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Strauss research
• Web site: 

http://people.forestry.oregonstate.edu/steve-
strauss/

• Current research
• Genetic engineering (GE) – poplars and eucalyptus

• Emphasis on modifying flowering to avoid gene flow

• Genomic basis of hybrid vigor in trees

• Focus on poplar interspecies hybrids

• Non-GMO genetics

• Origin of Willamette Valley aspens
• Genomic methods to trace evolution and migration

http://people.forestry.oregonstate.edu/steve-strauss/


Short-rotation poplars 

an ag crop in Oregon



Former Director, OSU Outreach in 

Biotechnology Program

Available itunesU



Forty lectures, diverse aspects



Strauss funding and industry relations

• Research funds from many companies over 
many years
• Mostly forestry-associated, also some from ag 

biotechnology companies

• Industry consortium at OSU
• Tree Biosafety and Genomics Research Cooperative

• 22 years and counting

• Total funds
• Industry ~13%

• Public sources ~87%

• ~No industry funds for OSU outreach programs

• No industry funds for this talk



Industry engagement the norm

• Extensive interactions with scientific network, 
including industry scientists and industry funded 
scientists

• The norm for applied science and engineering

• The norm at land grant universities – ENGAGE

• Biotech companies largely create and market the 
technology

• Essential to engage to be current, create opportunities 
for forest/bioenergy industries
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There are many pieces of the GMO 

controversy

• “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)



…lots and lots of pieces….

• Large vs. small-scale agriculture

• Plant variety protection

• Ecological impacts

• Food safety

• Poverty and malnutrition

• Defining precaution

• Gene flow regulation

• Mandatory vs. voluntary labeling of ag and food 

production practices



• Life and death, health and safety, poor vs. 

food elite, innovation vs. precaution, right vs. 

wrong, etc etc etc

• Science:  The GMO method is not 

inextricably linked to any of these larger 

issues – can be used and managed in many 

different ways

• Are we talking past each other?

• “GMO” as representing a type of food and 

social system, vs. “GMO” as a breeding 

method

Complex, emotive issue, 

cognitively difficult



Speaking as scientist, and 

seeking to reflect what 

mainstream science is 

thinking and saying



Revised 
2014

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



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

Safety supported by many dozens of 

international science organizations

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


Cereals: Seeds that don’t break off were 

selected

Wild
Shattering grain
“Brittle rachis”
Advantage –
maximizes seed 
dispersal

Domesticated
Non-shattering grain
“Tough rachis”
Advantage –
facilitates harvesting

From Konishi, S., Izawa, T., Lin, S.Y., Ebana, K., Fukuta, Y., Sasaki, T., and Yano, M. (2006). An SNP caused loss of seed 
shattering during rice domestication. Science 312: 1392-1396. Reprinted with permission from AAAS.

http://www.sciencemag.org/content/312/5778/1392.abstract


Maize

Rice

Tomato

Lettuce

Banana

And many other types of 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



Pulitzer Prize winner

Core story: 
Genetic change 
enabled agriculture 

…which enabled 
cities, culture, and 
thus advanced 
technologies

Plant and animal domestication the 

basis of civilization



Breeding continues and is accelerating in 

age of massive DNA sequencing



GMO method (genetic engineering) 

defined

Traditional
plant breeding

x

Variety 
A

Variety B

Genetic
engineering

x

Asexual 
modification 
or insertion 

from any gene 
source



The acronyms, evolving in meaning
• GE (genetic engineering) = GM (genetic modification) = 

asexual modification and/or insertion of DNA

GM, GMO = genetically modified organism

GE, GEO = genetically engineered organism

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

Transgenic = GE, or transfer of genes between distant 
species

Cisgenic, intragenic for transfer or modification of genes 
from closely related species



Agrobacterium is a natural, and 

commonly used, plant genetic engineer



The “gene gun” is also used to introduce 

DNA into cells



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
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Biotech crops widespread, rapidly 

adopted:   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, 

8+ crops in USA

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 worldwide

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

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


Growing use of stacked genes in 

maize, USA 1996 to 2014

(data source:  USDA ERS, 2014)

HT

Bt



Three GE trait types widely grown in 

the USA
Bt insect resistant 

(corn, cotton, sweet 

corn)

Herbicide resistant 

(soybean, corn, cotton, 

canola, sugar beet, 

alfalfa)

Virus resistant 

(papaya, squash)



Why these traits?  
Of the total annual pest losses in crops, weeds 

account for 37%, insects 29%, diseases 22% 

and other pests 12%



Herbicide resistant crops make weeds 

less costly and more efficient to control
Weeds aggressively use water, light, and nutrients, 

and thus greatly decrease yield per acre



Insect-resistant Bt crops
More efficient and less harmful to non-targets than sprays --

Bt sprays widely used in organic agriculture



Major reports on biotech crops show 

very large and positive impacts on 

economics, sustainability, in USA 

worldwide



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%.”



