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Overview
• What is a GMO?

• Why do we genetically engineer 
plants?

• How do we genetically engineer 
plants? 

• Current GMO Crops

• Problems with GMOs

• Benefits of GMOs

• Controversy

• To Eat or Not to Eat?
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Why do we genetically engineer 
agricultural crops?

•Disease Resistance

•Pest Resistance

•Herbicide Tolerance

Presenter Notes
Presentation Notes
Looking at the GMO crops currently on the market, these are the three main reasons for genetic modification.



Why do we genetically engineer 
agricultural crops?

•Disease Resistance

• Papaya Ringspot Virus

Presenter Notes
Presentation Notes
Papaya Ringspot Virus (PRSV) is transmitted by mechanical means – pruning, aphids, etc.
1937 - PRSV introduced in on the island of Oahu in Hawaii
1950 - More aggressive strain of PRSV introduced 
By 1962 production had dropped 94%
Papaya production moved to the island of Puna (the “big Island”)
1971 - PRSV first appeared in home gardens
1992 – PRSV found on commercial farms
1998 – Transgenic papaya varieties entered into production
Made by inserting the gene from the PRSV coat protein gene
Accounts for roughly 90% of papaya production in Hawaii




Why do we genetically engineer 
agricultural crops?

•Disease Resistance

•Pest Resistance

• Bt Corn



What is Bacillus thuringiensis (Bt)?

Presenter Notes
Presentation Notes
Bacillus thuringiensis (Bt) is a common, naturally occurring bacterium found in soils and on plant leaves throughout the world.
Bt produces proteins called “Crystalline toxins” or “Cry toxins” that specifically target insect digestive systems
The toxin remains inactive until it is ingested by the insect.
Once consumed it is activated and binds to specific receptors in the insect gut.
The Cry toxins pierce hole in the insect gut, which causes the contents to leak and eventually leads to starvation.
Humans do NOT have the same receptor or gut conditions as insects, which means Cry proteins have no effect on us.
Different Cry toxins can be used to target different types of insects
Lepidoptera - Butterflies and Moths
Coleoptera - Beetles
Diptera – Flies
Many Bt crops use diverse Cry toxins to control several pests at once.

https://www.entsoc.org/sites/default/files/files/Science-Policy/2018/ESA-Factsheet-Bt.pdf



Why do we genetically engineer 
agricultural crops?

•Disease resistance

•Pest Resistance

•Herbicide Tolerance
• Glyphosate -Tolerant Soy

Presenter Notes
Presentation Notes
Note: The source of the gene that confers herbicide resistance to glyphosate is of bacterial origins.
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How do we genetically engineer 
agricultural crops?

http://sitn.hms.harvard.edu/flash/2015/how-to-
make-a-gmo/



How are organisms genetically engineer 
agricultural crops?

http://sitn.hms.harvard.edu/flash/2015/how-to-
make-a-gmo/



How are organisms genetically engineer 
agricultural crops?



https://royalsociety.org/topics-
policy/projects/gm-plants/what-is-
gm-and-how-is-it-done/



How do we genetically engineer 
agricultural crops?

http://sitn.hms.harvard.edu/flash/2015/how-to-
make-a-gmo/



Current GMO Crops

Presenter Notes
Presentation Notes
How many GMO crops are there in the United States?



Current GMO Crops

• Alfalfa

• Apples

• Canola

• Cotton

• Field Corn

• Papaya

• Petunia

• Pineapple

• Potato

• Soybean

• Sugar Beet

• Summer Squash

• Sweet Corn

• Tomato



Current GMO Crops

•Alfalfa
• Trait: Herbicide Tolerance, 
    Ease of Digestion

• Introduced: 2005
• Source of Inserted Trait: 

Bacteria

• Use: Animal Feed

• % of Harvest: 15%

Presenter Notes
Presentation Notes
2005 – HT alfalfa debuted 
2014 – new GMO modified alfalfa that is easier to digest by cattle



