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Ten statements about biotech/GMOs
1. Complex, controversial
2. It’s a method not a product
3. “Radical” non-GMO crop breeding
4. Rapid GMO uptake and large benefits
5. GMO problems and challenges
6. Simple answers and labels
7. Diversity of potential products
8. Approved GMO foods are safe
9. Gene flow and contamination myths
10.GMO vilification for profit in labels and beyond
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1. GE crop and food issues are 
complex, messy and extremely 

controversial

Avoid tribalism - Keep an open mind



There are numerous myths that are 
rampant and recycled in media



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”



Food 
Evolution 
movie 
debunks the 
“data” of the 
extreme anti-
GMO
left, shows 
human need 
and benefits



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/

Scientist views 
contrast with 
public on GMOs



GMOs one of the 
“fake news - fake 
science” issues
It’s hard to tell 
what science is 
saying amidst all 
the noise
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Unlike climate change, not clearly a 
left-right issue
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2. GE is a diverse set of methods, 
not a specific product or mode of use



Steps to 
create 
a GE plant



What is genetic engineering (GE)

• Direct modification of 
DNA
– Vs. indirect modification 

in breeding

• Asexually modified, 
usually in somatic cells
– Then regenerated into 

whole organisms, usually 
starting in Petri dishes



Insect-resistant “Bt crops”
More efficient and less harmful to non-targets than sprays --
Bt (Bacillus thuringiensis) sprays widely used in organic agriculture



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

A human face: Bt eggplant a solution to 
pesticide poisoning common in developing 
world (Bangladesh example)

BiotechNon-Biotech



Gene editing technology for diverse 
traits





Recombinetics creates hornless cattle 
– mimics a natural mutation



Soybean with increased oleic acid
• Benefits to consumer and 

producer
– Reduced saturated fats, no trans 

fats
– Improved shelf-life without need 

for hydrogenation



Gene editing to create reduced gluten 
wheat

• Challenge: 6 chromosomes (hexaploid), each with 7-8 
copies of α-gliadin (gluten protein) genes

• Result:  Efficiency of CRIRPR enable three nearly 
gluten-free wheat lines where most α-gliadin genes 
were mutated -- 60-85% reduction in gluten content



Usability of gene edited products?  

• USA rules unclear, would not now allow use of 
the most efficient biological gene transfer agent

• FDA proposes that all edited animals be 
regulated as new animal drugs

• EU considers as a GMO, with all the limits and 
stigma thereof



Are GE/GMO foods safe?  Are they 
good for the environment?  



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

• Genes/traits    - Types of crops    - Places
• Societies     - Crop/Eco-systems       
• Means of regulation & management

• A general technology:  More like a wheel or 
computer than a specific medicine or saxophone

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



3. The most radically modified crops 
and foods are not GE



Where did our crops come from?     
Answer:  All over the world



Maize
Rice

Tomato

Lettuce

Banana

Most crops intensively bred, prior to GMOs



Mutants are some 
of our best friends: 
Domestication of 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



Breeding is continually
changing varieties in
response to markets, 
climate change, pests…

University of Kentucky wheat variety trials

OSU wheat variety trials



Oregon wheat traits 
of interest 

• Grain yield
– Yield stability
– Broad adaptation

• Grain quality
– Test weight
– Kernel size, weight
– Hardness

• Stress tolerance
– Optimal maturity
– Winter-hardiness
– Straw strength
– Drought tolerance
– Heat tolerance

• Disease resistance 
– Stripe rust
– Leaf and stem rust
– Strawbreaker footrot
– Cephalosporium stripe
– Fusarium crown rot
– Dryland footrots
– Septoria tritici
– Septoria nodorum
– Mildew

• Insect resistance 
– Hessian fly



Sources of genes include 
mutation breeding

• 3,217 registered varieties 
developed from mutation 
breeding
– FAO/IAEA database (http://www-

infocris.iaea.org/MVD/)

• DNA changes include 
deletions, insertions, 
inversions

Institute of Radiation Breeding
Ibaraki-ken,  JAPAN 
www.irb.affrc.go.jp/

http://www-infocris.iaea.org/MVD/


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



4. GE crops have provided great value
to farmers and environment, and have 
been taken up at an extraordinary rate 

(where allowed) 



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



Four crops dominate, 
8+ in USA



Global “meta-analysis” of early 
impacts 

“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%.”



