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Roadmap
• Ancient background

• Early science at OSU

• Biotech buzz 1.0 – ag GMOs take form

• Making it real - Poplars and Oregon

• Getting drunk – Gene science and tech getting 
better and better

• Keeping your head – Science not hype

• Morning after – Society left the party early

• Fighting back – GMO science advocacy

• Lessons



Grew up in Brooklyn, NY



Tough



Cute



Member of 
60-70s 

Eco-Culture
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Early science: Used DNA to understand 
tree evolution and diversity



Basic science continues, genomics style
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GMO biotech 
explodes in 80-90s

11



First demonstration of transgenic male-
sterility -- via “ablation” method
Cell-disrupting genes turned on in floral cells
Anther promoter::RNAse



Virus-resistant papaya saved the Hawaiian 
industry in the mid-1990s / ~80% of papaya 
today

Courtesy of Denis Gonsalves, formerly of Cornell 

University

•Nobel prize 
winning 
“immunization” 
in plants –
stimulates 
natural 
defenses

•Great 
humanitarian 
potential in 
developing 
world

GMO, virus-

resistant trees



Healthier soy oils: Science underlying 
high oleic acid and high omega-3

“It almost mirrors 

olive oil in terms of 

the composition of 

fatty acids.”



Biofortification - Golden Rice and 
many others since to help the 
billions of malnourished

β-carotene 

makes the rice 

look golden
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Poplars adopted as wood, pulp, 
and bioenergy crop in 
northwest USA



Poplars first 
genetically 
transformed 
shortly 
thereafter, in 
1987



Formed industry 
consortium in 1994



Insect resistant Bt-cottonwoods in 
eastern Oregon field trial

Control GE



Growth rate benefits substantial for Bt-
poplars (cry3a) – >>10-20%



Striking and stable herbicide resistance 
in the field – 20% growth improvement

Screen of primary transformants 2 yr-old field trial

Wild type controls



Stable male-sterility



It takes 
years…then 
harvesting 
the flowers 
up there…



Pollen-less catkins in 8 yr-old male poplars in 
Oregon with same sterility gene



Tapetal collapse



Pleiotropy:  Deleterious effects of 
barnase on tree growth
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Poplar genome sequence – 3rd plant 
sequenced!



Gene suppression takes off - RNAi



RNAi gene suppression accelerates 
flowering in poplar



RNAi:LFY catkins do not produce seeds 
or cotton

32

4-2-14

LFY

5-1-143-18-14

control

4-2-143-12-14 5-1-14

Control
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DOMINANT MUTANT PHENOTYPE

AT Vector

1.

2.

3.
4.

5.

Gene Under WT regulation Genome of 

Transformable 

Genotype

Activated Gene

Enhancer tetramer (35S)

Right BorderLeft Border

Activation tagging: An effective 
mutagenesis tool for trees 



Field mutagenesis screens 



Examples of mutants observed
Two pairs of trees planted per event

Big leaf
South oriented 

growth Early bud flush

Delayed 

senescence





An answer to speed research 
Overexpression of endogenous flowering 
genes induces early flowering 

Apple

Plum

Orange

Poplar

37



Flowering locus T (FT) to accelerate 
flowering in poplar – Heat induced by 
heat-shock promoter



Early flowering effective in eucalypts 
too….

anthers

stigma

Pollen grains

Outer operculum

inner operculum
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Do lignin-reduced trees really have 
magical growth and wood?

• Nature Biotechnology 1999 
– antisense 4CL genes 
generated much 
excitement

• Increase of growth rate, 
halving of lignin content, 
no obvious ill effects in 
greenhouse



Plant Physiology, October 2010

Its different 
in the field



Brown wood, disturbed xylem 
development in the field



Roadmap
• Ancient background

• Early science at OSU

• Biotech buzz 1.0 – ag GMOs take form

• Making it real - Poplars and Oregon

• Getting drunk – Gene science and tech getting 
better and better

• Keeping your head – Science not hype

• Morning after – Society left the party early

• Fighting back – GMO science advocacy

• Lessons



Nature Reviews | Genetics | June 2008 | 459 

© 2008 Nature Publishing Group



Money: Advocacy targeting food & 
agriculture is large and growing

• 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



Tree Biotechnology Conference at Oxford in 
1999 - Vandalism against lignin modified trees 
to “welcome” conferees, Euro-press attacks



