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What is a GMO? What is the difference between 
genetically modified organisms and genetically 

engineered organisms.



What is a GMO?
Man has been manipulating DNA in plants and 

animals for millennia

All due to mutations and genomic alterations. All required human intervention for breeding and/or selection

Presenter
Presentation Notes
Scientists originally never used the term genetically modified organisms or GMOs to describe genetic engineering. This term seems to have come from the popular media. The term has become so common that even scientists often use the term now. For many the terms genetically modified organisms are synonymous with genetically engineered organisms.
Most scientists would say that almost all the food we eat has been "genetically modified" by man and that genetic modification includes not only conventional breeding, but simple selections man has made over millennia. 

Picture 1 teosinte to modern corn – 7000 years, Picture 2 on right - wild carrot vs modern carrots, orange carrots were developed in 1700’s, Picture 3 The exact date of domestication of tomato is unknown: by 500 BC, it was already being cultivated in southern Mexico and probably other areas.




What is a GMO?
Man has been manipulating DNA in plants and animals for millennia

Presenter
Presentation Notes

Picture 1 center picture is wild cabbage (brassica oleracea) man selected the other crops pictured from this plant. 
Top row pictures left to right – cabbage, kale, broccoli
Bottom row pictures left to right – brussel sprouts, kohlrabi and cauliflower



National Academies of Science http://nas-sites.org/ge-
crops/category/events/pastevents/

What is a GMO?

http://nas-sites.org/ge-crops/category/events/pastevents/


What is a GMO?
Recombinant DNA 

 Transgenic - a gene is moved from one non-closely 
related species to another

 Cisgenic/intragenic - a gene is moved within the same 
species or a closely related species.

 Subgenic - a gene is edited to amplify, delete, insert, 
silence or repress the gene.

CRISPR - https://www.youtube.com/watch?v=2pp17E4E-O8

RNAi - is a biological process in which RNA molecules inhibit gene expression -
https://www.youtube.com/watch?v=Vh3-NHdjnyQ

https://www.youtube.com/watch?v=2pp17E4E-O8
https://www.youtube.com/watch?v=Vh3-NHdjnyQ


What is a GMO?



What is a GMO?

Presenter
Presentation Notes
Promoter – turns on the expression of a gene
Terminator – turns of the expression of a gene




What is a GMO?

or



What is a GMO?

http://www.scotsman.com/news/professor-
anthony-trewavas-i-yam-convinced-gm-food-
is-safe-1-3958842

http://www.scotsman.com/news/professor-anthony-trewavas-i-yam-convinced-gm-food-is-safe-1-3958842
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What is a GMO? What is the difference between 
genetically modified organisms and genetically 

engineered organisms?

Conventional 
breeding/hybrids 

(crossbetween two 
non-clonal plants)

Mutation 
breeding

Transgenics Cisgenics

Examples in 
common foods

Almost everything Some bananas, 
pears, apples, rice, 
yams, mint, others

Much corn, 
cotton, soy, 

canola, papaya

Coming soon

Number of 
genes affected

-10K 300k,
depending on 

species

No way  to assess -1 3, few more in 
stacked products

-1 3, usually 1

Presenter
Presentation Notes
Chart compares methods of producing new crop varieties. Number of genes affected is a measure of the precision. Since only one or a few genes are moved/deleted/alltered in genetic engineering (last 2 columns, transgenics and cisgenics) you know what protein will be produced and can test for toxicity and allergenicity. The little r before DNA is for recombinant.  Also if you cross conventionally say using an old variety or a wild relative, you get a lot of unwanted DNA along with the desire trait.



GE Crops that have been commercialized in US

What crops have a GMO trait? What do the traits do 
and what is the benefit of these traits?



GE Crops that have been approved but not 
commercialized in US

Arctic Apple

Innate Potato

Presenter
Presentation Notes
Both apples (Arctic apples) and potatoes (first generation Innate potatoes) have been genetically engineered so that they do not brown when cut open and reduce losses due to bruising.  Both are examples of RNAi, which uses genes from the same species, for gene silencing. The potato also reduces acrylamide in potatoes. Acrylamide has been linked to some cancers. Both products could benefit consumers by reducing food waste. The small company that produced Arctic apples hopes the ability to serve sliced apples that do not brown will increase apple comsumption by children.

