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Agenda
• What are the constraints of today?    

– Biological
– Social

• The visions: What are ideological, strategic, 
and tactical innovations we should embrace ?
– Focus on new USDA SECURE system 



What is recombinant biotechnology?  = 
Genetic engineering (GMO) and gene editing (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

• Specificity of modification, 
common use of modified 
native genes vs. new genes, 
differentiates GE from GMO



Overview of 
steps to 
create 
a GMO or GE 
plant
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Breeding and pathosystem
complexities are many -1 
• Is host resistance breeding the best solution (vs. 

biocontrol options)?
• Diverse, slow to reproduce genotypes

– Oligogenic solutions that are rare in gene pools, naturally 
or due to transformation – even with  dominant  gene 
action – will take many transformations or many years in 
crossing to be deployed over large populations and areas

• American chestnut case: 100’s of years to restore!   
• Conventional and transgenic (dominant) rapid flowering 

technology helps – can segregate away

• Ability to transform many genes and genotypes 
would really help



Early flowering FT-trees to speed research 
and breeding

Pollen grains



Breeding and pathosystem
complexities are many - 2
• Many important species, especially hardwoods, 

are hardly planted at all 
– Thus, a major new investment needed to plant and 

cultivate new genotypes
• Concerns of pathogen evolution – high stability, 

diversified solutions desired, path to it often 
unclear

• Need society with appetite for, or at least 
tolerance of, adaptive management
– Thus need a regulatory revolution if rBiotech

employed
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Transformation and regeneration 
remain large costs and obstacles

• Species and genotypes within species highly variable in response
• Routine and reliable methods, comparable to Arabidopsis in planta

methods or standard leaf-disc methods (when they work), remain 
elusive

• Cellular level genetic interaction of transformability x regenerability
x in vitro physiology / stress response  

• Cost: Need specialized laboratories, much craft type experience, 
long-term support for customized protocol development, regulatory 
compliance
– Rare in forestry in general, and especially in public sector, and outside 

of major crop species
• Increased knowledge of “DEV” genes that guide transformation and 

regeneration, and use of natural plant regeneration pathways, 
provide opportunities for innovation  



“DEV” gene solutions?   



Impressive DEV gene results

13

Wheat Citrus

But best sets of genes, and suitable 
expression control methods, yet to 
be developed for any forest trees
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Its starts with the science we fund

…will support public breeding efforts to improve crop productivity, efficiency, 
quality, and performance…..and removal of undesirable traits through the use 
of both traditional genetic approaches and targeted gene editing…
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Regulations have not kept up with science, which I 
have tried to say many times



And tried, and tried, and 
am not alone



What are the issues with regulation?  
• Presumption of guilt due to the method

– Gene editing, but only if simple, clean and natural, 
excepted by USDA soon under SECURE

• Guilt means zero tolerance for gene flow in research 
and breeding trials
– Makes adaptive management, = normal breeding and 

research, ~impossible – thus only genes with 
momentous import and with obvious effects in lab will 
go forward

• Yet the dilution of breeding trials immense, risk 
inherently extremely low

• Yet the need for solutions is immense and growing, 
and conventional breeding with trees is extremely 
slow

• This is not precaution, it is the opposite



Drop the rDNA trigger? There are many options for 
flagging high risk projects based on traits, promoting 
coexistence
• Herbicide resistance in noxious weeds
• Allergenic proteins in trees that are also used as 

foods
• These could be done early so research and 

adaptive management could proceed – no need 
for field trials for the analysis (as in SECURE)

• The legal system is another tool for curbing work 
that is clearly harmful on balance

• Coexistence: Thresholds for “adventitious 
presence” need to be workable, legally recognized 
(e.g., 5%)
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Started by the Forest 
Stewardship Council, 
major principle:  
“genetically 
modified trees are 
prohibited”

“Green certification” of forests 
widespread, and creates severe barriers 
to field research, markets

A big deal: 
Many of the most highly 
managed forests and their 
products are certified 

500 million hectares, 13% 
global forest area



All major forest certification systems now 
ban all GE trees – no exemptions
System Region GM Tree Approach / Reason

PEFC : Programme for Endorsement of 
Forest Certification

International Banned / Precautionary approach
based on lack of data

FSC : Forest Stewardship Council International Banned / Precautionary approach
based on lack of data

CerFlor : Certificação Florestal Brazil Banned via PEFC registration / 
No additional rationale

CertFor : Certficación Forestal Chile Banned via PEFC registration /
No additional rationale

SFI : Sustainable Forestry Initiative North America Banned via PEFC registration /
Awaiting risk-benefit data

ATFS : American Tree Farm System USA Banned via PEFC registration /
No additional rationale