Oregon StateU Wash

Bradshaw (UW) and Strauss (OSU) 
“eco”vandalism - 2001



Some of the major environmental 
groups are powerful opponents

“The possibility that the new genes spliced into GE trees will interfere with natural 

forests isn't a hypothetical risk but a certainty. …genetic engineering may do as much 

damage to forests and wildlife habitat as chain saws and sprawl.” (11/10/13)



Greenpeace the world anti-GMO 
leader – trees and ag



International treaties push for ever more 
stringent regulations of GE trees





…global ban on the release of GE trees into the 

environment…” = NO FIELD RESEARCH



Forest Stewardship 

Council

“…genetically modified 

trees are prohibited…”

“Green” certification creates a severe 
barrier to research and investment

No research 

exemptions



Regulatory confusion, obstacles at 
national and international levels



Regulation of field research is 
problematic for many crops and trees

• Regulations around the world generally target 
the GMO method, not the trait or its novelty –
assuming hazard until proven otherwise

• Regulations for research field trials thus 
require containment (do not assess ecological 
risks or benefits of particular genes or traits)

• Beyond a boutique trial, 100% containment in 
the field is very hard to accomplish, especially 
for trees



Unexpected summer flowering of GA-
gene modified, semi-dwarf transgenic 
poplar in field trial



The upright summer “catkins” and veg-
catkin transition structures



Confusion as regulatory system 
evolved

• The field trial had been appended to a larger 
APHIS permit that permitted flowering in this 
location and with this genotype (incompatible 
with wild relatives, female tree)

• But APHIS was unsure if this meant the 
appended trial also could flower legally



What to do?  
• Being a good soldier, we faithfully and 

immediately reported this unexpected 
occurrence (as the permit requires)

• Then discussed what to do about it with APHIS 
regulatory science contacts for several days

• We wanted to leave the catkins for study, as they 
were scientifically interesting, risk seemed to be 
zero, and would be difficult to remove



What to do?  
• I pointed out the layers of safety from the genes 

(dwarf thus fitness reduced) and biology (lack of 
pollen or receptive females in summer, no seed 
dormancy) to APHIS

• The APHIS scientists agreed about safety but they 
felt, legally, they must report it to the compliance 
branch as a permit violation/release….







Take action!

• A science colleague at APHIS had alerted me that 
the report to Compliance had occurred prior to a 
visit and action

• Rather than risk arrest, fines, and who knows 
what else by federal agents…..Including what 
would be sure to be highly publicized as major 
disregard for the rules and the environment

• All students in our lab were dispatched to 
manually remove every “catkin” … and the same 
in spring and beyond…



Students removing catkins 
from transgenic trees 



We documented for APHIS that “All 
removed flowers were collected and 
brought back to the lab, then autoclaved”



A powerful lesson

• It’s the letter of the law
– GE methods are considered dangerous until proven 

otherwise, period

• Biology, safety, gene function, and benefit are 
irrelevant
– Parallel case with wheat “contamination” in Oregon

• How to advance studies given importance of field 
studies, and difficulty of full containment, during 
flowering stage? 
– Critical issue for all ag:  How to do field research and 

development for most crops?  
– Critical for forest applications, and studies of 

containment-sterility 



One answer is to deregulate 
putatively sterile trees for science

• Containment of every pollen grain and seed 
during field research would not be required if 
containment not 100%

• So I visited APHIS and suggested this given the 
increased safety of the trait and benefits of 
improved knowledge







No way!

• They discussed how each gene insertion event 
needs a pile of data, and now certainly an EIS 
(environmental impact statement), to 
withstand lawsuits

• Getting this data requires the years of 
research (that is what we are trying to find a 
way to obtain!)
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Engaged diverse scientists and 
stakeholders – 2001 international 
conference and associated book  



Proposed regulatory solutions





October 2010 / Vol. 60 No. 9 • BioScience 729

Sound the alarm!  Analysis of the 
legal implications of regulations for 
research & breeding 



Get active around the globe



Help to define 
constraints and 
research 
priorities –
work with 
think-tank 
“Resources for 
the Future” in 
Washington DC



Educate and exchange views broadly 
Biotech outreach and lecture series at Oregon State – 40 speakers, 8 years



Engage and advocate for science in 
your state and city



Lessons in summary

• Follow the science – small and large
– Get out of the lab, train broadly, be ethical

– Listen to and collaborate with good people

• Be aware of politics, ideology, money, and 
tribalism from all sides
– The good guys can be the bad guys and visa versa

• Demand a lot of yourself and others, while 
showing kindness and care

• Act with courage, wisdom, and precaution
– Don’t be reckless and arrogant

– Use all tools to help manage a very scary future



Thanks to so many great students, employees, and 
friends


