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• Types of tree/forest systems
• General benefits from GE methods
• Constraints to use
• Examples of progress

Plan



Types of forests



• Food: Orchards
• High genetic control – often one or very few 

varieties (=clones) – Intensive agronomy
• Wood, pulp, energy: Short rotation, fast 

growing: agricultural
• Often limited number of varieties (dozens), also 

agronomic management, 5-10 year cycle
• Wood, pulp: Planted but long rotation times

• Very high genetic diversity, many decadal cycle, 
little management, ecological services

• Wild trees – Many genotypes, many species, 
many ecological services and social values

Four major types of tree-dominated 
communities



Plantations and wood production

FAO: higher wood yield / ha
improved wood quality

Plantation forests occupy 5% of all forests and deliver 35% of industrial roundwood.  
More yield = less potential impact on wild/conservation forests.

“SUSTAINABLE INTENSIFICATION”  -- “LAND SPARING VS. LAND SHARING”

Genetic improvement a large contributor to yields



Conventional breeding can have 
powerful effects 

One generation of breeding Monterey pine (from coastal California) in 
New Zealand made striking changes in growth & form



Poplar plantations an 
example of ag-like 
forestry



Eucalypts in Brazil another example of 
ag-like forestry



Wild forest tree 
protection or 
restoration the 
other extreme –

American 
Chestnut 
restoration



• Difficulty to inbreed
• Long breeding cycle

• Hard to introgress desired genes from other 
species or genotypes

• Hard to fix rare, desired (e.g., loss of function) 
mutations

• Hard to identify and use dominant, major genes
• Asexually propagated varieties of high value

• Radical advance?  GE a powerful means to 
access “Mendelian genes” and breeding methods?  

GMO methods of special value for 
trees due to breeding constraints



Overexpression of endogenous flowering 
genes induce early flowering in several tree 
species

Apple
Plum

Orange

Poplar

11



Dominant gene action
Lignin-modification of elite variety in 
France by RNAi
(Courtesy of G. Pilate, INRA)



Native grape genes for disease 
resistance in elite varieties

Grape VvAlb gene         Grape VvTL-1 gene

http://mrec.ifas.ufl.edu/grapes/genetics

Courtesy of Denis Gray, UF/IFAS Mid-Florida 
Research & Education Center



Coming: Gene editing technology 
for diverse traits

• Precise control over gene insertion location
• Ability to modify native genes efficiently 



Constraints are formidable



• Trees often rich in diversity due to early state 
of domestication
• GE often not needed
• Molecular markers, genomic selection generally a 

more potent and rapid molecular approach
• Genetic transformation methods often very 

difficult and highly genotype-specific
• Very limited advances outside of a few intensively 

studied species – often mostly proprietary
• Wood properties (lumber, pulp, energy) often 

not precisely controlled
• Most plantations are not clonal: Thus variable 
• Increased precision of GE not important

Biological constraints - 1 



• Tree genes controlling traits poorly known, and 
often polygenic
• One or few gene traits rare in most tree species
• Association genomic studies rectifying this to some degree

• Long rotations: Economics of intensive 
genetics, asexual propagation, often marginal
• GE science, technology, patents, regulations, market 

restrictions add considerably more cost and risk

• Thus, GE mostly for those cases where… 
• Extant genetic variation is inadequate or missing
• Where an entirely new trait or property is desired
• Short rotations to minimize economic risks
• Can transform and get regulatory approval for many 

genotypes

Biological constraints - 2



Event-
based 
regulation a 
serious 
problem for 
many trees



• Gene flow often extensive
• Many factors contribute or exacerbate this

• Large size
• Wind-pollination and seed dispersal
• Insect or animal pollination and seed dispersal
• Weak domestication: Progeny can establish and 

compete
• Sexually compatible wild or feral relatives

• Is it ethically OK for a GE tree to mate with a wild tree?  
• Do regulations allow it?  
• How to predict the outcome?  

