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What does the term New Breeding
Techniques/Technologies (NBTs) include?

* NBTs encompass a variety of methods that modify the DNA of plants to
introduce desired traits

* They can include genetically modified plants (GMOs)

* With time, the term NBT has become more restricted to techniques of
gene (or genome) editing

* Gene-edited plants may or may not be GMOs, depending on whether
iIntroduced DNA is present, and if so, its origin

* Presence of unrelated DNA means the plantis a GMO, no external
DNA, or introduction of DNA from the same gene-pool, may not be
classified as a GMO, depending on the jurisdiction



CONVENTIONAL AND NEW BREEDING TECHNOLOGIES
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Why are the definitions of GMOs and Gene
Edited (GEd) produce so important?

* Because we have an opportunity to separate GMOs and GEd produce
* This difference will increasingly enable trade in world GEd produce

* Alignment or harmonisation of international regulations is vital before
producers and consumers can gain the full benefit of new
technologies of Gene Editing



The global food system is highly complex and
Interconnected
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Non-livestock agriculture, trade between top ten
producers and consumers
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Agricultural Biotechnology (Agri-Bio)

There are major scientific advances in

* Genomics - the complete genomic sequences of all major crops are now
available

* Genes that underlie agricultural traits can be identified

* New ways of combining genes and speeding up breeding
* Genetically Modified (GM) crops
* Gene-Edited (GEd) crops



In 2024, >90% of U.S. maize, cotton, and soybean crops
were GM varieties
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Bt brinjal in Bangladesh

* Four varieties of insect resistant Bt brinjal grown
in Bangladesh, now adopted by 27,000 farmers

* Farmers report a 3-fold increase in yield at half
the production costs of non-Bt brinjal



Reduced pesticides, herbicides; High

iImproved quality for consumers enthocyanin el
purple t
tomatoes 15
Left: Bt cotton, right wild type cotton, no Roundup Ready (RR) herbicide

insecticide application(GM), 99.5% uptake tolerant canola




Bioceres Crop Solutions

Drought tolerant wheat
and soybean

The HB4 technology

The only available technology for drought
tolerance in soy-wheat cropping systems




HB4 wheat
introgressed into WA
germplasm




% Soybean
 Moize
- Cotton
2 « Canola
¢ Sugar beet
+ Alfalfa
«= Popaya
4 Squash
& Potato
@ Apples
& Eggplant
~~ Sugarcane
| Pineapple
+ Safflower
P Petunia
J Creeping bentgrass
41 Eucalyptus
<2 Dry edible beans
Wheat
Rice
“w Cowpea
® Tomato
W Sweet pepper
[ Poplar

< Indian mustard
Banana

*, Blue carnation

¥ Blue petal rose

% Brown mustard @ Blue chrysanthemum

Colombia %
iwtte® ot
Bolivia «
S A 2
o i
Chile ¥
39 o Y,
A ’ » Paraguay

"3 Argentina

- Canada
€ Y
(T
Portugal &
- USA N
S e 3 v .
3¢ ‘ o = Spain<
mel oy
__—7Honduras ‘ ?
2 & 45

N
vl»_

LT

P

o X = :

Burkina Faso»(—,"a’;’ - %
) 4"\{ 0
1 GO

L -
=3
=Sl A D)
y \ﬂ |
- il
K |
3 ¢ - = I-‘,.
,"‘ £ -:3 ™
' & |
R L § =
=~ e Eof )
J 1
- )
o B o
“\ Y
- A“
i
——

W
South Africa

~

A

R

P Ethiopa

.

gy = » Kenya

-

3 Malawi

\i..'
o= “Sudan

\-

\J

P'akistayn

“

I3 China
._;‘ - x\ -

T a0

> \fietnam
N
F\‘hilllpplnes_

'o:_ N I

7 Indonesia
+ @ %

Bonglad;sh
Jd-

v
Australia
&', $ 3%

v

Image adapted and used with permission from ISAAA Inc. www.isaaa.org




Gene silencing- RNAI constructs to silence vital nematode genes via
transgenic plants
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Malformed M. incognita females
from Arabidopsis plants expressing
dsRNA, up to 89% reduction in
infestion
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Plant-aphid interactions
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Regulatory landscape for spray-on RNAI - biopesticide (2024)

b China and Japan have many publications

+* Pest Management Regulatory i . . .
Agency (PMRA) related to RNAi technology, but their legislative

% Plant Protection Act 1950, Plant and regulatory status for this technology is

Protection Regulations, Seeds Act o
1985 and Seed Regulations - - limited.

