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What is a GMO? What is the difference between
genetically modified organisms and genetically
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What is a GMO?
Man has been manipulating DNA in plants and

animals for millennia

Figure 2 Fruit of a wild species of lomato compared to a
modern tomato vanely bred for Iar?e fruit. From Frary ef

al (2000} Science 7 qu 289 no 5478: 85

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


What is a GMO?

A committee of 14 scientific experts met

to deliberate on the study objectives.

First, the committee defined genetic engineering
as the targeted manipulation of genetic
material used to alter the ;;:_L'n:.'lif: compx )S1t1ON
of plants, animals and microorganisms.

Second, GE foods were defined as the product of

recombinant DNA (rDNA) methods that allow

a gene from any species to be inserted and

subsequently expressed in a food or food

}‘11'1 !LILICI.

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

RNA. - is a biological process in which RNA molecules inhibit gene expression -
https://www.youtube.com/watch?v=Vh3-NHdjnyQ
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What is a GMO?
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Presenter
Presentation Notes
Promoter – turns on the expression of a gene
Terminator – turns of the expression of a gene



What is a GMO?
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What is a GMO?

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

The sweet potato or yam was genetically modified not by Man, but by nature. Picture: Getty
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What is a GMO?
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What is a GMO? What is the difference between
genetically modified organisms and genetically
engineered organisms?

Conventional Mutation Transgenics Cisgenics
breeding/hybrids breeding

(crossbetween tw¢
nonclonal plants)

Examples in Almost everything Some bananas, Much corn, Coming soon
common foods pears, apples, rice, cotton, soy,
yams, mint, others canola, papaya
Number of 10K 300Kk, No way to assess 1-3, few more in 1-3, usually 1
genes affected depending on stacked products
species
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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.


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

GE Crops that have been commercialized in US

100

colton
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GE Crops that have been approved but not
commercialized in US

Arctic Apple

Conventional

Innate Potato
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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?

BIOTECH CROPS [PLANTED OR APPROVED" IN 2014] AND BENEFITS: 2014 ISAAA Global Status Report Updates

UMITED STATES: INNATE™ POTATO APPROVED INOONESM.: DROUGHT - TOLERANT BANGLADESH: TIMELY COMMERCIALIZATION
i by e i SUGARCANE APPROVED
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http://www.isaaa.org/resources/publications/briefs/49/infographic/pdf/B49-MapInfographic-English.pdf

NC Cooperative Extension Empowering Peaople = Providing Solutions

“m
-
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90%0 OF NORTH
AMERICAN

Cheere IS MADE
WITH THIS Sechef ‘»
INGREDIENT! TS

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

e, $ A
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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.



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.

GM yeasts: the next battleground

1'm going to make a
pradiction. I reckan the
next battlegrownd in tha
wirss wiorld will bs the
coMroversial use of
genetically modified (GM)
yeasts in winemaking.
Plenty of these genetically
madified stralns already
exbet In laboratoeries
argund the globe, but they §
havent previously besn
commerciafized because
of the negative reactians
of corsumars to GM food
products. The sclantists
are busy englnasring
beneficial raits into wine
yeasts even though they
know they won't be wsafu
for commarcial
winamaking for the
forsesatia Futuras, for taa reasons, First, they reckon the public oppisithon to G
technology will ons day recada, ab which paint they'll be in 3 good positian fo meve,
Second, they can learn a lok of useful information from wsing these introduced genes,
which will then inform conventional breeding and selection programs.

http://www.wineanorak.com/GM yeasts.htm
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Genetically Modified Yeast Could Boost Health
Benefits Of Wine And Reduce Hangovers

Mareh 22, 2015 | by Justine Alfard

i

) |

[

phdlo cfedil Marcos Mesa Sam Wondleyl Shutlersiok

H 15K u 7 thE

As i the human population needed an excuse o drink more booze: Sceentists have
demonstrated thal it is possible to genetically engineer yeast in such a way thal it could
improve the content of the heakh-boosting substances of wine and beer. And the icing on
he cake? It could polentially reduce the amounl of oxic byproducts thal can contribule to
that dreaded hangover. Praise sciencel

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

>
>
>

YV VYV

YV VYV

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

.., A
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Breeding

Radiological mutagenesis Subgenics Gene editing
. CRISPR
Cross breeding ZENs
Chemical mutagenesis . .
Polyploidy Agrobacterium Cysgenics
Mass selection transformation
Transgenics Ballistic
. g transformation
. Protoplast fusion
Hybrids

TALONSs RNAI
Interspecific hybrids

Intergeneric hybrids
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Plant Breeding

Radiological mutagenesis

Cross breeding

Chemical mutagenesis

Polyploidy Subgenics -
Mass selection Gene editing
CRISPR
ZFNs RNA]
Hybrids Protoplast fusion Agrobacterigm
transformation Cysgenics
Interspecific hybrids )
Transgenics Biollistic

Intergeneric hybrids transformation

TALONSs
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Radiological mutagenesis Subgenics

Gene editing
i CRISPR
Cross breeding i
Chemical mutagenesis _ |
Polyploidy Agrobacterium Cysgenics
Mass selection transformation
Transgenics Ballistic
i : transformation
. Protoplast fusion
Hybrids

TALONSs RNAI
Interspecific hybrids

Intergeneric hybrids
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Nonregulated

GMOs

Radiological mutagenesis

Cross breeding

Chemical mutagenesis

Polyploidy .
Subgenics Gene editing
Hybrids Mass selection CRISPR
ZFNs RNAI
Interspecific hybrids Agrobacterium
transformation Cysgenics
. . Protoplast fusion
Intergeneric hybrids )
Transgenics Biollistic

transformation

TALONSs
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Nonregulated
GMOs

Regulated
GMOs

Clearfield  osms

_J
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What is a GMO?

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

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


GE Crop Traits

Herbicide Resistance

Decreased tillage
» Less soil erosion e ey
» CO2 sequestration
» Increase soil organic matter
» Reduced trips through the field SR
> Less fuel use = A

Soybeans May 2003

Phatar Crles Emsial)-Fi-Washoa

Farmers

Consumers

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


GE Crop Traits

Herbicide Resistance

Concerns
» Weed resistance i hatiida
> Gene flow to closely related species [
» Increased herbicide usage

— —\N
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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.


GE Crop Traits

Herbicide Resistance

Concerns
» Weed resistance
» Gene flow to closely related species
» Increased herbicide usage centers of origin of selected crops

Beoda Ths posrdes ocalions mdcals genaml regeaons whars coops a0 bebeved 10 ave frsd baean
domestcated In some cass. e oenler O onigin & unceriain Ot geographic regions sl
harbor FrpOrtENt genetic dvensdy tor thess orops

Spwroe Thes man wna deveoosd by e Generm) Accounting Ofes uses) dats prowvled Ly The

Baatenal Plant Garmpadm Syitem's Plard Exchangs Ofics
B -y
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Presenter
Presentation Notes
Center’s of origin of crops is where gene flow is most controversial


GE Crop Traits

Herbicide Resistance

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

[ MENU NUTRITION FOOD WITH INTEGRITY WHAT'S HAPPENING CATERING TALKTO US Q LOCATIONS

WHEN IT COMES TO OUR FOOD, GENETICALLY MODIFIED INGREDIENTS DON'T MAKE THE CUT.

