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Why is this so controversial?

Powerful science — broader gene pool, more efficient, local
and global need pressing

Large corporations — Monsanto effect
New and strong patents — gene movement in environment

Industrial agriculture concerns/opposition
— Herbicide and pesticide use / treadmill

Environmentalist-local-organic-natural food and health
movements — ideologically against all of the above

— Strong financial motive to oppose-stigmatize-label-ban

Governments and regulatory regimes in the middle — how
to control-regulate-consider given polarization, issues?



Roadmap for talk

* A bit about me

* Orientation
— The context, definition of GE

* The good, bad, and the righteous

— Good: Status in world, a few examples,
humanitarian promise
— Bad: Mismanagement, regulation/trade

— Righteous: A la Jonathan Haidt — “Moral certainty
that polarize and impede collaborative solutions
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Research: Genetics and
genetic engineering of poplars



Outreach: Former Director, OSU Outreach
in Biotechnology program for 8 years




20 years of experience in management
of field trials
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Aren’t most food crops already genetically
engineered?

/ j Tomato
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b 7, Banana




Mutants are some

of our best friends:

Domestication of
Brassica oleracia

Ornamental kale

/ Kohlrabi Late 1900's
Germany, 100 AD

Kale, 500 BC
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Brussel sprouts
Belgium, 1700's



Many plant varieties derived from

induced mutations

Over 2,000 crop varieties
derived from mutagenesis
have been commercialized

Calrose 76 semi-dwarf rice

Rio Red grapefruit

High oleic sunflower




Radical changes in domesticated animals:
All dogs derived from the wolf by breeding

.

[T




Breeding continues and is accelerating
in age of massive DNA sequencing




Yet GMOs, and only GMOs, have remained
powerfully controversial for “two decades
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Recently passed Oregon bill motivated
by anti-GMO activism at county level

77th OREGON LEGISLATIVE ASSEMBLY.-2013 Special Session

Enrolled
Senate Bill 863

Sponsored by JOINT COMMITTEE ON SPECIAL SESSION

AN ACT

Relating to preemption of the local regulation of agriculture; and declaring an emergency,
Be It Enacted by the People of the State of Oregon:

SECTION 1. Sections 2 and 3 of this 2013 special session Act are added to and made n
part of ORS 633.511 to 633.750.

SECTION 2. (1) As used in this section, “nursery seed” means any propagant of nursery
stock as defined in ORS 571.005.

(2) The Legislative Assembly finds and declares that:

(a) The production and use of agricultural seed, flower seed, nursery sced and vegetable
seed and products of agricultural seed, flower seed, nursery seed and vegetable seed are of
substantial economic benefit to this state;

(b) The economic benefits resulting from agricultural seed, flower seed, nursery seed and
vegetable seed and seed product industries in this state make the protection, preservation
nnd prumotlon of those industrics a ma!k-r of slnwwidc lnlercst that wnrrmls reserving

POR N |

(¢) The agrlcultml seed, lower aeed. Hursery seed and vegetable seed and seed product
Industries in this state will be adversely affected If those industries are subject to a
palchwork of local regulations,

' /a8 1 it 1 |




Jackson County, Oregon GMO ban - on
ballot this month



Vermont labeling law passed




Effort underway to
standardize and prohibit
Balkanization of GE
regulations throughout USA

e American Bakers

Association

* American Beverage

Association

e American Farm

Bureau Federation

e American Feed

Industry Association

e  American Frozen

A

Food Institute

| American Seed Trade

Association

* | American Soybean

Association

* | American Sugarbeet

Growers.......
ND 20 MORE




Views are polarized

Susanna Hornig Priest is associate professor in
the Department of Journalism, Texas Ac-M
University, College Station TX 77843-4111

(susanna@tamu.edu)

NATURE BIOTECHNOLOGY VOL 18 SEFTEMBER 2000




Broad views predict acceptance-rejection

Australia - October 2013

Broad attitudes towards
science, technology and
nature influence
consumer attitudes
towards GM foods

Pro-science and
technology values are a
strong predictor of
support for GM foods




Not just polarized, but entrenched and
tribalized

See also his TED talks




And pervasive online filters of
information further entrench

https://www.ted.com/talks/eli pariser beware online filter bubbles



https://www.ted.com/talks/eli_pariser_beware_online_filter_bubbles
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Genetic engineering defined

