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What are GMOs?
 Genetically Modified Organisms

 An organism whose genetic characteristics 
have been altered using the techniques of 
genetic engineering. 

 Used by many people for a variety of 
purposes

 Medical research, pharmaceutical 
drugs, experimental treatment, 
agriculture



GMOs - A Brief 
• Charles Darwin - Natural Selection

• Gregor Mendel - Theory of Heredity

• Outcome: Artificial Selection and Hybridization



GMOs - A Brief History, 
 Fast-Forward to the 1970’s

 1973 – First GMO, E. coli 
   expresses extraneous 
   Salmonilla
 1975 - Asilomar Conference
 1978 - First genetically 
   engineered bacteria to 
   produce insulin

Dr. Paul Berg



The 90’s and Today
 1993 - Flavr Savr Tomato
 Today - GloFish, Apriums, EnviroPig, 

Golden Rice, iGEM, etc.



Uses of GMOs
 Agricultural products (meat, 

dairy, fresh produce)
 herbicide-resistant 

crops      

 insect-resistant crops
US GM Crops
Soy       91%
Corn      73%
Cotton   87%
Canola   80% 
(Canada)

What is genetically engineered in the US? 
Right now soy, corn, cotton, and canola are the big four. Soy and Corn derivatives are in most processed foods. If it comes in a box from the 
supermarket, it is probably genetically engineered. All four are used in vegetable oil. 



Purpose of GE on plants
 Resistance to diseases and pathogenes (bacteria, 

fungi, viruses, insects…)
 Resistance to novel herbicides
 Protection against abiotic stress – salinity, drought, 

frost…
 Functional food (cancer protecting tomato, …)
 Improved nutritional value in different food products 
 Increased amount of vitamins in products (golden rice 

– provitamin A), vaccines in plants
 Improved aroma, taste and structure of agricultural 

products
 Improved fiber quality (cotton)

Purpose of gentic engeneering on plants
Improved yields and stress tolerance



GMOs:  Why the Controversy?

Long Term Effects still UNKNOWN…
GMOs  Profoundly impacts the global agricultural 
economy

Production

Consumer Products

Processing

Commodity Handling

Genetic engineering is a powerful new technology that is in general poorly understood and whose long term effects are unknown.
Have and will continue to impact all facets of the global agricultural economy..
Affect production, processing, handling and future products



Uses of GMO- Advantages

 Economical benefits in the case of sugar beet
use of selective herbicide decrease income for          

5-15%
GMO plant needs LESS watering, instead 4-6 just    

2-3
seeds costs more
 less machine cultivation
 less fuel used -> less emission of CO2  in the 

atmosphere



Advantages Cont.
 Herbicide (weed killer) 

tolerance
 Insect resistance 
 Virus resistance
 Quality improvement, 

Higher Crop yield
 Less use of herbicides



Reasons to Avoid GMOs
 Human Health Concerns
 Nobody can say GMOs are safe
 No specific tests which analyze long term 

safety of GM foods, no independent 
research and post-marketing follow-up 
analysis.

Many scientists, doctors and health advocates raise concerns about the unintended impact of GMOs on human health. Yes, because there is no 
independent research (and in fact, seed companies’ agreements forbid the use of seeds for independent research), nobody can say with any 
degree of certainty that GMOs are safe.
While biotech supporters often argue that GM crops have been around since at least 1996 and that people have been consuming GM foods or 
foods with GM ingredients for a long time without alleged side-effects, the argument is misleading. No specific tests designed to analyze the long 
term safety of GM foods, no independent research, and no post-marketing follow-up analysis.
It is inappropriate, at best, for biotech companies to prevent independent testing of its products, as they hide behind the wall of intellectual 
property protection, and then go on to argue that their products are safe. 



                           Allergens
 

                                 Toxins
                         

New diseases
                

Nutritional problems 

Agency scientists 
              warned of:

The overwhelming consensus among the agency’s own scientists was that GM foods could lead to unexpected, hard to 
detect side effects, including allergens, toxins, new diseases, and nutritional problems. The scientists urged their superiors to 
require long-term safety studies. 



Other Risks
 Pollination

 transfer of pollen and genes by 
insects even in the area of more km 
from field with GMO

 Pesticides go hand in hand with GMO’s
 Increased use of pesticides and herbicides 

 superweeds
 Artificially created selection pressure could 

lead to a dominance of GMO

On February 15, 2010, GMO Journal submitted a public comment to the Agency urging it to reject Monsanto’s application for a deregulated 
status. 