Spray-on dsRNA (SIGS)
NOT GM in Australia

+*» The European Food Safety
Authority (EFSA) and EU
Commission

-+ Chemical pesticide

+»* Regulation (EC) No

1107/2009

1

+* Genetic Engineering Appraisal Committee (GEAC)
+¢ Indian Insecticides Act 1968

+¢ The Environmental Protection
Agency (EPA)
+¢+ Biochemical pesticide

% Pesticide regulation 40 CFR 158 NZ

¢ Environmental Protection
Agency (EPA)

+» The Australian Pesticides and
Veterinary Medicines Authority (the
APVMA)

¢ Agricultural chemical products

¢ Agricultural and veterinary chemicals
code act 1994



New Breeding Technologies — Gene Editing
(GEd)

CRISPR-Cas9 targeted double-
strand DNA break CRISPR/Cas9

SDN-1 - non-homologous end joining
(NHE)J) - natural repair mechanism, NGo
small nucleotide deletions, additions \ "

or substitutions NHEJ/— \
SDN-2 -in the presence of an Repalr dSDNA T
oligonucleotide template, homologous <z | KI \

P/ HDR

end joining (HEJ or HDR) can occur, to -
insert one or more bases at the break l DonorDNA“I““““””“
site

TITTTTTTTTTITTT,
SDN-3 - as for SDN-2, but with a longer m)q:::::““““““““W‘ 4” ‘m

DNA insert, e.g. up to a full gene
express ion cassette (Source: http://www.labgene.ch/img/cms/AATI/crispr-dual-editing-method.png).



The power of SDN-1 GEd for crop improvement

* GEd of all six MLO alleles in hexaploid
wheat confers resistance to powdery
mildew (Wang et al, 2016, Nature Biotech)

* Gene-Edited Triple-Recessive
Mutation Alters Seed Dormancy in
Wheat (Abe at al Cell Reports 2019)

Figure 6

* Multiplex GEd of gamma and omega
gliadins for allergen-free wheat -
97.7% reduction in wheat allergens,
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Tropic to launch non-
browning GEd
bananas in March
2025, extended shelf-
life bananas by end of
2025

GEd of PPO and
ethylene synthesis

GEIGS vs Fusarium
wilt TR4

After 12 hours, Tropic's non-browning banana
stays fresh. On the left, a conventional
Cavendish banana and on the right, a variety
developed by Tropic that stays fresh after
cutting. Image credit: Tropic




Gene
editing
toolkit
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SDN Application

Targeted to a
specific genome
location?

Use of repair template?
Origin of the repair
template

Type of targeted sequence change(s)

YES NO Epigenetic changes only,
SDN-0 Epigenetic change (e.g. transcriptional control)
defined by
nuclease specificity
YES NO Edit(s)
SDN-1 Defined by (Spontaneous mutations: deletions,
nuclease specificity substitutions, addition of bases)
YES YES Edit(s)
SDN-2 Defined by Species own gene pool (Predefined mutations, sequence
nuclease specificity | only optimisation, allele replacement)
YES YES Insertions
SDN-3 Defined by Any source, including (Addition of sequence at the targeted
nuclease specificity | species own gene pool location in the genome)
only




What'’s in a name? Differentiating GM and GEd
—terminology is important

* How a technology is described is critical

* Imprecise ‘academic’ terminology will be picked up and used by the
anti-Gene Technology lobby

* GM/GMO/LMO/GE/Biotech - introduce genetic material from an
unrelated organism

* NBTs/Genome editing/Gene Editing/GEd/Precision Breeding - no
genetic material introduced, or from the same gene pool