The second generation of Innate potatoes entered the USDA process on the heels of the recent deregulation of its first generation.  The potatoes will also undergo FDA review and must be registered by the US EPA.  The second generation of Innate contains the same traits as the first generation (low black spot bruise and low acrylamide), plus two additional traits consisting of resistance to late blight disease (regulated by the US EPA) and lowered reducing sugars. Late blight disease is what caused the Irish potato famine and is still a problem that often requires multiple pesticide applications)



What is a GMO?
Where are they grown?

http://www.isaaa.org/resources/publications/briefs/49/infographic/pdf/B49-MapInfographic-English.pdf

http://www.isaaa.org/resources/publications/briefs/49/infographic/pdf/B49-MapInfographic-English.pdf


Rennet is a complex of enzymes produced in stomachs of ruminant mammals 
which is used in the production of most cheeses. Chymosin, its key 
component, is a protease enzyme that curdles the casein in milk, helping 
young mammals digest their mothers' milk.

Presenter
Presentation Notes
Traditionally, rennet is obtained from the fourth stomach lining of an unweaned calf. Calves have a higher amount of rennet in their stomachs compared to adults as they use it to digest milk, their main source of food. The rennet extracted from the stomach linings is usually a mixture of chymosin, pepsin (another enzyme) and other proteins.
Beginning in the 1960s, the price of rennet, a byproduct of the veal industry, rose and became less stable as the animal rights movement grew. Demand for cheese also soared, and cheese-makers began looking for alternative sources of rennet from plants and microbes.
Some plants and microbes naturally produce enzymes that have coagulating properties like rennet. However, rennet from these sources tend to produce other side reactions in cheese production, leading to undesirable results in taste.
So how did biotechnology come to play a role? In the late 1980s, scientists figured out how to transfer a single gene from bovine cells that codes for chymosin into microbes, giving microbes the ability to produce chymosin. These genetically modified microbes are allowed to multiply and cultivated in a fermentation process while they produce and release chymosin into the culture liquid. The chymosin can then be separated and purified. Chymosin produced using this method is termed fermentation-produced chymosin, or FPC.




http://www.iflscience.com/technology/gm-yeast-could-
boost-health-benefits-wine-and-reduce-hangovers

http://www.wineanorak.com/GM_yeasts.htm

Increased anti-oxidant resveratrol
Decreased wine spoilage

Decreased biogenic amines
tart-tasting malic acid, naturally present in 
grape must, is converted to softer-tasting 

lactic acid.

Presenter
Presentation Notes
"Wine, for instance, contains the healthful component resveratrol,” said Associate Professor Jin. "With engineered yeast, we could increase the amount of resveratrol in a variety of wine by 10 times or more.



http://www.iflscience.com/technology/gm-yeast-could-boost-health-benefits-wine-and-reduce-hangovers
http://www.wineanorak.com/GM_yeasts.htm


What is a GMO? GE Crop Traits
All genetically engineered crops are not created equal - Raoul Adamchak
 Herbicide tolerance - crop can withstand herbicide applications
 Insect tolerance - plant produces toxin to kill pest
 Improved nutrition – plant produces a substance of nutritive value or 

is changed to not produce an antinutrient
 Disease resistant – crop is resistant to certain disease
 Stress Tolerance – crop is tolerant of stress, low nutrient levels or 

excess nutrients
 Increased Storage – crop can be stored longer to avoid spoilage 

losses
 Medicinal uses – crops that produce medicines or vaccines
 Industrial uses – crops to make more efficient industries
 Toxin removal - removal or silencing of genes responsible for toxins in 

plants
 Improved Metabolism – change in metabolism to improve efficiency 
 Improved breeding – speeds up traditional breeding efforts
 Ornamental purposes
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Nonregulated 
GMOs
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Nonregulated 
GMOs

Regulated 
GMOs



What is a GMO?

What crops have a GMO trait? What do the 
traits do and what is the benefit of these 

traits?

Presenter
Presentation Notes
The slides above mention some of the traits that add value in terms of nutrition or other health benefit.