Increased use of pesticides and herbicides leads to superweeds, the weeds that are resistant to those same pesticides we are told are “safer” 
Such superweeds include the common ragweed, common water hemp, giant ragweed, hairy fleabane, horseweed, Italian Ryegrass, Johnson 
grass, palmer amaranth and rigid ryegrass. 

With the creation of herbicide tolerant weeds, Farmers respond by increasing the dosage of pesticide, often times more toxic to kill the 
superweeds. Herbicide use is accelerating - Single year increase of 31% (2007-2008)
GM plant become weed – high herbicide tolerance – difficulties with control of growth



Animal Health Concerns
 Massive worker bee die-offs due to inc. 

use of pesticides
 GMOs negatively impacting other 

insects – food for larger animals
 Glyphosate (herbicide) impacts 

composition of soil
 Engineered plants which express toxic 

substances present risks to other 
organisms

Often less discussed is the impact of GMOs on animal health. The fact is that if they are impacted means we are not far behind. Many scientists believe that 
while several causes may have contributed to the massive bee die-offs of the last four years, at least one contributing factor is the increased use of 
pesticides. Recent research indicates that since GMOs were introduced, farmers applied 318 million more pounds of pesticides than compared to the amount 
of pesticide likely to have been applied in the absence of GM seeds. 

In addition to impacting bees, GMOs may also be negatively impacting other insects — insects that serve as food for larger animals or serve other beneficial 
purposes in the ecosystem. 
There is also research demonstrating that glyphosate adversely impacts the composition of soil thereby causing adverse impact in nematoes (earthworms) 
and other beneficial soil bacteria.  Finally, plants engineered to express toxic substances could present risks to other organisms, thus disrupting the natural 
food chain.



 GM plants could “contain unexpected 
high concentrations of plant toxicants.”

 “The possibility of unexpected, accidental 
changes in genetically engineered plants 
justifies a limited traditional toxicological 
study.”

 FDA Toxicology Group 

The FDA (Food and Drug Administration) Toxicology Group wrote that GM plants could “contain unexpected high 
concentrations of plant toxicants.”
“The possibility of unexpected, accidental changes in genetically engineered plants justifies a limited traditional toxicological 
study.”



Eww..Yuk!

1st GM Crop: 
FlavrSavr Tomato

Rats refused 
to eat the 
tomato

The first GM crop was looked at by the FDA was the FlavrSavr tomato, engineered to have a longer shelf-life. Calgene, its 
producers, were the only company to give the FDA raw feeding study data. They did a study with rats but … 
…the rats refused to eat the tomato. 



After 28 days 
•7 of 20 force fed rats developed stomach lesions
•Another 7 of 40 died within 2 weeks

Industry study

2 lines of GM tomato made; 
one associated with high rates 
of lesions and deaths

FDA did not block introduction 
of tomato and company 
voluntarily marketed one not 
associated with the rat 
problems

Getting back to the mice, scientists force fed rats the FlavrSavr tomato for 28 days. 7 of 20 rats developed stomach lesions. Another 7 of 40 died 
within 2 weeks. In the documents made public, scientists said that the study doesn’t show “a reasonable certainty of no harm.” The FDA did not block the introduction of 
the tomato.

The company had created two lines of the GM tomato, both with the same gene inserted. One was associated with these high rates of lesions and deaths, the other was not. 
The company voluntarily decided to market the one that was not associated with the rat problems. 

This also provides an example of how the same crop inserted with identical genes, may have very different results. And it provides a good example of the first category of what 
can go wrong with GMOs.
[Department of Veterinary Medicine, FDA, correspondence June 16, 1993. As quoted in Fred A. Hines, Memo to Dr. Linda Kahl. “Flavr Savr Tomato: . . . Pathology Branch’s 
Evaluation of Rats with Stomach Lesions From Three Four-Week Oral (Gavage) Toxicity Studies . . . and an Expert Panel’s Report,” Alliance for Bio-Integrity (June 16, 1993) 
http://www. biointegrity.org/FDAdocs/17/view1.html; and also Arpad Pusztai, “Can Science Give Us the Tools for Recognizing Possible Health Risks for GM Food?” Nutrition 
and
Health 16 (2002): 73–84.]