* Please do not use GE for Gene Editing! This adds to public
confusion! The minimum is GEd... or GnEd



GEd techniques used, countries using GEd
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SDN method used

(SDN = Site Directed Nuclease)

|
SDN-2 SDN-3 0.8%
2.6%

SDN-1
96.6%

m SDN-1 mSDN-2 1 SDN-3

Crop species edited -
percentage of total reports

54 other species 8.3¢

rice 36%
barley 2.6%
tobacco 2.8% &
potato 4.0% 7
wheat 6.5%

soybean 6.8%

tomato 13.1%

maize 7.9%
m Rice 234 ® Tomato 85 m Maize 51
m Soybean 44 m Wheat 42 m Canola 32
m Potato 26 m tobacco 18 m Barley 17

m Watermelon 8 m Poplar 8 m grapepvine 7



Australia is a food
exporting nation

60% of the world’s
population, >$4.3 billion
people
95% of wheat from Western
Australia is exported
Australian exports ($billion)
-wheat $4.6 b
-barley $1.6 b
- canola $1.56b
- horticulture 77% (of total
to Asia)




Some considerations for delivering GEd crops

* Differing definitions of SDN-2

* Absence of external DNA

* Possibility of off-target edits

* Unintentional low-level presence of edited seeds



Absence of external DNA

Once a successful edit (from a plasmid supplying the editing
machinery as T-DNA) has been identified, selfed, and selected for
null segregants for the TDNA

* Could there be any residual external DNA?
* What tests are reasonable?
- sequence the site of editing
- Quantitative PCR to show absence of backbone T-DNA

- check sequences at the site of editing to show no new short
ORFs are present



Off-target edits — must be viewed in context

» Spontaneous mutations occur naturally (107 - 108 per site/generation)

* Pan-genome sequencing reveals many sequence differences in a species
* There are >3,200 crop varieties generated through mutagenesis

* Somaclonal variation can be a major source of mutations

* Off-target edits can be minimised by choice or gRNA

* History of safe consumption of plant foods with many mutations,
regardless of origin

* An off-target edit resulting in an undesirable phenotype will normally be
eliminated in subsequent crop breeding

* [sthere any biological significance for food crops?



»‘ ‘4

0 Project to enable trade in GEd ; j
Murdoch produce ‘ ‘

* Forward looking - to enable Australian grains and horticultural industries to
be first-movers in applying new breeding technologies to crop improvement

* Provide information on new science/technologies, and on the policies and
regulations that relate to them both in Australia and with our trading
partners

* To help promote international harmonisation/alighnment of regulations and
reduce barriers to trade — Science Diplomacy



National and international workshops/webinars

A discussion evening at CERI on:
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ASCA7 2024

7t Asian Short Course on Agribiotechnology,
Biosafety Regulation, and Communication
September 2 - 6, 2024 | Maruay Garden Hotel | Bangkok, Thailand
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Numerous regional training workshops,
meetings, conferences e.g.:

Thailand: Dec. 2023 (APAARI), Sept 2024

(ISAAA, ASCA, APSA, CropLife Asia etc)
India: 2016, 2022, 2023, 2024
Malaysia: 2022

Indonesia: 2023 (ASCAG)

Mauritius: 2023, 2024

Philippines: 2022 (ASCA5)

Turkey: 2022
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An International Conference on
Gene-Edited Crops: Enabling Future

Commercialisation and Trade

The Shine Dome, Canberra
26-27 April, 2023
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Review

Enabling trade in gene-edited produce in Asia and Australasia:
the developing regulatory landscape and future perspectives.
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Pathways to de-regulation of GEd products
In Australia (SDN-1 only)

| IBC |

[ OGTR }

Has new
genetic
material
been
introduced?

No - SDN-1 Yes - SDN-2, 3

Does the
breeding
method use
a transgene
emporarily?

No

} = ; Is the final No
[Not subject to regulation as a GMO, W Yes product free

treat as conventionally bred crop J of
transgenes?