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



Adoption rates highly variable



5. Some GE crops and management 
practices are not a good idea, and very 

tough to manage



It is possible to transfer allergens with GE 
methods 

Thus caution 
warranted

This product 
never 
developed for 
commercial 
use or 
marketed



Roundup tolerant bentgrass escape in 
Oregon

http://www.oregonlive.com/business/index.ssf/2017/01/grass_
seed_industry_fearful_ab.html http://www.oregonlive.com/business/index.ssf/2017/01/post_248.html



Roundup tolerant bentgrass permitted

http://www.oregonlive.com/business/index.ssf/2017/01/grass_
seed_industry_fearful_ab.html http://www.oregonlive.com/business/index.ssf/2017/01/post_248.html



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



The original clean fields – herbicide 
resistant cotton



Not an uncommon sight now



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

Accelerated by 
GE Roundup-
tolerant crops ?



Damage from growing use of dicamba
resistant crops – due to chemical’s 
volatility



Insect resistance development
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Insect resistance has risen in parallel 
with crop use
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6. Simple answers to ag and food 
problems should set off alarm bells



Non-GMO labels have proliferated



GMO-free labels a major feature of 
“clean label” movement



Non-GMO claims on orange juice
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Scientific American
March, 2013

In spite of GE solutions to devastating 
‘citrus greening’ threatening the industry



CRISPR-modified grapefruit resistant 
to citrus canker



American chestnut was 
an iconic, widespread 
keystone forest tree in 
the USA 

It was extirpated as a 
forest tree by Chestnut 
Blight



1912 photo of blight in NY



Breeding has not worked despite nearly 
100 years of effort – give genetic 
engineering a chance?



Many other applications - Forest 
health a major and growing 
concern



Forest 
Stewardship 

Council

“…genetically 
modified trees are 

prohibited…”

“Green” certification of forests create 
severe barriers to field research, markets



7. There is a vast variety of GE 
products shown in research, but only 

two kinds have dominated due to 
economic and regulatory/market 

obstacles

And with rare exceptions, as a result 
only big ag can play



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

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

GMO, virus-
resistant trees



“Innate” potato – native DNA, non-
browning and other traits
One hour after cutting – Control vs. Innate

Two days after cutting –
Control vs. Innate



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



Diverse pipeline of biofortification products 
= enhancement of critical vitamins or 
nutrients

Golden 
Rice 

creator 
Ingo 

Potrykus



8. There is no credible scientific 
evidence GE foods have had any 

harms to humans or animals



National 
Research 
Council 
Report 2016
• No evidence to support 

food/feed safety 
concerns

• Confirmed large 
insecticide reduction 
with Bt crops



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

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


9. Gene flow is normal in agriculture, 
well managed by private sector – need 

to develop workable thresholds in  
regulations and markets



Gene flow: Genetic admixture is ubiquitous in 
agriculture – with or without GMOs

Genes that cause a color change make it possible to 
easily see what is the norm in many types of agriculture



Local example of private association for 
gene flow mitigation among farmers in 
Oregon



Oregon bill to punish for GMO admixture 
– not passed



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
Billions of 
dollars of 
trade 
disruption 
and lawsuits 
with corn, 
soy, and rice

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


Lawsuits against farmers for innocent 
contamination due to gene flow?  

https://www.geneticliteracyproject.org/2016/01/04/gmo-patent-controversy-3-monsanto-sue-farmers-inadvertent-gmo-contamination/



10. Vilification of GE is a tool for 
unscrupulous or uncompetitive 

companies, countries, and NGOs 



Non-GMO labels have proliferated



• 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
• 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

Very well funded activism against GMOs 
and related ag/food issues 



Leading scientists attack Greenpeace 
over anti-GMO activism



Ten statements about biotech/GMOs
1. Complex, controversial
2. It’s a method not a product
3. “Radical” non-GMO crop breeding
4. Rapid GMO uptake and large benefits
5. GMO problems and challenges
6. Simple answers and labels
7. Diversity of potential products
8. Approved GMO foods are safe
9. Gene flow and contamination myths
10.GMO vilification for profit in labels and beyond
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Some lessons
• GE a general technology – many potential uses
• Newer methods more precise, powerful ( CRISPR)
• No credible evidence for human or animal safety 

harms
• Extensive uptake, large benefits, but also significant 

problems in management
• Regulatory and market restrictions greatly limit GE 

crop use and benefit for society, both in USA and 
around the globe – despite stresses from climate 
change, pest proliferation, and growing human need

• Need major regulatory and marketing reforms for  
smarter and expanded use, alignment with science
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