CSA : Canadian Standards Association Canada Banned via PEFC registration /
Allows public to determine approach

CFCC : China Forest Certification Council China Banned via PEFC registration /
No additional rationale

Adam Costanza, Institute for Forest Biotechnology



In 2001 and 
2015, forest 
genetic and 
biotech scientists 
publicly criticized 
FSC for their 
complete ban –
no field research
on certified lands

…with little effect



A new strategy in 2019: A petition to 
certifiers to allow field research

http://biotechtrees.forestry.oregonstate.edu

http://biotechtrees.forestry.oregonstate.edu/


Impemented by the Alliance for 
Science at Cornell University, USA



Endorsed by the largest scientific 
society of plant biologists in the world



Alerts to tens of thousands of scientists 
sent by American Association for the 
Advancement of Science - AAAS (worlds 
largest general scientific society)



1,161 signatures, majority PhDs

https://www.gopetition.com/petitions/petition-in-support-of-modern-forest-
biotechnology.html

https://www.gopetition.com/petitions/petition-in-support-of-modern-forest-biotechnology.html


Letter published 
in Science about it 
(September 2019)



News article also published in Science



Key petition arguments
• Forest health crises growing, desire nimble, 

customized biotech tools to help
• Extensive research and field trials show promise and 

safety for many kinds of traits
• Gene editing of natural genes more precise than 

conventional breeding
• Local, site specific research as part of breeding 

programs are needed to understand value, economics
• The ban contradicts scientific opinion that the trait, 

not the method, is of scientific significance
• Details here:  

http://biotechtrees.forestry.oregonstate.edu/

http://biotechtrees.forestry.oregonstate.edu/


The petition has helped to prompt FSC to take 
another look, but…..
• Currently under consideration is only the allowance of 

“associated” use of GMOs (not on certified lands, but by 
certified companies)

• This after decades of scientific dissent and company lobbying 
for change

• A hack job underway
– Hired a clearly unqualified environmental journalist in this area to 

summarize “the science,” Fred Pearce
– Invited what they consider an industry scientist and an activist 

PhD as the two reviewers, then selectively used critiques without 
justification 

• A similar amateur, science-lite process ongoing as they 
prepare for a major consult/decision in fall
– Clearly no desire for a serious, transparent, science-based look 

by FSC 
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The 2020 USDA SECURE system a step forward

SECURE: Sustainable, Ecological, 
Consistent, Uniform, Responsible, Efficient



Nice summary of SECURE context and major 
provisions 

European Food and Feed Law Review 2020



Key SECURE provisions

• All recombinant DNA modified plants now under regulation, 
pest sequence/vector agent no longer the key trigger 
– … ‘[t]echniques that use recombinant, synthesized, or amplified 

nucleic acids to modify or create a genome.’
• Focus on plant pest risk

– APHIS ‘will regulate a GE plant only when we identify and are 
unable to rule out a plausible pathway to increased plant pest 
risk.’ 

• Pharmaceutical or industrial crops permanently regulated
• Simple, sexually compatible gene edits can be self-

exempted, off-target effects ignored
• Exempts “deletions of any size, single base pair 

substitutions, insertions from compatible plant relatives, 
and complete null segregants”



Key SECURE provisions

• “Regulatory Status Review” for non-exempt GMO 
types
– Can also self-exempt, propose a product without data  

• Mechanism of Action (MOA) decisions apply to 
categories of plant-trait-gene function
– No longer single gene insertion events

• Currently being phased into operation (fully 
implemented October 1, 2021)

• Major concerns: Trade and product purity impacts
– Gene edited varieties and tracking
– Self-determination and regulatory confidence 



Summary - 1
• Forest health problems are growing, and some can 

benefit from use recombinant biotechnologies
– Chestnut blight, Bt tree, virus resistant papaya cases 

make potential value for trees clear

• However, biological and social constraints are 
severe, making its broad use impossible in the 
foreseeable future

• Key constraints are biological, regulatory, and 
market exclusions 

• Global scientist petition in 2019 has prompted 
some movement among certifiers, but it is limited 
and slow, outcome unclear



Summary - 2 
• USDA SECURE regulatory review a potentially 

major positive development for forest health uses, 
depending on how implemented – may enable the 
adaptive research we need

• SECURE is part of a fundamental shift to where 
science has said we should be more than three 
decades ago: Trait novelty vs. method focus

• Our ethical systems, and thus definition of 
“precaution,” as codified in rules and market 
obstacles, is out of date for a world facing severe 
climate, population, and pest stresses on forests
– Large and coordinated changes in regulation and 

market systems are urgently needed
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