When given a choice, many animals 
avoided GM foods 

Farmers, students, reporters and scientists report that when given a choice, a large variety of animals avoid eating GM 
foods. These include cows, pigs, geese, squirrels, elk, deer, raccoons, buffalo, mice and rats.
One farmer read about squirrels avoiding GMOs in the book Seeds of Deception, so he wanted to try the experiment himself. 
He purchased GM and non-GM ears of corn, and left them in a wood shop waiting to do the experiment in winter. But he 
forgot about it. When he later came across the bags of corn, 



Mice avoided GM corn

Non-Genetically Modified Genetically Modified

One farmer read about squirrels avoiding GMOs in the book Seeds of Deception, so he wanted to try the experiment himself. He purchased GM 
and non-GM ears of corn, and left them in a wood shop waiting to do the experiment in winter. But he forgot about it. When he later came across 
the bags of corn, the mice had done the experiment for him. All the non-GMO ears were eaten. The bag with the GM corn was untouched.



Is this a G.M.O.?
Golden Rice

• Pathway for β-carotene 
biosynthesis.

•Added two daffodil and one bacterial 
genes. 

Lets first play a game: is this a GMO?
 - Classic transgenic organism.
 - Everyone can agree, GMO.



Is this a G.M.O.?
Corn (Z. mays)

• There has not always 
been corn.

• Likely corn ancestor: “Balsas Valley 
Teosinte” 

Genetic distance studies, 9000 years.
Approx 10,000 years ago human beings figured out agriculture, growing plants in one place. Naturally, they grew the tastiest, largest, corniest 
corn. 



Is this a G.M.O.?
Your dog

• Compounded product 
thousands of years of artificial 
selection.

Product of artifical selection for thousands of years. 



Cisgenic vs. Transgenic
• Cisgenic: Transfer of genes from 
one organism to another sexually 
compatible species by natural 
means.
• Transgenic: Transfer of genes 
from one species to another 
artificially.



Ethical Question: Is it 
• Opposition:

Argument of 
unforeseeable 
consequences
 Don’t know what 
it will  do

Argument of sacred 
genetics
 Mankind shouldn’t 
have  the ability to 
change  mother nature

Established GMO not only sometimes beneficial, but largely unavoidable.



Ethical Question: Is it 
• Support:

Argument of Inevitability

Argument of Risk vs.  
Benefit

NO!

Dr. Norman Borlaug

Dr. Borlaug helped create 
genetically modified wheat that 
could grow better in countries 
who strongly depended on the 
crop.  He is credited for saving 
the lives of billions of people 
through the discovery.

Established GMO not only sometimes beneficial, but largely unavoidable.



1) Herbicide tolerance 

2) Pesticide production (eg. Bt toxin) 
  

* There are also crops with both traits 

       primary traitsTwo

There are two primary traits engineered into GM soy, corn, cotton, and canola. They are herbicide tolerance and pesticide 
production. 



ECONOMICAL BENEFITS OF 
GMO

•Reduces average cost of production

• No need for farmers to use insecticides

•Increase in revenue due to higher yield or quality of genetically 
engineered crops



Economical Concern
• Biotech companies monopolizing 

agriculture

Example of company: Monsanto's 
near-monopoly on Bt corn

Monsanto increased prices for 
farmers. 

This is a great marketing opportunity for the manufacturers who sell the seeds and the herbicide as a package deal. For example, Monsanto sells 
Roundup Ready crops, which are engineered to survive applications of the company’s Roundup herbicide. Buyers even sign a contract with 
Monsanto saying they will only use Monsanto’s brand of herbicide with their GM crop.

Monsanto's strategy has been to continually insert increasing amounts of new genes into seeds to make them perform better, and subsequently 
increase prices for farmers. But that predatory strategy has failed, as farmers are less willing these days to buy such seeds, especially at premium 
prices. And many farmers simply no longer trust Monsanto.



The GM genocide: Thousands of Indian farmers are committing 
suicide after using genetically modified crops By Andrew Malone

• In 2008, UK Daily 
Mail estimated that 
125,000 indebted 
farmers committed 
suicide. 

• The Bt cotton sold by Monsanto didn’t offer a reliable 
harvest and therefore many farmers were unable to pay 
back the loans that they took to buy the expensive GM 
seeds. 

• The price difference is staggering: £10 for 100 grams of 
GM seed, compared with less than £10 for 1,000 times 
more traditional seeds.

A farmer and child affected by GM debt in India

With rains failing for the past two years, many GM crops have simply withered and died, leaving the farmers with crippling debts and no means of paying them off. 
Having taken loans from traditional money lenders at extortionate rates, hundreds of thousands of small farmers have faced losing their land as the expensive seeds fail, while those who 
could struggle on faced a fresh crisis. 
When crops failed in the past, farmers could still save seeds and replant them the following year.