Traditional
plant breeding

Genetic
engineering

o
o
® X
o
®ee
Variety Variety B
A
°
o
® X
® Asexual
® °® modification or
insertion from
any gene

source



The GMO acronyms

* GE (genetic engineering) = GM (genetic
modification) = transgenic = asexual modification
and/or insertion of DNA

GMO = genetically modified organism
GEO = genetically engineered organism

The terms “biotechnology” or “modern
biotechnology” often equated with GE or GM
methods in public media



Regeneration
of GE
plants




Then propagated normally (seeds,
cuttings) and tested for health and new

gualities, incorporated into breeding
programs

Propagation of poplars in
tissue culture

Growth in the field
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The good



Recent USDA report on GE crops in USA

— published 2014

http://www.ers.usda.gov/ersDownloadHandler.ashx?file=/media/1282246/err162.pdf



http://www.ers.usda.gov/ersDownloadHandler.ashx?file=/media/1282246/err162.pdf

ISAAA

http://www.isaaa.org/inbrief/default.asp



http://www.isaaa.org/inbrief/default.asp

GMO crops widespread

~Most rapidly adopted innovation in history of

agriculture, grown on >10% arable land on planet
* Extensive uptake in developing world

http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf



http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf

Four crops dominate

Global Area of Biotech Crops, 1996 to 2013: 1\2
By Crop (Million Hectares, Million Acres) IS RAA
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http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf



http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf

Two traits dominate

http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf



http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf

GE seed cost ¥“50% higher in USA




Major reports on GMO crops show very
large positive impacts on economics,
sustainability, in USA and worldwide

DIVISION ON EARTH AND LIFE STUDIES
The Impact of
Genetically Engineered Crops
on Farm Sustainability in the
United States

Public Briefing
NAS Lecture Room
April 13, 2010




Hundreds of millions of pounds less
insecticide use due to GE crops in USA:
Maize and cotton




Herbicide tolerant plants promote
conservation tillage — With many
environmental benefits thereof

Conservation Technology Information Center

e Lowers greenhouse gas emissions

e Improves soil organic matter

e Reduces erosion and fertilizer
runoff into water

e Often provides better wildlife
habitat

Global: In 2012 reduced CO2 emissions by ~27 billion kg,
equivalent to ~13 million cars off the road

http://www.isaaa.org/resources/publications/briefs/46/t
opfacts/default.asp



http://www.isaaa.org/resources/publications/briefs/46/topfacts/default.asp

Increased conservation tillage due to
GE crops in USA: Soy 2006




Yield benefits significant

6% mean yield
improvement in
developed countries

29% in developing
countries

Also strong economic,
environmental toxicity,
and social benefits




Yield benefits in USA growing with
stacked traits: USDA report

“The yield advantage of Bt corn and Bt
cotton over conventional seed has become
larger In recent years as new Bt traits have
been incorporated and stacked traits have
become available. Planting Bt cotton and Bt
corn continues to be more profitable, as
measured by net returns, than planting

conventional seeds.”




Survey: USA farmers regard yield benefits
as a major reason for use of GE crops




Benefits provided by biotech crops, on
a global scale, large: 1996-2012

* Increased crop production valued at US$116.9
billion

* Conserved biodiversity (indirectly) by saving 123
million hectares of land from 1996-2012

* Helped alleviate poverty for >16.5 million small
farmers and their families totaling >65 million
people, who are some of the poorest in the world

http://www.isaaa.org/resources/publications/briefs/46/topfacts/default.asp



http://www.isaaa.org/resources/publications/briefs/46/topfacts/default.asp

Its not all mega-crops or mega-traits

Numerous innovations have been
demonstrated in lab or field research, but
never make it to market

Below are a few that have or might soon....



Virus-resistant papaya saved the Hawaiian
industry in the mid-1990s / ~70% of papaya

today

* Nobel prize
winning RNAI -
“Immunization”
via by
implanting a
viral gene in the
papaya genome

* Great
humanitarian
potential due to
wide use of
papaya in
developing
world

GMO, virus-resistant
Courtesy of Denis Gonsalves, formerly of Cornell trees
University



Drought-tolerant maize — Planted on

~150,000 acres — Also tested in Africa
Important tool given climate change, water

shortages?