• Highly productive and stress-tolerant trees 
often exotics and can be highly invasive

Biological constraints - 3



In poplar, paternity 
analysis showed that 
~50% of pollen comes 
from >1 km to >10 km 
away from mother trees 

Long distance but also 
extensive dilution a 
short distance from 
source as a 
consequence



Cottonwood seeds can also fly and float 
significant distances



Thus hard to completely isolate GE 
poplars from wild or feral populations, if 
that is required, without robust male 
and female gene flow control 
technology – even at research phase

Each species different in this respect, 
some better and some worse



The biological constraints of trees 
collide with annual crop-oriented 
regulatory systems and markets



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

A serious regulatory problem under 
USA system



An international regulatory issue given 
Cartagena Protocol and trade



Proposed regulatory solutions – tiered 
regulation, product vs. process



Proposed regulatory solutions – tiered 
regulation, product vs. process



And just recently…yet again



Forest stresses growing: 
No-analog scientific thinking 
should dominate today

“No-analog communities (communities that are compositionally 
unlike any found today) occurred frequently in the past and will 
develop in the greenhouse world of the future.” 



Forest Stewardship 
Council

“…genetically modified 
trees are prohibited…”

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



It has gotten worse, not better, 
since then



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



Anti-GMO eNGOs key reason for 
certification bans

Critical report from anti-GMO Center for 
Food Safety in USA – Released Nov 2013



Environmental groups promoting wild 
forests dislike GE trees 

“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)



Convention on Biological Diversity 
negotiations a focal point for activism 
against GM trees (Bonn, Germany)





…global ban on the release of GE trees into the 
environment…” = NO FIELD RESEARCH



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



Oregon StateU Wash

”Eco” vandalism in USA / 2001
Pacific Northwest (2001)



Recent vandalism
in Brazil

March 5, 2015: 1,000 
women of the Brazil 
Landless Workers' 
Movement (MST) 
vandalized 
FuturaGene’s GM 
eucalyptus research 
greenhouse at 
Itapetininga, in São 
Paulo



Examples of GE trees



A great diversity of traits, and economic and/or 
environmental values, have been demonstrated in 
field trials of trees
Stability & efficacy is great—unstable, mutant types 
rare—but few species, mostly poplar, studied
- Herbicide tolerance
- Biotic, abiotic stresses
- Wood or fruit quality
- Form/stature and growth rate
- Containment
- Accelerated flowering
- Bioremediation
- Novel bioproducts

Technology diverse and effective



RNAi:  Virus-resistant papaya

Courtesy of Denis Gonsalves, 
formerly of Cornell University

“Immunization” 
via by 
implanting a 
viral gene in the 
papaya genome 
– RNAi (RNA 
interference)

GMO, virus-
resistant trees



HoneySweet plum with RNAi
resistance to plum pox virus
Ralph Scorza  USDA-ARS

GE

Non-GE

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=6Ny2QLBDFAX72M&tbnid=udyg1Bu13ZfeKM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Plum_pox&ei=m9zDU4KvO_DJsQSk-ILQCQ&bvm=bv.70810081,d.cWc&psig=AFQjCNEUm5g_DIXuDCSeNmVU98SpGCygwg&ust=1405431188830952


Non-browning “Arctic Apple” 
RNAi suppression of native polyphenol oxidase 
gene expression

Courtesy of Jennifer Armen, 
Okanagan Specialty Fruits, 
Canada



Non-browning “Arctic Apple” 
Time lapse video






Scientific American
March, 2013

GMO-based resistance transgenes 
promising in citrus



Defensin-like proteins from spinach 
promising

 

Courtesy of Eric Mirkov, Texas A & M



Insertion of a transgene that elevates 
natural systemic acquired resistance 
also promising

Courtesy of Manjul Dutt and Jude Grosser, 
Citrus Research and Education Center, 
Florida, USA