Herbicide Resistance

X Farmers
Consumers

Environment
Needy

GE Crop Traits

Decreased tillage
 Less soil erosion
 CO2 sequestration
 Increase soil organic matter
 Reduced trips through the field
 Less fuel use

X

Presenter
Presentation Notes
The x’s signify who benefits most from technology



Herbicide Resistance
GE Crop Traits

Concerns
 Weed resistance
 Gene flow to closely related species
 Increased herbicide usage

Presenter
Presentation Notes
Conventional corn is not tolerant to herbicides based on imidazolinones. If farmers use these herbicides to combat weeds, then they kill both the weeds and the crop plants (top photo). If farmers plant Clearfield® seeds and then use an imidazolinone herbicide, then only the weeds are killed and the corn can grow freely (bottom photo). Clearfield" - though in these hybrids, the herbicide-tolerance trait was bred using tissue culture selection and the chemical mutagen ethyl methanesulfonate not genetic engineering.Consequently, the regulatory framework governing the approval of transgenic crops does not apply for Clearfield. ALS inhibitors.  

Pioneer Hi-Bred has developed and markets corn hybrids with tolerance to imidazoline herbicides under the trademark "Clearfield" - though in these hybrids, the herbicide-tolerance trait was bred using tissue culture selection and the chemical mutagen ethyl methanesulfonate not genetic engineering. Consequently, the regulatory framework governing the approval of transgenic crops does not apply for Clearfield.



Herbicide Resistance

GE Crop Traits

Concerns
 Weed resistance
 Gene flow to closely related species
 Increased herbicide usage

Presenter
Presentation Notes
Center’s of origin of crops is where gene flow is most controversial



Herbicide Resistance
GE Crop Traits

Concerns
 Weed resistance
 Gene flow to closely related species
 Increased herbicide usage

Presenter
Presentation Notes
Center’s of origin of crops is where gene flow is most controversial. ExpressSun Sunflower are herbicide tolerant but not genetically engineered. Express herbicide is a sulfonylurea (ALS inhibitor). There are more species of ALS-resistant weeds (more than 150) than glyphosate-resistant ones (about 30).



Herbicide Resistance
GE Crop Traits

Concerns
 Weed resistance
 Gene flow to closely related species
 Increased herbicide usage

http://pubs.aic.ca/doi/pdf/10.4141/cjps2013-129

Does resistance confer 
competitive advantage in 
the wild?

Presenter
Presentation Notes
Gene flow has occurred in the case of GMO canola to wild brassica relatives. In this paper they did not find the resulting plants to have an ecological advantage. This is referred to as fitness. In fact, this study sound the resulting crosses with GMO canola to be less fit and therefore not likely to cause major ecological concerns. That certainly might not always be the case, but is what scientists look at concerning such risks.

Gene flow might be more of a risk with Bt if it conferred some fitness to weeds and it might be less of a concern where the trait is something like increased nutrition i.e. golden rice.

http://pubs.aic.ca/doi/pdf/10.4141/cjps2013-129


Herbicide Resistance
GE Crop Traits

Concerns
 Weed resistance
 Gene flow to closely related species
 Increased herbicide usage

Presenter
Presentation Notes
Glyphosate (Roundup) never controlled Florida pusley on left or smilax on top right or Asian dayflower bottom right. That has not seemed to be any benefit to them in the wild or confer any ecological benefit in the wild.



Herbicide Resistance
GE Crop Traits

Concerns
 Weed resistance
 Gene flow to closely related species
 Increased herbicide usage

http://www.gmo-safety.eu/basic-info/359.seed-sterility.html

http://www.gmo-safety.eu/basic-info/359.seed-sterility.html


Herbicide Resistance
GE Crop Traits

Concerns
 Weed resistance
 Gene flow to closely related species
 Increased herbicide usage

1. Skyrocketing herbicide use
Despite assurances to Congress and regulators over the last 
two decades that crops modified to be herbicide resistant 
would lead to less chemical usage, a peer-reviewed paper 
published last summer showed that the three major GMO 
crops in the U.S. – corn, soybeans, and cotton – have 
increased overall herbicide use by more than 527 million 
pounds between 1996 – 2011, compared to what it likely 
would have been in the absence of GMO 
crops. http://www.justlabelit.org/right-to-know-center/why-
labeling-makes-sense/

Presenter
Presentation Notes
Quote from Gary Hirshberg, (Chairman of Just Label It and Co-Founder and Chairman of Stonyfield Farm, the world’s leading organic yogurt producer) and graph from Food and Water Watch an environmentalist group.

