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• GMOs defined, value of GMOs for trees and 

other woody perennials

• Horticulture and forestry

• Overview of advanced GMO varieties in 

production or developmental pipelines

• Examples from TBGRC Coop over the years

• Constraints and solutions

Goals for today
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Genomic progress helps lots
Poplar genome sequence – 3rd plant sequenced!



Eucalypt 

genome, 

transcriptome 

also in place

Floral transcriptome a collaborative project of TBGRC Coop and 
Myburg laboratory and supporting companies



Constraints include

• Long breeding cycle

• Difficult to inbreed

• Difficult to introgress new genes from hybrids

• Hard to find dominant, major genes for 

desired traits

• 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 and temperature stress

• Phytoremediation of environmental toxins

• Modified properties to improve processing of 

wood for biofuels and pulp

• 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 control of spread and 

improved growth

• Improved growth rate and yield

• Synthesis of new, renewable bioproducts such as 

fragrances and chemical feedstocks

GE of diverse value for trees
All demonstrated in the field
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RNAi a powerful tool



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

• Virus resistance using this method also successful for cassava 
and many other species

• RNAi recently demonstrated for insect resistance – corn 
rootworm product under development
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Non-browning “Arctic Apple” 
RNAi 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



Scientific American
March, 2013

Resistance transgenes promising 
solution/s to devastating ‘citrus 
greening’



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 many trees

Apple
Plum

Orange

Poplar

19



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

Courtesy of Ralph Scorza, USDA ARS



TBGRC Coop: Early flowering effective 

in eucalypts
Valuable to speed breeding and genomic selection
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Caterpillar (leptidopteran)-resistant 

poplars commercially approved in China -

Bt cry1

• Trait stable

• Helps to protect non-

Bt trees

• Reduced insecticide 

use

• Improved growth rate 



TBGRC:  Beetle resistant Bt-cottonwoods 

in eastern Oregon field trial

Control GE



TBGRC: 10-20% 

growth benefits 

despite low insect 

pressure during 

field trial

Wild 
type

GM



TBGRC:  Glyphosate herbicide resistance 

in the field gave ~ 20% growth improvement

Screen of primary transformants 2 yr-old field trial

Wild type controls



Lignin-modified trees in Belgium, France gave 

large improvements in ethanol or pulp yield



Freeze-tolerant, male-sterile 

Eucalyptus 
Proposed for commercial deregulation in USA

Results from first winter in 

South Carolina

Results from second winter 

in Alabama

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 



Growth 

improved GE  

Eucalyptus 

(Futuragene)
Proposed for 

commercial use in 

Brazil



Sterility a valuable tool for transgene 

containment and containing exotics:  

“Wilding” in New Zealand, South Africa, and 

others



TBGRC: RNAi for complete sterility
RNAi field trial of poplar in Oregon: 25 constructs, 3 

genotypes, 4,000 trees, 9 acres

(similar studies begun in eucalypts)



After maturation, RNAi:LFY catkins 

remained tiny and did not produce 

seeds or cotton

32
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Control

RNAi-LFY



RNAi:LFY trees had robust 

vegetative growth
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Events with tiny flowers had no differences in tree 
size, total leaf chlorophyll, leaf density or leaf area 
as compared to controls



TBGRC studies:  Resaerch underway on 

site-directed mutagenesis in poplar and 

eucalpyts

TALENs

CRISPRS



Many exotic diseases have 

damaged or 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 with GE approach

March 2014 issue
Scientific American

Courtesy of Bill Powell, SUNY Syracuse, USA



Crowdfunding campaign to fund 

GE chestnut work

https://fundly.com/10-000-chestnut-challenge November 17, 2014

https://fundly.com/10-000-chestnut-challenge


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
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Forest Stewardship 
Council

“…genetically modified 
trees are prohibited…”

“Green” certification of forests create severe 

barriers to research and development



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



http://www.un.org/apps/news/story.asp?NewsID=47354&Cr=food+security&Cr1=#.UySzoPldVUV

Global admixture of GM and non-GM 

crops/food create immense coexistence, 

trade problems under current regulations

Many costly 
cases of trade 
disruption 
and lawsuits 
with corn, 
soy, and rice

http://www.un.org/apps/news/story.asp?NewsID=47354&Cr=food+security&Cr1=


Op-Ed in Oregonian
June 16, 2013

Oregon GMO “wheat-gate” shows the risk in 

doing research

An agreed safe, well 
studied, extremely rare 
GMO left over from earlier 
research nearly crippled 
Pacific Northwest trade in 
wheat, led to lawsuits



The problem worse for most forest 

trees



October 2010 / BioScience

Gene dispersal during research 

and breeding a serious regulatory 

problem under USA system
Impedes or prevents complex trait testing, 

breeding with such genes



An example of the perverse risks of 

presumption of harm, method-based 

regulation 
The strange case of the upright summer catkin







Proposed regulatory solutions
Tiered regulation, product not process





Gene targeting, genome editing, coming 

along fast
= increased precision, safer than breeding

TALENs

CRISPRS



Suggested regulatory modifications

• Approved, familiar markers and gene transfer 

systems based on approvals in other crops

• Mutagenesis of transformation system

• Cisgenic transfers from similar or closely related 

species (e.g., within genus)

• Modification of expression of native genes and 

pathways (intragenic)

• Genome editing or mutagenesis

• Low level presence due to authorized research 

or asymmetric approvals in trade



In summary

• Remarkable progress with transgenic trees on a 
wide variety of fronts

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

• At odds with basic biology, breeding practice, genomic 
knowledge

• USA National Academy of Sciences 1987
“There is no evidence that unique hazards exist either 
in the use of rDNA techniques or in the movement of 
genes between unrelated organisms”

• Need for regulatory, certification changes to 
enable expanded research and breeding



Billions are struggling now, and it’s a very 

scary future – agriculture and forestry of 

all kinds will become much more difficult



Billions are struggling now, and it’s a very 

scary future – agriculture and forestry of 

all kinds are becoming much more 

difficult



No-analog thinking

“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.” 



Are our regulations and certification 

systems worrying too much about the 

deck chairs on the Titanic, rather than 

providing tools for improved navigation 

of the ship?  



The perfect is the enemy 

of the good

Voltaire was right….


