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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?



What is a GMO?

Genetically
Modified

Organism
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What is a GMO?
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What is a GMO?
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Modified - |
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Organism



Why do we genetically engineer
agricultural crops?



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?

Pest Resistance

Bt Corn




What is Bacillus thuringiensis (Bt)?

A leaf from a Bt crop Toxins

solubilize

Toxin
Cry toxins activated

consumed

—t

Toxin binds to specific
receptors on insect gut cells

Plant cells with Cry toxin

Gut cells are pierced, leak
contents, and die



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


Herbicide Tolerance

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


Why do we genetically engineer
agricultural crops?

Disease Resistance
Pest Resistance

Herbicide Tolerance



How do we genetically engineer
agricultural crops?



How do we genetically engineer
agricultural crops?

STEP 1: Identify a trait of interest Search appropriate

- Y L.
\ | T / y Screen list of
L‘.é = M % chosen plants

Agricultural Need

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



How are organisms genetically engineer
agricultural crops?

STEP 2: Isolate the genetic trait of interest g |
Comparative analysis of '
genomes to identify trait

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



How are organisms genetically engineer
agricultural crops?

STEP 3: Inset the desired trait into the new genome

Genetic trait is
cut and pasted
into a plasmid

using enzymes
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Gene Gun shoots DNA coated

metal particles into seed

Plasmid inserted into
bacteria that then infects cells




Agrobacterium tumefaciens method Particle gun method

Metal particles coated with

Bacterium carrying desired genes DMA encoding desired genes
®
. @ ® @
®
® _©®
®
Agrobacterium grown with plant pieces Bombardment of plant pieces with particles

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




How do we genetically engineer
agricultural crops?

STEP 4: Growing the GMO |

Carefully controlled growth chambers are
monitored to ensure that the new GMO
grows and replicates. Ultimate growth
conditions are determined at this stage.

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?


- Alfalfa
* Apples
* Canola
» Cotton
* Field Corn

Current GMO Crops

- Papaya

* Petunia

* Pineapple
 Potato

* Soybean

* Sugar Beet
« Summer Squash
* Sweet Corn

« Tomato



urrent 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

) A I fa I fa A_dnptinn of genetically engineered herbicide-tolerant (GE HT) alfalfa, 2005-13
1,000 acres Percent GE HT
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* Introduced: 2005
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» Source of Inserted Trait:
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Source: USDA, Economic Research Service using data for acreage with GE HT alfalfa from [SAAA (2006, 2013a, 2014b)
L . and ARMS for 2013. Data for harvested acres from NASS.
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

e 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

e 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

Adoption of genetically engineered herbicide-tolerant (GE HT) canola

Thousand acres Percent GE HT
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Sources: LSO, Economic Research Service using data from the ollowing. Plamnted acres for all years are from LIS0A,
Mational Agricultural Statistics Service, "Crop Production Historical Track Becords, April 2015, GE HT acres planted are
calculated by multiplying the adoption share by total acres planted. GE HT adoption rates for 2001 and 2003-06 are from
Johnson et al. (2008). (We repaated the 2001 value in 2002 because Johnson lacked 2002 data.) Hates for 2007-13 are
from 15AA48 Briefs (1SAAA, 2006, 2007, 2011, 2013b, 2014b). Harvested data for 2013 are from USDAs ARMS.

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




Current GMO Crops
*Cotton

* Trait: Herbicide Tolerance | aa %
Insect Resistance b

* Introduced: 1995

 Source of Inserted Trait:
Bacteria

« Uses: Animal Feed
Cottonseed Oil
Fiber

* % of Harvest: >95%




Current GMO Crops

Adoption of genetically engineered cotton in the United States,

o C Otto n by trait, 2000-19

Percent of planted acres
100 =

 Trait: Herbicide Tolerance
Insect Resistance o

* Introduced: 1995 o

 Source of Inserted Trait:
Bacteria

« Uses: Animal Feed 0 +—— .

T r 1 1 1 | B B B E
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25

HT only

Cotto n S e ed O i I MNote: HT indicates herbicide-tolerant varieties; Bl indicates insecl-resistant varieties
(containing genes from the soil bacterium Bacillus thuringiensis).
. Source: USDA, Economic Research Service using data from USDA, National Agricultural
F I b e r Statistics Service, (annual) June Agﬁmltuml Survey.

