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oGMOs & why they are regulated

oSA’s GMO policy & regulatory environment

oRisk analysis for sound decision making

oGMO risk in context

oSustainable biotech innovation
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Biosafety South Africa
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sustainable biotech innovation
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National platforms reduce barriers to bio-innovation
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COMPLIANCE

BARRIERS TO BIO-INNOVATION

ACCEPTANCEwith platform support

without support
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Biosafety SA 

service offering, 

stakeholders & 

objectives

Government & academia
Universities, science councils & industry
Academia, science councils & private
Target audiences, media, NGOs, etc.
Biotech - agriculture, food & health

Regulatory submissions & sustainable products

Enabled, satisfied clients

SUSTAINABILITY 
RESEARCHERS

GENERAL PUBLIC

BIOTECH 
RESEARCHERS

TECHNOLOGY 
DEVELOPERS

REGULATORS

REGULATORS

SUSTAINABILITY 
RESEARCHERS

REGULATORS

TECHNOLOGY 
DEVELOPERS

SUSTAINABILITY 
RESEARCHERS

TECHNOLOGY 
DEVELOPERS

REGULATORS

TECHNOLOGY 
DEVELOPERS

SUSTAINABILITY 
RESEARCHERS

REGULATORS

SUATAINABILITY 
RESEARCHERS

REGULATORS

TECHNOLOGY 
DEVELOPERS

GENERAL PUBLIC

TECHNOLOGY 
DEVELOPERS

BIOTECH 
RESEARCHERS

SUSTAINABILITY 
RESEARCHERS

BIOTECH 
RESEARCHERS

Facilitate 
regulatory 

compliance R&D

Guidance, 
consultation & 

assistance

SCIENCE 
COMMUNICATOR

7 © Biosafety SA7

BIOTECH 
RESEARCHERS



8



The workshop
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WORKSHOP OBJECTIVES

1. Understand  risk analysis theory to be able to 
structure your own thinking and continue skill 
development after the workshop.

2. Ability to accurately contextualise GM technology, 
its regulation and the risk analysis of GMOs.

3. To become critical thinkers and confident decision 
makers who can add value to and improve national 
biosafety systems.
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GENERAL PRINCIPLES

1. The risk analysis framework stands central to all 
content.

2. Should be highly interactive to ensure participants 
engage with the content to facilitate knowledge 
and skills transfer

3. Theory translated into practical capability through 
active engagements.
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RISK ANALYSIS

… is the contextualised, iterative integration of risk assessment, risk 
management and risk communication.© Biosafety SA12

risk communication

risk assessment

risk management

context 
& scope



GMO RISK ANALYSIS WORKSHOP OVERVIEW

engagement & communication

introduction & context

integration, contextualisation & 

conclusion

environmental risk 

assessment

food safety 

assessment

socio-economic 

impact assessment
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PROGRAM

Time Activity

09:00 Start

~11:15-11:40 Coffee/Tea break

13:00-14:00 Lunch

16:00 End
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Let’s take the plunge!



GMOs & why they are regulated
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CONCLUSION:

You can change the phenotypic traits of an organism by introducing genetic 
variation - by transferring specific DNA/genes or changing the genes itself 
(e.g. breeding & selection, mutagenesis, transgenesis or gene editing…)

ProteinRNA

transcription translation

DNA

replication

Phenotype

The central dogma of  genetics
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Genetic variation

Natural Selection Induced
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Genetic modification
G

en
et

ic
 

m
o

d
if

ic
at

io
n

Se
xu

al
 

re
p

ro
d

u
ct

io
n

19 © Biosafety SA



Example: GM tomato plants expressing a bacterial ACC-deaminase
Klee et al, 1991. The Plant Cell, 3: 1187-1 193.

The physiology

GM

Wt control

The phenotype

GM Wt control

121 days after harvest

40 days after breaker stage

The molecular biology
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Commercial GMOs: SA
[GM% 2017] 85% 90% 100%
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etc. etc.22 © Biosafety SA

Commercial GMOs: Internationally



Other commercial GM products
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For more information see

http://biosafety.org.za/information/know-the-basics/gmo-science

http://biosafety.org.za/information/know-the-basics/gmo-science


The novel context introduced by GMOs

Wild type maizeWild type peanut GMO maize
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Genetically Modified ORGANISMS Act (SA): 

“GMO 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”.
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SA’s GMO policy & 
regulatory environment
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EVOLUTION OF SOUTH AFRICA’s BIOTECH POLICY

2003 instruments: 
NBAC, BRICs, NBN, PUB

2009
Merge into TIA 

2013
Nat Bio-economy Strategy

2020
Fully functioning NSI

2050
Bio-economy 5% of GDP

2001
Nat Biotech Strategy

Incorporation 
of ‘learnings’
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Foodstuffs, 
Cosmetics &

Disinfectants Act, 1972 

CODEX 
Alimentarius

*Contact Point
DoH

Consumer 
Protection 
Act, 2008

dti

National
Environmental
Management 

Act, 1998

National
Environmental 

Management Biodiversity 
Act, 2004

Cartagena Protocol
on Biosafety
*Focal Point

DEA

DAFF
(DEA, DoH, DoL, 
DST, dti, DWS) 
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SA’s REGULATORY FRAMEWORK FOR GMOs
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DSI
DALRRD

DoL
dti

DoH

DEFF

GMO permit 
application

Science-based risk assessment 

with recommendations

Executive Council
All relevant government departments; 

considers all submitted info & makes 

final decision based on consensusScientific Advisory 
Committee

Consists of independent experts from 

all relevant disciplines

Public

GMO registrar

Dep of 

Agriculture

Public 

comments

Permits issue for • Contained use.