The graph is total herbicide us and does not account for increased acreage during the period.



http://www.justlabelit.org/right-to-know-center/why-labeling-makes-sense/


Herbicide Resistance
GE Crop Traits

Concerns
 Weed resistance
 Gene flow to closely related species
 Increased herbicide usage

Herbicide use on corn, soybeans and cotton — break it down per acre and it's not 
so dramatic. NPR using USDA data -
http://www.npr.org/sections/thesalt/2014/01/24/265687251/soil-weedkillers-
and-gmos-when-numbers-don-t-tell-the-whole-story

Presenter
Presentation Notes

Total herbicide use went up during this period but as you see on the right not really on a per acre basis. The increase on the left was primarily due to increase acreage.  This shows you really have to be careful about what statistics someone uses.

http://www.npr.org/sections/thesalt/2014/01/24/265687251/soil-weedkillers-and-gmos-when-numbers-don-t-tell-the-whole-story


Herbicide Resistance
GE Crop Traits

Concerns
 Weed resistance
 Gene flow to closely related species
 Increased herbicide usage

Herbicide use on corn, soybeans and cotton. NPR using USDA data - http://www.npr.org/sections/thesalt/2014/01/24/265687251/soil-weedkillers-and-gmos-
when-numbers-don-t-tell-the-whole-story

Presenter
Presentation Notes

There is no commercially available GMO wheat, yet herbicide use has increased in wheat. This shows that increases in herbicide use are not necessarily due to genetic engineering.

http://www.npr.org/sections/thesalt/2014/01/24/265687251/soil-weedkillers-and-gmos-when-numbers-don-t-tell-the-whole-story


Herbicide Resistance
GE Crop Traits

Concerns
 Weed resistance
 Gene flow to closely related species
 Increased herbicide usage



Insect Resistance
GE Crop Traits

Decreased Insecticide Applications

X Farmers
Consumers

Environment
Needy

X
X



Insect Resistance
GE Crop Traits

Decreased Insecticide Applications
U.S. Insecticide use in Corn (M lbs) of active ingredient)

USDA National Agricultural Statistics Service

X Farmers
Consumers

Environment
Needy

X
X


Chart1

		1976

		2000

		2010



Series 1

32

10.6

1.8



Sheet1

				Series 1

		1976		32

		2000		10.6

		2010		1.8

				To resize chart data range, drag lower right corner of range.







Insect Resistance
GE Crop Traits

Decreased Insecticide Applications

X Farmers
Consumers

Environment
Needy

X
X

Presenter
Presentation Notes
Top pictures: Insect tolerant crops are also especially beneficial to farmers in developing countries who have less access to insecticides and often the only insecticides they have access to are more toxic older insecticides. These farmers often spray by hand and do not have proper safety equipment to handle or apply pesticides safely.

Bottom: Bt brinjal (eggplant) is being grown in Pakistan. The seed is free and farmers are allowed to save seed.



Insect Resistance
GE Crop Traits

Advantages

Decrease in broad-spectrum 
insecticide use on corn and 
cotton

Lower fuel and labor costs 
for farmers

Solid dividends in the 
developing world

No effect on beneficials

Limitations

Need to plant refugia to slow 
resistance

Pockets of resistance are 
seen and require use of 
insecticides

Still requires careful scouting 
for secondary insects



Insect Resistance
Secondary pests

GE Crop Traits



Improved Nutrition
GE Crop Traits

One acre of omega-3 producing soybeans yields 
as much oil as 10,000 fish!

X Farmers
Consumers

Environment
Needy

X

X

Presenter
Presentation Notes
Top right - High omega 3 soybeans, canola and flax  1. help consumers by providing omega 3 in diet 2. help environment by providing alternate feed to fish farms. Salmon due not make omega 3, they collect it in their diet, this reduces or eliminates need to use nets to catch feeder fish.