NC Cooperative Extension
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Canters of arigin of selected crops.
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Weed control in sunflowers, especially broadieaf weed control, has always been difficult. In all other crops,
sunflowers are considered a weed and are easily controlled by a wide range of herbicides. That means new
technology was needed to help sunflower growers maximize yield potential through clean fields.
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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).


GE Crop Traits

Herbicide Resistance
Concerns
» Weed resistance
» Gene flow to closely related species

» Increased herbicide usage

Pollen-mediated gene flow between glyphosate-resistant
Brassica napus canola and B. juncea and B. carinata
mustard crops under large-scale field conditions in
Saskatchewan

Ginette Séguin-Swartz', Hugh J. Beckie'*, Suzanne |. Warwick?, Vicky Roslinsky’,
Jacqueline A. Nettleton®, Eric N. Johnson®, and Kevin C. Falk'

'Agn’cuﬂure and Agrni-Food Canada {AAFC), Saskatoon Research Centre, 107 Science Place, Saskatoon,
Saskatchewan, Canada S7N 0X2: “AAFC, Eastem Cereal and Qilseeds Research Centre,
K. W. Neatby building, Central Experimental Farm, Oftawa, Ontfario, Canada K1A 0C8; and

Does res i Stan Ce CO nfer SAAFC, Scott Research Farm, P.O. Box 10, Scotf, Saskatchewan, Canada SOK 4A0.

Received 25 April 2013, accepted 17 July 2013. Published on the web 8 August 2013.

CO m petltlve advantage I n Séguin-Swariz, G., Beckie, H. 1. Warwick, S. I, Roslinsky, V., Netileton, I. A_ Johnson, E. N and Falk, K. C. 2013.
Pollen-mediated gene flow between glyphosate-resistant Brassica napus canola and B. juncea and B. carinafa mustard crops

- under large-scale field conditions in Saskatchewan. Can. J. Plant Sci. 93: 1083-1087. A Saskatchewan study examined

th Id? hybridization between two mustard {Brassica funcea and B. carinata) crops that were either adjacent to a glyphosate-
e WI i resistant canola (8. napus) crop or separated by a 5-m strip. Overall, field hybridization levels, detected with glyphosate
resistance and species-specific AFLP markers. were low: 0.024% and up to 400 m in the adjacent B. juncea field and

0.013% (up to 350 m) in the separated field, and 0.005% (up to 150 m) in the adjacent B. carinata field and 0.002% (up to

65 m) in the separated field. Based on fitness information under controlled conditions. the fertility of hybrid plants is

expected to be low.

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

.., A
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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

GE Crop Traits

Herbicide Resistance
Concerns
» Weed resistance
» Gene flow to closely related species
» Increased herbicide usage

Q on Th e Ma re h

. Smentlﬁqwarnmgs come to pass.

nf‘! hy 784 .
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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.


GE Crop Traits

Herbicide Resistance
Concerns

» Weed resistance
» Gene flow to closely related species

» Increased herbicide usage — _
ooyl GMO Safety

| Genetic engineering = Plants - Environment
|

HOME BASIC INFO Falt | B, 3007
Prmi Sems
E.A. H T ER MI H A.T'D R SE E D S 'HE“E Bickogical cantanment
FOCUS =
JOIMN THE GLOBAL CAMPAIGHM DERATE Seed sterility
itk D way of reventing franagenss fram spreading, and thershy from
SCIENCE LIVE outcrossing, is to engineer seed sterility. Thers are a number of
DATAZASE different malecular bologlcal concepts for producing plants with seads
that do nat garminate, or that germinate anly sfter treatment with
COEXISTENCE chamicals, Howevar, these “terminator” systems are controvarsial.
PRESS

Tha “termdnator” concapt, which is one of the GURT tachnalogies (Gane Usage
MEDLL CENTRE Restriction Technolagies] was actuslly deyelopsd Lo protect the infeflectual
property of plant breeders and seed growers and to prevent farmers from

LINKS
. 2 prapagating the sesd themsslves,
GLOSSARY

It s not yet possible to predict whether the terminator corcept will be used
MNEW far this purpoes in futura, Thers 15 a fead that partioularly Im pooe countries It
ARCHIVE will increass farmers' dependence on the seed industry. Terminator

tachnalogy |5 supposed ta prevent farmers propagating the sead from plants
thermaslyes, forcing them o buy new seed avery year, Afer heated
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http://www.gmo-safety.eu/basic-info/359.seed-sterility.html

GE Crop Traits

Herbicide Resistance

Figure 5. Total Herbicide Volume Applied
Concerns to Corn, Cotton, Soybeans

» Weed resistance (MILLIONS OF LBS PER YEAR)
» Gene flow to closely related species B
» 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 250M
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/

(| i i i i |

| ] ] i ] 1
1994 1998 2002 2006 2010 |

SOURCE: USDA-NASS, Quickstats. Aguicultural Survey, Chemical Applications, Herbicide Use
on Lo, Lotton and Soyboeans (Total
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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/

GE Crop Traits

Herbicide Resistance
Pounds per acre, com/soy/cotton

Concerns 200
» Weed resistance 175

» Gene flow to closely related species L
» Increased herbicide usage
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Herbicide use on corn, soybeans and cotton — break it down per acre and it's not
so dramatic. NPR using USDA data -

we we w2 mes 0w http://www.npr.org/sections/thesalt/2014/01/24/265687251/soil-weedkillers-
SRS AN Sty pur oy G i, S and-gmos-when-numbers-don-t-tell-the-whole-story
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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

GE Crop Traits
Herbicide Resistance
Pounds per acre, wheat
Concerns
» Weed resistance G
» Gene flow to closely related species
» Increased herbicide usage

0.25

0 - .
9596979899000102030405060708091011

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
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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

GE Crop Traits

Herbicide Resistance
Concerns
» Weed resistance

» Gene flow to closely related species
» Increased herbicide usage

Herbicides and corn Herbicides and soy
As use of the herbicide glyphosate has increased on corn crops, (otal herbcide use As the use of the herbicide glyphosate on soy crops has increased, so has the overall
has dropped usa of herbicides,
Total i
2,66 1.73 Total herbicides
-
e 15 1.33 Gliyphosate
2 e 1.95 Total herbicides
) 1.27 Other herbicides 10 =
1
0.5
0.88 Glyphosate
0‘54_—’_//\_—0
n [ ] u‘n _— —
1906 2014 1996 2012
Pourds of herbicides applied per acre of com. Note: Dats unavailable for 2010-2013. Founds of berbloide per acre of Soybeane. Noka: Diats unavisiatie for 2000-2011
Source: USDA Economic Research Service Sourcs: USDA Economic Ressarch Senvice
THE WASHINGTON POST THE WASHINGTUN POST
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Insect Resistance
Decreased Insecticide Applications

) slWorm &1

Caterpillar

KILLER “=

X |Farmers

Consumers

X |Environment
X |[Needy

B S|

NC Cooperative Extension Empowering Peaople = Providing Solutions



GE Crop Traits

Insect Resistance

Decreased Insecticide Applications

U.S. Insecticide use in Corn (M Ibs) of active ingredient)
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GE Crop Traits

Insect Resistance
Decreased Insecticide Applications

Non Bt brinjal (left), Bt brinjal (right)

X |Farmers
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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.