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

e Trait: Herbicide Tolerance
Insect Resistance

e Introduced: 1996
 Source of Inserted Trait:

Bacteria
 Uses: Alcohol Animal Feed N e
Corn QOil Corn Starch

Corn Syrup Ethanol
Sweeteners Industrial Uses

* % of Harvest: 90%




Current GMO Crops

PY - Adoption of genetically engineered corn in the United States,
Ie O rn by trait, 2000-19

Percent of planted acres
100 5

e Trait: Herbicide Tolerance
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e Introduced: 1996

« Source of Inserted Trait: 2
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: Source: USDA, Economic Research Service using data fom USDA, National Agricultural
- Statistics Service, (annual) June Agricultural Survey.
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Current GMO Crops
*Papaya

e Introduced: 1998

 Source of Inserted Trait:
Virus

e 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

* Infroduced: 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

e 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

e Trait: Herbicide Tolerance
e Introduced: 1995

 Source of Inserted Trait:
Bacteria

 Uses: Animal Feed
Biodiesel
Food
Industrial Uses
Vegetable Ol

* % of Harvest: 95%




Current GMO Crops

*Soybeans

e Trait: Herbicide Tolerance
e Introduced: 1995

 Source of Inserted Trait:
Bacteria

 Uses: Animal Feed
Biodiesel
Food
Industrial Uses
Vegetable Ol

Adoption of genetically engineered crops in the United States, 1996-2019

Percent of planted acres
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Note: HT indicates herbicide-tolerant varieties; Bt indicates insect-resistant varieties
(containing genes from the soil bacterium Bacillus thuringiensis). Data for each crop
category include varieties with both HT and Bt (stacked) traits.

Source: USDA, Economic Research Service using data from the 2002 ERS report, Adoption
of Bioengineered Crops (AER-810) for the years 1996-99 and National Agricultural Statistics

Service, (annual) June Agricultural Survey for the years 2000-19.




Current GMO Crops

*Sugar Beets

e 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

* S u g a r B e ets :ﬂu;?iun of genetically engineered herbicide-tolerant (GE HT) sugarbeet
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Current GMO Crops

Summer Squash

e 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

e 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

The Purple Tomato:
cantioxidants, color, taste

NORFOLK

HEALTHY PRODUCE

The purple color reflects the increased antioxidant
content and presents a beautiful color and contrast

on the plate, with a deep tomato taste.

Seeds: The Purple Tomato (10 Seeds)

US Regulatory Path Completed: USDA Sept 2022 & FDA June 2023. See press release here.



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

he only plant you see
when lights go off

Experience organic light from living flowers. Their
subtle glow offers a backdrop for meditation,
reflection, or simply a moment of tranquility.

Whether as a thoughtful gift or a unique addition
to gatherings, the Firefly Petunia is sure to ignite
feelings of wonder and amazement.

Limited stock.
Shipments begin in Spring 2024

Pre-order for $29 . .



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.


* Alfalfa
* Apples
» Canola
» Cotton
* Field Corn

Current GMO Crops

- Papaya

* Petunia

* Pineapple
* Potato

* Soybean

* Sugar Beet
« Summer Squash
* Sweet Corn

e Tomato



Current GMO Crops
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Problems with GMOs



Problems with GMOs

 Herbicide Resistance
 Pest Resistance

 Disease Resistance?



Herbicide Resistance

Glyphosate Pounds Applied

Pounds Applied (mil.)

e g R P g e R e o e

Total Agriculture Use Corn Use Soybean Use Other Crops

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

C Emergence and Spread of Resistant Weeds
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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

Mumber of Resistant Weeds


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
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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

Development of Herbicide Resistance
% Resistant Weeds in Population

PRE TREATMENT 15T TREATMENT

Weed Science Society of America, 2011


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


Herbicide use on corn: HT adopters and nonadopters, 2001-2010

Herbicide Resistance

Pounds per planted acre
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2.00 -
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HT crops have herbicide tolerance traits.

Source: USDA Economic Research Service using data from 2001, 2005, and 2010 ARMS Phase |l corn surveys.