Pathways to de-regulation of GEd products
in Japan (SDN-I and 2)

Red sea bream

[ Have externally processed nucleic acids been inserted? J

Yes
: o Yes
No Are the nucleic acids in the final product?
(SDN-2, 3)
No
SDN-1
( ) Are the inserted nucleic acid from the
same or a sexually compatible species?

— Yes




Pathways to de-regulation of GEd products
In India (SDN-1 and 2) and China (evolving)

India China
x

Have externally processed nucleic acids been inserted? : Subject tgnrﬂegulatmn
as

Safety Evaluation

Mot subject to regulation as GMO

Yes
SDN1 or SDN2 What is SDN3 Crop variety
E:ZQ;T:; Subject to Guidelines for Safety Evaluation of Agricultural Gene Editing Registration

(Trial Edition) Yes

L 2

Seed production
Evaluation

process
involve use

of
exogenous
DNA?

Yes

L 4

Seed Business
Evaluation

Is the fina
product
free of

Yes

Yes L 4

A

exogenous
DNA?

. . Processing
l Commercially Planting o— Evaluation




Genetic Technology (Precision Breeding) Act
2023 for plants in England - 3rd March 2025

* ‘This legislation is crucial for unlocking the potential of precision breeding to develop
more nutritious, sustainable and environmentally friendly crops’

* ‘With little progress now expected on the stalled gene editing file at the EU until
2026 at the earliest... Britain has a golden opportunity to steal a march on our
European counterparts, and to deliver on the Government’s vision to make the
UK a science and technology superpower’

e ‘...hopes of a three-way agreement between the EU Commission, Council and
Parliament are now fading after the Council of Ministers repeatedly failed to
reach a common position on the Commission’s proposals, while MEPs voted in
February to ban the use of patenting in gene edited plants — effectively
torpedoing the incentive for innovators to invest’



North and South America, Africa

Regulations in place to approve growth Regulations in place/developing for growth of GEd
of GEd plants in the Americas: plants in Africa
* Nigeria
North America e Ghana
* United States * Kenya
e Canada * Malawi
* Uganda
] * Zimbabwe
South America . Ethiopia
* Argentina
* Brazil  Mozambique
* Chile « Botswana
* Paraguay
* Uruguay * South Africa (as GMOs at present)
* Colombia

e Honduras
e Guatemala



The current global status of Gene-Editing Regulations - November 2024

s  B==- B%éb

«*

& N

- L)

International GEd Regulations

. approved (SDN-1+/-SDN2)

. approved on case-by-case basis
. prohibited/restricted

debate ongoing, approval likely

v
Source: Michael G K Jones, Nov 2024

B some regulatory progress

regulatory status uncertain




So, when will it be possible to trade gene-
edited produce?

North America - USA and Canada - now

South America — LATAM countries - Argentina, Brazil, Chile, Paraguay, Uruguay, have
own GEd trade agreement

EU —well...currently GEd produce regulated as GMQOs, however, the European
Commission passed SDN-1, elections, new parliament, now some revised proposals,
maybe passed in 2026

UK - England has liberal GEd regulations, but not Wales, Scotland and Northern
Ireland

Asia-Pacific —trade in GEd produce now starting between Japan, Philippines, Thailand

African countries — potentially Nigeria, Ghana, Kenya, Malawi, with Botswana,
Ethiopia, Sudan and Eswatini (Swaziland), Mozambique, S Africa?, establishing GEd
policies



Centre for NE State Agricultural Global and Local Perspectives in the Regulatory Frameworks
Crop and Food ' Biotechnology Centre
Innovation s WESTERN AUSTRALIA

for New Breeding Techniques in Crops , March 6, 2025

Golden rice — Philippines

B Nengiad bW aftee, 3.

m.jones@murdoch.edu.au
+61 (0)414239428

Support/collaborations: Australian Commonwealth Government (DAFF), COGGO, Bioceres, GB,
ISAAA, MABOC, CroplLife; APAARI, AgrifuturesAustralia, ARC


mailto:m.jones@murdoch.edu.au
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