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Genome Editing R&D

Non-browning mushrooms™ + Hornless cattle
Herbicide tolerant canola* + Disease & pest resistant

Waxy corn pigs, goats, chickens, etc.
Disease resistant * Female only chickens
tomatoes, rice, wheat,  Double muscled pigs &
bananas, etc. cattle

Slow growing cabbage  Hypoallergenic chickens

Vitamin enriched oranges
Drought tolerant maize,
wheat, rice, etc. « Gene therapy in humans*






Key issues

1. Trigger - product vs process
~ Risk vs legal discussion

2. Threshold ,

3. Managing risk vs managing risk perceptions



[ “standard” GM-technology

NEW BREEDING TECHNIQUES (NBTSs)

()
Technique used to introduce genetic variation
( site directed nucleases (SDN)
= SDN-1 ] SDN-3
2
i | SDN-2 ]

\_ Also referred to as genome editing and includes ZFNs, MNs, TALENs & CRISPR-Cas9
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synthetic biologyJ

agro-infiltration /

‘ mutagenesis ’ ‘ . .
transient gene expression

Increasing scope of induced genetic variation

Application

Conventional crops & livestock, GM-crops & -livestock, rDNA medicines, gene therapy, biopharming, gene drives, etc.
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1.

NBTs hold great potential, in_parficular for developing biotech
Innovation systems, as they allow the relative quick, efficient,

accurate and cost-effective modification of valuable genetic
traits in crops, livestock and microorganisms.




Findings “)ASSAf
2.

Only Argentina has published an official, national framework on
NOoW to regulate the products of NBTs.

n addition, countries such as Canada, which have a strong
oroduct-base regulatory trigger require no amendments.

[more recently also Israel, Chile - USDA, FDA “draft guidelines”]

[Brazil, China, Sweden, UK, EU, Japan, Koreq, ... updates]
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Findings “IASSA
3.

For all genome modified organisms the principle source of risk, i.e.
the hazard, is the organism itself and not the technique/process
used to generate it.

This resulting product should therefore be the trigger and subject
of regulation and the regulatory requirements should be
proportionate to the possible risks it poses.

[also consider scope, science-basis & administrative coherence]
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d.

process 1
e.g. CRISPR-Cas

product 1
e.g. containing a single
nucleotide substitution

product 2

e.g. containing a transgene

b.

process 1
e.g. mutagenesis

process 2
e.g. CRISPR-Cas

Product 3

e.g. containing a single
nucleotide insertion

S

process end product
e.g. breeding e.g. organism
) genetic modification variety
NBTs GMO
synthetic biology mutant

e.g. medicine
food

industrial chemical

gene drive

application

N
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Findings “IASSA
4.

South Africa’s robust and experienced regulatory system for
GMOs can be used to effectively regulate the products of NBTs
and possible new techniques developed Iin future, where
appropriate.

To allow this accept that -
= the GMO Act has a product-based trigger, and

= the threshold is genetic variation beyond that which may occur
naturally.
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GMO Act’s definition:

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

PLUS exclusions:
mutagenesis, ploidy manipulations and  somatic
hybridisation

[all excluded techniques are limited to harnessing endogenous genetic potential & human intervention /
process is not considered an absolute trigger for regulation]
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genetic variation > natural
= biosafety risk > natural

natural risk threshold

= regulatory threshold

natural genetic variation
= natural biosafety risk

regulated

not regulated

Insertion of heterologous,
functional gene sequences,
including genes and/or regulatory
sequences (transgenesis);
intragenesis

Small, targeted & untargeted
Insertions or deletions based on
no-homologous end joining
(NHEJ) & homology-directed
repair (HDR); large genomic
deletions; cisgenesis; epigenetic
modifications; null segregants

[figure 7.1, p79]
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5.

The products of NBTs can simply be classified as those that may
have genetic variation / risks greater than what may occur
naturally, which will be subject to regulation under the GMO Act,
or those having genetic variation risks similar to those that may
occur naturally, which will not be regulated under this Act.

A succinct “notification procedure” could ensure a mechanism
for making case-by-case decisions and appropriate oversight.
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Notification procedure

‘ Registrar: GMO Act

~_~

No [«

Were any new heritable genetic
material/mutations directly
introduced into the final product?

Yes

|

Does the NBT use a transgene

temporarily?

y

Has any heterologous genetic
material remained behind?

- e

A

\ 4

Risks |

v

Were any heterologous
genetic material introduced?

\4 v
No Yes

A 4

Could the genetic variation
have originated naturally?

e e

A 4

Risk >

natural

A 4

Product not regulated under

the GMO Act.

A 4

natural

A 4

GMO Act

Product regulated under the

“Oversight”

Regulation
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6.

Likely regulatory outcomes of the suggested framework aligns
well with the currently available consensus discussions.

Its Implementation will ensure effective and appropriate
oversight to ensure the safety and sustainability of all relevant
products, without unduly impacting on innovation.
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Table 7.1. The likely regulatory outcome for specific products of various NBTs based on the proposed

product-based regulatory tigger and unnatural genetic vanation threshold.

Regulated

Nr Genetic change | > Technique used 25 2 GMO?
Small, targeted & untargeted inserts or deletions | Site-directed nucleases
1| based on no-homologous end joining (NHEJ) (SDNs)! mutagenesis No
small, targeted inserts or deletions based on | SDNs, oligonucleotide-
2 homology-directed repair (HDR) directed mutation (ODM) No
3 | Large, targeted genomic deletions SDN pairs No
Targeted insertion of homologous, functional gene | cisgenesis using SDNs
4 | sequences, Including genes and/or regulatory MNo
sequences (cisgenes)
Targeted insertion of reorganised, homologous, | intragenesis using SDNs
5 | functional gene sequences, including genes and/or Yes
regulatory sequences (intragenes)
Targeted & untargeted insertion of heterologous, | tfransgenesis, using
5 | functional gene sequences, including genes and/or | “conventional GM Yes
regulatory sequences technology” or SDNs
Epigenetic modifications RMNA-dependent DNA
7 Methylation No
8 | Null segregants Reverse breeding No
GMO / non-GMO grafting (transgrafting) GMO rootstock or scion
and products Yes
J MNon-GIMO rootstock or
MNo

scion and products

'e.g. ZFNs, MNs, TALENs & CRISPR/Cas.

[table 7.1, p81]
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CHALLENGES

« Defining “genetfic variation beyond that which may also
occur naturally” — l.e. defining an acceptable
threshold. [= “novel combination™ in other systems]

* |[nternational harmonization [& leadership].

- [Arguing] Alignment with Carfagena Protocol on
Blosafety.

“...any living modified organism resulting from modern biotechnology that may...”

“Living modified organism” means any living organism that possesses a novel combination of
genetic material obtained through the use of modern biotechnology; i




Need to better distinguish between...
Terms - technigues, genetic mpact and use.

Better communicate...
1. Variability

2. Risk analysis vs. risk percepftion
3. Value (particularly in public innovation systems)

And avoid...

Increasing uncertainty and confusion (especially in unexperienced
systems)



STATUS

National
« Recommendations accepted in principle.

 DAFF Inifiated broad consultation process to facilitate
Implementation.

International

» Legal discussion rather than a fechnical/risk one.

* Now time for formal international alignment discussions.
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Q.. Applying scientific thinking
in the service of society

ACADEMY OF SCIENCE OF SOUTH AFRICA

THANK YOU!

Dr Hennie Groenewald hennie@biosafety.org.za
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