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What I’m going 

to talk about

• A bit of history and context

• A layman’s look at the 

techniques involved

• The outcomes of the two 

FSANZ workshops on NBTs 



Standard 1.5.2/Schedule 26 - Food 

produced using gene technology

GM food approvals by FSANZ – to date all clearly produced 

by transgenesis and all plants
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What is transgenesis?

Generalised gene structure

A construct = gene(s) artificially 

assembled together in the lab

The construct  is incorporated  

somewhere into the genome of 

the host – via Agrobacterium or 

biolistics
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What is not food produced using gene 

technology?

Traditional cross-breeding Induced mutagenesis

Conventional breeding
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2011: first rumblings about new techniques
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Are/should these NBTs be covered by current GM regulations?



• Foods produced using a number of NPBTs 

[which became NBTs] were close to 

commercialisation

• FSANZ had received a number of enquiries in 

relation to some new NBTs

– are they captured by the GM food Standard (Standard 

1.5.2 Food produced using gene technology)?

• The Office of the Gene Technology Regulator –

which issues licences for the growing of GM 

crops in Australia - had also received enquiries 

about NBTs

• Other countries began looking at the extent to 

which new breeding techniques were captured 

by their GM food legislation.
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2012: the momentum picks up



• FSANZ hosted two technical workshops to 

discuss various new breeding techniques 

with a panel of invited experts in the fields of 

plant breeding and plant biotechnology.

• The aims of the workshops were to:

– Improve FSANZ’s understanding and knowledge of 

certain new plant breeding techniques.

– Provide advice to FSANZ on whether there are 

safety concerns with food derived using certain 

new plant breeding techniques.

– Provide a scientific opinion on whether derived 

food products should be regarded as GM food.

The workshops were held on 11 May 2012 

and 6 August 2013

FSANZ Workshops on NBTs
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..’regulators are struggling..’
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“We shouldn't forget that there are also other promising novel… 

breeding technologies, post-GM, and we shouldn't make the mistake of 

regulating them to death as we have done with GM.” – Prof. Anne Glover 

(2013): [then] Chief Scientific Adviser to the President of the European 

Commission  

http://exchanges.wiley.com/blog/wp-content/uploads/2013/07/anne-glover-pic.jpg
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http://emergingtech.foe.org.au/resources/gm-2-0-australian-regulators-

engineering-the-truth/
2015

2015

http://emergingtech.foe.org.au/resources/gm-2-0-australian-regulators-engineering-the-truth/


What are these New Breeding Techniques?

• Agro-infiltration

• Cisgenesis/Intragenesis

• GM Rootstock Grafting

• RNA interference/RNA-directed DNA methylation

• Speed breeding following early flowering

• Reverse Breeding

• Seed Production Technology (SPT) – a proprietary technique developed by 

Pioneer Hi-Bred

• Site-directed nucleases – ZFN, TALEN, CRISPR/Cas9

• Oligo-directed mutagenesis (ODM)
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Agro-infiltration
• Plant tissues are infiltrated with a liquid 

containing Agrobacterium with a desired 

gene

• If gene is transiently expressed in somatic 

cells, plant is non-GM

• If gene is incorporated into germ cells, the 

resulting seeds will be GM
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http://www.genewscenter.com/Multimedia/Automated-plant-agro-infiltration-equipment-131c.aspx


Cisgenesis and Intragenesis
Techniques are equivalent to transgenesis – involve using recombinant 

DNA techniques to introduce DNA into an undefined new site in the 

genome

Generalised gene structure
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GM Rootstock Grafting

• Non-GM scion grafted on 

transgenic rootstock = a 

composite plant that is 

transgenic

• The scion and the rootstock 

share a single vascular system

• The non-GM scion/fruit will not 

contain any transgenic DNA, 

BUT it may contain traces of 

GM material (RNA or protein) 

and/or have altered 

characteristics as a result of 

the modification to the 

rootstock

Non-GM Scion

GM Rootstock

Graft union

Two-way 

movement of 

plant solutes 

and 

macromolecules
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RNA interference/RNA-directed DNA methylation

Transgenic plant is generated using an inverted repeat 

that, when transcribed, results in the formation of dsRNA. 

RNAi

• Targets RNA of a specified gene 

and leads to gene silencing.

• Requires the RNAi construct to 

be stably inherited.
RdDM

• Targets (promoter) sequence and 

leads to methylation that then 

inhibits transcription of the gene.

• Intention is that the RdMD

construct be segregated away but 

the methylation pattern/gene 

silencing is inherited. This is known 

as an epigenetic modification (i.e. 

a heritable change without 

alteration to the gene sequence).

17
Journal of Cell Science 117(21)

RdDM

RNAi



What are these New Breeding Techniques?

• Agro-infiltration

• Cisgenesis/Intragenesis

• GM Rootstock Grafting

• RNA interference/RNA-directed DNA methylation

• Speed breeding following early flowering

• Reverse Breeding

• Seed Production Technology (SPT) – a proprietary technique developed by 

Pioneer Hi-Bred

• Site-directed nucleases – ZFN, TALEN, CRISPR/Cas9

• Oligo-directed mutagenesis (ODM)
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Transgenic assisted breeding (transient 

transgenics)
• These techniques have in common a transgenic stage the outcome of which 

will confer a trait facilitating the conventional breeding that then follows e.g. 

induction of early flowering, reverse breeding, Pioneer SPT.