Current GMO Crops

•Alfalfa
• Trait: Herbicide Tolerance

• Introduced: 2005
• Source of Inserted Trait: 

Bacteria

• Use: Animal Feed

https://www.ers.usda.gov/webdocs/publications/81176/eib-
163.pdf?v=0

Presenter Notes
Presentation Notes
Note: Alfalfa is only seeded every 7 years (on average)

2005 – HT alfalfa debuted 
2013 – 1/3 of newly seeds alfalfa was GMO
2014 – new GMO modified alfalfa that is easier to digest by cattle

https://www.ers.usda.gov/webdocs/charts/83342/may17_finding_wechsler_fig01.png?v=7869.8
https://www.ers.usda.gov/webdocs/publications/81176/eib-163.pdf?v=0



Current GMO Crops

•Apples
• Trait: Anti-Browning

• Introduced: 2015
• Source of Inserted Trait: 

 Other species of apple 

• Variety: Artic

• % of Harvest: ~ 0.08%

Presenter Notes
Presentation Notes
2015 – FDA approval
2017 – Available in stores
2019 – 8 million pounds sold in the US (out of about 9.8 billion pounds)




Current GMO Crops

•Canola
• Trait: Herbicide Tolerance
• Introduced: 1998
• Source of Inserted Trait: 

 Bacteria 
• Uses: Animal Feed,      

  Cooking Oil
• % of Harvest: 95%



Current GMO Crops

•Canola
• Trait: Herbicide Tolerance
• Introduced: 1998
• Source of Inserted Trait: 

 Bacteria 
• Uses: Animal Feed,      

  Cooking Oil

https://www.ers.usda.gov/webdocs/publications/81176/eib-163.pdf?v=0



Current GMO Crops

•Cotton
• Trait: Herbicide Tolerance 

  Insect Resistance
• Introduced: 1995
• Source of Inserted Trait: 

 Bacteria 
• Uses: Animal Feed  

  Cottonseed Oil       
  Fiber

• % of Harvest: >95%



Current GMO Crops

•Cotton
• Trait: Herbicide Tolerance 

  Insect Resistance
• Introduced: 1995
• Source of Inserted Trait: 

 Bacteria 
• Uses: Animal Feed  

  Cottonseed Oil       
  Fiber

https://www.ers.usda.gov/data-products/adoption-of-genetically-
engineered-crops-in-the-us/recent-trends-in-ge-adoption.aspx



Current GMO Crops
•Field Corn

• Trait: Herbicide Tolerance  
 Insect Resistance

• Introduced: 1996
• Source of Inserted Trait: 

 Bacteria 
• Uses: Alcohol     Animal Feed      

 Corn Oil         Corn Starch 
  Corn Syrup    Ethanol  
  Sweeteners    Industrial Uses  

• % of Harvest: 90%



Current GMO Crops
•Field Corn

• Trait: Herbicide Tolerance  
  Insect Resistance

• Introduced: 1996
• Source of Inserted Trait: 

 Bacteria 
• Uses: Alcohol     Animal Feed      

 Corn Oil         Corn Starch 
  Corn Syrup    Ethanol  
  Sweeteners    Industrial Uses  

https://www.ers.usda.gov/data-products/adoption-of-genetically-
engineered-crops-in-the-us/recent-trends-in-ge-adoption.aspx



Current GMO Crops

•Papaya
• Trait: Disease Resistance
• Introduced: 1998 
• Source of Inserted Trait: 

 Virus 
• Uses: Fresh Fruit   

  Juice
• Variety: Rainbow
• % of Harvest: 90%

Presenter Notes
Presentation Notes
Papaya Ringspot Virus (PRSV) is transmitted by mechanical means – pruning, aphids, etc.
1937 - PRSV introduced in on the island of Oahu in Hawaii
1950 - More aggressive strain of PRSV introduced 
By 1962 production had dropped 94%
Papaya production moved to the island of Puna (the “big Island”)
1971 - PRSV first appeared in home gardens
1992 – PRSV found on commercial farms
1998 – Transgenic papaya varieties entered into production
Made by inserting the gene from the PRSV coat protein gene
Accounts for roughly 90% of papaya production in Hawaii



