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Most experiments to genetically engineer 

trees are focused on plantation trees, to 

increase the productivity and profitability of 
monoculture plantations used to produce 
timber, paper, and other materials.11 Trees 

are being experimented with to exhibit 
characteristics that could result in them 
becoming invasive and outcompeting other 
trees. For example, trees engineered for faster 
growth or with bigger leaves could outcompete 
other tree seedlings. Genetically engineering 
trees for altered wood characteristics can 
increase or decrease the rate of wood 
decomposition, with implications for  
nutrient cycles and biodiversity in a forest. 
Changing the traits of trees grown in plantations 
could have ecological impacts beyond the 
plantation. In particular, the unwanted escape 
and spread of genetically modified organisms 
(GMOs) or genetic material from GMOs to non-
GM/GE organisms is a clear risk with GE trees. 
The contamination risks are increased because 
trees are large, long-living organisms that 
produce abundant pollen and seed designed to 
travel long distances, with help from wind and 
animals. Once released into our environment, 
GMOs can be difficult or impossible to control 
or recall. Once GE contamination in forests 

begins, it cannot be stopped. If GE trees 
contaminate native forests, these forests will 
themselves become contaminants, creating  
a never-ending cycle. 

The  
Environmental 
Risks of  
Genetically  
Engineering 
Trees

CBAN.CA/TREES

Endnotes

1  Smolker, Rachel, Anne Petermann and Rachel Kijewski. 
2018. The forests are in crisis but biotechnology is not the 
solution. The Hill. March 28. https://thehill.com/opinion/
energy-environment/380363-the-forests-are-in-crisis-but-
biotechnology-is-not-the-solution/

2  Wilson, A.K., J.R. Latham, and R.A. Steinbrecher. 2006. 
Transformation-induced mutations in transgenic plants: 
analysis and biosafety implications. Biotechnology and 
Genetic Engineering Reviews 23: 209-237; Eckerstorfer MF, 
M. Dolezel, A. Heissenberger, M. Miklau, W. Reichenbecher, 
R.A. Steinbrecher and F. Waßmann. 2019. An EU perspective 
on biosafety considerations for plants developed by genome 
editing and other new genetic modification techniques (nGMs). 
Frontiers in Bioengineering and Biotechnology 7: 31; Tuladhar, 
R., Yeu, Y., Tyler Piazza, J. et al. 2019. CRISPR-Cas9-based 
mutagenesis frequently provokes on-target mRNA misregulation. 
Nat Commun 10, 4056.; Li, J. et al. 2019. Whole genome 
sequencing reveals rare off-target mutations and considerable 
inherent genetic or/and somaclonal variations in CRISPR/
Cas9-edited cotton plants. Plant Biotechnology Journal 17(5): 
858–868; Wang, X., M. Tu, Y. Wang, et al. 2021. Whole-genome 
sequencing reveals rare off-target mutations in CRISPR/Cas9-
edited grapevine. Horticulture Research 8: 114.

3  For a review, see Kawall, K., J. Cotter and C. Then. 2020. 
Broadening the GMO risk assessment in the EU for genome 
editing technologies in agriculture. Environmental Sciences 
Europe 32: 106.

4  Commoner, Barry. 2002. Unravelling the DNA myth: The 
Spurious Foundation of Genetic Engineering. Harpers Magazine. 
February 1. https://grain.org/article/entries/375-unravelling-the-
dna-myth 

5  Wilson, A. 2021. Will gene-edited and other GM crops fail 
sustainable food systems? In Amir Kassam and Laila Kassam 
(eds.). Rethinking Food and Agriculture. Woodhead Publishing. 
pp. 247-284.

6  Benevenuto R.F., et al. 2017. Molecular responses of genetically 
modified maize to abiotic stresses as determined through 
proteomic and metabolomic analyses. PLoS ONE 12(2): 
e0173069. 

7  Anthony, M.A., Crowther, T.W., van der Linde, S. et al. 2022. 
Forest tree growth is linked to mycorrhizal fungal composition 
and function across Europe. ISME J 16, 1327–1336.; Jacott, 
Catherine N., Jeremy D. Murray, and Christopher J. Ridout. 
2017. “Trade-Offs in Arbuscular Mycorrhizal Symbiosis: 
Disease Resistance, Growth Responses and Perspectives 
for Crop Breeding” Agronomy 7, no. 4: 75.; Lattuada et al. 
2019. Interaction between endomycorrhizae and native fruit 
tree (Myrtaceae) in Rio Grande do Sul state. Ciencia Florestal 
29(4):1726-1738

8  Nguyen, H.T. and J.A. Jehle. 2007. Quantitative analysis of the 
seasonal and tissue-specific expression of Cry1Ab in transgenic 
maize Mon810.  Journal of Plant Diseases and Protection 114(2): 
82-87; Lorch, A. and C. Then. 2007. How much Bt toxin do 
genetically engineered MON810 maize plants actually produce? 
Greenpeace. https://www.testbiotech.org/sites/default/files/
How%20much%20Bt%20toxin%20produced%20in%20
MON810_Greenpeace.pdf 

9  Miller, Z.D., et al. 2019. Anatomical, physical and mechanical 
properties of transgenic loblolly pine (Pinus taeda L.) Modified 
for Increased Density. Wood and Fiber Science 51(2): 1-10. 