Golden rice would be beneficial to the needy in developing countries. About 500,000 people go blind every year due to vitamin A deficiency. About half of those die within a year due to other complications related to vitamin A deficiency. There is also active research utilizing genetic engineering to reduce allergens in such foods and peanuts and rice. Bottom left blind girl due to vitamin A deficiency

Bottom right tomatoes with increased anti-oxidant anthocyanin




Improved Nutrition
GE Crop Traits

http://www.science20.com/news_articles/fewer_wild_fish_needed_genetically_modified_plants_produce_omega3_fish_oil-152784

X Farmers
Consumers

Environment
Needy

X
X

X

http://www.science20.com/news_articles/fewer_wild_fish_needed_genetically_modified_plants_produce_omega3_fish_oil-152784


Allergy-Free Peanuts
Peanut – RNAi suppression Ara h2

Improved Nutrition
GE Crop Traits

Farmers
Consumers

Environment
Needy

X



Improved Nutrition
GE Livestock Traits

Farmers
Consumers

Environment
Needy

X

Nature Biotechnology 24:435-436.  2006

University of Missouri/Massachusetts General Hospital and Harvard Medical School



Disease Resistance
GE Crop Traits

Decreased Fungicide and Insecticide Applications

X Farmers
Consumers

Environment
Needy

X
X

Presenter
Presentation Notes
Top left - Papaya is the only commercially available GE crop that has been engineered for virus resistance (conventional papaya on left and Rainbow GE virus resistant on right). This technology saved the papaya industry in Hawaii. This technology benefits the environment as insecticide sprays are not need to control insects that vector the virus. 

Top center GE grapes resistant to Pierce’s disease, two plants on right ar GE grapes resistant to Pierce’s disease, plants on left are conventional

Top right The virus-resistant GE bean plants are on the top. The original susceptible bean is on the bottom.  developed by the Brazilian public Agricultural Research Corporation (Embrapa) linked to the Ministry of Agriculture, Livestock and Supply.

Bottom left GE blight resistant potato has been developed but has not been commercialized due to fears about consumer acceptance. Blight is what caused the Irish potato famine. Blight still is a major pest in potatoes. A blight resistant potato would benefit the environment by reducing fungicide applications. Bottom middle show reduction in fungicide sprays for blight resistant potato (2 remaining sprays are for alternaria control .






Disease Resistance
GE Crop Traits

Decreased Insecticide Applications

Stopping Citrus Greening 
Spinach defensin,

NPR1, Lytic peptides

Many show promise

Earliest deregulation is 2019

X Farmers
Consumers

Environment
Needy

X
?

X

Presenter
Presentation Notes
Scientist are working on engineering resistance to diseases in other crops like bananas, grapes and citrus. Citrus greening is a virus that is a serious threat to the citrus industry in Florida and in other parts of the world. Like with papaya, the use of genetic engineering could help save the industry. Currently the only methods of control are removing diseased trees and spraying insecticides in an attempt to limit the spread of the disease. These efforts have not been very successful. GE citrus crops may benefit the consumer by keeping citrus available in markets and benefit the environment by reducing insecticide applications.

2015 - Florida’s orange crop will shrink to the lowest in 52 years, the U.S. Department of Agriculture has forecast.


Citrus greening, spread by the Asian citrus psyllids bug and first discovered in Florida in 2005, has triggered the loss of an estimated 100,000 acres and $3.6 billion in state revenues since 2007, the University of Florida has said. The disease causes fruit to shrivel and drop from trees. This disease is threatening the existence of the citrus industry in Florida and other parts of the world. It has shown up in California now too.




Disease Resistance
GE Crop Traits

Decreased Insecticide Applications

Clonally propagated crops

X Farmers
Consumers

Environment
Needy

X
?

X



Disease Resistance
GE Livestock Traits

GE Chickens That Don't Transmit Bird Flu
Breakthrough could prevent future bird flu epidemics

www.roslin.ed.ac.uk/public-interest/gm-chickens

X Farmers
Consumers

Environment
Needy

X

X

http://www.roslin.ed.ac.uk/public-interest/gm-chickens


Disease Resistance
GE Livestock Traits

X Farmers
Consumers

Environment
Needy

X

X

Mastitis-resistant cows (inflammation of mammary gland) 

Nature Biotechnology 23:445-451.  2005

http://www.ars.usda.gov/is/graphics/photos/jan01/k9314-2.htm


Disease Resistance
GE Crop Traits

Species Restoration

Farmers
Consumers

Environment
Needy

X

Presenter
Presentation Notes
Researchers have developed GE American chestnut that are resistant to the blight that has almost made them extinct. 