Current GMO Crops

•PinkGlow Pineapple
• Trait: increased lycopene

• Rose colored flesh
• Sweeter

• Introduced: 2020
• Source of Inserted Trait: 

 other pineapples
tangerines

• Uses: Fresh Fruit

Presenter Notes
Presentation Notes
Cost: $29 - $39 plus shipping
https://www.pinkglowpineapple.com/

Pinkglow® is currently only available in Canada and the U.S. �Hawaii prohibits the shipment of any pineapple into their state.



Current GMO Crops

•Potato
• Trait: Resist Bruising & Blackspot 

  Contain less Asparagine 
  Disease Resistance

• Introduced: 2014, 2017
• Source of Inserted Trait: 

 Other Potatoes   
 RNA interference (RNAi)

• Uses: Food (White Russet)
• % of Harvest: < 0.01 %

Presenter Notes
Presentation Notes
The amino acid asparagine that turns into acrylamide during the frying of potatoes. Acrylamide is a probable human carcinogen, so reduced levels of it in fried potato foods is desirable.

https://gmoanswers.com/everything-you-need-know-about-gmo-potatoes



Current GMO Crops

•Soybeans
• Trait: Herbicide Tolerance  
• Introduced: 1995
• Source of Inserted Trait: 

 Bacteria
• Uses: Animal Feed   

  Biodiesel    
  Food     
  Industrial Uses   
  Vegetable Oil

• % of Harvest: 95%



Current GMO Crops

•Soybeans
• Trait: Herbicide Tolerance  
• Introduced: 1995
• Source of Inserted Trait: 

 Bacteria
• Uses: Animal Feed   

  Biodiesel    
  Food     
  Industrial Uses   
  Vegetable Oil



Current GMO Crops

•Sugar Beets
• Trait: Herbicide Tolerance 
• Introduced: 2007
• Source of Inserted Trait: 

 Bacteria
• Uses: Animal Feed   

  Sugar
• % of Harvest: ~ 100%

Presenter Notes
Presentation Notes
There is basically 100% adoption because farmers are contracted to grow sugar beets and the company that they contract with supplies the seeds, herbicides, etc.



Current GMO Crops

•Sugar Beets
• Trait: Herbicide Tolerance
• Introduced: 2007
• Source of Inserted Trait: 

 Bacteria
• Uses: Animal Feed   

  Sugar



Current GMO Crops

•Summer Squash
• Trait: Disease Resistant
• Introduced: 1995
• Source of Inserted Trait: 

 Viruses
• Uses: Food
• % of Harvest: ~15%

Presenter Notes
Presentation Notes
12% in 2005
Resistant to zucchini yellow mosaic virus – varieties of green zucchini, yellow straight neck, yellow crook-necked squash



Current GMO Crops

•Sweet Corn
• Trait: Herbicide Tolerance  

  Insect Resistance
• Introduced: 2011
• Source of Inserted Trait: 

 Bacteria
• Uses: Food
• % of Harvest: ~ 10%

Presenter Notes
Presentation Notes
Only about 10% of sweet corn grown in the USA



Brand New 
Commercially Available 

GMO Crops

Presenter Notes
Presentation Notes
Gardeners can now grow a genetically modified purple tomato made with snapdragon DNA.

Went on sale February 6, 2024

By purchasing NHP Purple Tomato seeds, I accept the following conditions: *Seeds, fruit and plant material are only allowed in the USA. *The seeds are a patented variety and are sold to enjoy in your home garden and with your local community. *No sales of fruit, seeds or plants are permitted in this agreement, including any derived varieties. *These seeds come with no warranties. *If you have issues with your seeds, please contact us right away at info@norfolkhealthyproduce.com. We want to help you be a Happy Gardener! All seed sales are final. Once your credit card is charged, the sale is complete. *For more information, see our website FAQs.