2010


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


Herbicide Resistance

Herbicide use in cotion, corn, and soybeans, 1995-2010

Pounds per planted acre

3.00
Com herbicides
2.50
2.00 oo N
Cotton herbicides
,..-l-l""-—-__l-""l-l-_
109 1" soybean herbicides —
0.50 -
u T

1995 96 97 98 99 2000 O1 02 03 04 05 06 O7 08 09 10

Data for herbicide use for soybeans in 2007 and 2008 are from proprietary data.
Source: USDAMNASS Agricultural Chemical Usage reports and USDAMNASS Quickstats.


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


Problems with GMOs

 Pest Resistance



Insecticide
Resistance
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ﬁk = resistant beetle
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Insecticide
Resistance

ﬁk = non-resistant beetle
ﬂ = resistant beetle
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Problems with GMOs

 Disease Resistance?



Benefits of GMOs



Benefits of GMOs

e Decrease in Insecticide Use



Benefits of GMOs

Insecticide use in corn and cotton production, 1995-2010

Cotton, pounds per planted acre
3.00 +

250 + Comn insecticides
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Source: USDA Economic Hesearch Service using data from USDA Nabonal Agncultural Statistics Service
Agricultural Chemical Usage reports.
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Insecticide use in corn farms: adopters and non-adopters of Bt corn, 2001-2010

Pounds per planted acre
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Benefits of GMOs

 Increase in Conservation Tillage



Benefits of GMOs

Aﬁuptars of herbicide-tolerant crops used conservation tillage more than did growers
of conventional varieties: corn, 2005

Percent of acres

100 -
80 Conventional tillage practices
M Other conservation tillage practices
(excludes no-till)
60 - )
m No-till
40 -
20
0 -

HT Conventional variaties

Conservation tillage includes no-till, ndge-till and mulch-till.
Source: USDA Economic Hesearch Service using data from 2005 ARMS Phase |l corn survey.



Benefits of GMOs

Adopters of herbicide-tolerant crops used conservation tillage more than did growers
of conventional varieties: cotton, 2007

Percent of acres

100 ~
80 - Conventional tillage practices
W Other conservation tillage practices
(excludes no-ill)
0 = No-till
40 -

B .
0- -

Conventional varieties

Conservation tillage includes no-till, ridge-till and mulch-till.
Source; USDA Economic Research Service using data from 2007 ABMS Phase |l cotton survey,



Benefits of GMOs

A;::Inpters of herbicide-tolerant crops used conservation tillage more than did growers of
conventional varieties: soybeans, 2006

Percent of acres

100 -
80 - Conventional tillage practices
W Other conservation tillage practices
(excludes no-till)
80 m Nodil
40 —
20
[]. -

HT Conventional varieties

Conservation tillage includes no-ill, rndge-till and mulch-till.
Source: USDA Economic Research Service using data from 2006 ARMS Phase || sovbean survey.



Common Misconceptions



Common Misconceptions

Herbicide Tolerant Crops Contain Herbicides



Common Misconceptions

Herbicide Tolerant Crops Contain Herbicides

FALSE!



Common Misconceptions

* Bacillus thuringiensis (Bt)

And here we have
a bunch of food"
made from crops :
that caused insects' r |
stomachs to explode. |y .\ !
Iit's safe for you T
though.

som@cards
LT Ik
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* Bacillus thuringiensis (Bt)

Bacillus thuringiensis (Bt)

Endospore

DNA

Ribosomes ‘

Cell Membrane

ot TN Cell Wall

Crystal

Onhio State University Ohio State University
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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 solil bacteria

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

» Considered a biopesticide OMRI Lé“”M RIJ

¢ Used IN Organlc prOdUCtlon Organic Materials Review Institute

For Organic Use

FOR _
organic_
gardening
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* Bacillus thuringensis (Bt)
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CONTROL
BIOLOGICAL INSECTICIDE

CONTROLS WORMS and
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VEGETABLES,
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and SHADE TREES
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Common Misconceptions

A leaf from a Bt crop

Plant cells with Cry toxin

How Cry toxin affects target pests, but not humans

Toxins
solubilize

Toxin
Cry toxins activated

consumed

Toxin binds to specific
receptors on insect gut cells

Gut cells are pierced, leak
contents, and die

Cry toxins

consumed Toxins

solubilize

Toxin digested, like
other proteins

Further, toxin specific receptors do not
exist on human gut cells

Art: Cara Gibson
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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
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» Evil Corporations m




