
Transgenic Plants: From 
Basic Research to 

Agricultural Applications 
 
 

Elizabeth Vierling 
 

Dept of Biochemistry & Molecular Biology 
UMass Amherst 

Hitchcock Center, Amherst MA, Dec 2017 



What I want to communicate 
 
 

What is my bias? 
 
What are the major “transgenic crops” today? 
 
How do we add to, or modify plant genes? 
 
Will new technologies “replace” GMO plants? 
 
What do we need to do next? 
  

NOT ALL GMOs ARE THE SAME! 



I use GMO “technology” to put genes into 
plants for basic research and discovery. 

Mustard family 
(Brassicaceae) 

 
Related to Canola, Broccoli, 

Cauliflower, Cabbage 

“Mouse-eared cress”  
(Arabidopsis thaliana) 
 

Research support: the National 
Science Foundation, USDA, DOE, 
National Institutes of Health 



What is my bias? 
 Use knowledge-based processes to understand 

potential risks and rewards of new (and old) 
technologies 
 

 Protect the right for farmers to farm in 
different sustainable ways (and make a living), 
and for consumers to choose foods of their 
preference 
 

 Concern:  Over-heated rhetoric and “Fake News” 
obscures both the risks and rewards of GMOs. 
– GMOs will double yields and solve all agricultural 

problems!!! 
– GMOs will kill you, or at least make you sick, and 

besides…it’s MONSANTO (buy organic, GMO free) !!! 
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 “Biotech” crops currently grown 
Countries listed in order of number of acres 

, apples, potatoes 







http://ec.europa.eu/food/dyna/gm_register/index_en.cfm/ 

The EU has authorized GM Food crops 



Note: There is currently NO 
“GMO” rice, wheat, peanut 

 “Biotech” crops currently grown 
Countries listed in order of number of acres 

, apples, potatoes 



Major genes currently in 
transgenic crops 

Herbicide tolerance (HT): Corn, soybean, 
canola, cotton, sugar beet, alfalfa, others 

 “Roundup Ready”, and others 
 Gene: EPSP synthase, and others 
 

 Insect Resistance (Bt): Corn, Cotton 
“Bacillus thuringensis toxin”  

 Gene: Bt toxin (many types) 









Adoption of Genetically Engineered 
Corn in the US 

Percent of Acres Planted 



Adoption of Genetically Engineered 
Cotton in the US 

Percent of Acres Planted 
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What is a GENE? 
 
Let’s start with DNA 

and putting it in 
context. 



The four major Macromolecules of life: 
 (i.e. big stuff, e.g. relative to an atom)  

 
Nucleic acids: DNA-Deoxyribonucleic acid  
      RNA–Ribonucleic acid 
      Store and transmit information 
 

Proteins: Made of Amino acids (20 kinds) –  
    Workhorses of our cells/bodies 
 

Lipids: Store energy (fat),lots of other functions 
 
Carbohydrates: Store energy, other stuff too 



Watson 
Crick 

1953 – Defining the structure of DNA 
James Watson and Francis Crick 

London Science Museum 



A GENE is a section of DNA with a specific 
sequence of “base pairs” that encodes the 
information required to make a protein 



DNA “Double Helix” 

“Side” View 

“Top” View 

“Base Pairs” 

A          T 

C           G 



From DNA to Protein – The Central Dogma 

Protein 

RNA 

DNA 
(genotype) 

Phenotype 
 (what we, or the plant looks like!) 

amino acids 

base pairs 



How much DNA is in each plant cell? 

Latin name Common name 
DNA amount 

Million “base pairs” 



Plants and mammals, including humans, have on 
average about 25,000 to 35,000 GENES, 

i.e. Segments of DNA base pairs that specify 
unique PROTEINS. 



A plant “disease” called “Crown Gall” 
Caused by infection with a bacterium 

named “Agrobacterium” 

Presenter
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A plant “disease” called “Crown Gall” 
Caused by infection with a bacterium 

named “Agrobacterium” 

Carrot Cell 

bacterial cell 
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Mary-Dell Chilton 



How does Agrobacterium make “tumors”? 

Agrobacterium Plant 
Cell 

Crown 
Gall 

“Tumor-inducing” 
plasmid DNA 

Small piece of 
DNA is injected 

by the 
bacterium into 
the plant cell 



Agrobacterium can move genes into 
plants that the bacteria use to grow, 
so….. 
 
We can use Agrobacterium to put any gene 
into plants. 



Putting a GENE of choice into plants using 
Agrobacterium was first achieved in 1983 
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