GE Crop Traits

Insect Resistance

Advantages Limitations
Decrease in broad-spectrum Need to plant refugia to slow
insecticide use on corn and resistance
cotton

Pockets of resistance are
Lower fuel and labor costs seen and require use of
for farmers insecticides
Solid dividends in the Still requires careful scouting
developing world for secondary insects

No effect on beneficials

.., A
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GE Crop Traits

Insect Resistance
Secondary pests

INTEGRATED PEST MANAGEMENT
The IPM Triangle

The APS Pest Management System Plan

CHEMICAL
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GE Crop Traits

Improved Nutrition

One acre of omega-3 producing soybeans yields

p Tomatoes Go GMO to Cure C i i
wrple Tomatoes o Lure Cancer as much oil as 10’000 fish!

X |Farmers

X |[Consumers

Environment
X [Needy
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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



GE Crop Traits

Improved Nutrition

Fewer Wild Fish Needed: Genetically Modified Plants Produce
Omega-3 Fish Oil

By Mews Staff | January 31st 2015 10:34 AM | 3 comments | & Print | ] E-mail | Track Comments
EYZ] @ Share/Save M= F ...

Researchers have revealed that genetically modified Camelina plants

A

% produce omega-3 fish oils suitable for feeding Atlantic salmon. The new
i GMO plants can produce up to 20% of eicosapentaenoic acid (EPA), one of

SCIEP«!TFC;I.EGGINE
Lol the two omega-3 LC PUFA conferring health benefits.

MNews Staff
| | Consumption of omega-3 fish cils, specifically long-chain polyunsaturated

Search This Blog fatty acids {omega-3 LC-PUFA), through eating oily fish like salmon and

mackerel, has been linked with improved cardiovascular health and

cognitive development. The primary dietary sources of these fatty acids
are wild or farmed fish.

Fish accumulate the omega-3 fish oils through eating other organisms in the marine food chain
or, in farmed fish, through fishmeal and fish oil in feeds. Currently there is a gap between

supply and demand for these fish oils and new sources are required for the aquaculture industry

and for direct human consumption.

XX | X | X

Farmers

Consumers

Environment
Needy

http://www.science20.com/news_articles/fewer wild fish needed genetically modified plants produce omega3 fish 0il-152784
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Charscteristics of Peanut Allergens

GE Crop Traits

Improved Nutrition

Allergy-Free Peanuts
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Plant tested | Two letter | Ara h 2 protein
code concentration

Wild Type WT 27.73%
12.1.1 s1 4.24%
32.1.1 s2 3.08%
45.6 S3 4.04%
Farmers

X |[Consumers

Environment

Needy

by
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GE Livestock Traits

Improved Nutrition
BRIEF COMMUNICATIONS

nature
biotechnology

Nature Biotechnology 24:435-436. 2006

Generation of cloned transgenic
pigs rich in omega-3 fatty acids

Linngxue Lai'*#, Jing X Kung™®, Rongleng Li',
lingdong Wang®, William T Witt", Hwan Yul Yong',
Yanhong Hao', David M Wax", Clifton N Murphy',
August Rieke', Melissa Samuel', Michael L Linville®,
Scott W Korte®, Rhobert W Fvans®,

Thomas T Starzl®, Randall § Prather'? &

Yifan Dhai®

Meat products are generally low in omega-3 (n-3) fatty acids,
which are beneficial to human health. We describe the
eeneration of cloned pigs that express a humanized
Caenarhabditis elegans gene, fat-1, enceding an n-3 fatty

acid desaturase. The hfat-1 transgenic pigs produce high levels
of n-3 fatly acids from n-6 analogs, and their tissues have

a significantly reduced ratio of n-&/n-3 fatty acids (P =< 0.001).

The health benefis of long csain #-3 Gy acids, found mainly in Gsh
oils, are well ||’.‘|.'n”:l[;|.'|iz|bd. Bt ].'lll.'ld.!.l.n.'l;‘l |.'|uu||.a]15.' conain simall

amonmts of no% fare acids and lares ameaness of o6 faree acide!

such as the fio-§ gene found in the roundworm ©. elegens”, Eartier
wark in l'rulls-la,z:u.iL mice L'H.rr:.-illg the _rm!-.' gene T Huﬁuxleﬂ the
feasibility of creating foé-1 transgenic Bvestock capable of producing
#i-3 Falty acids froamn te cosresponding & Balty acids®. Here we report
the cloning of fiwi-1 wansgenic pigs that produce high levels of #i-3 Gatty
acids in thelr tisswes and organs.

An hfar- I expression vector, pUAGGS-hiar I, which contans a
hurmanized foi-) cDMNA (with meshification of csdon wage) driven
by the cytomepakoirug enhancer and chicken flractin promoter,
has beem dscrbed previouslyd, A pok-nen expression cassetle as a
selection macker was bserted  imw pCAGGS-hfi-i W generate
pST103, which was wansfocted ioto carly-passage omale  primary
[lnﬂ.-.im- fetal fbrmhlast cells, '|'.|['I‘I--1- .‘.-5. |‘r|. Hrct'rnrmrzri-:m; the trans
fected cells were selected with 250 ppiml G418, The G418-resistant
L'I.II.':lﬂil-.i wWere r.'l'll'lllﬂll. '::ﬂ'u ‘:h“mﬂllw’-l'r.‘.hic ﬂml:u'ﬁi“ K‘I'llml.'(l. |I'|i|1
PCFFA-3/pETI03 celk contuined higher amounts of -3 Gy acuds
and lower amounts of m-6 Gty acids compared with the nontrans-
fevted pCFF-3 cdls, madicating that the liat-1 proten was fuoctioosal
in the primary porcine oclls. The MCFF-3pST103 cells were wsed o
clone hfat I transgenic pigs by meclear transfer a5 described pre
viously®, A tatal of 1,633 reconstructed embros were tansferned into
14 gilts that exhibited a natural estros. Twelve early pregnancies were
established, and fve of them went to e Twebve (ten alive and two
dead) mabe piglets wene born by either caesaman section or matural
delivery. PCR analysis of DNA samples Toom the tails of ten live piglets

chraed that civ niolete (nne 1 325 B and 01 wers mncdtive b the
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Disease Resistance

Fungicide and Insecticide Applications
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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 .





GE Crop Traits

Disease Resistance
Decreased Insecticide Applications

Stopping Citrus Greening

Fy Spinach defensin,

B s NPR1, Lytic peptides

Many show promise

Earliest deregulation is 2019
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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.