Controversy

CBS April 26, 2008, 7:58 PM

» Evil Corporations Agricultural Giant Battles
Small Farmers

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

Monsanto Sues Farmers Over Modified Soybean
Seeds: Farmers Harvested and Planted GM

Seeds
Dec 11, 2001



Controversy

Institutions having the most authorized permits and notifications (number held)

6,782
1,085
. 565 370 326 400 320 311 260 210
Monsanto Pioneer Syngenta USDA/ARS AgrBEvo Dow DuPont  Arborzen  Bayer Seminis
(now part AgroSciences CropScience
of DuPont)

"As ol September 24, 2013,

Authorizations for field releases of GE plant varieties are issued by USDA’s Animal and Plant Health Inspection Service
(APHIS) to allow technology providers 1o pursue hield testing.

Source: Information Systems for Biotechnology (I1SB, 2013).



 Evil Corporations

Controversy

Global seed Industry market share trend & prospect

Pre Consolidation MarketShare (CY15)

Others, 14.5,
39%

Bayer AG, 1.4,
A%

Pl

Source: Bloomberg, I1CICT Secunties

Chemical,
1|5'J 4*'

™. DuPont, 6.3,

13%

syngenta, L8,
2%

Monsanto,
1002, 27%

Post Consolidation Market Share

Crow +
uPaont, 3.3,
22%

Others, 14.5,
395

Syngenta +
ChemChina,

2.8, 8%

Monsanto +

Bayer AG,
11.6,31%
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* Evil Corporations

 Franken Foods

“If genetically modified foods were properly labeled, |
could still eat tomatoes,” was the angry remark. | was
puzzled by this, but the gentleman went on to clarify. I
have a fish allergy,” he said, “and | have no way of
knowing which tomatoes have been modified with fish
genes, so | 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
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 Evil Corporations

2. Pay attention to how the product looks.

* Franken Foods

 Misinformation

Normal tomatoes GM tomatoes


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

 Misinformation? Project

VaENRINENEND

nongmoproject.org



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

 Misinformation? Project

VAEN INENNED

nongmoproject.org

8. What does “high risk” mean? What crops are high risk? A

When the Non-GMO Project says a crop (also referred to as an input or an ingredient) is “high-risk,” it does not mean that the
crop is harmful or worse than other crops. It means a GMO version of that crop is widely commercially available, and that crop
is therefore at “high risk” of being a GMO.

Example: Corn is high risk because over 90 percent of corn grown in North America is GMO corn — it is widely commercially
available.

High-risk crops currently include alfalfa, canola, corn, cotton, papaya, potato, soy, sugar beet, and zucchini. Find more
information about high-risk crops and inputs here.


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


ontroversy

100% Juice

FOR BEST TASTE, USE BY:

 Evil Corporations

DO NOT CONSUME IF INNER SEAL IS TORN OR MISSING
Nutrition Facts: Serv. Size: 12 fl 0z (355mL),
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2 |
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3 ®

* Franken Foods

DV), Sugars 34g, Protein 3g, Vitamin C (150% DV),
PURE PREM[UM Galc‘luméz% DV), Thiamin (10% DV), Niacin (4% DV),

Vitamin B6 (6% DV), Folic Acid (20% DV), Magnesium
(8% DV). Not a significant source of dietary fiber,
vitamin A and iron. Percent Daily Values (DV) are based

 Misinformation

ona 2,000 calorie diet.
Contains orange juice

" 2]
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The Future of GMOs

 Pest Problems
 Micronutrient Content

 Environment Issues

World Population

Projected world population until 2100
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The Future of GMOs

 Pest Problems

« GMO Eggplant

ywin for.{esource poor farmers

- BY.JOAN CONROW N
SHTEMBEM 2021 N N

J‘
-

iZ N ALLIANCE FOR SCIENCE



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
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 Pest Problems

State University of New York College of
e GMO Chestnut Environmental Science and Forestry

The American Chestnut

Research & Restoration
Project at ESF
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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
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 Golden Rice
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Filipino farmers get appko!
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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/
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* Drought Tolerance

 Salinity Tolerance



To Eat or Not to Eat?

* Where do you draw the line?
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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
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