• In all cases, once the introduced genes have done their job, and are no longer 

needed they are segregated away during the subsequent conventional 

breeding stages.

• The final product which bears the food contains no evidence of the genetic 

material that was initially introduced. It is referred to as a null segregant and 

is several generations removed from the transgenic progenitor.
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Pioneer SPT corn is already being grown 

in the USA



What are these New Breeding Techniques?

• Agro-infiltration

• Cisgenesis/Intragenesis

• GM Rootstock Grafting

• RNA interference/RNA-directed DNA methylation

• Speed breeding following early flowering

• Reverse Breeding

• Seed Production Technology (SPT) – a proprietary technique developed by 

Pioneer Hi-Bred

• Site-directed nucleases – ZFN, TALEN, CRISPR/Cas9

• Oligo-directed mutagenesis (ODM)
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Site directed nucleases (SDNs)
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There are two key components to each SDN:

• A DNA recognition code (protein-based or RNA) that finds a specific site 

in the genome

• A nuclease (protein)  that cuts the double stranded DNA at that specific 

site

These components can be added to 

the host :

• directly as the proteins or RNA

• via a transgenic step

If by transgenesis, once the 

component genes have done their job, 

the idea is that they are segregated 

away during subsequent breeding.



• Zinc-finger nuclease (ZFN) – uses an engineered zinc finger protein + 

nuclease dimer (Fok1)

• Transcription activator-like effector nuclease (TALEN) – uses a 

designer TALE protein + nuclease dimer (Fok1)

• Clustered, regularly interspaced, short palindromic repeats (CRISPR) –

uses a guide RNA + nuclease (Cas9)

Method Recognition Cleavage

ZFN ZFN Protein-DNA Fok1

TALEN TALE Protein-DNA Fok1

CRISPR CRISPR RNA-DNA Cas9
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There are three classes of SDNs

Site directed nucleases (SDNs)
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There are three ways in which each SDN technique can be used

Site directed nucleases (SDNs)
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SDN food products are already non-regulated in the USA

1. TALEN (SDN-1, gene disruption, null segregant) wheat

2. CRISPR/Cas9 (SDN-1, gene deletion, null segregant) waxy corn

Site directed nucleases (SDNs)



..and we can’t forget that agricultural animals 

are in the wings

Targeted gene knockout in chickens mediated by 

TALENs.  PNAS 2014 111 (35) 12716-12721
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Oligonucleotide-directed mutagenesis (ODM)

- oligonucleotides are added 

directly and hence do not 

involve a transgenic stage

- oligonucleotides themselves are 

not “heritable material“

- oligonucleotides act like a 

mutagen, but are sequence 

specific

- the obtained mutations cannot 

be distinguished from 

spontaneous mutations (natural 

variation) or mutations induced 

by classical mutagenesis

The chemically synthesised oligonucleotide (20 – 100 bp) has 

homology with the target gene except for the nucleotide(s) to be 

changed.

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjM4ba5iaTOAhXHHZQKHQd9DAkQjRwIBw&url=http://www.agprofessional.com/news/cibus-rotam-launch-non-transgenic-rapeseed-china&psig=AFQjCNHyaFsZ50v2VwulPS0VSwuA12Tueg&ust=1470273407336309
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ODM product already commercially available

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjM4ba5iaTOAhXHHZQKHQd9DAkQjRwIBw&url=http://www.agprofessional.com/news/cibus-rotam-launch-non-transgenic-rapeseed-china&psig=AFQjCNHyaFsZ50v2VwulPS0VSwuA12Tueg&ust=1470273407336309


Our website - http://www.foodstandards.gov.au
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http://www.foodstandards.gov.au/


http://www.foodstandards.gov.au/consumer/gmfood/Pages/New-plant-

breeding-techniques-in-the-spotlight.aspx

Workshop Reports
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http://www.foodstandards.gov.au/consumer/gmfood/Pages/New-plant-breeding-techniques-in-the-spotlight.aspx


• FSANZ hosted two technical workshops to 

discuss various new breeding techniques 

with a panel of invited experts in the fields of 

plant breeding and plant biotechnology.

• The aims of the workshops were to:

– Improve FSANZ’s understanding and knowledge of 

certain new plant breeding techniques.

– Provide advice to FSANZ on whether there are 

safety concerns with food derived using certain 

new plant breeding techniques.

– Provide a scientific opinion on whether derived 

food products should be regarded as GM food.

The workshops were held on 11 May 2012 

and 6 August 2013

FSANZ Workshops on NBTs
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• Where null segregants are the final food producing lines, these are 
comparable to those developed using  conventional plant breeding 
techniques

Transgenic-assisted 
breeding

• Small nucleotide changes - final food producing lines comparable to those 
developed using conventional mutagenic techniques

• Added gene(s) remaining or gene replacement – equivalent to 
transgenesis

Gene editing techniques 
– SDN & ODM

• No distinction between cisgenesis, intragenesis and transgenesisCisgenesis/Intragenesis

• Limited applicability to food; any food products will be purified proteins

• Depends on use and whether the plants from which they are derived are 
considered to be a GMO – a matter of interpretation

Agro-infiltration

• The grafted plant is a single organism and is therefore GMO

• The food may contain novel RNA and/or protein and may also have altered 
composition or other characteristics

GM rootstock grafting

Conclusions from FSANZ Workshops on NBTs
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