The first gene being tested at SUNY ESF encodes an enzyme called oxalate oxidase. This particular gene comes from wheat, and it is also found in many grass species. The gene is preferred because it is eaten daily by billions of people around the world. It is a natural defense gene that helps protect wheat from disease, by detoxifying the oxalate (or oxalic acid) produced by the fungus-producing blight.



Stress Tolerance
GE Crop Traits

X Farmers
Consumers

Environment
Needy

X
X

Presenter
Presentation Notes
Top left GE  - salt tolerant rice on right, conventional on left
Top middle - GE flood tolerant rice, areas where you see water is where conventional rice died.
Top right - Aluminum toxicity is a problem in many poor countries in the tropics, as well as in North Carolina
Bottom - Crops that resist drought may become even more important with climate change.



Non Browning Apples and Potatoes
Silencing a gene that leads to discoloration

Increased Storage
GE Crop Traits

Farmers
Consumers

Environment
Needy

X

X

Presenter
Presentation Notes
Both apples (Arctic apples) and potatoes (Innate potatoes) have been genetically engineered so that they do not brown when cut open. The potato also reduces acrylamide in potatoes. Acrylamide has been linked to some cancers. Both products could benefit consumers by reducing food waste. The small company that produced Arctic apples hopes the ability to serve sliced apples that do not brown will increase apple comsumption by children.



A Potato a Day Keeps the Cholera Away

Biologist are using genetic engineering to insert a new gene into potatoes. 
These gene causes the plants to produce a chemical, called a B-protein, that is 
a harmless part of cholera toxin, or poison. When children eat a certain amount 
of these genetically altered potatoes, they become vaccinated against cholera.

Medicinal Uses
GE Crop Traits

Farmers
Consumers

Environment
NeedyX



Medicinal Uses
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Industrial Uses - Biofuels
GE Crop Traits

Enogen corn, developed by Syngenta, contains a microbial gene that causes it to 
produce an enzyme (alpha amylase) that breaks down corn starch into sugar, the 
first step toward making ethanol.

100 million gallon/year plant can save:

450,000 gallons of water
1.3 million KWh of electricity
 244 billion BTUs of natural gas

reducing carbon dioxide emissions by 106 million pounds

Farmers
Consumers

Environment
Needy

X
X

Presenter
Presentation Notes
Picture on right - The structure of lignin naturally contains ether bonds that are difficult to degrade. Researchers used genetic engineering to introduce ester bonds into the lignin backbone that are easier to break down chemically.
The new technique means that the lignin may be recovered more effectively and used in other applications, such as adhesives, insolation, carbon fibers and paint additives
http://blogs.discovermagazine.com/d-brief/2014/04/04/genetically-modified-trees-clean-paper-industry/#.VmZUa_n2DIU



GE Crop Traits
Industrial Uses - Biofuels

MCFA: C6:0-C14:0 fatty acids

Jet fuel specifications and  conversion of oil to alkanes is most efficient and economical with saturated 
C12-C14 fatty acids

Detergents, cosmetics, lubricants and applications in food industry

X Farmers
Consumers

Environment
Needy

X

Presenter
Presentation Notes
Picture on right - The structure of lignin naturally contains ether bonds that are difficult to degrade. Researchers used genetic engineering to introduce ester bonds into the lignin backbone that are easier to break down chemically.
The new technique means that the lignin may be recovered more effectively and used in other applications, such as adhesives, insolation, carbon fibers and paint additives

Picture on right



Toxin removal
GE Crop Traits

http://www.sciencedaily.com/releases/2003/05/030514080833.htm

Farmers
Consumers

Environment
Needy

X

X

http://www.sciencedaily.com/releases/2003/05/030514080833.htm


Toxin removal
GE Crop Traits

Farmers
Consumers

Environment
Needy

X

X

Presenter
Presentation Notes
Several studies have shown decreases in mycotoxins with Bt corn, this is indirectly caused by reduced insect damage results in less fungus infection and therefore less mycotoxins. Chronic aflatoxin exposure is a serious concern in areas like Africa.
Link to paper in slide http://link.springer.com/article/10.1007/s11248-005-5237-1



