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Why the Consumer Push-back?
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Topics

 Why the controversy?

* What 1s genetic engineering?

— Context — previous crop genetic change

 What GE crops are out there?
e Consumer concerns... |
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Why the Controversy?
* (Genetic engineering - a logical extension of
what plant breeders have always done
— Little understanding of plant breeding

— Have you ever eaten a fruit or vegetable that
is a product of “traditional cross breeding ?
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Why the Controversy?
* (Genetic engineering - a logical extension of
what plant breeders have always done
— Little understanding of plant breeding

— Have you ever eaten a fruit or vegetable that
is a product of “traditional cross breeding ?

e What benetits to consumers??

* New technology always raises concerns...
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Genetic Engineering

* A new tool for breeding improved crops

Art credit: Comparison:
Giovanni Stanchi, James Nienhuis,
1645-1672 Univ. Wisconsin

9000 yr. ago



Genetic Engineering

* A new ‘ool for breeding improved crops
 Alters the properties of organisms by:
— Moving single genes between organisms

— Modifying a gene within an organism

* No need for sexual cross-compatibility...
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About Genetic Material...

e Deoxyribonucleic acid (DNA)

— The “code book” for an
organism

> Structural products
» Enzymes

> ““Air traffic control”
e An alphabet of four “letters”
e Universal
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Genetic Engineering

Adds one or a few genes to a particular parent

Commercial
Variety

- Transgenic g hd
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Genetic Modifications
Humans Have Made...

* Domestication

 Farmer selection of new
crops and varieties

* Cross breeding

* (Genetic engineering
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GE Crop Types Grown in the US

* Bt crops (corn, cotton,
sweet corn)

 Herbicide resistant crops bbb
(soybean, corn, cotton,

canola, sugar beet,
alfalfa)

* Virus resistant crops
(papaya, squash)
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Recently Approved GE Varieties

Soybean — 1nsect resistant (2014) A
P d-..\‘l“ &
AR
G ¢V

Soybean, corn, cotton — new herbicide
tolerances (11 1n 2014-2016)

Creeping bentgrass — glyphosate resistant (2017)
Alfalfa — reduced lignin (2014)

Potato — less black spot bruise, low
acrylamide production, late blight
resistant (4 in 2014-2016)

Apple — non-browning (1 each in
2015 and 2016)




Issues and Concerns

Extent of use
Environmental impacts
Food safety, allergens

Right to know, labeling
Consolidation in ag industries and profits
Belief systems (ethical, religious)
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Percentage U.S. Crop Acreage
Planted to GE Varieties, 2016

Cotton Soybean Field Corn

T N

GE varieties
939, 94%, 92%

(data source: USDA ERS, 2016)
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Estimates: U.S. Crop Acreage
Planted to GE Varieties

Sugarbeet (2013) Papaya (2014)

‘4— not GE

GE varieties
95%

4

Canola (2013) 0% Alfalfa (2013)

\

30%
93%

(data sources: Gonsalves 2014,
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U.S. Herbicide Use per Acre

e More herbicide used

e Major shift from more to less toxic types

 Facilitated use of reduced tillage
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Weed Resistance to glyphosate
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U.S.
Insecticide
Use per
Acre IS
Down

Source:
NRC NAS 2010
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Pounds of active ingredient

Pounds of active ingredient

per planted acre

per planted acre
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Bt Corn Rootworm Trait

e A very “plastic”
Insect species

e Has evolved
resistance to:

— Insecticides
— Rotations
« Now also to Bt...
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NAS — NRC Study Findings

 More herbicide used, but a less toxic one
— Facilitated use of reduced tillage
e [ess insecticide use

 Gene flow not a concern to date

* Many farmers benefited economically,
in worker safety, and in convenience

« Effects on prices, non-GE producers,
social impacts not fully understood

* Need more study of market concentration
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Who Owns GE Traits? - originally
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Total = 96

= Monsanto
® DeKalb
® Upjohn
® AgrEvo

® Plant Genetic Systems

® Novartis Seeds

® Northrup King

® Du Pont

® Dow AgroSciences
® Bejo

® Cornell University
® Florigene

® Okanagan

B U of Saskatchewan

m USDA/ARS

m Calgene

B ASsgrow

® Aventis

B Agritope

® Syngenta

® Ciba-Geigy

B Zeneca & Petoseed
® Pioneer

®m BASF

= Bayer

® DNA Plant Tech

= Mycogen

® Simplot

® University of Florida

m Vector Tobacco



Who Owns GE Traits? — now...

