
Plant biotechnology:  
what it means and where we’re 

going 

XXXX 



Biotechnology has a long history 

teosinte 

Modern maize 

­  Microbial/yeast biotech has 
long history: making 
cheese, bread, beer, wine 

­  “old-style” plant biotech has 
been used for crop 
improvement for centuries 
–  Select mutants for best 

yield and quality (tomatoes!) 
–  Breed plants to further 

improve  
 desirable characteristics 

–  Ultimate improved crop is 
maize: from from teosinte 

Early 
cultivate
d maize 

Tomato ancestor (5 g) 

Beefsteak (1000 g!) 



What is plant 
biotechnology? 

­ Manipulating plants and plant 
parts for practical uses 
–  Improved food crops 

­ Higher yields 
­ Improved nutrition 
­ Environmental tolerances 

–  Improved production of valuable 
molecules 

– Production of novel molecules 



DNA IS 
EVERYWHERE  



•  Genes  =  the coding system for instructions 
•  A gene =  is a segment of DNA 
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Genes and Proteins 

Gene 
(a piece of DNA) 

trait protein 

translation 

mRNA 

transcription 



Biotechnology’s four concepts 

­  All organisms are made of cells and cell 
products 

­  Each cell in an organism contains the same 
set of genes 

­  The genome contains all the genetic 
information necessary to make an entire 
organism 

­  All organisms share the same  
 genetic language 



Biotechnology in agriculture has two 
categories:  

- “Improvements” to existing livestock and 
crops, and  
-  Development of entirely new uses for both 

animals and plants (biopharming). 

“Improvements", include ‘input traits’ such as 
crops with extra resistance to insect attack, 
improved weed control, increase the plants 
tolerance to cold, drought and other 
environmental factor. 



Biotechnology & 
agriculture 

­ Terminology 
– Transgenic 
– GMO 
– GM crop 



What is a Genetically Modified Organism? 

•  It involves the insertion of DNA from one 
organism into another OR modification 
of an organism’s DNA in order to 
achieve a desired trait.  

Suntory "blue" rose 









Public Support Varies for Different 
Applications of Biotechnology 

(Includes ALL Countries – N = 35,000)                      
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The Benefits of Using Biotechnology  
are Greater than the Risks  

(35,000 Consumers from 35 Countries) 
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The Benefits of Using Biotechnology 
are Greater than the Risks  

(European Consumers) 
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Willing to Buy GM Food if More Nutritious  
(Net = Continue – Not Continue) 
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“By Eating a Genetically Modified Fruit, a 
Person’s Genes Could also Be Changed” 

1996 - 1998 
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“Ordinary Tomatoes Do Not Contain Genes, 
while Genetically Modified Ones Do” 

1996 - 1998 

40
48

46

51

35
36

32

34

45
52

38
21
24

27

44
20

39

22

45
33

22
31
30

22

21
44

29

44

10
15

0 20 40 60 80 100

United Kingdom 

Switzerland 

Sweden 

Netherlands 

Italy 

Germany 

France 

Austria

United States 

Canada 

Percent Response

 False (Correct)  Don't Know  True 



A brief history of crop 
improvement 

­  Strategies to manipulate genomes 
–  Selection of desirable traits (manipulating 

population genetics) 
–  Introducing new genetic traits to a genome 

–  Gene transfer technologies 
–  Genetic “transformation” (gene gun, Agrobacterium 

tumefaciens) 

 



Crop domestication 

­ Artificial selection since ~9,000 
B.C. 



Introducing new traits: 
Hybridization 

­ Cross-pollination 
– Domesticated variety as 

one parent 
– Related variety or species 

with a desirable traits 



Selection of desirable 
genetic traits 



Agricultural breeding 

Traditional breeding changes organisms through selection. 