GE Crop Traits

Disease Resistance
Decreased Insecticide Applications

Clonally propagated crops
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GE Livestock Traits
Disease Resistance

GE Chickens That Don't Transmit Bird Flu

Breakthrough could prevent future bird flu epidemics

Suppression of Avian Influenza
Transmission in Genetically

Modified Chickens

Jan Lyall,” Richard M. Irvine,” Adrian Sherman,’ Trevelyan |. McKinley," Alejandro Midez,”
Auriol Purdie,™ Linzy Outtrim,” lan H. Brown,” Genevieve Rolleston-Smith,’

Helen Sang,’t Laurence Tiley™tt

Infection of chickens with awian influenza virus pases a global threat to both paultry production and
human health that & not adequately controlled by vaccination or by biosecurity measuras. A novel
altamative strateqy is to dewvelop chickens that are genetically resigant to infaction. We generated
transgenic chickens expressing a short-hairpin BMA designed to function as a decay that inhibits
and blocks influenza virus polymerase and hence interferes with virus propagation. Susceptibility to
primary challenge with highly pathogenic avian influenza virus and omeard transmision dynamics
were deterrmined. Althowsgh the transgenic birds succumbed o the initial experimental challenge,
amrward transmission to bath transgenic and nantransgenic birds was prevented.

bz chveraty of wein nfluemen vimses

I (AIVE) and their propensity fee inles
specics tanamissinn imake them a gholal

thrcat o animal and public health communitics,
Cross-spocics munEmission of miluenz vinses
miay occur dircctly or be faciliaiod by inter-

wawwsciencemag.org  SCIENCE  WOL 337

mieshive host species that wmplify and dveraly
wires popa bations, notabdy demestic chickens,
ducks, and pigs (5. Althoough contre] of ATV in-
fection in it wild aquatic bird rescreoir & im-
practical, contmol of ALY in domesticated hosts is
possible (21 The diversity of viral antizenic sub-

www.roslin.ed.ac.uk/public-interest/gm-chickens
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types mnd their potential for evolutionany shifi
and drifi arc a challenge, panicularly bocausc
current vaccines do not generally achieve sterile
irmrmenity even against anigenically well-matched
vituscs (). Ome potential rowtc 1o control ALV n
cormmeercisl powliny i= (o wse genetic modificaton
o miroduce nowel genes thit conler resestimee o
infection i, 51, Here we evaluale inmsgenic ex-
presgion of an WM A hairpin molecule capable of
mhabiimg millusne virl polymernse actvity (8],

M EMNA |.'1-:|:|-.:“i-.:|| [ CT ] Y H"i!‘z 1A s
designed toouse a chicken U promcter (7) w
cxpress the shor hairpin BMA molocule, docoy 5
(D3, Fig 181 (&) This decoy contwins the con-
served] M- ond 5-terminal sequenoes of indflwen-
28 virus genome scgments that encompass the
complementary BERA (CRMA) bmdmg site for

"D-:-|.Id1|||-=1|': ol Weterirany Medicive, University of Cambiidge,
Mactngley Rosd, Cambridge (B3 OFs, WK “Veternary lah
oratnres fgency, Weyhridgr, Addlmstone, Sumey KT15 3NE, UK
“The Roslin Instile and Fayal i Sdwol of Veternary
shuties, Univorsisy of Edinhirgh, Bdrborgh BH2S 905, LK

“Prasent sddress Faoulty of Veterinary Science, University
of Syfney, NGW F5ET, fumiralia.

These authors contributed equally 1o this mork.
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GE Livestock Traits

Disease Resistance
Mastitis-resistant cows (inflammation of mammary gland)

ARTICLES
nature
biotechnology
Nature Biotechnology 23:445-451. 2005

Genetically enhanced cows resist inframammary
Staphylococcus aureus infection

Robert | Wall', Anne M Powell!, Max | Paape’, David E Kerr’, Douglas D Bannerman®, Vernon G Pursel',
Kevin D Wells®, Neil Talbot' & Harold W Hawk!

Mastitis, the most consequential disease in dairy cattle, costs the U5 dairy industry billions of dollars annually. To test the X Fal’m ers
feasibility of protecting animals through genetic engineering, transgenic cows secreting lysostaphin at concentrations ranging
from 0.9 to 14 mg/ml in their milk were produced. {n vitro assays demonstrated the milk's ability to kill Staphylococcus Jureus,
Intramammary infusions of 5. aurews were administered to three transgenic and ten nontransgenic cows. Increases in milk X consumers
somatic cells, elevated body temperatures and induced acute phase proteins, each indicative of infection. were observed in
all of the nontmnsgenic cows but in none of the transgenic animals. Protection against 5. awrews mastitis appears to be i
B achievable with as little as 3 mg/ml of lysostaphin in milk. Qur results indicate that genetic engineering can provide a wiable EnV| ronm ent

tool for enhancing resistance to disease and improve the well-being of livestock.
X |Needy

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

GE Crop Traits Restoring the American Chestnut?
Disease Resistance

~ Species Restoration

[Using hyvbrid American Chesinut trees to
capture carbon

Posted on June 21, 2009 by MB-BigE

Maost of the emphasis on stopping global
warming has been on reducng the
amount of carbon and GWG's emitted
into the atmosphere, but the other side
of the coin is worth exploring too. There
are a number of carbon sequestration
projecis being looked at, but Douglass
Jacobs, an associate of forestry and
natural resources at Purdue University,
iz Jooking into a more low-tech solution

the reintrodurtion of hybridized
American chestnut trees. Basically, the
Amencan Chestnut tree was almost

killed off by the chestnut blight in the
beginning of the 1900s, and was Farmers
practically  eliminated from this

: S —— Consumers

Professor Jacobs stands next toan
Amenican Chestnot tres

X |Environment

Needy
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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.


GE Crop Traits

Stress Tolerance
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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.


GE Crop Traits

Increased Storage
Non Browning Apples and Potatoes

Silencing a gene that leads to discoloration

of PPO ©
QX e X, e
enzyme
R OH R O
{colourless) {(browned)
Farmers
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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.


GE Crop Traits

Medicinal Uses

A Potato a Day Keeps the Cholera Away

Farmers

Consumers

Environment
X |[Needy

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.

.., A
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GE Crop Traits

Medicinal Uses

i - EDOlA Treatment: How Big Tobacco and
T the Military Came Together

Tobacco plants used to create the experimental treatment given to the two U.S. patients infected with Ebola at the KBEP facilities in Kentucky. 28 Courtesy of Kentucky BioProcessing

Farmers

X Consumers

Environment
X |[Needy
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GE Crop Traits Genetialy Modfied Trees Could e U Pper sty
Industrial Uses - Biofuels HEEEE 3

i - |--.i'.

--!(CEI-

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:

Farmers
~450,000 gallons of water X |Consumers
~1.3 million KWh of electricity _
~ 244 billion BTUs of natural gas X_|Environment

Needy

~reducing carbon dioxide emissions by 106 million pounds
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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

Designing jet fuels of the future

Date posted: February 3 2012

Using micro-organisms able to survive in some of the most
extreme environments on Earth, two CALS researchers
are working to turn plants and algae into ail-producing
factories efficient enough to help solve the problem of the

world's diminishing petroleumn reserves.

Drs. Amy Grunden and Heike Sedsroff have spent the past

twao years working on ways to make the microscopic

maring algae Dunaliella produce more fatty acids that can

Roger Winstaad photo

Drs. Heike Sederoff and Amy Grunden

be processed into fuels, and they recently won a grant to

) find ways to make carmelina, an oilseed crop, more

look to extremophile genes to enhance : . _— - -
i T ) suitable for North Carolina’s growing conditions.

oll production in marine algae and an

oilseed crop. With federal stimulus funding awarded through the

Mational Science Foundation, Grunden, associate professor

B W |
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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


GE Crop Traits

Toxin removal

Plant Mol Biol. 2004 Mow;56(4).651-5.

Engineering cyanogen synthesis and turnover in cassava (Manihot esculenta).
Siritunga D', Sayre R.

