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Transgenic trees

Remarkable progress, 

extraordinary constraints 
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• Transgenic, genetically modified, genetically 

engineered

• GMO, GEO, GE, GM

• Can modify gene structure or expression that 

are already present in breeders’ gene pools

• Cisgenics, intragenics, edited genes

• Can insert genes not within breeders’ gene 

pools

• GE / GM used interchangably today to mean 

direct, asexual, heritable modification of DNA 

• A method not a product

Clarifying terms



• Value of GMO methods for trees and other 

woody perennials

• Horticulture and forestry

• Overview of advanced GMO varieties in 

production or developmental pipelines

• Regulatory problems needing high level 

policy solutions

Goals for today
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Constraints include

• Long breeding cycle

• Difficulty to inbreed / introgress new genes 

from hybrids

• Hard to identify dominant, major genes

• Common use of asexually propagated 

varieties of high value

Constraints to breeding with trees 

are great – GMO methods offer 

very significant additional tools



GE of diverse value for trees
All demonstrated in the field

• Improved fruit quality/durability

• Resistance to insects and diseases

• Tolerance to salinity, cold, drought, and high 

temperature stresses

• Phytoremediation of environmental toxins

• Modified properties to improve processing of 

wood for biofuels, paper, or solid wood

• Tolerance to herbicides to reduce the 

environmental impacts, improve efficiency, or 

reduce costs of weed control treatments



• Accelerated flowering for faster breeding and 

research

• Fertility control for reduced spread and improved 

growth rate

• Improved growth and yield

• Synthesis of new, renewable bioproducts such as 

plastics, enzymes, and fragrances

GE of diverse value for trees
All demonstrated in the field



• Value of GMO methods for trees and other 

woody perennials

• Horticulture and forestry

• Overview of advanced GMO varieties in 

production or developmental pipelines

• Regulatory problems needing high level 

policy solutions

Goals for today



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 GE 

resistance to plum pox virus
Ralph Scorza  USDA-ARS

GE

Non-GE
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Non-browning “Arctic Apple” 
Suppression of native polyphenol oxidase gene 

expression

Courtesy of Jennifer Armen, 
Okanagan Specialty Fruits, 
Canada



Native grape genes used to 
produce fruit rot resistance

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



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

Native grape genes imparts black 
rot resistance in field trials

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

‘Thompson Seedless’ Control ‘Thompson Seedless’
containing VvTL-1



Scientific American
March, 2013

GMO-based resistance transgenes 
promising in citrus



Rapid spread throughout Florida and of great 

concern in other citrus growing areas

32 counties

Courtesy of Eric Mirkov, Texas A & M



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



Overexpression of endogenous flowering 

genes induce early flowering in several 

tree species
Apple

Plum

Orange

Poplar

18



Rapid flowering of plum in the field 
to speed virus resistance breeding

Courtesy of Ralph Scorza, USDA ARS



Early flowering effective in eucalypts 

too….

anthers
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And flowering accelerated in poplar 

by suppression of native genes



Insect resistant poplars commercially 

approved in China - Bt cry1

• Trait stable

• Helps to protect non-

Bt trees

• Reduced insecticide 

use

• Improved growth rate 



Currently creating new hybrids by 

crossing Bt poplar with other 

poplars

Courtesy of Menghu-Zhu Lu, Chinese Academy of Forestry



Growth rate benefits substantial for 

other Bt-poplars (cry3a) – 10-20%



Growth benefits 

despite low insect 

pressure during 

large field trial of 

resistant 

genotypes

Wild 
type

GM



Lignin-modified trees – much improved 

ethanol or pulp yields



Freeze-tolerant Eucalyptus 
Proposed for commercial deregulation in USA

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 



12 Months

Two years
Three years

Four years

Seven years

Many eucalypt field trials underway

Courtesy of Les Pearson, Arborgen 



Field grown male-sterile eucalypts 

and pine - Arborgen

Complete 
and stable 
male-sterility 
over several 
years in the 
field



Similar results for poplar
Brunner et al. 2007, Elorriaga et al. 2014

Tree Genetics and Genomes



Complete sterility - Undeveloped 

catkins by 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



Sterility a valuable tool for battling 

invasive, exotic forest trees:  “Wilding” in 

New Zealand  



GE appears to be a useful too for 

battling the many exotic diseases 

that have ravaged North American 

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

Examples

American elm



American Chestnut most advanced 

case

March 2014 issue
Scientific American

Courtesy of Bill Powell, SUNY Syracuse, USA
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There is hardly a trickle of GMO 

tree products compared to its 

scientific potential – why?

Social / market and regulatory 

barriers are great  



The Economist, 2005



Transgenic trees are controversial

Critical report from anti-GMO Center for 

Food Safety in USA – Released Nov 2013



Major 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)



Forest Stewardship 
Council

“…genetically modified 
trees are prohibited…”

“Green” certification of forests create 

severe barriers to field research, markets



• Slowness/difficulty of introgression

• Need diverse genotypes transformed 

(varieties)

• Much smaller economic benefits to pay back 

regulatory costs from single events

Regulatory problems with GMO 

trees also severe 
Event-specific decisions and costs



• All gene flow must be prevented during research

• Some movement will occur due to incomplete 

domestication, wild and feral relatives, wide pollen and 

often seed movement

• Impedes or prevents stress resistance and other 

complex trait development 

• Require extensive field trials to test many concepts 

and insertion events

• No longer makes sense in era of precision 

breeding, cisgenics, intragenics

Regulatory problems with GMO 

trees also severe
Presumption of harm from GE method during 

research and breeding



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

A serious regulatory problem 

under USA system



An international regulatory issue 

given Cartagena Protocol and trade



Millions of dollars of regulatory costs 

to use a gene we eat daily in spinach



Lignin-modified trees 

Concept proven, but much refinement needed

Type of gene, promoters, extent of modification, 

environment, stand age, genotype modified



Cold tolerant Eucalyptus 
Concept proven, much refinement needed

Type of gene, promoters, extent of modification, 

environment, stand age, genotype modified

Provided by Arborgen 



Pest epidemics increasing with travel 

and climate change 
Need rapid use of all available tools, including 

GE – regulations make impossible

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

Examples

American elm



Gene targeting, cisgenics, intragenics

coming along fast in genomic age 
= increased precision, safer than breeding!

TALENs

CRISPRS



In summary

• Many examples show great progress on a wide 
variety of fronts

• Despite very large social barriers and disinvestment 
over the last decade plus

• Extraordinary regulatory barriers based on the 
process rather than the product

• Makes implementation of GE tools on a scale and 
speed relevant to need and benefit unworkable

• Need for fundamental regulatory change
• A start:  Adventitious presence allowances during 

research and development for cisgenes, intragenes, 
and edited genes with known, safe marker systems