Brand New Commercially Available 
GMO Crops

Presenter Notes
Presentation Notes
Gardeners can now grow a genetically modified purple tomato made with snapdragon DNA.

Went on sale February 6, 2024

By purchasing NHP Purple Tomato seeds, I accept the following conditions: *Seeds, fruit and plant material are only allowed in the USA. *The seeds are a patented variety and are sold to enjoy in your home garden and with your local community. *No sales of fruit, seeds or plants are permitted in this agreement, including any derived varieties. *These seeds come with no warranties. *If you have issues with your seeds, please contact us right away at info@norfolkhealthyproduce.com. We want to help you be a Happy Gardener! All seed sales are final. Once your credit card is charged, the sale is complete. *For more information, see our website FAQs.




Brand New Commercially Available 
GMO Crops

Firefly Petunia

Presenter Notes
Presentation Notes

Firefly Petunia: the flower you will love the most

Discover the allure of the Firefly Petunia.�A beautiful plant by day, it unveils mesmerizing luminescence after dusk.
The Firefly Petunia emits a continuous glow similar to moonlight. Its enchanting light is produced by genes isolated from bioluminescent mushrooms. ��Its soothing light is produced from living energy, cultivating a deeper connection with the inner life of the plant. Your nurturing care will be rewarded with even greater brilliance.



Current GMO Crops

• Alfalfa

• Apples

• Canola

• Cotton

• Field Corn

• Papaya

• Petunia

• Pineapple

• Potato

• Soybean

• Sugar Beet

• Summer Squash

• Sweet Corn

• Tomato



Current GMO Crops

Pineapple

Tomato



Problems with GMOs



Problems with GMOs

• Herbicide Resistance

• Pest Resistance

• Disease Resistance?



Herbicide Resistance

Source: Benbrook, C. M. (2016). Trends in glyphosate herbicide use in the United States and globally. Environmental Sciences Europe, 28(1), 3. http://doi.org/10.1186/s12302-016-0070-0

http://doi.org/10.1186/s12302-016-0070-0


Herbicide Resistance

Source: Benbrook, C. M. (2016). Trends in glyphosate herbicide use in the United States and globally. Environmental Sciences Europe, 28(1), 3. http://doi.org/10.1186/s12302-016-0070-0

Presenter Notes
Presentation Notes
Source: Benbrook, C. M. (2016). Trends in glyphosate herbicide use in the United States and globally. Environmental Sciences Europe, 28(1), 3. http://doi.org/10.1186/s12302-016-0070-0

17 

http://doi.org/10.1186/s12302-016-0070-0


Herbicide Resistance

Presenter Notes
Presentation Notes
Source: Benbrook, C. M. (2016). Trends in glyphosate herbicide use in the United States and globally. Environmental Sciences Europe, 28(1), 3. http://doi.org/10.1186/s12302-016-0070-0

17 



Herbicide Resistance

Weed Science Society of America, 2011

Presenter Notes
Presentation Notes
Source: Weed Science Society of America, 2011



Herbicide Resistance

Presenter Notes
Presentation Notes
Source: Weed Science Society of America, 2011



Herbicide Resistance

Presenter Notes
Presentation Notes
Source: Weed Science Society of America, 2011



Problems with GMOs

• Herbicide Resistance

• Pest Resistance

• Disease Resistance?
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Insecticide
Resistance

• refuge – area of the field 
planted with non-GMO seed



Insecticide
Resistance

• refuge – area of the field 
planted with non-GMO seed

• 10 % of the field

• Refuge in a Bag



Insecticide
Resistance



Problems with GMOs

• Herbicide Resistance

• Pest Resistance

• Disease Resistance?
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Benefits of GMOs

• Decrease in Insecticide Use
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Benefits of GMOs



Benefits of GMOs

• Decrease in Insecticide Use

• Increase in Conservation Tillage



Benefits of GMOs
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Benefits of GMOs



Common Misconceptions



Common Misconceptions

Herbicide Tolerant Crops Contain Herbicides



Common Misconceptions

Herbicide Tolerant Crops Contain Herbicides

FALSE!