Author information

Abstract

Cassava is the major reot crop for a quarter billion subsistence farmers in sub-Saharan Africa. It is valued for its ability to grow in adverse
envircnments and the food security it provides. Cassava contains potentially toxic levels of cyancgenic glycosides (linamarin) which protect the plant
from herbivory and theft. The cyanogens, including linamarin and its deglycosylated product, acetone cyanohydrin, can be efficiently removed from
the root by various processing procedures. Short-cuts in processing, which may eccur during famines, can result in only partial removal of
cyancgens. Residual cyancgens in cassava foods may cause neurclegical diserders or paralysis, particularly in nutritionally compromised
individuals. To address this problem and te further understand the function of cyancgenic glycesides in cassava, we have generated transgenic
cassava in which cyanogenic glycoside synthesis has been selectively inhibited in leaves and roots by antisense expression of CYPT9D1/D2 gene
fragments. The CYP7501/D2 genes encode two highly similar cytechrome P450s that catalyze the first-dedicated step in cyanegenic glycoside
synthesis. Transgenic plants in which the expressicn of these genes was selectively inhibited in leaves had substantially reduced (60- 94%
reduction) linamarin leaf levels. Surprisingly, these plants also had a greater than a 99% reduction in root linamarin content. In contrast, transgenic
plants in which the CYPT9D1/D2 transcripts were reduced to non-detectable levels in roots had normal root linamarin levels. These results
demoenstrate that linamarin synthesized in leaves is transported to the roots and accounts for nearly all of the root linamarin content. Importantly,
transgenic plants having reduced leaf and root linamarin content were unable to grow in the absence of reduced nitregen (NH3) . Cassava rocts have
previously been demonstrated to have an active cyanide assimilation pathway leading to the synthesis of amino acids. We propose that cyanide
derived from linamarin is a major source of reduced nitregen for cassava root protein synthesis. Disruption of linamarin transport from leaves in
CYP7901/D2 anti-sense plants prevents the growth of cassava roots in the absence of an alternate scurce of reduced nitrogen. An alternative
strategy for reducing cyanogen toxicity in cassava foods is to accelerate cyanogenesis and cyanide volatilization during food processing. To achieve
this objective, we have expressed the leaf-specific enzyme hydroxynitrile lyase (HNL) in roots. HNL catalyzes the breakdown of acetone cyanchydrin
to cyanide. Expression of HNL in roots accelerated cyanogenesis by more than three-fold substantially reducing the accumulation of acetone
cyanchydrin during processing relative to wild-type rocts.

PMID: 15630626 [PubMed - indexed for MEDLINE]

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

Toxin removal

Transgenic Research
. June 2006, Volume 15, |ssue 3, pp 277-289

Mycotoxin Reduction in Bt Corn: Potential
Economic, Health, and Regulatory Impacts

Authors Authors and affiliations
Felicia Wu =
Article Cite this article as: A, AR

) (78 ) [ 40 ) |15k
Received: 01 July 2005 Wu, F. Transgenic Res (2008) 15: 277. S NS N
Accepted: 16 November 2005 doi:10.1007/511248-005-5237-1 Citations  Shares Downloads
DOI: 10.1007/511248-005-5237-1
Abstract

Farmers

Genetically modified (GM) Bt corn, through the pest protection that it confers, has lower levels X Consumers

of mycotoxins: toxic and carcinogenic chemicals produced as secondary metabolites of fungi

Environment

that colonize crops. In some cases, the reduction of mycotoxins afforded by Bt corn is significant

enough to have an economic impact, both in terms of domestic markets and international trade. X Need y

In less developed countries where certain mycotoxins are significant contaminants of food, Bt
corn adoption, by virtue of its mycotoxin reduction, may even improve human and animal

health. This paper describes an integrated assessment model that analyzes the economic and
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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
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Improved metabolism

Chronology of AquAdvantage® Salmon
and AquaBounty Technologies

1989

# Initial R&D with transgenic salmon begins at Memorial University of Newfoundland.

# Canadian researchers create the AquAdvantage® transgene (genetic construct) which
expresses Chinook salmon growth hormone under the control of an Ocean Pout promoter.

# The founder animal from which the AquAdvantage® line was derived was created by

microinjection of the transgene into fertilized eggs of wild Atlantic salmon. '1 957 1 978 2005

1992
# AguAdvantage® Salmon is established from the F1 generation of the EO-1a line.

o,
Ehd W

1My
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CHANGING LIVES Future Current i
IMPROVING LiFE Students Students

o Improved metabolism
Enviropig™

The Envi g™ is a genetically enhanced line of Yorkshire pigs with the
capability of digesting plant phosphorus more efficiently than conventional
Yorkshire pigs. These pigs produce the enzyme phytase in the salivary glands
that is secreted in the saliva. When cereal grains are consumed, the phytase
mixes with the feed as the pig chews. Once the food is swallowed, the
phytase enzyme is active in the acidic environment of the stomach,
degrading indigestible phytate in the feed that accounts for 50 to 75% of the
grain phosphorus.

Not needed by \
tissues

ey
Contain indigestible
Phytate - P

Figure 1. Phytase produced in the salivary glands and secreted in the saliva
increases the digestion of phosphorus contained in feed grains. X Far m erS
Since the Enviropig™ is able to digest cereal grain phosphorus there is no
need to supplement the diet with either mineral phosphate or commercially

produced phytase, and there is less phosphorus in the manure. When the CO n S u m erS
phosphorus depleted manure is spread on land in areas of intense swine
production there is less potential of phosphorus to leach into freshwater X
ponds, streams and rivers. Because phosphorus is the major nutrient

enabling algal growth that is the leading cause of fish kills resulting from
anoxic conditions, and reduced water quality, the low phosphorus manure X N eed y
from Enviropigs has a reduced environmental impact in areas where soil

o]y [k o]y (o VEES Cu=tte 4 T T o W SV ER Therefore the enviropig biotechnology
has two beneficial attributes, it reduces feed cost and reduces the potential
of water pollution. Furthermare, the technology is simple, if you know how to
raise pigs, you know how to raise Enviropigs!

Environment

L —————
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Biotechnol Biofuals. 2015; B: 175, PMCID: PMC4525052
Published online 2015 Oct 28, doi: 10.1186/213068-015-0357-1

A photorespiratory bypass increases plant growth and seed yield in biofuel crop
Camelinasativa

Jyoti Dalal® Harry Lopez, Maresh B. Vasani, Zhaohui Hu, Jennifer E. Swift, BEoopa Yalamanchili, Mia Dvara, Xiuli
Lin, Deyu Xie, Rongda Qu, and Heike W. Sederof®

Authorinformation & Aricle notes & Copyright and License information

Abstract Goto: [+

Background

Cameling satfva 15 an oilseed crop with great potential for biofuel production on marginal land. The seed oil
from camelina has been converted to jet fuel and improved fuel efficiency in commercial and military test
flights. Hydrogenation-derived renewable diesel from camelina is environmentally superior to that from
canola due to lower agricultural inputs, and the seed meal 15 FDA approved for animal consumption.
However, relatively low vield makes its farming less profitable. Our study is aimed at mecreasing camelina
seed vield by reducing carbon loss from photorespiration via a photorespiratory bypass. Genes encoding
three enzyvmes of the Escherichia coli glvcolate catabolic pathway were mtroduced: glycolate dehyvdrogenase
(GDH), glvoxylate carboxyligase (GCL) and tartronic semialdehyde reductase (TSR). These enzymes
compete for the photorespiratory substrate, glyvcolate, convert it to glycerate within the chloroplasts. and
reduce photorespiration. As a by-product of the reaction. CO» is releazed in the chloroplast, which increases
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Improved metabolism

wed  Thé C4-Rice Project

The C4 Rice Project

Rice biologists have a problem. Rice is a staple food for more
than half the world's population and a combination of
population growth and land lost to urbanisation means that by
2050, rice yields have to increase by over 50%.1 Unfortunately,
pushing up rice production has become increasingly difficult.
Between 1970 and 1980, rice yield per hectare grew at an
average of 2.3% a year. In the 1990s, that fell to 1.5% and
ben;een 2000 and 2010, the yearly increase was less than
1%.