Total = 96

= Monsanto m Calgene
= DeKalb H Asgrow
® Upjohn ® Aventis
m AgrEvo B Agritope

® Plant Genetic Systems = Syngenta

® Novartis Seeds u Ciba-Geigy
Monsanto ® Northrup King u Zeneca & Petoseed
Du Pont Pioneer

DOWDUPOHt Dow AgroSciences = BASF

® Bejo = Bayer

® Cornell University ® DNA Plant Tech

® Florigene = Mycogen

® Okanagan ® Simplot

B U of Saskatchewan ® University of Florida

Aventls 1 1
m USDA/ARS ® Vector Tobacco

Cornell University
College of Agriculture and Life Sciences




@
@ Am I eating?D @

foods from genetically
@ engineered crops?

Are they sate? @

How do they benefit me??
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What foods contain GE crops?

* 60-70% of supermarket
foods have ingredients
from a GE variety

* Products made with soy
or corn most obvious

* Products with soy or
corn derivatives

e Limited fresh produce
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Food for Thought

*
*
* * *

| Calories per graf™~ Fat9 -\ Carbohydraid4 |- Hroteind /|

* ngredients: Chocolate fudgeiling (dextYose, sugar, crackermehl, com syrup, high frlictose
corn SyFup, urret-whey-padially hydrogenated soybean oil, corn'$tarch, salt, cocoa, dried egg
whites, cocoa treated with alkali, Xanthamgu >soy lecithin), enriched wheat flour, sugar, par-
tially hydrogenated-soybean and/or cottonseed oil, corn Syrup—eseoa—water—COCoT e

dlEl
> with alkali, dried whey, leaverg (baking soda, sodium acid pyrophosphate, monocalcium
I phosphate_caletomSulfate), salt, modified corn starc.%elatin. natural vanilla extract, caraggel
ceror Tiiacinamide, reduced iron, color added, vitamjn A palmitate, pyridoxine hydrochlorid
* (vitamin Bs), riboflavin (vitamin Bo), thiamin hydrochjoride Nitamin By), and folic_acid.

AT S e v [T S e R, SRR e
/__ CONTAINS MiLK, EGG AND WHEATW(GREDIENTS\,
o i

*
* * * y *

* Ingredient may be made from a
genetically-engineered organism
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The Food Supply

GE Crops Non-GE Crops

Harvesting Detection
Equip. & Trucks DNA Protein
Fresh Market
Whole Foods Produce
& Grain (corn, tomatoes...)
Refined Processed Foods " -
Ingredients (syrups, flours, oils) -
. Nutrients &
Derivatives Vitamins

(Vitamins C, E...)
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Corn Wet Milling

Steps in the Wet Corn Milling Process
Shelled Corn

; (100 |b Dry Basis)

Corn Cleaners

| Steepwater
Steep Tanks

[ Germ

[

Grind Mills
I Bran

Washing Screens

Gluten

'

Gluten
Meal

Starch and
Mutritive Sweetners

Source: Oregon State University



Case in point: Original Cheerios
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Ingredients: Whole Grain QOats (includes
the oat bran), Modified Corn Starch,
Sugar, Salt, Tripotassium Phosphate,
Wheat Starch. Vitamin E (mixed
tocopherols) Added to Preserve Freshness.