• Field trials.

• Commodity clearance.

• General release.
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Application available 

to public via PAIA

Public notification in media
(for field trials & general release)
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laboratory greenhouse field trials general release

GMO DEVELOPMENT PROCESS & PERMITS
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GMO ACT PERMITS

Registration of GMO facilities Field trial General release

Contained use permit* Commodity clearance

Import for contained use Import for release into the 
environment

Export

*not applicable to bona fide research organisations

contained use confined use commercial use

tiered risk analysis

(increasing risk assessment, management & communication requirements)



Permits issued 1999-2018
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Type Organism Trait Applicant Reason

General release Yeast (wine) Malolactic fermentation International company Export wine market

General release Potato Insect resistance (Bt) SA research council Not market relevant, 
no industry support

Field trial Grapevine Reporter gene University ? (approved on 
appeal)

Field trial Sorghum Nutritional genes SA research council Indigenous crop (level
3 containment)
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Permits NOT issued 1999-2018

For more information see http://biosafety.org.za/information/know-the-basics/regulation-of-gmos

http://biosafety.org.za/information/know-the-basics/regulation-of-gmos


Risk analysis for sound decision making
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RISK ANALYSIS

… is the contextualised, iterative integration of risk assessment, risk 
management and risk communication.© Biosafety SA35

risk communication

risk assessment

risk management

context 
& scope



Adapted from Wolt et al. 2010. Transgenic Research 19: 425-436 & 

Johnson et al. 2007. Trends in Plant Science 12(1): 1-5.

Problem Context
protection goals

Problem Definition
risk hypotheses
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Risk Characterisation

Likelihood Consequence

Risk Evaluation
conclusions

Risk Management
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RISK ANALYSIS



context

hazard

risk hypothesis

pathways

to harm
harm

risk estimate
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GMO risk in context

© Biosafety SA39



RISK DEFINED
• Hazard - is any potential source of  harm (the possibility to cause harm).

• Harm - is an adverse outcome or impact.

• Risk - is the probability of  a harm occurring under defined circumstances.

ℎ𝑎𝑧𝑎𝑟𝑑
𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒

ℎ𝑎𝑟𝑚

𝑟𝑖𝑠𝑘 = 𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 𝑥 𝑐𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒

While remembering that -

• There is no such thing as zero risk or absolute safety.

• Risk should be assessed in a relevant context (“GMOs” vs. Bt maize).

• Risks can be managed.

• Potential benefits counterbalance the potentially associated risks.
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risk0

not regulated regulated

acceptable not acceptable
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specific development
regulation

(TIME)

“commercialised Bt maize X123”vsThe risk of “GMOs” 
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“locals”vsThe risk of “outsiders” 
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hybrids, polyploidy, mutants, etc.
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SDN-1

SDN-2

SDN-3

ODM

Also referred to as genome editing and actual techniques include ZFNs, MNs, TALENs & CRISPR-Cas9

Genetic impact / classification

site directed nucleases (SDN)

Techniques used to introduce genetic variation

cisgenesis

RNAi

Application

Conventional crops & livestock, GM-crops & -livestock, rDNA medicines, gene therapy, biopharming, gene drives, etc.
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“standard” GM-technology

“New breeding techniques” (NBTs)

Trans-grafting

intragenesis

somatic hybridisation

synthetic biology

Increasing scope of induced genetic variation

agro-infiltration / transient gene expression

ploidy manipulation

mutagenesis

transgenesis
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Risk analysis

GM

Synbiol
NBTs

Pharming
Genome editing
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Sustainable biotech innovation
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THE “TRIPLE BOTTOM LINE” FOR A 

SUSTAINABLE PRODUCT

People
(health & social)

Planet
(environment)

Profit
(economic) “viable”

“equitable” “bearable”

Sustainable

Technology  Product
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Health Environment

Socio-political
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ENSURING SUSTAINABILITY

Environment

Socio-political

Health

Techno-economic

RISK ANALYSIS

Setting the context & scope

Risk management Risk assessment

Risk communication

© Biosafety SA49



Product

concept

Gene

discovery

Crop

transformation

Line

selection

Development 

& testing

Crop

production

Marketing

& export
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GMO safety assessmentWild type organisms Trans-molecules Monitoring
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Integrated sustainability assessment
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