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Complex environment

(and the details are important)

New Breeding Techniques (NBTs)

Plant Breeding Innovation (PBI)

Genome Editing (GEd) Precision Bred Organisms (PBOs)

Genetic Modification (GM)
New Genomic Techniques (NGT) Site-directed Nuclease (SDN)

CRISPR-Cas

§ Conventional Breeding
9

Gene drives Genetic engineering (GE)

Gene therapy Synthetic Biology

Cisgenesis Mutation
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Asilomar conference on rDNA (rebruary 1975)

Risk management principles

* Containment as primary risk
mitigation strategy (based on 4 biotypes)

* Risk mitigation measures

proportionate to estimated risk
(fit-for-purpose)

Other contributions

* New era in science & public
discussion on science policy

* Precedent on how to engage on
changes in scientific knowledge
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Natural & Breeding
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Managing “natural genetic uncertainty”

History of safe use
Phenotypic evaluation

Distinguishability
Uniformity

Stability
(Food safety other legislation)

“genetic uncertainty”
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WHY ARE GMOs SUBJECT TO ADDITIONAL REGULATION?

I e

Wild type maize

The novel risk context introduced by GMOs

GMO maize

GMO risk management / regulation
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GM introduced a novel risk context

genetic variation > natural
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GM introduced a novel risk context

Genetic Modification (GM) || Genome editing (GEd)
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Regulatory -trigger vs -scope vs -assessment

Process trigger
| EE Process scope

TECHNOLOGY
IDEA Iﬂ PRODUCT --- IMPACT

| Product scope ——
Product trigger

~
REGULATORY ASSESSMENT

(arisk analysis principle)
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I. Risk principles Il. Scientific, legal & administrative

coherence

Why does only a product-based trigger make sense?

d.

exposure

hazard ——— harm product 1

e.g. containing a single
nucleotide substitution

! process 1

¥ v .8. CRISPR-C

. . . o * % : product 2
risk = likelihood x consequence e.g. containing a
t
+ b . ransgene
process 1

GMO...» GM...?

e.g. CRISPR-Cas
product 3
e.g. containing a single
process 2 nucleotide insertion

e.g. mutagenesis
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GMO definitions

European Union

“genetically modified organism (GMO)” means an organism in which the genetic material has
been altered in a way that does not occur naturally by mating and/or natural recombination.
Within the terms of this definition:

(i) genetic modification occurs at least through the use of the techniques listed in Annex | A Part 1;

(ii) the techniques listed in Annex | A Part 2 are not considered to result in genetic modification;

(Article 2 of Directive 90/220/EEC)

South Africa

“genetically modified organism” means an organism the genes or genetic material of which has
been modified in a way that does not occur naturally through mating or natural recombination
or both, and "genetic modification" shall have a corresponding meaning;

Cartagena Protocol on Biosafety

“Living modified organism” means any living organism that possesses a novel combination of
genetic material obtained through the use of modern biotechnology;
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[ breeding }|
( mutagenesis JL
|[ “standard” GM-technology ]
( ploidy manipulation ]I
[ somatic hybridisation JI
“New breeding techdinues” (NBTs) '—-
°
site directed 7 leases (SDN)
C 3
( SDN-1 ) (8 SDN-3 )
= <
= ( SDN-2 ]
[ >
Also referred to as genome editing and actual tec 1 G s include ZFNs, MNs, TALENS & CRISPR-Cas®
=1
@©
( oDM ] T® L
a0
£
Genetic impa g classification
(U]
A g cisgenesis ®
5%¢ intrage @ '3
gk E
2% X RNAIi
oER o
Sd Trans-&ting
c 3 < ;
& o - nfiltration / transient gene expression
I
; i transgenesis ———— -
Varieties/breeds, hybrids, polyploidy, mutants, etc 1 synthetic biology
Increasing scope of induced genetic variation (an approximation)
Applitation
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Thank you!

You

Dr Hennie Groenewald | hennie@biosafety.org.za | www.biosafety.org.za | & G f

Consultative submission, including minimum data required
to support below conclusions*2

A fit-for-purpose
governance
framework for ] P o

Registrar: GMO Act (subject to
instruction & conditions of EC)?

occur naturally, i.e. heterologous Yes
genetic material, introduced into the

NBTs / genome el

‘ Did the breeding technique use heterologous

oversight?

genetic material® temporarily?®

editing

Has any heterologous genetic
material remained behind?

a & .

¥

N Case-by-case consultation

Risk < natural” »| Risk > natural®

)

Product is not a GMO &
therefore not regulated under Product isa GMO & regulated
i the GMO Act under the GMO Act
Requires amendments to GMO Act
M v

Conventional, varietal regulation Regulate as GMO 16
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Breeding Mutation breeding

Q

g SDN-1 & 2
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Should the GMO Act’s definition of a GMO be
interpreted as having a product or process basis?

INTERPRETATIONS

The crux of this argument is to answer the question “WHAT does not occur naturally?” -

Process argument

Readers that support a process-based interpretation, focus on the clearly delineated mid-section (sub-sentence) of the definition (highlighted in red below), which, at face value, is straight
forward to interpret -

"genetically modified organism" means an organism the genes or genetic material of which has been modified in a way that does not occur naturally through mating or natural recombination or
both, and "genetic modification" shall have a corresponding meaning;

When you focus only on this section it appears that the “occur” refers to “the way” of modification, i.e. the mechanism or process used, which, if it doesn’t occur naturally, will trigger regulation
= process-based regulation = all NBTs should be regulated, because all are generated via such “artificial” processes.

Product argument
To see the product-basis you need to recognise and integrate all three the descriptors in the definition, including those before & after “occur naturally” -

"genetically modified organism" means [1] an organism the genes or genetic material of which [2] has been modified in a way that does not occur naturally [3] through mating or natural
recombination or both, and "genetic modification" shall have a corresponding meaning;

When you do this, “occur” refers to the type of modifications made to the genetic material and contrast these to those natural ones occurring through mating. l.e. It focuses on the physical
changes in the DNA sequence = product-basis, which triggers regulation only when the type of change to the DNA is not likely to occur naturally. Induced modifications that can’t be distinguished
from those that may occur naturally, should therefore NOT be regulated under the GMO Act. Contrasting, for example, a single nucleotide mutation with a transgene insert.

In fact, it can be argued that the use of “through” as the preposition for the listed natural mechanisms, ONLY supports a product-based interpretation. In this syntax, it can only refer to the
modifications made to the genetic material (product), not the way of modification (process) —i.e. it likens the modifications induced through mating and recombination to those introduced using
genetic modification. To allow a process-based interpretation a preposition that more sensibly links mating and recombinations as processes to genetic modification as a process, should have
been used - for example “...modified in a way that does not occur naturally, like threugh mating or natural recombination...”.

CONCLUSION

Although a product-based interpretation is more contextually accurate and sensible, a process-based interpretation can also be read into the definition, rendering it ambiguous.
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