
Using Agrobacterium to make 
“Transgenic” Plants 

Agrobacterium 

We insert DNA with 
Our Favorite Gene 
 into the bacterium 

Plant Cell 

The bacterium puts it 
into the plant for us! 



We can introduce a gene into a plant cell 
and the “regenerate” a whole plant 



Making Plants Herbicide  
or Insect Resistant 

“RoundUp ready” 
 

The active ingredient of RoundUp is glyphosate 



 
This protein is found in bacteria, fungi, 
algae, some parasites and plants 
 
EPSP Synthase is NOT found in animals 
including humans.  
 
Its job is to make essential amino acids that 
must be obtained from an animal's diet. 

Glyphosate Inhibits A Protein Called: 
 

 “EPSP Synthase” 

http://en.wikipedia.org/wiki/Essential_amino_acid
http://en.wikipedia.org/wiki/Essential_amino_acid


Why I am perfectly happy eating 
herbicide tolerant plants! 

 
The gene used specifies a protein 
found in all plants. We eat it all 

the time!  
 

The change that makes the protein 
“herbicide tolerant” involves a few 
amino acids – less difference than 
there is between two different 

plants.  



Insect Resistance 

Bt bacteria are insect 

pathogens that produce 

insecticidal pore forming 

proteins, the  

Cry toxins, that kill their 

insect larval hosts.  

Bacillus thuringiensis (Bt) 

A gram positive soil bacterium 



Bt toxin is very INSECT SPECIFIC, 
specific types affect only certain insects 



There are many different 
Cry toxins 



In order to kill the insect, the Bt protein must be 
attached to a specific receptor found only in insects 

Bt toxin is very INSECT SPECIFIC, 
specific types affect only certain insects 



Why I am perfectly happy eating 
insect resistant plants! 

 
The gene used (Bt toxin) specifies 
a protein that is digested in our 

stomach. 
 

It is not digested by the insect, 
because, not surprisingly, they 
have very different “guts”.    

 
 



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 





There is a lot of disagreement about the 
effects of existing GMOs on human health – 
FALSE!!! 

 
 “No negative effects on human health” 

– World Health Assoc. 
– National Academy of Sciences 
– American Assoc. Advancement of Sciences 
– American Medical Assoc. 
– European Food Safety Authority 
– US EPA, US  FDA, USDA  
– Scientific Societies of UK, France, Brazil, etc. 

 
 





What I want to communicate 
 
 

What is my bias? 
 
What are the major “transgenic crops” today? 
 
How do we put genes into plants? 
 
Will new technologies “replace” GMO plants? 
 
What do we need to do next? 
  



New Technologies for  
Crop Improvement 

 
 Marker Assisted Selection/Breeding 
 
 CRISPR/Cas gene editing 
 
 
 
 



Advances in genomics technologies 
facilitate breeding for complex traits  

•Genome sequence data are 
available for more than 20 
plant species 
 

•Molecular breeding and 
mapping tools are developed 
for many species 
 

•Genome-wide association 
studies help match genes to 
traits 

Anderson, L.K., Lai, A., Stack, S.M., Rizzon, C. and Gaut, B.S. (2006). Uneven distribution of 
expressed sequence tag loci on maize pachytene chromosomes. Genome Research. 16: 115-122. 

http://genome.cshlp.org/content/16/1/115.short
http://genome.cshlp.org/content/16/1/115.short
http://genome.cshlp.org/content/16/1/115.short


Genome sequence data are available for many crop plants 

Maize 



Marker Assisted Selection 

Phenotype: physical 
expression of traits 

Genotype:  sequence of all the 
genes in a genome 

Selecting for 
DNA markers 
is faster than 
selecting for 
phenotype 

Photo credit LemnaTec; Anderson, L.K., Lai, A., Stack, S.M., Rizzon, C. and Gaut, B.S. (2006). Uneven 
distribution of expressed sequence tag loci on maize pachytene chromosomes. Genome Research. 16: 115-122. 

http://www.lemnatec.org/
http://genome.cshlp.org/content/16/1/115.short
http://genome.cshlp.org/content/16/1/115.short
http://genome.cshlp.org/content/16/1/115.short


MAS was used to produce of 
submergence tolerant rice (Sub1 ) 

Many rice-growing regions are prone to flooding. In 
Pakistan a 2010 a huge flood submerged 17 million acres 
(69,000 km2) and destroyed much of the harvest  

July 2010 

Sept. 2010 

50 km 

Photo credits: Abdul Majeed Goraya / IRIN; NASA Goddard 

http://www.flickr.com/photos/irinphotos/4971019988
http://www.flickr.com/photos/gsfc/4976450277/


CRISP/Cas 
 
A technique for “Editing” a genome 
 
Remove genes, change existing genes 



The CRISPR 
Mechanism 



From the scientific journal CELL – October, 2017 

They increased tomato size and yield. 



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? 
  



Worldwide, preharvest crop loss estimates:  
 
 13.8% due to insects and other arthropods 

 
 11.6% due to disease (fungi, bacteria, and 

viruses)  
 

 9.5% due to weeds 
 
  
 Other losses due to stress:    
  drought, cold heat, salinization  

 
 

  

Total: 35% 

We need to use every tool at our 
disposal, including GMO technology, to 
solve agricultural and environmental 
problems to create food security and 
sustainability 



Can we use Genetic Engineering 
to do “good things”??? 

 
Plant improvement that can’t be done 

by conventional breeding. 
 
 
 

  



http://cera-gmc.org/index.php? 
action=gm_crop_database 

GM Disease Resistant Papaya has replaced 
80% of the Hawaiian Papaya crop 

http://cera-gmc.org/index.php
http://cera-gmc.org/index.php
http://cera-gmc.org/index.php


Ringspot Virus resistant Papaya 
 
 Developed by Dennis Gonsalves  
 
 An American phytopathologist, born in 1943.  

 
 Grew up on a sugar plantation in Kohala, Hawaii 

 
 Created virus-resistant Papayas at the University of 

Florida 

 Funded by USAID, helped develop locally adapted 
papayas for Venezuala, Jamaica, Brazil, Africa and 
Bangladesh 



The spread of Citrus Greening disease 
We have no way to breed citrus for resistance to this 

disease, but it could be done with GMO technology 







GM Example: Disease resistant banana 
by introduction of a gene from pepper  

Resistant  Susceptible 

Banana bacterial wilt is destroying plants in 
Africa. Transgenic plants carrying a resistance 
gene from pepper are resistant to the disease 

Tripathi, L., Mwaka, H., Tripathi, J.N., and Tushemereirwe, W.K. (2010). Expression of sweet pepper Hrap gene in banana 
enhances resistance to Xanthomonas campestris pv. musacearum. Molecular Plant Pathology 11: 721-731. 

http://onlinelibrary.wiley.com/doi/10.1111/j.1364-3703.2010.00639.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1364-3703.2010.00639.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1364-3703.2010.00639.x/abstract
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