene Editing of potato starch properties  
Potato tubers are a major source of starch.  Starch is composed of two polymers of glucose, 

branched chain amylopectin and linear amylose.  A high amylose content in potato tubers is 

desirable for its health benefits.  Amylose is the linear polymer of starch, and is known as 

‘resistant starch’, because it  does not release glucose rapidly in the stomach or small 

intestine.  When high amylose potatoes are consumed they have a lower glycaemic index GI), 

which means that this can help in decreasing the risk of obesity, type-2 diabetes and 

cardiovascular disease.  To increase the amylose content in potato tubers, starch branching 

enzymes Sbe1 and Sbe2 were targeted using RNP complexes (Cas9 and guide RNA),  in 

protoplast transfection, resulting in tubers with higher amylose starch (Zhao et al. 2021).  

However, plants regenerated from potato protoplasts exhibit a high degree of somaclonal 

variation as a result of their prolonged growth in disorganised callus masses before shoot 

induction.  To reduce this issue, gene-edited potato plants can be generated by introducing 

ribonucleic acid (RNP) complexes into cells in leaf tissues which can be regenerated into 

plants without selection. 

In addition to its food value, potato starch is extracted and used as an additive in industrial 

applications such as adhesives and paper processing.  Tubers with a higher amylopectin 

content are desirable for some industrial applications  

GE technology has also been used to increase the amylopectin content of tubers by targeting 

the granule bound starch synthase (GBSS) gene, either by delivering Cas9 and guide RNA 

encoding DNA vectors to potato tissues using Agrobacterium-mediated transformation or 

DNA protoplast transfection, resulting in plants with significantly lower amylose content 

(Andersson et al. 2017; Kusano et al. 2018, Johansen et al. 2019, Veillet et al. 2019).  When 

the same GBSS gene is targeted using ribonucleic acid (RNP) complexes alone to generate 

mutations, this results in plant without foreign DNA.  These plants are classified as SDN-1, and 

their tubers have a reduced amylose content (Andersson et al. 2018).  

Improving other nutritional properties of potato by GE 
Potato tubers accumulate the steroidal glycoalkaloids (SGAs) α-solanine and α-chaconine, 

which have a bitter taste and are toxic if consumed (Friedman, 2006).  Genes expressed in the 

SGA biosynthetic pathway of tubers, for example, CYP88B1, when targeted by Cas9 resulted 
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in reduced concentrations of the SGA compounds α- solanine and α-chaconine in addition to 

a reduction in steroidal saponins because of the decrease in SGA synthesis (Akiyama et al. 

2017).  Similarly, knocking out the St16DOX gene encoding the steroid 16α-hydroxylase in the 

SGA biosynthetic pathway prevented SGA accumulation in potato hairy roots (Nakayasu et al. 

2018). 

Polyphenol oxidase (PPO) catalyses the conversion of phenols to quinones resulting in 

browning and reduced acceptability of processed products from such tubers.  CRISPR/Cas9 

induced mutations in the StPPO2 gene resulted in the production of Desiree lines with a 

reduction of up to 69% in tuber PPO activity and a reduction of 73% in enzymatic browning 

compared to the control Desiree tubers (Figure 12; Gonzalez et al. 2020). 

 

 

 

 

 

 

 

 

Figure 12: Wildtype (Desiree RC) and gene-edited Desiree (MO 7056-8002) potato tubers at various 

time points (0 hrs, 24 hrs and 48 hrs) after cutting.  Tubers were cut and exposed to air for 48 h at 

room temperature (modified from Gonzalez et al. 2020). 

  

Box: Improving potato tubers for human health in Australia 
Research at Murdoch University by Dr Sadia Iqbal in the  Crop Biotechnology Research Group has 

used GE to increase the amylose : amylopectin ratio in potato tubers to reduce the Glycaemic Index, 

generating tubers with more than 50% amylose (resistant starch), including using RNPs so that these 

potatoes are classified as SDN-1, i.e. non-GM. 
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Gene editing can be used in the Australian potato industry 
Now that GE can be achieved with high efficiency and precision, this raises the scope for 

improving many desirable properties of potato.  Recent results from studies on GE in potatoes 

are summarised in Table 1 below. 