Improved metabolism
GE Livestock Traits
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GE Livestock Traits
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Improved metabolism
GE Crop Traits
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Improved metabolism
GE Crop Traits

X Farmers
Consumers

Environment
Needy

X
X



Improved breeding
Hybrid varieties for self-pollinated crops

GE Crop Traits

http://www.brettyoung.ca/images/file/Hybrid%20vs%20Conventional%20Fertility.pdf

X Farmers
Consumers

Environment
NeedyX

http://www.brettyoung.ca/images/file/Hybrid%20vs%20Conventional%20Fertility.pdf


Improved breeding
GE Crop Traits

X Farmers
Consumers

Environment
NeedyX

Presenter
Presentation Notes
Using early flowering (FT-system) can speed up breeding. Especially important in crops that take years to mature like tree fruits and forestry. Here is a link to use of FT system in citrus breeding to speed up breeding https://www.ncbi.nlm.nih.gov/pubmed/16245161
This could be very important in a situation like citrus greening where the industry is under serious threat.



RNA interference (RNAi)

X Farmers
Consumers

Environment
NeedyX

X

Presenter
Presentation Notes
Use of RNAi to control corn rootworm http://www.agrinews-pubs.com/Content/News/Latest-News/Article/Next-generation-RNAi-technology-targets-corn-rootworm-/8/6/9911

Use of RNAi technology to restore susceptibility (block resistance) is discussed here http://sitn.hms.harvard.edu/flash/2015/epigenetics-in-plant-breeding/
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Also efforts using RNAi to control varroa mite in bees https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3534371/




RNA interference (RNAi)
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Use of RNAi technology to restore susceptibility (block resistance) is discussed here http://sitn.hms.harvard.edu/flash/2015/epigenetics-in-plant-breeding/



Who benefits most from crop biotech (GMO)?

http://www.nature.com/nbt/journal/v28/n4/pdf/nbt0410-319.pdf

Presenter
Presentation Notes
Studies show that developing countries benefit most from GE crops. Part of the reason is that they have less options for pest control.

http://www.nature.com/nbt/journal/v28/n4/pdf/nbt0410-319.pdf


Who benefits most from crop biotech (GMO)?

Developing Countries

Presenter
Presentation Notes
Studies show that developing countries benefit most from GE crops. Part of the reason is that they have less options for pest control. Another reason is that they do not have proper safety equipment to apply pesticides.



Why are all the GMO traits aimed at increasing 
production rather than adding value to nutrition of 

foods or other health benefits?
Risings costs, lengthening review periods and pervasive uncertainty 
about which technologies will be acceptable in different markets have 
dampened revenues and investments and lowered the potential for 
plant biotechnology to contribute to global food security.  The costs 
for regulatory testing and registration process in 2011 was about 
35.1 million dollars. 

Peter W.B. Phillips Distinguished Professor at the Johnson-Shoyama
Graduate School of Public Policy at University of Saskatchewan, Canada 
https://croplife.org/wp-content/uploads/2014/04/Getting-a-Biotech-Crop-to-Market-
Phillips-McDougall-Study.pdf

Presenter
Presentation Notes
The slides above mention some of the traits that add value in terms of nutrition or other health benefit.

https://croplife.org/wp-content/uploads/2014/04/Getting-a-Biotech-Crop-to-Market-Phillips-McDougall-Study.pdf


Why are all the GMO traits aimed at increasing 
production rather than adding value to nutrition 

of foods or other health benefits?

 Farmer will pay for technology
 Will consumers accept and be willing to pay for 

technology?
 Increased nutritional benefits constitute a material 

difference and will have to be labeled

Presenter
Presentation Notes
The slides above mention some of the traits that add value in terms of nutrition or other health benefit.



Why are all the GMO traits aimed at increasing 
production rather than adding value to nutrition 

of foods or other health benefits?





Why are all the GMO traits aimed at increasing production 
rather than adding value to nutrition of foods or other 

health benefits?

Presenter
Presentation Notes
The slides above mention some of the traits that add value in terms of nutrition or other health benefit. 
top left –artic apple reduced brownin, top middle – golden rice, top right – potato with cholera vaccine, 
middle of the page – innate potato has reduced browning when cut, reduced bruising and reduced levels of acrylamides when fried
Bottom left  - purple tomato – high anthrocyanin (antioxidant), middle right – plenish soybeans have improved fatty acid profile, top right – reduced allergens (in this case peanuts)



Are “GMO’s“ safe?

