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An agricultural technology timeline 



Four innovations brought about the change in agriculture 

and increased yield in the twentieth century 

• Productivity steadily increased with only a 10% 
increase in land use : 

– Mechanisation and irrigation 
– Synthetic fertilisers 
– Crop protection chemicals 
– Plant Breeding and Genetics- 
      the ‘Green revolution’ 

• The effect of these four innovations was to 
allow more food to be  produced from less 
land and keep pace with a doubling of the 
population since 1960  

• The developed world became 
complacent!! 

• What are the innovations which will 
change agriculture in this century? 
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We face a “perfect storm” of food insecurity:  
by 2030, we need >50% more food,  
from ~ same land, 
with less water, and more expensive energy,  
and with climate change (Beddington, 2009) 
 
Increasing crop yields will be difficult, and requires 
major investment 
 
 
We need every tool in the toolbox 

Food supply must match demand 



The scientific basis of crop improvement is identification of the 

genes that encode and regulate specific phenotypic 

characteristics or traits of use to the farmer.  

REDUCED STRESSES 

Biotic and Abiotic  

•  Pests and 
    Diseases 
•   Weeds 
•   Saline or 
    acid soils 
.   Increased  
    greenhouse 
    gases- Tolerance 
to climate change 
 

•  Drought or 
   Flooding 
•  High or low 
   Temperature 
.  Phyto-remediation 
    

MORE  
SUSTAINABLE 
PRODUCTION 

IMPROVED PLANT 
PERFORMANCE 

• Nutrient use efficiency 
• Water use efficiency 
• Control of flowering 
• Plant architecture 
• Heterosis 
• Yield 

 

Plant Gene 
Technology 

 
IMPROVED NUTRITION 

AND HEALTH 
 
 

• Vitamins & Minerals 
• Biofortification 
• Post harvest quality 
• Taste 
• Proteins 
• Oils and Fats - PUFAs 

• Carbohydrates 
 

• Fibre & Digestible 
  energy 
 
• Bloat Safety 

NEW 
 INDUSTRIES 

CHEMICAL 
FEEDSTOCKS 

PHARMACEUTICALS 

• Drugs 
•Vaccines 
• Antibodies 
• Diagnostics 

• Biodegradable 
   Plastics 
 
• Biofuels 

Environment 

Quality Traits 



ER Mardis. Nature 470, 198-203 (2011)  

Step change in DNA sequencing technologies in the last decade has lowered 

the barrier for development of tools for trait improvement in any crop 



Natural variation  
from wild ancestors 

Induced variation  
from mutagenesis 

Engineered variation 
from transgenics 

Forward 
(trait) 

screens 

Reverse (genetic) 
screens/TILLING/ 

NGS 

Transgenic  
event selection  

MAS 

Identify individuals with improved genetics/traits 

Parent 
Selection 

MAS 

QTL 
markers 
used for 
parent and 
progeny 
selection  

Selected 
events 
introgressed 
into elite 
germplasm 
using MAS 

Next Generation Sequencing for DNA marker and gene discovery  

Field trial potential new varieties 

Backcrosses 
to clean up 
mutant 
background 
using MAS 

Stacking traits from the same 
or different sources of 
variation using MAS 

Genetic 
Crosses 

Quality control using 
DNA markers 

Knowledge translation - Molecular Plant Breeding 

GMOs 



GMOs in the context of plant breeding 
 

• From 1930–2007 more than 2540 mutagenic derived plant varieties have 
been released, 75% of which are crops (Schouten and Jacobsen, 2007). 

• Conventional and mutation breeding can introduce hundred to thousands 
of uncharacterised changes in DNA, many of which remain in the final 
product 

• Not aware of any biosafety problem caused by an induced mutation of a 
released variety in last 80 years 

• Common thorough evaluation of induced mutants at the phenotypic level 
by plant breeders has been sufficient  

• GMO crops are required to go over much higher hurdles for regulatory 
approval – necessary with respect to foreign protein impact on food safety 
and environmental impact 

• However, costs can be prohibitive and politics plays a big part in final 
approval 

• Public acceptance dominated by perceived risks in absence of personal 
benefits 

 

 



Map of the world showing the major centres of 
origin of crops, distributed mainly in tropical regions 



Products of Conventional Breeding 

Tomatoes Peppers 

Potato 



Marker Assisted Breeding 

Molecular markers are DNA sequences that 
lie so close to the locus/gene responsible for 
a trait of interest that they are usually 
inherited along with it.  