Limitations of 
hybridization 

­ Restricted to plants that can 
naturally hybridize 
– Crosses to closely related species 

usually successful 
– Hybridization to distantly related 

species usually problematic 
­ Little to no seed produced 
­ Hybrids recovered are often sterile 



Breaching reproductive barriers for crop 
improvement: 

 
Recombinant DNA technology & genetic engineering 



Recombinant DNA technology 
and crop improvement 

­  Allows utilization of every species 
­  Allows direct transfer of a single gene 
­  Requires a method of gene transfer into 

plant cells 
­  Requires regenerable plant cells 

–  Totipotency of many plant cell types allows 
for regeneration of entire plants from single 
cells 



TOTOPOTENCY OF PLANT CELLS 



Whole plants can be regenerated via 
cell and tissue culture 



Plant transformation 
technologies 

­ Genetic transformation – creating 
transgenic organisms 
– Agrobacterium 
– Gene gun 



General	
  procedure	


Gene	
  cloning	
 Vector	
  Construct	
 Plant	
  transforma6on	
  
(Regenera6on)	
  



Plasmid	
  -­‐	
  small	
  circular,	
  double-­‐stranded	
  DNA	
  molecules	
  
in	
  bacteria,	
  In	
  nature,	
  plasmids	
  carry	
  genes	
  that	
  may	
  benefit	
  
survival	
  of	
  the	
  organism.	
  	


Vector Construct – Plasmid & Vector	


Vector	
  -­‐	
  Plasmids	
  used	
  in	
  gene6c	
  engineering	
  are	
  called	
  vectors.	
  They	
  
are	
  commonly	
  used	
  to	
  mul6ply	
  (make	
  many	
  copies	
  of)	
  or	
  express	
  
par6cular	
  genes.	
  	




Vector Construct – Agrobacterium 
tumefaciens	

Agrobacterium	
  tumefaciens	
  is	
  the	
  causal	
  agent	
  of	
  crown	
  gall	
  disease	
  
(the	
  forma6on	
  of	
  tumours)	
  in	
  over	
  140	
  species	
  of	
  dicot.	
  It	
  is	
  a	
  rod	
  
shaped,	
  Gram	
  nega6ve	
  soil	
  bacterium.	
  Symptoms	
  are	
  caused	
  by	
  the	
  
inser6on	
  of	
  a	
  small	
  segment	
  of	
  DNA	
  (known	
  as	
  the	
  T-­‐DNA,	
  for	
  'transfer	
  
DNA'),	
  from	
  a	
  plasmid,	
  into	
  the	
  plant	
  cell,	
  which	
  is	
  incorporated	
  at	
  a	
  
semi-­‐random	
  loca6on	
  into	
  the	
  plant	
  genome.	




Agrobacterium 
tumefaciens 

Ti plasmid 

Agrobacterium 
Genomic DNA 

+ 

Ti plasmid with the gene of interest 

Gene of 
interest 

Empty 
plasmid 

Restriction 
enzyme A 



Agrobacterium 

Ti plasmid with the new gene 

Plant cell 

cell’s 
DNA 

Transgenic plant Cell division 

The new 
gene 

+ Transformation 

Agrobacterium 
tumefaciens 



Agrobacterium transformation 



Plant regeneration – plant tissue 
culture	


•  Plant tissue culture is a collection of techniques used to maintain 
or grow plant cells, tissues or organs under sterile conditions on a 
nutrient culture medium of known composition. 

•  Based on the development of the Plant Cell Totipotency.	




Gene Gun 

­  Invented by Cornell researcher, 
John Sanford 





“Gene Gun” 
Technique 

DNA coated golden 
particles 

Gene gun 

Cell division 

A plant cell with 
the new gene 

Transgenic plant 

Plant cell 

Cell’s DNA 







Examples of crop improvement 
through genetic engineering 

­ Engineered herbicide 
resistance 
– Glyphosate (RoundUp™) and 

EPSP synthase 



A	
  binary	
  T-­‐DNA	
  plasmid	
  for	
  delivering	
  the	
  Bt	
  gene	
  to	
  plants	
  

(NPT or kanr) 

(35S-Bt gene-tNOS) 

Bacillus thuringiensis, commonly known as Bt, is a bacterium that occurs naturally in the 
soil. Some strains of Bt produce proteins that kill certain insects. When these insects ingest 
the Bt protein, the function of their digestive systems is disrupted, producing slow growth 
and, ultimately, death 