Common Misconceptions

• Bacillus thuringiensis (Bt)

Presenter Notes
Presentation Notes
Naturally occurring soil bacteria



Common Misconceptions

• Bacillus thuringiensis (Bt)

Ohio State UniversityOhio State University

Presenter Notes
Presentation Notes
Naturally occurring soil bacteria

What is Bacillus thuringiensis (Bt)? – Ohio State University https://u.osu.edu/cmifsud7588/2019/05/18/bacillus-thuringiensis/

Bacillus thuringiensis – National Pesticide Information Center https://youtu.be/3aLj1WmzL98



Common Misconceptions

• Bacillus thuringensis (Bt)
• Naturally occurring soil bacteria

• Used for 30+ years as an insecticide in the US

• Considered a biopesticide

• Used in organic production

Presenter Notes
Presentation Notes
Naturally occurring soil bacteria



Common Misconceptions

• Bacillus thuringensis (Bt)



Common Misconceptions

Presenter Notes
Presentation Notes
Is Bt Safe for Humans to eat? – Entomological Society of America
https://www.entsoc.org/sites/default/files/files/Science-Policy/2018/ESA-Factsheet-Bt.pdf



Controversy



Controversy

• Evil Corporations



Controversy

• Evil Corporations

The agricultural giant Monsanto has sued hundreds of 
small farmers in the United States in recent years in 
attempts to protect its patent rights on genetically 
engineered seeds that it produces and sells, a new report 
said on Tuesday. – February 2013



Controversy



Controversy

• Evil Corporations



Controversy

• Evil Corporations

• Franken Foods



Controversy

• Evil Corporations

• Franken Foods

“If genetically modified foods were properly labeled, I 
could still eat tomatoes,” was the angry remark. I was 
puzzled by this, but the gentleman went on to clarify. “I 
have a fish allergy,” he said, “and I have no way of 
knowing which tomatoes have been modified with fish 
genes, so I just don’t eat any tomato products.”

Presenter Notes
Presentation Notes
The Arctic flounder lives happily in the ice cold waters of the Arctic Ocean, its blood prevented from freezing by an “antifreeze protein.” Since tomato growers live under the threat of a sudden freeze destroying their crop, researchers wondered about the possibility of inserting the flounder gene that codes for the antifreeze protein into the genome of the tomato. Preliminary experiments showed that in plants this protein was not effective in preventing ice crystal formation and the project was dropped. But on the Internet, no story ever dies. The “fish genes in tomatoes” myth lives on, often illustrated with syringes plunged into tomatoes, or drawings of tomatoes shaped like fish. Had the technology proved promising, it would have required extensive testing of the specific fish protein used to determine if it was involved in producing an allergic reaction.

https://www.mcgill.ca/oss/article/controversial-science-environment-food-health-news/there-are-no-fish-genes-tomatoes



Controversy

• Evil Corporations

• Franken Foods

• Misinformation



Controversy

• Evil Corporations

• Franken Foods

• Misinformation

Presenter Notes
Presentation Notes
https://brightside.me/inspiration-tips-and-tricks/3-simple-ways-to-tell-gmo-from-organic-foods-357860/



Controversy

• Evil Corporations

• Franken Foods

• Misinformation?

Presenter Notes
Presentation Notes
https://brightside.me/inspiration-tips-and-tricks/3-simple-ways-to-tell-gmo-from-organic-foods-357860/



Controversy
• Misinformation?