 

They are reliable DNA indicators that a plant 
carries the gene for the trait of interest  

 

Because they are easily detected in young 
plants, molecular markers can be predictive 
as regards mature plant performance  

 

They greatly speed up the plant breeding 
process because multiple markers can be 
selected for in parallel 



Trait Stacking with markers: a new tool for forward breeding 

Professor Harry Klee, University of Florida 



Modern varieties Wild species Early domesticates 

Domestication bottlenecks 

Where do we look for novel genetic variation? 

Tanksley & McCouch, 1997. Science 



Timeline of life evolution on earth 



Cultivar (IR64) F1 O. rufipogon 





Sustainable food security is facing a major bottleneck 

Total kultiviert Heute kultiviert 95% der Ernährung 

•  Since the beginning of agriculture, humans have cultivated 7,000 plant species 

•  Today only 150 plant species (2%) are agriculturally relevant for food and clothing 

•  Only 10 plant species are cultivated today to provide 95% of food and feed 

Total cultivated since 
the beginning of agriculture 

Cultivated today 95% of food and feed 



‘A group of crops that are vital  
to the economy of developing countries due 
to their suitability  
to the agro-ecology and socio-economic 
conditions, but remain largely unimproved’. 
Africa Technology Development Forum 2009,  
Vol 6: 3&4. 

 
 
Orphan Food Crops 
 
Orphan Industrial/Medicinal Crops 
 
Orphan Fuel Crops 



Tef Cereal Improvement for Ethiopia 
http://www.syngentafoundation.org 

Most important cereal in Ethiopia 
 
Low input and stress tolerant but 
Yield is very low – 0.9t/Ha 
 
A big problem is Lodging – stem 
displacement 
 
Genome Sequencing Program 
 
TILLING for mutations in ‘Green 
Revolution’ Genes to obtain   
semi-dwarf trait 
 
 
Institute of Plant Sciences, 
University of Bern, Switzerland 
  



Why are GM methods used sometimes 

and molecular breeding others?  
Molecular breeding 

1. Desired trait must be 
present in population 

2. Genetic resources must 
be available 

3. Plant should be 
propagated sexually 

GM 

1. Gene can come from any 
source 

3. Plant can be propagated 
vegetatively 2. Genetic resources not 

required 

Photo credits: Gramene.org Photo credits: Gramene.org ETH Life International 

http://www.gramene.org/species/zea/maize_intro.html
http://www.gramene.org/species/zea/maize_intro.html
http://archiv.ethlife.ethz.ch/e/articles/sciencelife/cassava.html






Corn  

Glyphosate tolerance 

• Foliar insect control 

• Corn root worm 

 

 Insect resistance 

 Glyphosate tolerance 

Virus 
control 

- 

Major genetically Modified Crops in Agriculture Today 
The first generation of GM traits were designed to complement the use of 
agrichemicals and provide better insect and weed control-from chemical to biological 
solutions  

Papaya 

Canola  (Oil Seed Rape) 
Sugar Beet 

 Glyphosate tolerance 

These input traits were of obvious benefits to producers (agrochemical companies and farmers) 
but not obvious to the consumer. These traits are now being introduced  together (stacked) in 
Corn ,Soybean, Cotton, Canola and now Rice and other crops----- 

How many more traits 
in one crop? 

Cotton and 
 Soybean 



Bt-Protected  Unprotected  Bt Protected Cotton Conventional cotton 



Also big impact from Bt maize for cornborer and root worm 
resistance 
Why not Bt aubergine, potato, Brassicas …..? 

Proc Nat Acad Sci 2012 



Nature 2012 487: 362-367 









Decreasing post-harvest spoilage with biotechnology 

1994 - 1997 





Conclusions 

• Molecular Breeding technologies – marker 
assisted breeding and genetic engineering -  have 
a massive contribution to make if we are to 
double food production on the same amount of 
land by 2050 in the face of climate change and 
decrease environmental impact 

• Understanding the molecular basis of complex 
traits is essential if we are to improve them in a 
time efficient manner 

• This requires foresight and commitment from 
policy makers as well as scientists 



Thank you! 

 