Are “GMO’s“ less 
healthy?





Categories of safety assessments for GMO’s



Plant Incorporated Protectants (PIP) 
Ecotoxicological Studies



Are non-GMO foods necessarily more healthy?

http://www.sciencedirect.com/science/article/pii/S0278691511006399

http://www.sciencedirect.com/science/article/pii/S0278691511006399


Are non-GMO foods necessarily more healthy?
European Commission  - A decade of EU-
funded GMO research

The main conclusion to be drawn from the 
efforts of more than 130 research projects, 
covering a period of more than 25 years of 
research, and involving more than 500 
independent research groups, is that 
biotechnology, and in particular GMOs, are not 
per se more risky than e.g. conventional plant 
breeding technologies. 

https://ec.europa.eu/research/biosociety/pdf/a_decade_of_eu-funded_gmo_research.pdf

https://ec.europa.eu/research/biosociety/pdf/a_decade_of_eu-funded_gmo_research.pdf
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https://ec.europa.eu/research/biosociety/pdf/a_decade_of_eu-funded_gmo_research.pdf

https://ec.europa.eu/research/biosociety/pdf/a_decade_of_eu-funded_gmo_research.pdf


Are non-GMO foods necessarily more healthy?

https://ec.europa.eu/research/biosociety/pdf/a_decade_of_eu-funded_gmo_research.pdf

https://ec.europa.eu/research/biosociety/pdf/a_decade_of_eu-funded_gmo_research.pdf


Are non-GMO foods 
necessarily more healthy?

Presenter
Presentation Notes
Genetic engineered (Geed) microorganisms are replacing chemical, synthetic methods to produce vitamins, flavors, enzymes, and other food additives. Consumers that prefer non-GMO foods should be aware that this may result in lower vitamin levels in non-GMO products. The package on the left is non-gmo and the package on the right is conventional and includes vitamins from GEed processes. A discussion of this can be found at http://www.non-gmoreport.com/articles/oct08/vitamins_gmo_challenges_for_organic_industry.php
http://www.npr.org/sections/thesalt/2014/12/05/368248812/why-did-vitamins-disappear-from-non-gmo-breakfast-cereal




Are non-GMO foods 
necessarily more healthy?
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Presentation Notes
Genetic engineered (Geed) microorganisms are replacing chemical, synthetic methods to produce vitamins, flavors, enzymes, and other food additives. Consumers that prefer non-GMO foods should be aware that this may result in lower vitamin levels in non-GMO products. The package on the left is non-gmo and the package on the right is conventional and includes vitamins from GEed processes. A discussion of this can be found at http://www.non-gmoreport.com/articles/oct08/vitamins_gmo_challenges_for_organic_industry.php
http://www.npr.org/sections/thesalt/2014/12/05/368248812/why-did-vitamins-disappear-from-non-gmo-breakfast-cereal




Do GMOs contribute to monoculture?

Presenter
Presentation Notes
Genetic engineered (Geed) microorganisms are replacing chemical, synthetic methods to produce vitamins, flavors, enzymes, and other food additives. Consumers that prefer non-GMO foods should be aware that this may result in lower vitamin levels in non-GMO products. The package on the left is non-gmo and the package on the right is conventional and includes vitamins from GEed processes. A discussion of this can be found at http://www.non-gmoreport.com/articles/oct08/vitamins_gmo_challenges_for_organic_industry.php




Why do most farmers 
use GMOs?



My Background with Biotechnology



My Background with Biotechnology



My Background with Biotechnology











“First, think about how they fit into sustainable agriculture: Do they 
reduce pesticide use? Do they reduce soil erosion? Do they reduce 
nitrates leaching into the soil? Do they increase yields? If so, then 
that’s an improvement to our agricultural system.” 

- Raoul Adamchak, Manager of Certified Organic Market Garden at the 
UC Davis Student Farm.

Presenter
Presentation Notes
GMOs are not holy grail or silver bullet, but they are important tools in agriculture.











agbiotech.ces.ncsu.edu
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