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Food without conventional breeding





What is GM?

the genes/genetic material which have 
been modified in a way that does not 
occur naturally through mating or 
natural recombination or both

GM = Genetically modified



Rationale for GM crops

Conventional breeding 
constraints

Improve yield, reduce crop 
loss, solve a particular problem

Technology is working 
in the field 





International GM sugarcane landscape

No commercial GM internationally
Following countries involved in GM sugarcane research MAP

USA – GM sugarbeet partially deregulated i.e. sugar derived from GM 
plant on world market soon; GM sugarcane field trials 
Indonesia – drought tolerant sugarcane passed through biosafety 
committee - for local market only 
Brazil – Monsanto bought private breeding company and microprop 
company; stated will release GM sugarcane in  +/-5 years
Australia – GM sugarcane field trials; teaming with multinational 
companies for commercial release
China, Japan, Argentina – research (from literature and pers comms)
SA – GM field trials

Argentina
Colombia 

USA 

Australia 

• GM sugarcane field trials 
and regulatory dossier 
(mosaic virus and 
herbicide tolerance) 

• GM sugarbeet
deregulated 

• Cane sugar and ethanol 
from GM plants on world 
market

Brazil* 

• CTC – insect resistance –
Bt cane – commercial 
release June 2017

• CTC - field trials – 2nd

generation ethanol, 
weed control

• Not active currently, 
but SRA - GM field 
trials

• UQ – research on 
sucrose enhancement 
and biofuels

• research

Indonesia* 

• Drought tolerant 
sugarcane passed 
through biosafety 
committee (sugar 
- local market)

• Research 

South Africa

• SASRI – Bt cane, GM field 
trials 2025

• Other traits: herbicide 
tolerance

India 

• research

China, Japan 

• research



GM crops in SA

• Maize, soybean and cotton – insect resistance and herbicide tolerance 

and ‘stacked’ traits

• Legislation  (a) GMO Act no. 15 of 1997; (b) signatory to Cartegena 

Protocol for Biosafety

• DALRRD Registrar GMO Act issues permits issues for:

Contained field trial

Commodity Clearance (import for food and feed)

General release (commercial cultivation)

Facilities registration



Main problem: sugarcane

• Lepidopteran borers ~ R1 billion loss in revenue. 

• SA biosecurity risk = Chilo sacchariphagus in Mozambique. 

Chilo sacchariphagusSesamia calamistisEldana saccharina 



Integrated Pest Management: 

• breeding 

• insecticides 

• soil health 

• agro-ecosystem

• sugarcane genetically modified to produce lepidopteran-specific 
toxin from bacterium Bacillus thuringiensis (Bt). 

The approach



The insect resistance trait

• specific mode of action

• Not toxic to non-target insects 

Crystal protein that is toxic to lepidopteran insect pests

Insect eats protein

Protein ruptures insect gut



• Improved control of creeping grasses

• Tolerance to imazapyr (Arsenal)

• Conferred by single point mutation in enzyme acetolactate synthase (ALS)

GM

Herbicide tolerance

Non-GM



Timelines for GM plant production

Callus 
production

Transform 
callus and 
Select GM 

lines

Propagate 
GM lines 
in vitro

Molecular 
analysis 

In vitro 
eldana 

bioassay

Ex vitro 
bioassay 
planting

Month 18Month 15Month 7 Month 9Month 1 Month 28

Eldana 
resistance 

results

Ex vitro 
Bioassay 

inoculation



Eldana bioassays

Damage to sugarcane internodes (%) by stalk borer Eldana saccharina 600-day-degrees after egg 
inoculation. 

R (resistant) 0 - < 10% internode damage
I (intermediate) 10-30% internode damage 
S (susceptible) >30% damage



• Intellectual Property audit

• Vector construction and genetic transformations

• Molecular and glasshouse assessment of lines

• Conduct field trials to check agronomic and yield characteristics 

• Submit regulatory dossier to GM Registrar (DAFF)

• Bulk up the GM plant via NovaCane® and large-scale nurseries

• Deploy to the industry

• Use GM line as a parent in new crosses

• Obtain permit for commercial cultivation 

The timeframe
Year 1

Year 16



Global stewardship programme

Excellence Through Stewardship - ETS

• external audit 2022 and every 3 years

• Quality Management System

• Internal audit - annual

www.excellencethroughstewardship.org/



Regulatory biosafety prep

• Gene flow between sugarcane and wild relatives (Miscanthidium spp)

• Refugia planting (mathematical modeling)

• Monitoring in the field (eldana traps and IRAC-approved lab assay)

• Effect on non-target arthropods

• Compositional analysis – substantive equivalence (OECD) for food and 
feed safety



Thank you
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