Presenter Notes
Presentation Notes
https://brightside.me/inspiration-tips-and-tricks/3-simple-ways-to-tell-gmo-from-organic-foods-357860/



Controversy

• Evil Corporations

• Franken Foods

• Misinformation



The Future of GMOs

• Pest Problems

• Micronutrient Content

• Environment Issues



The Future of GMOs

• Pest Problems
• GMO Eggplant

Presenter Notes
Presentation Notes
Insect Resistant Eggplant in Bangladesh (Bt)
Eggplant Root and Shoot Borer – loss of 70% of crop in Bangladesh, India, and Pakistan even with frequent spraying
Traditional breeding failed to produce resistant plants

Bangladesh
Developed by a public-private partnership: Cornell, USAID, Bangladesh Agricultural Research Institute, Management Consultant Group
Released for 2013-2014 season (20 farmers)
2020-2021 Season (65,000 farmers) – 15-20% of farmers planted seed saved from previous seasons or shared by other farmers

GMO Eggplant is documented win for resource-poor farmers – Alliance for Science
https://allianceforscience.org/blog/2021/09/gmo-eggplant-is-documented-win-for-resource-poor-farmers/

GMO eggplant crop expands in Bangladesh – Cornell University
https://news.cornell.edu/stories/2018/08/gmo-eggplant-crop-expands-bangladesh



The Future of GMOs

• Pest Problems
• GMO Chestnut

Presenter Notes
Presentation Notes
Federal regulatory approval (as soon as August 2023)

1900 – dominant species in forests (25% of trees in native range)
Strong rot-resistant wood
Edible nut
Chestnut blight was introduced around the tune of the century and all but wiped out the entire population

Studies looking at:
Leaf herbivory by insects
Bumble bees and pollen
Germination of nearby native seeds
Leaf liter decomposition
Transgene inheritance (about 50%)
Tadpoles in vernal pools
Mycorrhizal fungi

The American Chestnut Research & Restoration Project at ESF – SUNY Environmental Science and Forestry
https://www.esf.edu/chestnut/index.php



The Future of GMOs

• Micronutrient Content
• Golden Rice

Presenter Notes
Presentation Notes
Vitamin A deficiency affects 190 million children worldwide
Most common cause of childhood blindness
Contributing factor to a weakened immune system
1 in 5 children in the poorest communities in the Philippines suffer from Vitamin A deficiency
Golden rice developed by the International Rice Research Institute (IRRI)
In Philippines each person eat ~120 kgs of rice annual
One cup of cooked golden rice contains beta-carotene to meet 30-50% of Vitamin A needs for children under 5

Filipino farmers get approval to grow nutritious Golden Rice – Alliance for Science
https://allianceforscience.org/blog/2021/07/filipino-farmers-get-approval-to-grow-nutritious-golden-rice/




The Future of GMOs

• Environmental Issues
• Drought Tolerance

• Salinity Tolerance



To Eat or Not to Eat?

• Where do you draw the line?

Tomato

Pineapple



Review
• What is a GMO?

• Why do we genetically engineer plants?

• How do we genetically engineer plants? 

• Current GMO Crops

• Problems with GMOs

• Benefits of GMOs

• Controversy

• To Eat or Not to Eat?



Resources
Genetically Engineered Crops in the United States – USDA – ERS

Genetically Modified Alfalfa Production in the United States – USDA – ERS

How to Make a GMO – Signal to Noise Special Edition: GMOs and Our Food – Harvard 

University

Recent Trends in GE Adoption – USDA – ERS

The Adoption of Genetically Engineered Alfalfa, Canola, and Sugarbeets in the United States –

USDA – ERS

What GMO crops are currently available on the market? – GMO Answers

https://www.ers.usda.gov/webdocs/publications/45179/43668_err162.pdf
https://www.ers.usda.gov/amber-waves/2017/may/genetically-modified-alfalfa-production-in-the-united-states/
http://sitn.hms.harvard.edu/flash/2015/how-to-make-a-gmo/
https://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us/recent-trends-in-ge-adoption.aspx
https://gmoanswers.com/current-gmo-crops
https://gmoanswers.com/current-gmo-crops
https://www.ers.usda.gov/webdocs/publications/81176/eib-163.pdf?v=0
https://gmoanswers.com/current-gmo-crops


Questions?
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