10  National Academies of Sciences, Engineering, and Medicine. 
2019. Forest Health and Biotechnology: Possibilities and 
Considerations. Washington, DC: The National Academies 
Press, pp 94.

11  Canadian Biotechnology Action Network (2022) The Global 
Status of Genetically Engineered Tree Development www.cban.
ca/globalstatus2020 

cban.ca/trees



      Attempts to promote forest 
health by circumventing evolution 
and genetically engineering trees…
is bound to fail, with potentially 
irreversible impacts on the very 
ecosystems they ostensibly are 
intended to help.” 

–    Rachel Smolker, Anne Petermann  
and Rachel Kijewski, 20181

Genetically engineered trees 
present vast uncertainties  
and pose a wide range of new, 
unique risks to forests and  
other ecosystems. 

The unique and inherent risks  
of genetic engineering
The processes involved in genetic 

engineering, including gene editing, 

commonly result in unintended changes to 

DNA and traits.2 Altering or introducing genes 
can result in changes, not only to the target 
gene(s) but also elsewhere, in unexpected, 
often surprising, and unpredictable ways that 
can have profound impacts on the organism. 
Unwanted genetic errors can occur even when 
the intended changes themselves are small.3

Genes do not function as isolated units but 
interact with each other and their environment 
in complex ways that are not well understood 
or predictable. The concept that one gene 
determines one trait is overly simplistic and 
outdated.4 Rather, many genes may interact 
to determine a particular trait, and one gene 
can be involved with multiple traits. Changes 
made to any of the genes involved can therefore 
have far-reaching impacts, even on seemingly 
unrelated traits. 

Unintended traits are common in 

commercialized GE crops.5 In the case of trees, 
unintended effects from genetic engineering 
could, for example, unexpectedly alter the 
nutrients in seeds upon which so many animals 
depend,6 or the ability of the tree to collaborate 
with the mycorrhizal community and thus 
compromise the tree’s resilience or defences.7 

Unexpected traits can also be the product 

of gene-environment interactions and only 
become apparent, for example, during times  
of environmental stress such as drought. 
New GE traits can perform as intended for their 
desired purpose, while simultaneously behaving 
in unanticipated ways. For example, the level  
of GE Bt toxin present in commercialized  
GE insect-tolerant corn varies in different  
plant tissues as well as in different stages  
of development and across generations.8 

Intended GE traits can also fail to function 

over time, leading to possible unexpected 
impacts in the long term. This is a particular 
concern with the project to genetically engineer 
a blight tolerant American chestnut tree. Even 
if GE blight tolerance appears to be achieved, 
American chestnut trees can live for over 
200 years, and the performance of a GE trait 

can be affected by environmental conditions 
experienced over the lifespan of a tree, such  
as drought, flood, heat, pests, as well as by 
basic changes associated with aging. 
Altering traits can result in trade-offs against 
other functions, some more predictable than 
others. For example, the GE tree company 
ArborGen found that genetically engineering 
eucalyptus for increased wood density resulted 
in slower growth.9 Trade-offs could result in 
weaker trees. For example, reducing the lignin 
content is a commonly attempted GE trait that 
is desired for biofuel production, but could 
compromise the structural integrity of trees  
and their defences against pests and other 
(abiotic) stresses, such as storms or floods. 
Trees genetically engineered to grow faster  
may exhibit similar vulnerabilities. The spread  
of such traits from plantations into neighbouring 
forests and ecosystems could lead to serious 
impacts on forest health. 

      Genetic changes introduced 
into trees to address forest health 
threats have the potential to take 
on characteristics of invasive 
species that tip the balance  
of ecosystems.” 

–   National Academies of Sciences, Engineering,  
and Medicine, US, 201910

Altering forest ecosystems
Forest ecosystems are highly complex and 

poorly understood. Assessing how the release 
of GE trees will affect other trees, understory 
plants, insects, soils, fungi, wildlife and human 
communities over time, would require a far 
better understanding of forest ecology than 
we currently have. This incredible complexity 

increases the unknowns and uncertainties  

of introducing GE trees. 