The numbers suggest that biologists need new approaches and
one of the boldest being tried is the C4 Rice Project. The
project, involving an international consortium of researchers,
aims to boost yields by half by creating rice that uses highly
efficient C4 photosynthesis.

Turbo-charged photosynthesis

C4 photosynthesis evolved as a patch to fix a fundamental flaw
at the heart of normal photosynthesis.® During photosynthesis,
plants capture carbon dioxide from the air and use it to build
sugars. Unfortunately, the enzyme that first binds CO» - called
RuBisCO - sometimes binds oxygen by mistake. When this
happens, it triggers a series of reactions called
photorespiration that costs the plant both energy and carbon

NC Cooperative Extension

by Stephal¥ Day
v

Photorespiration occurs in all plants using conventional
photosynthesis - called C3 photosynthesis because the first
products detected after RuBisCO fixes CO, are 3-carbon
molecules. Some plants, however, escape the problem. Instead
of using RuBIisCO to capture atmospheric CO», these plants use
an enzyme that doesn't bind oxygen. The enzyme fixes COz2 in a
reaction that transforms a 3-carbon molecule into a 4-carbon
molecule - hence the name, C4 photosynthesis.

C4 plants haven't abandoned RuBisCO. C4 photosynthesis is
effectively the normal, C3 version of photosynthesis, but with
the addition of a CO» pump. The pump operates across two
types of cell. First, mesophyll cells in the leaf capture CO5 to
produce d4-carbon molecules. These are then exported to
neighbouring bundle sheath cells, which strip COz from the 4-
carbon molecules and feed it to RuBisCO. The process converts
the 4-carbon molecules to 3-carbon molecules, which are
recycled back to mesophyll cells to help capture more CO5.

The C4 mechanism can pump up the concentration of CO,
around RuBisCO mare than tenfold, making it highly unlikely
that RuBisCO will bind Q5 rather than CO-2 The process is
often compared to a turbo-charger, which increases an engine's
power by pumping air into the combustion chamber. C4 also
has other advantages. The boost to photosynthesis means C4
plants can use less RuBisCO than C3 plants, saving on the
nitrogen needed to build the protein. In addition, C4 plants ca

survive on a lower owverall CO» concentration in the lea
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GE Crop Traits

Improved breeding
Hybrid varieties for self-pollinated crops
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Comparison of overall yield obtained for canola hybrids to that of conventional canola
cultivars based on applied N rates (Westco 17 site-years; 1999-2002). Consumers

Environment
hittp://www.brettyoung.ca/imagesffile/Hybrid%20vs%20Conventional%20F ertility. pdf X |Nee dy
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GE Crop Traits

Improved breeding
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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)
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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/


Ornamentals

| ISAAA | Resources | Publications ; Pocket K ; Biotechnology in Ornamental Plants

Foldable Version (PDF) Pocket K No. 47: Biotechnology in Ornamental Plants

English

Ornamental plants are grown for decoration, rather than food or raw materials. They are most often
intentionally planted for aesthetic appeal. However, ornamental plants also serve some less cbvious uses

Document Version (PDF) . - . . i
such as for fragrance, for attracting wildlife and for cleaning the air.! Ornamentals encompass a wide

English array of plants and are classified into several groups: cutflowers, ornamental grasses, lawn or turf

grassas, potted and indoor plants, bedding plants, trees and shrubs.

Cutflowers are those cut from the plant, thorns
trimmed, and ready to be used in fresh flower
arrangements. Common cutflowers include roses,

carnations, chrysanthemums, tulips, lilies and gerberas.
Ornamental grasses are allowed to grow to its full
potential and are used in the landscape in the same way
as perennials or other ornamental plants. These include
the sedges, rushes, restios, and cat-tails.? Lawn or turf
grasses are perennial grasses or creeping legumes that
ensure a complete cover of the ground as desired in
places like private lawns, golf courses and sporting
fields.*

2

Potted and indoor plants are grown in residences and

offices for decorative purposes, positive psychological effects, or health reasons such as indoor air

purification. Common potted plants are bonsais, cacti, Dracaena, Ficus, poinsettia, and bromeliads.*

Bedding plants are grown, usually in quantity, in pots or flats in greenhouses and are intended to be X
transplantaed to a flower garden, hanging basket, window box, or other outdoor planters. Some important

bedding plants are impatiens, marigolds, and petunias.” X

Trees and Shrubs ars cultivated for gardens and X
landscaping. Ornamental trees include cherry blossoms,

cedar, mulberry and different palms. Meanwhile, ivy,
lavender, magnolia, Hibiscus and Ficus species are the

most common ornamental shrubs.*
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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/


RNA interference (RNAI)

Large-Scale Field Application of RNAi Technology Reducing Israeli
Acute Paralysis Virus Disease in Honey Bees (Apis mellifera,
Hymenoptera: Apidae)

Wayne Hunter [&], James Ellis, Dennis vanEngelsdorp [@, Jerry Hayes, Dave Westervelt, Eitan Glick, Michael Williams,
llan Sela, Eyal Maori, Jeffery Pettis, Diana Cox-Foster, Nitzan Paldi

Published: December 23, 2010  http://dx_doi.org/10.1371/journal_ppat. 1001160

Authors Metrics Comments Related Content

Abstract
Author Summary Abstract

Introduction
The importance of honey bees to the world economy far surpasses their contribution in terms

Results of honey production; they are responsible for up to 30% of the world's food production through

Discussion pollination of crops. Since fall 2006, honey bees in the U.S. have faced a serious population X Farmers
decline, due in part to a phenomenon called Colony Collapse Disorder (CCD), which is a

Materials and Methods disease syndrome that is likely caused by several factors. Data from an initial study in which Consumers

investigators compared pathogens in honey bees affected by CCD suggested a putative role
for Israeli Acute Paralysis Virus, IAPV. This is a single stranded RMA virus with no DNA stage
Acknowledgments placed taxonomically within the family Dicistroviridae. Although subsequent studies have failed
to find IAPWY in all CCD diagnosed colonies, |APY has been shown to cause honey bee
mortality. RNA interference technology (RNAI) has been used successfully to silence

Supporting Information

X
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Presentation Notes
Also efforts using RNAi to control varroa mite in bees https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3534371/



RNA interference (RNAI)
RNAI VERSUS THE BEE KILLER

A technique called RWA interference can alter how genes make proteins
—and possibly fight pests like the varroa mite. —Jennifer Chaussee

To create the proteins for, say. RMA interference happens Scientists can induce RMA

a functional immune system, naturally in cells: A strand of interference—or RMAI—by
cells use single strands of RMA attaches itself to the feading bees sugar syrup laced
genetic material called mRMA, breaking it up and with RMA coded to attack the
messenger RMA. The exact interrupting the protein-making mRMA for specific proteins ina
sequence for this mAMA is process. warrca mite. (The bee, with
different for each protein. different genes, isn't harmed.)