As a result, farmers have to buy new seeds each year at the same punitive prices. For some, that means the difference between life and death. 

• This article also mentions that the farmers were not told that the seeds required double the amount of water.  
• Farmers were told by the company that these were “magic seeds”, but the results  shows that instead of being the GM pest-proof ‘breeds’ of cotton, these plants were devastated by 

bollworms, a voracious parasite. 
• Farmers lost their land to pay off their loans 
• GM seeds cannot be replanted, unlike traditional seeds, due to the GM seeds containing a so-called “terminator technology” meaning that they have been genetically modified so that 

the  resulting crops do not produce viable seeds of their own. 

With rains failing for the past two years, many GM crops have simply withered and died, leaving the farmers with crippling debts and no means of paying them off. Developing countries 
often have very different climates, soils, and agricultural practices than the locations in which GM crops were originally developed, and some people question whether GM crops could 
actually be profitable for third world agriculture.

Having taken loans from traditional money lenders at extortionate rates, hundreds of thousands of small farmers have faced losing their land as the expensive seeds fail, while those who 
could struggle on faced a fresh crisis. 
When crops failed in the past, farmers could still save seeds and replant them the following year.

As a result, farmers have to buy new seeds each year at the same punitive prices. For some, that means the difference between life and death. 



Another Economical 
concern
 Internationally, many countries – in 

particular the European Union – have 
expressed a reluctance to accept GM 
food and feed grains, in contrast to the 
quick adoption of GM agriculture by US 
farmers.

 The result of this is some countries have 
been hesitant to use GM, knowing their 
customers may not buy their products.



 Editorial
The Lancet
Vol 360, Number 9342 
October 26, 2002

 14 million people are affected by hunger in 
southern Africa

 USA donated GM maize 
 In 2002, Zambia food rots in warehouses 

because government believes its unsafe.

President Levy Mwanawasa has 
even called GM maize "poison", 
saying he is not prepared to 
"use our people as guinea 
pigs". 

In some areas, citizens have 
rioted and looted to get to the 
food. 

Editorial - Surely the donation of many thousands of tonnes of emergency food supplies should alleviate the suffering of millions of 
hungry people, should it not? Not, it turns out, when the food has been genetically modified. In southern Africa, hunger now affects 
some 14 million people. The USA has donated GM maize to help alleviate the crisis, but in Zambia the food rots in warehouses because 
the government believes it unsafe. President Levy Mwanawasa has even called GM maize "poison", saying he is not prepared to "use 
our people as guinea pigs". In some areas, citizens have rioted and looted to get to the food. 



Another Economical 
Concern
 Others argue that non-GM food 

marketers, especially organic food 
producers are looking for ways to justify 
charging more for their ‘GM-free’ 
products.



 What is so frightening about 
Engdahl's vision of the world 
is that it is so real. To 
achieve world domination, 
they no longer rely on 
bayonet-wielding soldiers. All 
they need is to control food 
production. 

 (Dr. Arpad Pusztai, biochemist, formerly of the 
Rowett Research Institute Institute, Scotland)

Seeds of Destruction 
The Hidden Agenda of Genetic Manipulation
by F. William Engdahl

This skillfully researched book focuses on how a small socio-political American elite seeks to establish control over the very basis of human 
survival: the provision of our daily bread. "Control the food and you control the people."



Examples: Golden Rice
 Developed to combat vitamin A 

deficiency, which affects one in three 
children under 5

 Beta-carotene is a precursor of vitamin 
A and is produced in the non-edible 
parts of the rice plant

 Rice plants were genetically engineered 
to produce the proteins required to 
synthesize beta-carotene

 The genes that code for these proteins 
are controlled by a promoter specifically 
found in the endosperm (edible portion)



Flavr Savr Tomatoes
 First genetically engineered tomato
 Slows down rotting by interfering 

with polygalacturonase, which 
breaks down pectin in the cell walls

 Increases the shelf-life of the 
tomato, making it more 
economically friendly for farmers

 This allows the tomato to be picked 
when it ripens, enhancing the flavor 
lost during artificial ripening



Bt Cotton

 Produced  to limit the amount broad-based 
insecticides used to minimize costs

 The bacterium Bacillus thuringiensis (Bt) produces 
a toxin that is a natural insecticide

 Bt toxin is toxic to moth, butterfly, beetle, and fly 
larvae

 It is not harmful to humans
 The gene that encodes for the Bt toxin was inserted 

into the cotton genome to protect itself more 
naturally


