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• Basic biotech science
• Examples of progress with trees
• Constraints

Plan



What is biotech?

• Use of biological technology for any reason
• Usually refers to genetics and genetic 

engineering (GE)
• But non-GE biotech powerful and non-

controversial
• Genomics, marker selection, genomic selection, etc



What is genetic engineering (GE)

• Direct modification of DNA
• Vs. indirect modification in breeding and genomic 

selection
• Asexually modified in somatic cells

• Then regenerated into whole organisms, usually 
starting in Petri dishes



Coming: Gene editing technology for 
diverse traits



GMO method (genetic engineering) 
defined
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Growth in the fieldPropagation of poplars in 
tissue culture

Then propagated normally (seeds, 
cuttings) and tested for health and new 
qualities, incorporated into breeding 
programs
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Short rotation, clonal 
plantations most 
obvious place for GE in 
forestry



Eucalypt plantation another obvious 
place for GE applications



Lignin reduced variety of poplar for 
pulp or biofuels
Courtesy of G. Pilate, INRA



Lepidopteran-resistant poplars 
commercially approved in China - Bt cry1

• Trait stable
• Helps to protect non-
Bt trees

• Reduced insecticide 
use

• Improved growth rate 



Genetic containment to promote social 
and regulatory acceptance

August 2015



Undeveloped catkins due to stable 
suppression of native “LEAFY” gene in 
poplar (RNAi)

control

LFY

AG/LFY

Control LFY

3-12-14

Klocko et al. 2014, American Soc. For 
Plant Biology, Portland, Oregon



Wild forest tree 
protection or 
restoration another 
place for GE 
trees?

American 
Chestnut 
restoration 
with help of GE?  



Forest health a global and growing 
concern
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The case for paralysis
(August 2015, Science)

Related essay in Forestry Source in November



• Presumption that all GE is harmful to 
environment regardless of gene, problem
• Very hard to go beyond boutique research without 

very costly regulatory approval (millions of 
dollars)

• Public sector, small companies cannot afford
• USDA Forest Service hesitant to invest, engage

• Essentially impossible to do field research in 
many countries due to costs, politicized 
nature
• Vandalism a major issue in Europe still

Regulatory problems fundamental



Forest Stewardship 
Council

“…genetically modified 
trees are prohibited…”

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



Forest certification systems universally 
ban all GM 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



• Trees often rich in diversity due to early state of 
domestication
• GE often not essential, other options can be found

• Genetic engineering methods often very difficult 
and highly genotype-specific
• Very limited advances outside of a few intensively 

studied species, public research ~halted
• Conifers doable but not easy; no longer any active 

commercial work on conifers?  
• Gene flow extensive, wild or feral relatives

• Ethical questions, regulatory questions, science 
challenges

• Political opponents active, powerful
• No consensus on what precaution means in 

relation to genetic engineering

Other constraints
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