When a mite sucks the Without the necessary mRMNA,
hemolymph—bee blood, the mite can't produce all the

basically—the synthetic RNA proteins it needs to five. Bye-

enters the mite's system and bye, bug.

attacks the mRMA it uses to
produce the proteins that help
it breathe, eat, or reproduce.
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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/


Who benefits most from crop biotech (GMQO)?

Table 2 Average impact on yield, by technology, for developed and developing countries

Standard
Difference im Mumber of error of the
Technology yield (%) results Minimum (%) Mazimum (%)  mean (%)
Daeiupe; couniries @ 59 -12 26 1.0
Herbicide-tolerant cotton (] -12 17 38
Herbicide-tolerant soybean 7 14 o 20 1.7
Herbicide-tolerant and 3 2 -3 9 5.8
insect-resistant cotton
Imsect-resistant comn 4 13 -3 13 1.6
Imsect-resistant cotton 7 24 —= 26 1.9
Developing countries 107 -25 150 29
Herbicide-tolerant corm a5 1
Herbicide-tolerant soybean 21 3 o 25 11
Insect-resistant comn 16 12 o 38 4
Imsect-resistant corn (whita) 22 9 o 62 6.9
Imsect-resistant cotton 30 a2 —25 150 35

Yiekd difference for adopters was cabculated as (GM yleld - canventional yeld)iconventianal vield, averaging yizlds
acnoss surveys, geographles, years and methodologles. The difference in the number aof results reporied in Tables
1 and 2 |s due to two results reported a8 “positive’ with no numerical value. A two-talled -test shows a signifecant

difference between the average yields of develaped and developing counfiries (f = 7.48, df = 134, F= 0.0005).

http://www.nature.com/nbt/journal/v28/n4/pdf/nbt0410-319.pdf
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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 (GMQ)?

= T “-y
. e f.l‘ I"- 'lhh - - .
. ¥

SR

= Xl

NC Cooperative Extension Empowering Peaople = Providing Solutions


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

B W |
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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
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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?

WSupport ® Oppose

A tax on sugared sodas
A ban on the sale of marijuana

A ban on the sale of food products made with transfat

A ban on the sale of raw, unpasteurized milk
Calorie limits for school lunches |
Mandatory calorie labels on restaurant menus
Mandatory labels on foods containing DNA
Mandatory labels on foods produced with genetic engineering
A requirement that school lunches must contain two servings of fruits and vegetables

Mandatory country of origin labels for meat

0% 10% 20% 30 40% SO% 60% 70N B0%  90%  100%

Source: Food Demand Survey (FooDS), Oklahoma State University, 2015
http://agecon.okstate edu/faculty/publications/4975. pdf

-
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Few Americans feel any additional information is needed on
food packages.

What other information that is not currently on the food package, if any, would you like

to see there? Top responses to open-ended question
2013 All {n=1,006)

More specific ingredient info... gy 6%
Health info (benefits, warnings, allergens) B 5%
Where/when/how product was produced or processed; clear...- 4%
Clearly state whether organic/all-natural/no preservatives
More realistic serving sizes/more truthful content
Pricing/price per serving |y

Uses/recommendations for product N 35;;

Whether or not it contains genetically modified organisms 3%
Easier terms to understand
Appearance (larger print, less writing, picture of the food)
Nothing/No additional information

Refused to answer/unintelligible

International Food Information Council Foundation
2013 Food & Health Survey
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Why are all the GMO traits aimed at increasing production
rather than adding value to nutrition of foods or other
health benefits?
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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 “GMQ’s” safe?

Are “GMQO’s" less
healthy?




Current U.S. Regulatory Context

The Coordinated Framework

Three regulatory agencies have oversight
for biotechnology products under existing legislation

Plants and seeds . Food and feed . Plant Pesticides (PIPs)
Animal biologics +  Human biologics . Herbicides
Meat and poultry . Drugs . Chemicals and

GE animals microbials

Medical devices

NEPA
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Categories of safety assessments for GMO’s

- Molecular Characterization

* Protein Characterization/Food & Feed safety

« Agronomic and Compositional Equivalence

* Environmental safety
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Plant Incorporated Protectants (PIP)
Ecotoxicological Studies

« Collembola
* Honeybee

« Fish

« Daphnia

* Avian

« Ladybeetle
« Soil Stability
« Earthworm
+ Lacewing

DDDDD
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Are non-GMO foods necessarily more healthy?

Food and Chemical Toxicology

Wiglume 50 sates 34 March-Sprd 2012, Pages 1134-1148

Assessment of the health impact of GM plant diets in long-term and
multigenerational animal feeding trials: A literature review

Chalsea SnelP, Aude Bembeim®, Jean-Bapliste Bergd®, Marcal Kuntz®, Gérard Pascal®, Alain Paris',
Agnés E. Ricroch®™ &- &

+ how mare

DOL: 1010164 %1.2011.11.048 4 Get rights and conlant

Abstract

The aim of this systematc review was to collect data concerming the effects of diets containmg GM maize,
poiato, soybean, rice, of frikcale on animal health, We examined 12 long-term studies (of more than
50 days. up lo 2 years in duraton) and 12 multgeneratonal studies {from 2 io 5 generabions). We
referenced the 90-day studies on GM feed for which long-term or mulligenerational study data wera
available. Many parameters have been examined using biochemical analyses, histologcal examnation of
specific organs. hamatology and the detection of transgenic DNA. The statistical findengs and methods
have been consdered from each study. Results from all the 24 studies do not suggest any health hazards
and, in general, there were no slaistically significant differences within parameters observed. However,
some small differences were cbserved. though these fell within the mormal variation range of the
cansidered parameter and thus had no biologic al of toxicalogical significance. If reguired, a 90-day feading
study performed in rodents, according to the OECD Test Guideling. is generally considered sufficiant in
ol i g SRR UPE L R o R et R el - ) T e studies reviewed present evidence to show that GM
lants are nutrificnally equivalent to their non-GM counlerparts and can be safely used infood and feed

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

S
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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

B e

NC Cooperative Extension Empowering Peaople = Providing Solutions


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

Are non-GMO foods necessarily more healthy?

Europe (87)
Caxech P
; Bialagy Certre of e Academy of Saenoss of the Dxaedh Republic
Repniniic *
Francs Fronch Acadermy of Sciwnoes
Natornal Acaderny of Soences {Leapaidina) | Garman Academy
Gomany | of Sdence and Engneenng (acstech) | Serdin-Brandenturg
Academy of Soences and Humanifes
i of fhe Goerman Academies of Scence and HumaniSes (8
oy acadermies |
Gerrnarny Federal Ministry ol Education and Reseanch
kaiy Nafioral Academy of Soenios | Linosan Academy
lizty Jard staerne of 14 scerdifc rmituions of aly
kaby Jart staermert of 21 scherfific irfuions of Raty
MNefweriands | Plant Reseych kiermaonsl - Wageringen UR
Dodamdon promoed By $e  Spnish Bandusty
Sgan Assocatan (ASEBID) and signed by mare than 150 Spanrsh
wcrerrists fom diffeeed] unversi§es and e insiiues,
Dedaraton promated by $e
Semin s ol (e Prers rederses (2010}

