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Agenda

• Where do you stand?  
– Orientation to issues 

• GMO literacy
– Crop domestication/breeding
– GE method
– GE product examples

• Indications of wisdom
– Regulations
– Management of current GM crops
– Obstruction by proliferation of myths, stigmatizing 

labels



We using GMOs wisely

A. Strongly disagree
B. Disagree
C. Neutral
D. Agree
E. Strongly agree
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It is generally safe/unsafe to eat 
genetically modified foods
A. Safe
B. Unsafe
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http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society/

Pew Survey on views of controversial 
science issues - 2015



http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society/

GMOs the largest 
scientist-public 
gap, 51%, of any 
issue surveyed



My goal

Speaking as scientist, and 
seeking to reflect what 

mainstream science is thinking 
and saying



It’s hard to tell 
what science is 
saying amidst 
all the noise
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Mainstream science is supportive of 
responsible uses of GMOs

https://c.ymcdn.com/sites/aspb.site-ym.com/resource/group/6d461cb9-5b79-4571-a164-924fa40395a5/Statements/ASPB_GE_revision.APPROVED_ed.pdf


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

AAAS: Position on GMO labeling



The GMO controversy is complex:  
There are many pieces
• “It is accurate to say that many of the real ethical 

issues [of GMOs in agriculture] have little to do 
with the use of transgenic technologies”  
(Burkardt et al. 2005, Agricultural Ethics, CAST)

But GMO is a scientific definition – we need 
to get the science right when we consider the 
intersecting issues



Why do GMOs matter to you?

• Wish to see wise use of a critical technology for 
food, medicine, and energy production in a 
highly insecure world, especially for the poor

• Smart (safe, ethical, economic) food choices for 
you and your family

• Conflicting information about them is 
widespread in marketplace and online – I want 
truth

• Not being duped by costly but unfounded 
greenwash and natural food claims
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Crops were domesticated in parallel in 
several regions of the globe – then moved 
and further bred all over the world

Reprinted by permission from Macmillan Publishers Ltd.: [Nature] Diamond, J. (2002). Evolution, consequences and 
future of plant and animal domestication. Nature 418: 700-707, copyright 2002.

http://www.nature.com/nature/journal/v418/n6898/full/nature01019.html


Maize

Rice

Tomato

Lettuce

Banana

A few of the major modifications made



Radical changes in 
form: Diversity of crucifer 
crops derived from wild 
cabbage

Wild
cabbage

Kale, 500 BC

Ornamental kale
Late 1900's

Cauliflower
1400's

Broccoli
Italy, 1500's

Cabbage, 100 AD

Kohlrabi
Germany, 100 AD

Brussel sprouts
Belgium, 1700's



Many plant varieties derived from 
induced mutations

Calrose 76 semi-dwarf rice

High oleic sunflower

Over 3,000 crop varieties 
derived from 
mutagenesis have been 
commercialized

Rio Red grapefruit



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



Breeding continues -- accelerating in 
age of massive DNA sequencing
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GMO refers to a method of breeding 
with diverse outcomes

Traditional
plant breeding

x

Variety 
A

Variety 
B

Genetic
engineering

x
Asexual

modification 
or insertion 
from any 

gene source



After cells are 
modified, they 
are induced to 
regenerate into 
whole plants



Growth in the fieldPropagation in 
tissue culture

Then propagated normally (seeds, cuttings) 
and tested for health and new qualities, 
incorporated into breeding programs



Commercial GMO crops selected from 
many dozens to hundreds of insertions 
after testing and breeding for safety, 
performance, stability

24Slide from Sol Ortiz, CBIOGEM, Mexico 



GE a technology with diverse outcomes, 
including many…..

• Genes/traits    - Types of crops    - Places
• Values     - Approaches

• More like a wheel or computer than a 
medicine or saxophone

• “Product not process,” “case by case,” is 
global consensus for science assessments



“We reaffirm that risk evaluations of GEOs should 
focus on the phenotype or product rather the 
process of genetic engineering …”

GMOs are 
diverse: 
Product not 
process 
consensus 
among scientists



• Is agriculture becoming more productive, 
sustainable, resilient?

• If food becoming healthier?  
• Are we using genetic methods to enhance 

sustainability, healthfulness, productivity? 
• There are no silver bullets:  Are we making 

intelligent choices, management tactics, and 
tradeoffs to move in the right direction ?