Vitamins and Minerals: Calcium
Carbonate, lron and Zinc (mineral
nutrients), Vitamin C (sodium ascorbate),

A B Vitamin (niacinamide), Vitamin Bg
(pyridoxine hydrochloride), Vitamin A
(palmitate), Vitamin B2 (nboflavin), Vitamin
By (thiamin mononitrate), A B Vitamin (folic
acid), Vitamin Bqz, Vitamin Dj.




What is corn starch?

Mixture of amylose and b @ é? b

amylopectin

Amylose .

— Chains of glucose
No DNA, no protein

What is beet (or cane) sugar?

Sucrose CH,OH

No DNA, no protein O
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Are the new Cheerios different?
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Are GE Crop Products Safe?
* Genetic Engineering Risk Atlas

— 4007 studies, half were independently-funded

» 2014 summary of 1,783 studies
— Safety as food, feed (770 studies)

— Environmental impacts (847 studies)
* No credible evidence of safety concerns
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http://genera.biofortified.org/viewall.php

What about labeling?

» Activism both for and against
* Two kinds of food labeling:

— Product-based (1.e., ingredients)

— Process-based (1.e., how 1t was made)
* FDA labeling guidance says 1t must be:

— Truthful EXTRA VIRGIN [ommtna>

OLIVE OIL Nutrition 2t s on
. o ts olal Fat 89 % Cholest. Omg 09
— Not misle adlng W (fects W s
o Senings 16 Polnsat Fat2y  Tolal Garb. Og O
AN Calories 70 r.1onvu1sat.Fa:u‘-; Protein (g
| kol VimnA10%_» ViaminE 20%

* Percant Daily Values

(OVjarabased ona  Netasi :scu.c clcnear, fiber, sugars
2,000 calorie diet.

H\drogenaled Qo/be:m 0| alt, Emulsiiers {Vegetable NON0™d
of Fatty Acids), \dmgenated

3y d Calcium Disodium EDTA to
msem Freshnass, Arificial Flavur [ Tocopheryl Acetate, Vitamin A
2 g.Laicred with Beta Carotene.
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What about labeling?
Do consumers want it??

e “Should GM food be required to be labeled?”
- 73% say yes

« “What information would you like to see on
food labels that is not already there?”

- 7% bring up genetic engineering

* Not too many consumer questions at grocery
stores, but inquiries at Wegman’s are up...

i -..". Cornell University c
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2016 Federal Labeling Law

* National Bioengineered Food Disclosure
Standard

— Safe and Accurate Food Labeling Act
(SAFE Act)

— Denying Americans the Right to Know Act
(DARK Act)
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2016 Federal Labeling Law

 USDA has 2 years to write the rules

— “National mandatory bioengineered food
disclosure standard”

— Text, symbol, or electronic/digital link
 Not animals that consume GE feed
 Excludes restaurant food

* Prohibits state or local labeling requirements
that differ from the federal requirement
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To avoid GE-derived content:

* Certified organic
* Non-GMO verified
* Voluntary labels

— “We do not use ingredients that were
produced using biotechnology”

— “This o1l 1s made from soybeans that
were not genetically engineered”

GMO

Project
VERIFIED

nongmoproject.org

— “Our tomato growers do not plant
seeds developed using biotechnology”

) E, Cornell University
AN College of Agriculture and Life Sciences




‘\g\N L001(

Marw\ﬂﬂ‘m 5

"Ecnsm"‘

Project
VERIFIED

NETWT 1157 02(328)

ner

All Fruit g

F’READABLE FRUIT

PURE CANE
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Summary
» A few major crops are sold as GE varieties

* Most people 1n the U.S. are eating foods that
contain ingredients from a GE variety

— Mostly highly refined ingredients S
* Produce: sweet corn, papaya, summer squash ‘ ‘
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Summary

» A few major crops are sold as GE varieties

* Most people 1n the U.S. are eating foods that
contain ingredients from a GE variety

— Mostly highly refined ingredients

* Produce: sweet corn, papaya, summer squash

— Coming: potato, apple ?? & “

 Credible evidence to date - safe as food & feed

— Future products need to be evaluated

 What do they offer to consumers?
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