Brooders [ANOVE] and signed by
12 Sgarish irsitulions

White Boge. GSeneficaly Modifed
Coroms (2009}
Geresiically Madibed Plamts | 2002)

In =emort of & new poficy mn Green
Genetic Enginesing {2009)

Ae There Health Harands for She
Cormuner from Enfng  Genefcally

Modifed Food? {2008)

BMBF Resmwrch  Programme:
Bdogcal =aety resswch  on
persicaly modfed organsms

{2014)

Prani brotectrciagy and G0 varisty
12007}

Food =ifety and GMOs. Consensuas
Doz {20043

Coexisiencs of Tradiional, Organic
ad  Genefically Modfied Cros
12008}

Susininetiity of cumen GM . orap
cuifwaton {2011}

Soence, progress and erwironment
{2007}

Uiritesd
Kingdam

Urited
Kingdarn
Urited
Himgdamn
Urited
Hiegekan
Urited
Kirgpdarn
Lirwtesd
Kirgydan
Urited
Himgpdan

Watcan

Ry Sacoty of Londan

Ryl Socaty of Madicna

Royal Socdety of Edinburgh

Biochernical Society U¥,

Brit=h Medical A=modadon

Latler mgned by 12 scenifc and
agicdural incftdons

Scienos and Techmalogy Commities

Caomnmarns (UK}

Poridfical Acaderny of Sowenoes

Transger: Plants and Workd Agrcuiure {2000) | Gonestcally modied
piarix for food wee and fuenan healh—an updale (2002) | Resping fe
benefits: Scence and e sebeobie imensifcion of gobal
agrrcaiture: {2009}

Canesfically modidied plorts amd hurman haabth | 2008)

RSE Call= for a Rakonal G Destene {2013)

Gonebcaly Moddfed Cragrs; Feod and Food: A Beochamecal Soceety
pamdan stbemed {2011}

Gonesfically madifed doods and hestith: 2 sscond interirm staternen
12004}

Listtesr 0 Sooti=h Gowernmennt from resaanch orgaresafions (2015

Houseof | EU reguixion on GM Organizns oot o purposs
{2015}
Trarmgenc Plarts for Food Seounity in e Comexd of
Dremeslegwrmesesd § 2010}

Eurcgrean Urkon | Europeen Commission | A Dacage of EU Funded GRIG Rasaarch (2000

Eurapesnn | Eurcpeon Academies Suenos | pigpn tee Stre. aooorioities o chellenges i usng cop geneic

Urian

Achimoey Connal {EASAC)

Corveerd

T mewmuney

improvernen fechnaioges for sustenable agriouture {2013y

https://ec.europa.eu/research/biosociety/pdf/a decade of eu-funded gmo research.pdf

Empowering Peaople = Providing Solutions

NC Cooperative Extension

T
'



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

Carmda

Carada

Usa

LiSA,

UsA

L5

Usa

L

LUSA

LA

USA | Genelics Sodety of America

USA American Socety for Celf Blalogy (ASCH)

Are non-GMO foods necessarily more healthy?

Royal Socety of Carada

Heratn Coreaclay

Martonal Academy of Sooenoms (MAS)

Pt of Medcne (KOM) & Nafono
Reseyrch Counal (NRC) of fe Natons

Academies.

Hational Academies {I0M, MRC, MAS,

NAE}

Armenican Medical Assocaion (AMA)
for e

Amnewican Ammncabion
Aeheancemerd of Scenos [AAASY

Amenican Counal of Science and Haalth

{ACSEH}

Sodety of Tamodogy {S0OT)

Armerican Thetelic Amsocation

Maorth America (22)

Bemenis of Precaubon: Recommendadions for fhe Reguiaion of
Faood Bictechnabagy m Carada {2001}

Safety Aomcome of Genefically Modifed Foods {Undasied)
Tromegesc Flans and ‘Wortd Agricufture (20000 | Imgact of
Ganesfcally . Engmesnad Crops on Farm Sustaynahilely in he
Uritesd Siavies (209003

Solety of Geneticalfy Engineerad Foods: Agoroaches o Azsrssiog
Urneriesrwcdesd Heollh Efacts { 2004}

A SgenceBeoed Lok o Gemsiically Engneered Crops (The
shady willl be ready in 201}

Counal an Soencos and Puiiic Heal® Resord {20124

Stwlenent by e AASAS Boand of Dereclors On Labeimg of
Gonedicaly Modded Foods {2012)

Bratectmaiagy and Faad {Second Editan) {2000)

The Salsty of Geneboally Mod@ed Foods Produced $hrough
Beolechnaioqy {2003}

Pomfon of e Ametcan Distelic Assooadon Agnoutiural and
food bicdechncbagy {2008}

Ammeosing Benedits ond Rishes of Genedically Modiied Ooganeems {2001}

ASCH Stdemnont i Suod of
Fosewrch an Gonelcaly Maodifaed
Oogarrsms {2009}

Ameican Sacety for Micrabidagy (ASM §

Armerican Priytoosholagcal Sooaty (APS)

Soaely for In Vo Bidlogy {SMVE)

Crop Soence Socety of Amenica

Caoundl for Agriodtural Scence and Tedhndlogy {CAST)

Federation of Animal Scences Sooetes (FASS) - ropresanting he
American Daky Solence Assackation [ADSA], ATerican Sockely of Anmal
Sclence (ASAS] and the Poullry Sclence Assoclafion (F34).

Frood and Drug Admurestration (FDA

https://ec.europa.eu/research/biosociety/pdf/a decade of eu-funded gmo research.pdf

NC Cooperative Extension

Empowering Peaople = Providing Solutions

Stuterne of fhe American Saciesty
fr Micrchidlogy on Genelicaly
Modifed Drgerismes {2000}

APS Statenen on Bolechnology
and s Agphcafon o Pland
Parinatagy (2001}

Porsifion
Engmesering | Undaned)

C-554 Perspecive [ 4]
Bicsechnaliogy {2001)

Stemest on Craop

Crag Biotechnabagy and e Futune
of Food A Scentlc Assessme
{2005}

FASS Facts On Bioatlech Craps
Inpact oo Meat, Wik and Eggs
{2001}

p Ouestions & Amswers an Foad from Genetcally Engnesned Plants {2015}

S

-l


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

= What changed when Grape Nuts
Are non-GMO foods o fomoved G
necessarily more healthy? o

Why Did Vitamins Disappear From Non-
GMO Breakfast Cereal?

December 5, 2014 - 350 PM E

E DAN CHARLES
32 oz went down to 29 oz
Vitamin A: 15% went down to 0%
When they actually arrived on supermarket shelves, though, there was a mysterious Hil]nil a“i“: 2 5% wenl [I“wn lﬂ 4?“

change in their list of ingredients. Four vitamins that previously had been added to

You are paying more, and getting less.
That's NUTS.

Grape-Nuts — vitamins A, D, B-12 and B-2 (also known as riboflavin) — were gone.

Riboflavin vanished from Cheerios.
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Do GMOs contribute to monoculture?
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Why do most farmers
use GMOs?
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My Background with Biotechnology

Rill erosion on the way to Soybeans May 2003

gully erosion -->

Sheet Erasion - note

" exposed.stongs.~-?

Photao: Eyles Bandall- l?'!.l'-‘ﬂ‘a:n-'n::.a
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“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.
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GMOs are not holy grail or silver bullet, but they are important tools in agriculture.
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