Early flowering transgenes effective in 
eucalypts

anthers

stigma

Pollen grains

Outer operculum

inner operculum
ovules

style





Lepidopteran-resistant poplars 
commercially approved in China - Bt cry1

• Trait stable
• Helps to protect non-
Bt trees

• Reduced insecticide 
use

• Improved growth rate 



Coleopteran resistant Bt-cottonwoods in 
eastern Oregon field trial

Control GE



Growth benefits (10-
20%) despite low 

insect pressure during 
large field trial of 

resistant genotypes

Wild 
typeGM



Glyphosate herbicide resistance in 
cottonwood – In press (New Forests)

Screen of primary transformants 2 yr-old field trial

Wild type controls



Roundup-resistance-tailored weed 
control much improved

Conventional Roundup-resistant



Weed cover drastically reduced in 
Roundup-resistance tailored vs. 
conventional weed control



Growth benefit in Roundup-resistance 
tailored system: ~20% volume at 2 years



Wood 
modification to 
promote growth 
rate – just 
authorized by 
Brazilian 
government for 
commercial use



Cold tolerant GE Eucalyptus 

Results from first winter in 

South Carolina

Results from second winter in 
Alabama

Field results indicate freezing tolerance to ~16°F (- 8° to - 9°C)

Control

Lead Lines + Control

Lead Line

Provided by Arborgen 

Proposed for commercial deregulation in 
USA



12 Months

Two years
Three years

Four years

Seven years

Many eucalypt field trials underway

Courtesy of 
Les Pearson, 
Arborgen 



Sterility a valuable tool for transgene 
containment and containing exotics:  
“Wilding” in New Zealand, South Africa, and 
others



Male sterile eucalypts and pine -
Arborgen

Anther-
specific 
promoter 
driving 
expression 
of a strong 
RNAse
prevents 
pollen 
maturation 
and release



Tapetal collapse



RNAi for complete sterility
RNAi field trial of poplar in Oregon: 25 constructs, 3 
genotypes, 4,000 trees, 9 acres



It’s turned into a forest

August 2015



Complete sterility - Undeveloped catkins, 
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



Floral phenotypes were stable across 
growing seasons

2015

RNAi-AG

2014

WILD TYPE RNAi-LFY

2015 20152014 2014



CRISPRs: Predictable, stable, certain 
sterility?
~10-20% biallelic mutation rate

AG-1
target site

AG-2 
target site

Wild type`

Not biallelic
mutants

Mutants

Insertion

Large deletion
Small deletions



Trees as chemical feedstocks
Prof. Norman Lewis, Washington State University



Large scale field trials of a variety of 
genes and insertions underway

Norman Lewis, Washington State University



Forest health a major and growing 
concern



Could GE be a useful too for battling the 
many exotic diseases that damage USA 
forests?
• 1892 - White pine blister rust

• 1904 - Chestnut blight

• 1923 - Port-Orford-cedar root 
disease

• 1920s - Beech scale complex

• 1930 - Dutch elm disease

• 1967 - Butternut canker

• 1976 - Dogwood anthracnose

• 2000s - Sudden oak death American elm



American chestnut 
was an iconic, 
keystone forest 
tree in the USA 

It was extirpated 
as a forest tree by 
Chestnut Blight



1912 photo of blight in NY



American Chestnut restoration –
genomics and genetic engineering

March 2014 issue - Scientific American

Most effective
gene is oxalate oxidase 
from wheat – OK?



Hemlock in US under siege today



Emerald Ash Borer killing ~all 
ashes in USA – costing billions 



Swiss Needle Cast in Oregon 
Douglas-fir – breeding ineffective



In summary
• Many examples show great progress on a wide 

variety of fronts
• Mostly poplar
• Despite very large social barriers and disinvestment 

over the last decade plus
• Extraordinary barriers based on biology and 

society – mainly GE process rather than product
• Makes implementation of GE tools on a scale and 

speed relevant to need and benefit unworkable
• Need for fundamental regulatory and 

market change
• Not likely in my lifetime …. 



Has there been any mortality?  
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