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/to
pfacts/default.asp

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


Increased conservation tillage due to 

GE crops in USA: Soy 2006



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



Insect resistance has developed too, but 

expected and much better managed

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

Insect 
resistance to 
Bt crops: 
lessons from 
the first billion 
acres
Nature 
Biotechnology, 
31, 510–521 

(2013)

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


A difficult herbicide and GMO crop 

treadmill – can it be managed?  



Overstated concerns over 

glyphosate exposure

Following a second mandate from the European 

Commission to consider the findings from the 

International Agency for Research on Cancer (IARC) … 

EFSA concluded that glyphosate is unlikely to pose a 

carcinogenic hazard to humans and the evidence does 

not support classification with regard to its carcinogenic 
potential
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Newly approved GE crop varieties in 

USA 
• Soybean – insect resistant (Apr. 2014)

• Alfalfa – reduced lignin (Nov. 2014)

• Potato – reduced black spot bruise and low 
acrylamide production (Nov. 2014), reduced 
browning and disease resistant as well 
(August 2015)

• Soybean and cotton – new herbicide 
tolerances (Jul. 2014 – Jan. 2015)

• Apple – non-browning (Feb. 2015)

• Plum – virus resistant (2014)



RNA 

interference 

(RNAi) for 

gene 

suppression

Nobel Prize 

for it’s 

impact and 

mechanism



Virus-resistant GM papaya
Saved the Hawaiian industry in the mid-1990s, 

~70% of crop today

Courtesy of Denis Gonsalves, formerly of 
Cornell University

Like a vaccine 

–

“RNAi 

immunization” 

via implanting 

a viral gene in 

the papaya 

genome

GMO, virus-resistant 
trees



HoneySweet plum with RNAi

resistance to plum pox virus
Ralph Scorza  USDA-ARS

GE

Non-GE

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=6Ny2QLBDFAX72M&tbnid=udyg1Bu13ZfeKM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Plum_pox&ei=m9zDU4KvO_DJsQSk-ILQCQ&bvm=bv.70810081,d.cWc&psig=AFQjCNEUm5g_DIXuDCSeNmVU98SpGCygwg&ust=1405431188830952
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=6Ny2QLBDFAX72M&tbnid=udyg1Bu13ZfeKM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Plum_pox&ei=m9zDU4KvO_DJsQSk-ILQCQ&bvm=bv.70810081,d.cWc&psig=AFQjCNEUm5g_DIXuDCSeNmVU98SpGCygwg&ust=1405431188830952


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!



“Innate” potato approved – reduced browning 

and acrylamide (↓waste, ↑safety)



“Innate” potato in my hands for teaching

One hour after cutting – Control vs. Innate

Two days after cutting – Innate vs. Control



“Innate” potato 2.0 – late blight resistant, 

reduced acrylamide, reduced sprouting and 

browning (↓ waste, ↑ safety, ↓ pesticide, ↑ yield)



Dramatic change in color of chips, 

highly prized by consumers

Provided by Walter De Jong, Cornell University



• 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

Innate benefits

Referenced analyses by Simplot Plant Sciences



Improved oil

“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.”



Insect control via RNAi in corn: 
Host induced gene

silencing (HIGS)



HIGS also effective for fungal 

resistance

“…demonstrating that HIGS is a 
powerful tool, which could 
revolutionize crop plant protection.”



Drought-tolerant maize – Planted on 

>150,000 acres – Also tested in Africa

Important tool given climate change, water 

shortages?



Many more stress tolerance innovations in 

the pipeline



Increased gene expression:
Purple GE tomatoes with increased 

antioxidants and rot resistance



Modified hormone expression
GE salmon approved for contained use last month



Scientific American
March, 2013

Resistance transgenes promising 
solution/s to devastating ‘citrus 
greening’



Face the “wall of opposition” ?



Defensin-like proteins from spinach 

for citrus greening disease resistance

 

Courtesy of Eric Mirkov, Texas A & M



Helping forests: American Chestnut 

restoration by genetic modification

March 2014 issue - Scientific American



Forest health a major and growing 

concern



Diverse pipeline of biofortification 

products = enhancement of critical 

vitamins or nutrients

Many more examples funded by Gates Foundation / other sources



Biofortified plants are improving nutrition 

for many, and can do much more

with aid of biotechnology

Biofortification breeding well 
underway, including a provitamin A 
enriched sweet potato that is 
currently being grown by > half a 
million families. 

Other projects are underway to 
increase levels of protein, iron, zinc, 
antioxidants, and other beneficial 
components in food.

Gates Foundation a major supporterSources: HarvestPlus; CIMMYT

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


The HarvestPlus program – worldwide 

impact by traditional breeding

• Nutrient targets start at:

• 30% of the EAR of iron

• 40% of the EAR of zinc

• 50% of the EAR of provitamin A

• Reaches more than 40 countries



• Rice

• Cassava

• Sorghum

• Banana

Biotech methods useful where breeding is 

ineffective or slow

Rice
Cassava



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


“Super banana”



Coming: Gene editing technology for 

diverse traits – is it biotech or breeding?