Genetically engineered Bt-plants in the field  

Product Institution(s) Engineered Trait(s) Sources of New Genes Name 
Corn Bayer Resist glufosinate herbicide to control weeds/Bt toxin to control insect pests (European corn borer) Bacteria, virus StarLink-1998 (animals only) 
Corn Dow/Mycogen Bt toxin to control insect pests (European corn borer) Corn, bacteria, virus NatureGard-1995 
Corn Dow/Mycogen Resist glufosinate herbicide to control weeds/Bt toxin to control insect pests (Lepidopteran) Corn, bacteria, virus Herculex I-2001 

DuPont/Pioneer   
Corn Monsanto/DeKalb Bt toxin to control insect pests (European corn borer) Bacteria Bt-Xtra-1997 
Corn Monsanto Bt toxin to control insect pests (European corn borer) Bacteria YieldGard-1996 
Corn Monsanto Resist glyphosate herbicide to control weeds/Bt toxin to control insect pests (European corn borer) Arabidopsis, bacteria, virus ?-1998 
Corn  Syngenta Bt toxin to control insect pests (European corn borer) Bacteria Bt11-1996 
Corn Syngenta Bt toxin to control insect pests (European corn borer) Corn, bacteria, virus Knock Out-1995 
Corn (pop) Syngenta Bt toxin to control insect pests (European corn borer) Corn, bacteria, virus Knock Out-1998 
Corn 
(sweet) 

Syngenta Bt toxin to control insect pests (European corn borer) Bacteria Bt11-1998 
Cotton Monsanto/Bayer Resist bromoxynil herbicide to control weeds/Bt toxin to control insect pests (cotton bollworms Bacteria ?-1998 
    and tobacco budworm)     
Cotton Monsanto Bt toxin to control insect pests (cotton bollworms and tobacco budworm) Bacteria Bollgard-1995 
Potato Monsanto Bt toxin to control insect pests (Colorado potato beetle) Bacteria NewLeaf-1995 
Potato Monsanto Bt toxin to control insect pests (Colorado potato beetle)/resist potato virus Y Bacteria, virus NewLeaf Y-1999 
Potato Monsanto Bt toxin to control insect pests (Colorado potato beetle)/resist potato leafroll virus Bacteria, virus NewLeaf Plus-1998 
  





Development	
  of	
  stress-­‐	
  and	
  senescence-­‐tolerant	
  plants:	
  
gene6c	
  engineering	
  of	
  flavorful	
  tomatoes	
  	
  

­  Fruit	
  ripening	
  is	
  a	
  natural	
  aging	
  or	
  senescence	
  process	
  that	
  involves	
  two	
  independent	
  pathways,	
  
flavor	
  development	
  and	
  fruit	
  soRening.	
  

­  Typically,	
  tomatoes	
  are	
  picked	
  when	
  they	
  are	
  not	
  very	
  ripe	
  (i.e.,	
  hard	
  and	
  green)	
  to	
  allow	
  for	
  safe	
  
shipping	
  of	
  the	
  fruit.	
  

­  Polygalacturonase	
  is	
  a	
  plant	
  enzyme	
  that	
  degrades	
  pec6ns	
  in	
  plant	
  cell	
  walls	
  and	
  contribute	
  to	
  fruit	
  
soRening.	
  

­  In	
  order	
  to	
  allow	
  tomatoes	
  to	
  ripen	
  on	
  the	
  vine	
  and	
  s6ll	
  be	
  hard	
  enough	
  for	
  safe	
  shipping	
  of	
  the	
  
fruit,	
  polygalacturonase	
  gene	
  expression	
  was	
  inhibited	
  by	
  introduc6on	
  of	
  an	
  an6sense	
  
polygalacturonase	
  gene	
  and	
  created	
  the	
  first	
  commercial	
  gene6cally	
  engineered	
  plant	
  called	
  the	
  
FLAVR	
  SAVR	
  tomato.	
  	
  

Flavor development pathway 

Fruit softening pathway 

Green Red 

Hard Soft 
polygalacturonase 

antisense polygalacturonase 



Golden rice 

Some genetically modified foods 
Transgenic technology produced a 

type of rice that accumulates 
beta-carotene in rice grains. Once 
inside the body, beta-carotene is 

converted to vitamin A.  

More than 120 million children in 
the world suffers from vitamin A 

deficiency. Golden Rice has the 
potential to help prevent the 1 to 
2 million deaths each year caused 

by a deficiency in this vitamin.  