Purple GM tomatoes with increased
antioxidants and rot resistance




Improved soy oil
Suppression of native gene

“The developers,
Monsanto and DuPont
Pioneer, have manipulated
the genes of the soybean
to radically alter the
composition of its oil to
make it longer-lasting,
potentially healthier and
free of trans fats.”

“It almost mirrors
olive oil in terms of
the composition of
fatty acids.”




Omega-3 enhanced GM soy oil to
promote health, replace fish oils

https://www.sciencenews.org/blog/science-public/fishy-fat-soy-headed-us-dinner-tables



https://www.sciencenews.org/blog/science-public/fishy-fat-soy-headed-us-dinner-tables

Potato — reduced browning and acrylamide
by gene suppression (J, waste, T safety)




2"d gen — blight resistant, less sprouting &
over-ripening ({ pesticide, | waste,
Tyield)




American Chestnut restoration —

genetic engineering a key tool?

March 2014 issue - Scientific American




Biofortified plants are improving nutrition

for many, and can do much more

Sources: HarvestPlus; CIMMYT

The non-profit organization
HarvestPlus focuses on the
development of biofortified crops for
the developing world, including a
provitamin A enriched sweet potato
that is currently being grown by half a
million families. Other biofortification
projects are underway to increase
levels of protein, iron, zinc,
antioxidants, and other beneficial
components in food.



http://www.harvestplus.org/
http://www.flickr.com/photos/cimmyt/4685845446

Why use breeding and biotechnology for -

carotene (pro-vitamin A) enrichment?

Deficiency is widespread, impacts severe, and decades
of supplements are unable to overcome

et o
“Tpu 2

Young women suffering
blindness due to Vit A
deficiency

@ Chnical

@ Severe subclinlcal
© Moderate subclinical
@ mild subclinical

@ VAD under control

Image sources: Petaholmes based on WHO data;
© No data available S

Vitamin A deficiency is estimated to affect approximately one third of children under the
age of five around the world. It is estimated to claim the lives of 670,000 children under five
annually. Approximately 250,000-500,000 children in developing countries become blind
each year owing to vitamin A deficiency.... night blindness due to vitamin A deficiency is also
high among pregnant women in many developing countries.



commons.wikimedia.org/wiki/File:Vitamin_A_deficiency.PNG
http://www.who.int/nutrition/publications/vitamin_a_pub/en/

Breeding and GMO methods
can enhance plant nutritional
quality

B-carotene Vitamin A

The B-carotene
enriched foods
shown here have
been produced
using GM and

non-GM
approaches

Photo credit: Golden rice humanitarian board



http://goldenrice.org/

Golden Rice is the most prominent EEEESERES

the rice look

GMO biofortification product under golden
development XN




Vitamin A enrichment for the poor in
Africa?

http://www.commodityonline.com/news/dupont-reports-breakthrough-in-introducing-beta-carotene-in-sorghum-58036-3-58037.html



http://www.commodityonline.com/news/dupont-reports-breakthrough-in-introducing-beta-carotene-in-sorghum-58036-3-58037.html

The bad



Poor weed management has led to rapid
development of herbicide tolerant weeds




Herbicide-resistant weeds are an old

problem in agriculture

THE RISE OF SUPERWEEDS
W eod spacies often becoms resistant 1o herbd ddes. Gliyphosate redsance, oncs
desmod unlksly, roza aftor pensticaly enginsared rops wens introduced in tha
mid- 1990,
A
EE Harbicids dass:
w5 coriclactabs ynthass Inbibkor
z %
g g 100 (nciuding Imazathapyr)
Eg E_ m— Traz e {InClding Jirzire)
z B — Lol amides
Eg 1 e DiNHrozniines
b S T i
2
=
ZF
£E
gg nl 1 1 1 1
= 1950 1550 1570 1580 1550 2010
34 | BATUORE | VOL 407 | ¥ MAY 2013

Accelerated
by GE
Roundup-
tolerant
crops




Insect resistance has developed too,
but has been much better managed

Insect resistance to Bt crops: lessons from th= first billion acres
Nature Biotechnology, 31,510-521 (2013)

Analogous to antibiotics, continued benefits require
integrated management, and inputs of new genes/traits


http://www.nature.com/nbt/journal/v31/n6/full/nbt.2597.html

Insecticide resistant crops not new —
first noted 100 years ago




Are declines in
monarch
butterflies--
associated with
reduced
milkweed
populations--
due to improved
weed control
from herbicide-
tolerant crops?