TALENs

CRISPRs



CRISPRs: Predictable, stable, certain 

change of DNA sequence
~50% biallelic mutation rate for genes in poplar

AG-1

target site

AG-2 

target site

Wild type`

Non-mutants

Mutants

Insertion

Large deletion

Small deletions

Data from Estafania
Elorriaga, PhD 
student, OSU



Gene editing to produce hornless cattle
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Why the disputes?  
Diverse factors

• Human need, new and rapid science
• Population and consumption growth, food cost, 

widespread malnutrition, environmental damage

• Gene science gives many options = technology push

• Ethics
• Breaking of traditional boundaries in moving genes press 

concepts of rightness

• Risk perception adverse
• Complex and invisible science and technology, often 

without direct consumer benefits = high perception of risk
• Chemophobia: All pesticide bad, GMOs make worse

• Appropriate regulation unclear 
• Extent of precaution? Regulation stringency?  

• Labeling?  Allowances for trade?  



• Strong corporate role: Control of seeds, patents, 

industrial ag, the “Monsanto effect”

• Communitarian vs. hierarchic ideologies (Kahan, Yale)

• Ideology, self-interest: Strong anti-GMO business 

and political forces

• Private sector: Green and organic and “natural” vs. GMO

• Local: Pressure on politicians to oppose, state/county 

measures

• Global: Tool for state rivalries, non-tariff barriers (China, 

Russia, EU)

• Science uncertainties: Environment, food safety

• Gene flow:  Ag is leaky, gene movement common

• Coexistence challenges with low biotech tolerances

Why the dispute, continued



There are numerous myths that are 

rampant and recycled in media



Farmer suicides in India and GMO cotton 

among the most infamous myths promoted 

by Shiva and others



Bonny, S. 
(2014), Taking stock of 
the genetically 
modified seed sector 
worldwide: market, 
stakeholders, and 
prices, Food 
Security, pp. 1-
16, http://dx.doi.org/10
.1007/s12571-014-0357-
1 AND http://www.ask-
force.org/web/Economi
cs/Bonny-Taking-
Stock-GM-Seed-
Sector-2014.pdf

Monsanto and seed companies 

“control the food supply” another

http://dx.doi.org/10.1007/s12571-014-0357-1
http://www.ask-force.org/web/Economics/Bonny-Taking-Stock-GM-Seed-Sector-2014.pdf


• Of 129 GE crops commercialized in the US 129 

have had FDA consultation (2014)

• Global evaluations include: FDA, USDA, EPA, 

Health Canada, FSANZ,  EFSA, Korea FDA, 

EFSA, Chinese Ministry of Agriculture, Japan 

Food Safety Commission

Myth: No food safety review of biotech crops



“There is no evidence that unique hazards exist 

either in the use of rDNA techniques or in the 

movement of genes between unrelated 

organisms.” 

Recent genomic 

studies have 

confirmed

Myth: GE method is inherently 

dangerous and disruptive
FDA, National Academy of Sciences says otherwise



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



Animal Genomics and Biotechnology Education Van Eenennaam ODI 4/14/2015

Internet, social media, a main focus 

of activism

Science selected, distorted, mass 

communicated, amplified 

for ideology, and increasingly for 

financial gain



Pervasive online filters of information 

entrench

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

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….



Chipotle campaign a prominent example



And many others



Corporate speech also through no-

GMO labels
Ubiquitous labels reinforce notion that 

GMOs, as a class, are dangerous



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

It is not surprising how much scientists 

and the public differ in views of GMOs



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



FOIAs a new tool in GMO related wars, 

changing the relationship of academics 

who engage in outreach and industry?  



There are legitimate concerns that GMOs 

with pest management traits have not been 

managed well



Landscape 

impacts of 

concern

Are declines in 

monarch butterflies –

associated with 

reduced milkweed 

populations – due  to 

improved weed control 

from herbicide-tolerant 

crops?

Additional impacts on 

other pollinators?



Part of larger discussion of 

intensification vs. extensification & 

ecological agriculture

Need to manage ag

landscapes smarter  

How?

Simple answers abound

but seem wrong





In summary
• Majority of major food crops are highly genetically 

modified from natural forms, moved globally

• A small number of crop and trait types account for 
majority of GMO crops 
• Soy, corn, cotton, canola / Herbicide and insect resistant

• Wider variety of crop types slowly entering 
marketplace
• Disease and pest resistance / Quality and nutrition traits

• More precise methods for modifying natural genes 
and gene expression, and creating pest tolerant 
crops - RNAi and CRISPR

• Difficult reception by public due to many factors
• Perhaps most prominent are ideological, political, and profit 

motivated anti-GMO campaigns (online and labeling)