The more relevant questions
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First generation herbicide and insect 
resistant crops were rapidly adopted 
by farmers, both in the developed and 
developing world 



GMOs add a lot of value to the 
economy, environment 
If removed, lower yields (~5-19%), higher prices ($19 
billion/year), more land farmed, higher greenhouse 
gases
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Many National 
Research 
Council reports 
on GMOs

Major pesticide 
reductions, 
conservation tillage 
expansion, need for 
more sustainable 
pest management



U.S. 
insecticide 

use per acre 
reduced 
due to Bt 

crops

National Research 
Council, National 
Academy of 
Sciences 2010

Corn

Cotton



Global “meta-analysis” with similar 
results: 2014

“147 original studies were included.”
“On average, GM technology adoption has 
reduced chemical pesticide use by 37%, 
increased crop yields by 22%, and increased 
farmer profits by 68%.”



http://www.isaaa.org/resources/publications/briefs/47/download/isaaa-brief-47-2014.pdf

A human face: Pesticide poisoning 
common in developing world –
eggplant example (Bangladesh)

BiotechNon-Biotech



Billions suffer from micronutrient 
deficiency
Widespread, impacts severe, and decades of 
supplements unable to overcome  

Vitamin A deficiency affects one-third of children under the 
age of five around the world

Image sources: Petaholmes based on WHO data;

Young women 
suffering blindness 
due to Vit A deficiency

http://www.who.int/nutrition/publications/vitamin_a_pub/en/


Herbicide tolerant plants promote 
conservation tillage – With many 
environmental benefits thereof
Conservation Technology Information Center

•Lowers greenhouse gas emissions
•Improves soil organic matter
•Reduces erosion and fertilizer 

runoff into water

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/
topfacts/default.asp

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


GE offers new and improving options 
for tweaking native genes, and for 
using natural mechanisms to create 
highly safe pest-resistant crops



RNA 
interference 

(RNAi) for 
gene 

suppression

Nobel Prize 
for it’s impact 

and 
mechanism



Coming: Gene editing technology for 
diverse traits



RNAi: Non-browning “Arctic Apple” 
Reduced spoilage/waste, improved quality – USDA 
approved

Courtesy of Jennifer Armen, 
Okanagan Specialty Fruits, 
Canada



Non-browning “Arctic Apple” 
Time lapse video






They are good!



RNAi:  Virus-resistant GM papaya
Saved the Hawaiian industry in the mid-
1990s, ~80% of crop today

Courtesy of Denis Gonsalves, formerly 
of Cornell University

“RNAi 
immunization” 
via implanting 
a viral gene in 
the papaya 
genome

GMO, virus-
resistant trees



Gene-edited 
hornless 
cattle –
improved 
efficiency 
and animal 
welfare
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Poor regulation or management of 
established crops
• Large scale production field approved for 

herbicide resistant creeping bentgrass in 
Oregon – difficult to remove from 
environment

• Unsustainable management of Roundup 
resistant crops – Rapid weed evolution due to 
excessive use of Roundup

• Mixed record for insect resistant crops



Roundup-resistant bentgrass found 
along waterways, drainage ditches



Regulatory loopholes might allow 
more of this in the environment



Poor weed management has led to rapid 
development of herbicide-resistant weeds
And motivated development of new kinds of herbicide 
tolerant crops



Herbicide-resistant weeds are an old 
problem in agriculture, but exacerbated 
by GE herbicide tolerant crops

Accelerated by 
GE Roundup-
tolerant crops



Difficulty in use of GE crops where 
valuable due to market and regulatory 
barriers 
• EPA treatment of new forms of pest resistant 

crops as “pesticide producers” – very high 
costs of approval, difficult management

• Risks of low levels of gene dispersal even 
when environmental and health risks trivial –
case of wheat in Oregon

• Proliferation of anti-GMO campaigns, GMO-
free labels on many products, despite an 
absence of scientific support



Virus-resistant GM papaya
Saved the Hawaiian industry in the mid-1990s, ~80% 
of crop today

Courtesy of Denis Gonsalves, formerly 
of Cornell University

“RNAi 
immunization” 
via implanting 
a viral gene in 
the papaya 
genome

GMO, virus-
resistant trees



Op-Ed in Oregonian
June 16, 2013

Oregon GMO “wheat-gate” shows the 
risks from gene flow with GE crops, even 
research An agreed safe, well 

studied, extremely rare 
GMO left over from earlier 
research nearly crippled 
Pacific Northwest trade in 
wheat in 2013, led to 
lawsuits

Due to fear of…

Low Level Presence (LLP) 

…of unapproved genes in 
shipped wheat



http://www.un.org/apps/news/story.asp?NewsID=47354&Cr=food+security&Cr1=#.UySzoPldVUV

Global admixture of GM and non-GM 
crops/food create immense coexistence, 
trade problems under current regulations
Many costly 
cases of 
trade 
disruption 
and lawsuits 
with corn, 
soy, and rice

http://www.un.org/apps/news/story.asp?NewsID=47354&Cr=food+security&Cr1=


Oregon with 
major 
coexistence 
struggles due 
to seed 
industry, much 
non-GMO 
production & 
many exports
2014 Task Force
Report



GMO ban voted on in Benton County, 
Oregon last year – defeated, but with 
much public support for the ban



No easy answers to coexistence 
problems

Regulations, and ultimately markets, need to 
evolve to enable workable thresholds for genetic 
admixture… 
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There are numerous myths that are 
rampant and recycled in media



Vicious anti-GMO messages widespread



And many more



My colleague 
Steve Savage’s 
favorite!  