Continued worry over safety of
approved GMO food for human health




Very weak
science in a
number of
highly
publicized
GMO
toxicity
studies




Hundreds of scientific studies of GM
crop food and environmental safety




Overwhelming conclusion of food/feed
safety

“The experimental data
collected so far on authorized
GE crops can be summarized as
follows: (a) there is no scientific
evidence of toxic or allergenic

effects.....”




http://www.axismundionline.com/blog/the-new-is-gm-food-
safe-meme/



http://www.axismundionline.com/blog/the-new-is-gm-food-safe-meme/

Hundreds of scientific studies of
glyphosate (active ingredient — Roundup)




Overwhelming conclusion of human
safety




Prof Parrott / GMO crop information
and misinformation web page

http://parrottlab.uga.edu/parrottlab/forum2.htm



http://parrottlab.uga.edu/parrottlab/forum2.htm

The righteous



Corporate hyperbole




Complicity in unsustainable management




Left vs. right senses of justice, social
systems, roles for corporations, a major
reason for outrage

e Profit vs. public good

e Socialist vs. capitalist

e Global vs. local food

e Monsanto vs. small farmers
e Patents vs. open source

e Major reason for US vs.
EU schism



Are organically certified crops so
“righteous” to warrant purity?



Gene flow is ubiquitous in agriculture — with or
without GMOs

“Genetic drift” (i.e., seed and pollen movement) does not
entitle Monsanto to take over your farm — nor do they try to!




Organic nor conventional is ideal:
Coexistence needed




Abundant myths, amplified in righteous

books, movies, and documentaries
Farmer suicides in India and GMO cotton among the most
Infamous

A STEADY RATE OF TRAGEDY

Confrary [ ﬁulﬂ myth, e nircduction in 2002 of geretical iy modifed
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“Entertaining” documentaries



IS LABELING REALLY ABOUT '7

OUR “"RIGHT TO KNOW"

“We are going to force them to label this food. If we have it labeled, then we
can organize people not to buy it.”

—Andrew Kimbrell, Executive Director, Center for Food Safety

“Personally, | believe GM foods must be banned entirely, but labeling is the most
efficient way to achieve this. Since 85% of the public will refuse to buy foods they
know to be genetically modified, this will effectively eliminate them from the
market just the way it was done in Europe.”

—Dr. Joseph Mercola, Mercola.com




Once examined seriously, labeling does not
look so appealing — serious issues include
science, cost, choice, and overall ethics

“Legally mandating such a label can only serve to
mislead and falsely alarm consumers”




Major newspapers agree




s it righteous to protect the
developing world from GMO crops?




Golden rice and the Philippines

Vitamin A deficiency is a serious problem among the
poor there. Field trials are underway to test, develop,
and provide access to it for poor farmers

Intl Rice Research Inst: In the
Philippines, vitamin A deficiency
affects approximately 1.7
million children (15%) aged 6
months to 5 years

Subclinical vitamin A deficiency
affects one out of every ten
pregnant women



With funding and organization from European

NGOs, field trials were vandalized in August 2013
Vandalism protested by >6,000 scientists

Swedish scientists decry government links to anti-GMO
‘vandals’

13 Nov 2013 | 12:31 GMT | Posted by Davide Castelvecchi | Category: Biology & Biotechnology, Earth
environment & ecology, Policy

Posted on behalf of Marta Paterlini.

alleged that Swedish foreign aid has supported vandalism in the Philippines against research plots of
| genetically modified crops.




What have delays in use of Golden Rice cost?
A crime against humanity to obstruct it?

Cost of 10 vears of regulatory (political) delays
»~S1 billion in lost productivity

» ~1 million cases of blindness

» Several-hundred thousand deaths
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Two big narratives to choose from

* Unethical, irreversible, and unpredictable
impacts on food safety and environment

— Stop it, label it, or otherwise regulate it to where it
does not matter

e Studied and regulated smartly, it is an
essential tool

— For helping people in dire need right now, and for
managing a very scary future on this planet



