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The forest sector in Canada 

• First component in importance of our economy 

(15%). 

• Forest coverage in Canada is estimated at 

approximately 400 million ha. 

• Covers for about 10% of the world’s forest land.  



Biotech Trees Utilisation Context 

Natural Forest 

Plantations 



GM Trees Utilisation Context 

Forêt naturelles 
• Tree plantations with elite (domesticated) trees 

•Reduce the pressure on natural forests 

•Reduce transportation distance 

• Extend limits of conventional breeding 
•Faster that breeding 

•Production of tree with desirable traits (increased fiber 

quality, better pest resistance) 

•Only alternative solutions for critical problems such as 

important climate change and exotic pests 

•Will benefits from genomic research 

 



What are the main promising areas of tree 

biotechnology applicable to the 

environment? 

  Several developments in various sector; 
phytoremediation, herbicide resistance, insect-pest 
resistance, wood engineering (pulping and biofuels) and 
domestication in general. 

 None so far that has been delivered to the market except 
transgenic poplar Bt in China. 

 Expected benefits for society are; economics (forest 
conservation), carbon sequestration, alternative 
bioenergy. 

 Will be put into place by governments and the private 
sector (or both); highly regulated. 

 



A Case Study: Tree Biotechnology 

for Pest Resistance 
• Trees are often susceptible to various fungal 

disease as well as damaging insects (adverse 

effects on tree growth and survival, yield and 

quality, wildlife habitat) 

• Movement of insects and diseases has been 

facilitated by increase international trade. Global 

climate change could also increased the 

occurrence and severity of pest outbreaks  

• Introduced forest pests can be extremely 

destructive 



Advancements and needs? 

  Current scientific and technological advancements in 

these areas?  

Genetic transformation technologies available for 

several tree species; although space for improvement. 

Many genes available for tree domestication. 

Molecular breeding as an alternative to GE. 

Excellent research progress during the last decade in 

tree genomics; expect increasing knowledge for gene 

function. 

 What is needed (should or could be done) in the future? 

Public acceptance and market development 

Field trials with GM trees 



Tree Biotechnology and the Spruce 

Budworm: The Perfect Storm 

• Recent epidemic 

• Known biological insecticide 

• Bt spray is reliable but of 

limited range 

• Opportunity for developing a 

case-study for tree biotech 



Transgenic Bt Spruce 



Feeding Trial of Bt Spruces 

Transgenic with Bt gene Control 



Contained Field Trial of GM Trees for 

Environmental Assessment Studies 

 Time period 

 No flowering  

 Guard rows 

 Regular monitoring 

 Log books and yearly 
inspections 

 Post harvest 

monitoring   (≥3 years); 

site cannot be planted 

with the same species 

during that time 

Regulator: Canadian food inspection agency 

Funding: Canadian Regulatory Strategy on Biotechnology  







Bt Spruce Field Trial 
2006 

2004 

2004 



Environmental Impact Studies 

Stable expression over time 

No effect on soil microbial diversity 

No effect on beneficial associated 

microorganisms (mycorrhizal fungus) 

Work from Steven Strauss at  

http://www.cof.orst.edu/coops/tbgrc/Staff/strauss/publications.htm  



The Trial Was Ended in May 2007 

Detailed trial log book with full description of the 

procedure 

Trees are cut down and destroyed mechanically 

Stumps and root system must be destroyed as 

well (Roundup herbicide treatment of stumps) 

Monitoring (monthly) of the developing suckers 

for at least 3 consecutive years 

The trial site must not be use to grow poplar or 

spruce 

 



Termination Day 



Post-monitoring 

(2008-2009) 



Post-monitoring 

Ten poplar suckers observed in 

2008 and 6 in 2009 

None for spruce 



GM Tree Field Trials in Summary 

 The only field trials with GM trees (spruce and 
poplar) in Canada 

 Demonstration sites for case study analyses 

 To evaluate the potential effect of transgenic 
technology on tree physiology 

 To evaluate the long-term, stability of 
transgene expression in natural conditions 

 To improve our knowledge on potential impact 
of GM trees on the environment 



Engineering for Drought Resistance 

Wt poplar 
Mitogen Activated 

Protein Kinase 



Are the Tree Biotechnology R&D phases optimal 

compared to other sectors of biotechnology? 

• Deliver to market; could be more market driven? 

• Need for more field trials with GM trees and 
continuation of basic research. 

• Need to inform the public about the benefits. 

• Continuation of studies on potential 
environmental impact (e.g. effect on non-targeted 
micro-organisms), stable transgene expression, 
and lack of transgene side-effects… 

 

 

Valenzuela et al. 2006 



Regulation aspects 
Regulatory aspect could be important roadblocks. 

NGOs lobby (Greenpeace, Forest Stewardship 

Council…). 



New Avenues for Carbon Sequestration and 

biofuel production 

CO2 O2 



Conclusion 

Tree biotechnology for bio-products 

Markets evolution/regulation/governance 

Scientific knowledge on potential 
environmental impact and public opinion 

Recent developments in genomics 

Desirable attributes = tree domestication 

Gene and promoter portfolio development 

Sustainable production of wood biofuel is 
possible 

Market (price of oil and carbon trade) and 
technology dependant 



Thank you! 

 armand.seguin@nrcan.gc.ca 

THE ENTS 

Lord of the Rings: The Two Towers (2004) 




