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Biotechnology is an extension of  
traditional plant breeding
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Traditional plant breeding Many genes are transferred

Plant biotechnology A single gene is transferred
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Critical Enabling Technologies
1869 - DNA discovered - Miescher

1953 - Structure of DNA solved
Watson, Crick, Franklin 

1972 – Discovery of restriction enzymes
Cloning started

1975  - Southern blotting –Southern

1976- DNA Sequencing

1983 – Biolistics Device – Sanford
PCR invented - Kary Mullis
Agrobacterium-mediated transformation – Mary-Dell Chilton

1984 – Oligomer biosynthesis

1994 – Agro transformation of
             Monocots - Hiei



Product concept -
scientifically what is possible
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•   Multiple Genes                  PhenotypeSingle gene                  Phenotype

 

Herbicide tolerance      Insect Resistance

Metabolic pathways 
– i.e. modified oils
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Many hurdles have to be overcome to 
generate transformed plants

gene into the plant genome

plant cell to turn into a plant…

…that expresses the gene

   Getting a transformed plant to be fertile

Getting the progeny to express the phenotype…

…without yield drag



Trait Introduction:
Biolistics vs. Agro transformation

• Earliest events used biolistics (or similar brute force transformation)

• Protoplast transformation has also been used successfully

• Transformation using Agrobacterium tumefaciens is more precise 
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Key Early US Regulatory Approvals

Page 8



Critical Considerations

• Germplasm

• Value Capture

• Herbicide tolerance

• Patents 

• Path to Market

• Antibiotic Resistance

• Refuge

• Extraneous DNA



Biotech Products and Europe – Key 
Events

1997 Bt 176 Approved for cultivation

1998 Mon810 and T25 Approved

Moratorium – 1998 - 2004

1996 First case of Mad cow disease in Europe
1999 Dioxin contamination (animal feed) scandal hits Belgium
1999 Coke products withdrawn in Belgium due to bad CO2

2010 Amflora potato approved 
for cultivation

2003 European Food Safety Authority formed 

2013 Implementing Regulation

Since 2003 many products have been approved for 
import.  In total only 4 have ever been approved for 
cultivation
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Top Ten Countries Which Granted Food, Feed 
and Cultivation/Environment Approvals*



Key Figures – Mary-Dell Chilton



Key Figures – Rob Fraley



Key Figures – Marc van Montagu



$2.5B
$1.4B

$1.4B $290M
$240M

$150M

$525M

$1.02B







But…

Has Biotechnology delivered on its 

promises???











Chronological Increase to Resistant Weeds Globally



Number of Herbicide Resistant Species by crop (top 10)



Tabashnik, B. E., Fabrick, J. A., & Carrière, 
Y. (2023). Journal of economic 
entomology, 116(2), 297-
309. https://doi.org/10.1093/jee/toac183

Global Patterns of Insect Resistance to 
Transgenic Bt Crops:  The First 25 Years



J Econ Entomol, Volume 116, Issue 2, April 2023, Pages 297–309, https://doi.org/10.1093/jee/toac183

The content of this slide may be subject to copyright: please see the slide notes for details.

Fig. 2. Cumulative reported cases of practical resistance to Bt 

crops.

https://doi.org/10.1093/jee/toac183


J Econ Entomol, Volume 116, Issue 2, April 2023, Pages 297–309, https://doi.org/10.1093/jee/toac183

The content of this slide may be subject to copyright: please see the slide notes for details.

Fig. 3. Global status of field-evolved pest resistance to Bt crops. 

Each symbol represents 1 of 73 cases indicating ...

https://doi.org/10.1093/jee/toac183


Field Evolved Resistance to Bt Crops in 
12 Countries (73 Cases)







Thoughts to End On

• 2015 Japanese Changed their 

    stack rules (familiarity)

• Genome Editing

• 2020/2021 USDA New Rules

• What have we missed – 

    quality traits, small crops



Thank you!

Thank you!
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