Potato variety CRISPR strategy Targeted gene Types of 
mutations 

Change in function Reference 

double-
haploid DM 

Agrobacterium-
mediated 
transformation 

StIAA2 Deletions, 
Insertions and 
substitutions 

- Wang et al. 
2015 

Diploid 
MSX914-10 
(X914-10) 
and tetraploid 
Desiree 

Agrobacterium-
mediated 
transformation 
(conventional T-DNA 
or T-DNA of modified 
Geminivirus) 

Acetolactate 
synthase 1 
(StALS) 

Deletions and 
Insertions 

- Butler et al. 
2015 

 

Similarly, Dr Diem Ly has generated potatoes with reduced cold sweetening and acrylamide 

production on deep fat frying.  The reduced browining is evident in the GE potato chips after four 

months cold storage. 
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Kuras DNA protoplast 
transfection 

Granule-bound 
Starch Synthase 
(GBSS) 

Deletions and 
Insertions 

High amylose Andersson et al. 
2017 

Kuras RNP protoplast 
transfection 

Granule-bound 
Starch Synthase 
(GBSS) 

Deletions and 
Insertions 

Reduced amylose 
content 

Andersson et al. 
2018 

Sayaka Agrobacterium-
mediated 
transformation 

Granule bound 
starch synthase 
I (GBSSI) 

Deletions, 
Insertions and 
substitutions 

Reduced amylose 
content 

Kusano et al. 
2018 

Mayqueen Agrobacterium-
mediated 
transformation 
(hairy roots) 

St16DOX 
encoding a 
steroid 16α-
hydroxylase 

Deletions and 
Insertions 

significant 
reduction of 
steroidal 
glycoalkaloids up to 
undetectable levels 

Nakayasu et al. 
2018 

Desiree and 
Wotan 

DNA protoplast 
transfection 

Granule-bound 
Starch Synthase 
(GBSS) 

Deletions and 
Insertions 

Amylose free starch 
in tubers 

Johansen et al. 
2019 

Desiree and 
Furia 

Agrobacterium-
mediated 
transformation and 
DNA protoplast 
transfection 

Granule bound 
starch synthase 
I (GBSSI) 

Deletions and 
Insertions 

Impaired amylose 
accumulation in 
tubers 

Veillet et al. 
2019 

Desiree Agrobacterium-
mediated 
transformation 

Phytoene 
Desaturase 
(PDS) gene 

Deletion and 
Substitution 

Albino plants 
Patchy plants 

Banfalvi et al. 
2020 

Desiree RNP protoplast 
transfection 

Polyphenol 
Oxidase (StPPO) 

Deletions and 
Insertions 

Reduced enzymatic 
browning 

Gonzalez et al. 
2020 

Desiree RNP protoplast 
transfection 

Starch 
branching 
enzymes (Sbe1 
and Sbe2) 

Deletions and 
Insertions 

Increased amylose 
content 

Zhao et al. 2021 

Atlantic Agrobacterium-
mediated 
transformation 

Sterol side 
chain reductase 
2 (StSSR2) 

Deletions and 
Insertions 

Reduced total 
steroidal 
glycoalkaloids 

Zheng et al. 
2021 

Desiree and 
King Edward 

Agrobacterium-
mediated 
transformation 

Susceptibility 
gene 
homologues in 
potato (StMLO, 
HDS, TTM2, 
DND1, StCHL1, 
StDMR6-1) 

Deletions and 
Insertions 

Significant increase 
in resistance 
against late blight 
(Phytophthora 
infestans infection) 
for StCHL1, StDND1 
and StDMR6-1 
mutants 

Kieu et al. 2021 

 

As indicated earlier, rapid advances in technology have made it possible to introduce targeted 

mutations without the introduction of foreign DNA in the plant, using RNP complexes to 

generate SDN-1 mutations.  Commercialisation of this technology can be promoted, especially 

since SDN-1 GE crops are now de-regulated, so are defined as non-GMO.  The availability of 

the complete genome sequence of potato, together with well-established protocols for 

transformation and regeneration, will ensure the rapid application of this technology to 
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potato improvement, for example, to cope with changing climatic conditions, exotic pests and 

diseases and improved food quality. 

International regulation of gene-edited crops 
As part of the PASE project at Murdoch University, advice is available from the authors on the 

regulations and policies relating to gene-edited crops or produce in countries in SE Asia which 

may import Australian potatoes, and also globally.  This information is needed by 

growers/marketers who export potatoes, or intend to make use of GE technologies. 

Opportunities for developing better potato varieties by gene editing 
The development of new potato varieties by conventional breeding in Australia is limited: 

most new varieties are imported from overseas breeding companies.  GE  offers the exciting 

opportunity for SMEs, universities and public research organisations to develop new, non-GM  

varieties at a low cost, using GE (SDN-1) to modify and improve existing and accepted 

varieties.  Any modification made in this way must fit the definition of a new variety 

(Distinctiveness, Uniformity, Stability).  It is difficult to predict the value that new GE potato 

varieties developed in Australia will add to the potato industry, but GE technology clearly 

provides completely new and exciting opportunities for the Australian potato industry: 

leadership is needed to make the most of these new opportunities for Australian growers. 
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