Much pseudo-science: “Half of all 
children will be Autistic by 2025 due to 
Roundup warns MIT scientist”



Myth: No food safety review of biotech 
crops
• Of 129 GE crops commercialized in the USA, 129 

have had FDA review (2014)

• Global evaluations include: FDA, USDA, EPA, 
Health Canada, FSANZ,  EFSA, Korea FDA, EFSA, 
Chinese Ministry of Agriculture, Japan Food Safety 
Commission



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

Safety of foods supported by many 
dozens of international science 
organizations

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


Myth: Big Ag controls the media and public 
debate about GMOs
Not any more, big money also flows to demonize GMOs 
and associated ag/food

• Agbiotech Info Net
• Agribusiness Examiner
• ACGA
• American Pasturage
• APHA
• Animal Protection Institute
• Beyond Pesticides
• NCRLC
• Center for Food Safety
• Center for Informed Food Choices
• Center for Media & Democracy
• CSPI
• Chef’s Collaborative
• Children’s Health Env Coalition
• Common Dreams
• Consumer Federation of America
• Consumers Union
• Crop Choice
• David Suzuki Foundation
• Dawn Watch
• Deep Ecology
• Eco-Trust
• Economic Democracy
• Earth Spirit
• Earth First
• Environmental Defense
• Environmental Media Services
• FAIR
• Family Farm Defenders

• Farm Animal Reform Movement
• Farm Aid
• Farm Sanctuary
• Friends of the Earth
• GRACE
• Government Accountability Project
• Green Guide Institute
• Green Party USA
• Greenpeace
• Humane Farm Association
• Humane Society US
• IATP
• Institute for Public Accuracy
• Land Institute
• Local Harvest
• NFFC
• Nishoren
• No Spray coalition
• NWARN
• Organic Consumers Association
• PANNA
• PETA
• PCRM
• PIRG
• Public Citizen
• Purdey Fund
• Sierra Club
• SEAC
• Water Keeper Alliance

More than 500 activist organizations in North 
America are spending in excess of $2 billion 
annually engaging in food-related campaigns 
targeting biotech and many other elements  

Jay Byrne, 2012, V-fluence



Pervasive online filters of information 
entrench, further polarize

https://www.ted.com/talks/eli_pariser_beware_online_filter_bubbl
es

https://www.ted.com/talks/eli_pariser_beware_online_filter_bubbles


http://weknowmemes.com/2012/07/dont-believe-everything-you-read-on-the-internet
Animal Genomics and Biotechnology Education Van Eenennaam ODI 4/14/2015

Abe Lincoln warned us, but….



GMO-free identification common in 
the marketplace



Meteoric rise of no-GMO 
labels

70
https://www.aphis.usda.gov/stakeholders/downloads/2015/coexistence/Errol-Schweizer.pdf

• GMO-free claims jumped 237% in 
new products 2012 to 2013 



Many companies have avoided GMOs due 
to brand risk from activists/consumers



No-GMO labels on potatoes, in 
contrast to expected benefits of new 
GMO products



“Innate 2.0” potato – late blight resistant, and 
reduced sprouting and browning (↓ waste, 
↑ safety, ↓ pesticide, ↑ yield)



• If all USA potatoes had it’s improved traits, each 
year….

• Waste reduced by 5 billion pounds
• CO2 emissions reduced by 734 million pounds
• Water use reduced by 84 billion gallons
• 2.5 million fewer pesticide acre-applications
• Marketable yields increase

~ 20% 
• Growers save $240 million 

in production costs

Potential Innate Potato benefits



No-GMO claims on orange juice
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Scientific American
March, 2013

In spite of devastating ‘citrus greening’ that 
is threatening the entire industry



Defensin-like proteins from spinach for 
citrus greening disease resistance

 

Courtesy of Eric Mirkov, Texas A & M



Fast growing, sustainable GE salmon 
approved for contained use after nearly 20 
years of regulatory delay

20% improvement in 
FCR (feed 

conversion ratio)

AQUACULTURE 406/407:141-
152 · MAY 2013



Use of GE salmon delayed indefinitely 
over labeling law inserted into 
funding bill
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One more vote:

With respect to GE crops ….

A. They should be banned
B. Regulations need to be stricter
C. Regulations need to, selectively, be more lax
D. Misleading labels are a major problem for 

consumers
E. B, C and D are true

80
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