Some genetically modified foods 

AquAdvantage salmon  



GMO in Manufacturing 

•  Produces silk in milk to make Biosteel 

+ 



Plants	
  as	
  bioreactors	
  

•  Production of therapeutic agents 
(proteins) 

•  Production of recombinant vaccines 
or edible vaccines 

•  Production of antibodies 

• Molecular farming !!!! 



Table 20.6 



 
 

PLANT-DERIVED BIOMEDICALS FOR TREATMENT OF INFECTIOUS DISEASES 

  

 

DISEASES 

 
VACCINES 

 
PLANT 

 
ANTIBODY 

 
PLANT 

 
Respiratory 
Syncytial 

 

í 
 

Tobacco 

 
  

 
  

 
Hepatitis B 

 
í 
 

Lettuce 

 
  

 
  

 HIV 

 
í 
 

Spinach 

 
  

 
  

 Rabies 

 
í 
 

Spinach 
Tobacco 

 

í 
 

Tobacco 

 
Anthrax 

 
í 
 

Tobacco 
Tomato 

 

  

 
  

 
Diphtheria 

 
í 
 

Tobacco 

 
  

 
  

 SARS 

 
í 
 

Tobacco 
Tomato 

 

  

 
  

 
Smallpox 

 
í 
 

Tobacco 
Tomato 

 

  

 
  

 

HUMAN DISEASES 

 
VACCINES 

 
ANTIBODY 

 
Colorectal Cancer 

 
í 
 

í 
 

Epithelial Tumors  
(EGF receptor) 

 

  

 
í 
 

PLANT-DERIVED BIOMEDICALS FOR TREATMENT OF CANCER 



Antibodies 

­  Magic bullets: 
­  Therapeutic – inhibit target involved in 

disease progression 
­  Diagnostic 
­  Prevention of disease 
­  Cause cytotoxic death of target cells 
­  Act as carriers for radioisotopes, 

toxins and drugs to site of disease 



 
Full-size monoclonal antibodies recently 

produced in transgenic plants 
 



Antibodies: a compelling success story 

§  high specificity: in vitro and in vivo diagnostics 

§  low toxicity: therapeutic applications 

§  high drug approval rates (24 approved mAbs) 

§  major products in biotechnology (~240 in clinical trials) 

§  inherently stable human proteins  

§  injectable, topical and oral applications 

§  applicable for chronic conditions 

§  potential long-lasting benefits 



Production Costs for Antibodies 
Production costs cost in $ / gram 

hybridomas 1000 
transgenic animals  100 
transgenic plants 10 

Source: Daniell et al. (2001) TIPS 6, 219-226 

E. coli & yeast Tr. animals and 
animal cells 

Transgenic 
plants 



One focus of current vaccine effort is on hepatitis B, a virus responsible for 
causing chromic liver disease. Transgenic tobacco and potatoes were 
engineered to express hepatitis B virus vaccine. During the past two years, 
vaccines against a E.coli toxin, the respiratory syncytial virus, measles virus, 
and the Norwalk virus have been successfully expressed in plants and delivered 
orally. These studies have supported the potential of edible vaccines as 
preventive agents of many diseases.  

Edible Vaccines 

There is hope to produce edible vaccines in bananas, which are grown extensively 
throughout the developing world. 



Plants	
  are	
  also	
  being	
  gene6cally	
  engineered	
  for:	
  

•  Biofuel production (e.g., lower lignin, 
lower recalcitrance) 

•  Phytoremediation (i.e., bioremediation 
using plants) 

•  Biopolymers (i.e., biodegradable 
plastics) 



Roadmap Plants for the Future 

1997 2005 2015 2025 

Efficient agriculture 

-  Bt technology 
-  Herbicide resistance 

Health food and 
quality 
-  Amino acids 
-  Oil 
-  Starch 

Plant protection 
-  Viruses 
-  Nematodes 
-  Fungi 
-  Insects 

Plant production platforms 
-  Vitamines 
-  Fatty acids 
-  Enzymes 
-  Bio-polymers 
-  Pigments 
-  Pharmaceutical products 
-  Fibers 

Stress resistance 
-  Cold 
-  Drought 
-  Salinization 


