
A perfect storm: Lessons from two 
decades of field trials with GE trees

IUFRO Tree Biotechnology
Concepcion, Chile

Steve Strauss
Oregon State University / USA



A purple haze: Lessons from two 
decades of field trials with GE trees

IUFRO Tree Biotechnology 
Concepcion, Chile

Steve Strauss
Oregon State University / USA



Summary of this book chapter



Lessons in relation to….
1. Abnormalities due to transformation / in vitro 

regeneration
2. Trait stability: RNAi-induced gene suppression 

and other traits
3. GMO regulation costs and realities 
4. Single genes for modifying complex, 

physiological traits
5. Value of 1st generation transgenic traits
6. Summary perspectives on the meaning of 

biosafety and beyond



Some background on the 
nature of our experience



A current ~4 ha trial (summer 2016)

Amy Brunner, 
Virginia Tech



How many trees?  



How many traits and constructs tested 
in the field?  

• Gene discovery
– Activation tagging

• Gene expression/suppression stability
– Reporters, qPCR

• Engineering tools
– Alcohol / heat / chemical inducibility and stability

• Agronomic / management traits
– Herbicide resistance, insect resistance

• Form and growth rate through GA modifications 
– Acceleration and semi-dwarfism

• Other physiological modifications
– Lignin modification (4 CL), isoprene reduction

• Flowering modification / containment
– Barnase, mutant proteins, repressors, RNAi, gene editing



How and what?  
• All in vitro, organogenic, 

Agrobacterium transformation
• Vast majority are poplar 

– Aspen and white poplar relatives
• Giles Pilate / Lise Jouanin / INRA-

France
– P. tremula x alba 717-1B4 (♀) and 

P. tremula x tremuloides 353-53 (♂)
• Maurizio Sabatti / Univ of Viterbo, Italy

– Early flowering P alba 6K10 (♀)

– Hybrid cottonwoods
• Brian Stanton, Reini Stettler, and various industry sources

– P. trichocarpa x deltoides, P. deltoides x nigra

• Sweetgum (Liquididambar)
– Schmidt and Westvaco/Arborgen

• Eucalypts (Urograndis hybrid) 
– Futuragene
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Sweetgum RNAi-AGAMOUS plantation 
(Sept 2016)



RNAi-AG trees had leaves and bright fall 
foliage like those of wild type ~8 years

control RNAi-AG control

RNAi-AG

12



Activation tagging facilitated by 
uniformity of GE transformants



Unexpected phenotypes are rare but 
often showed up after dormancy in field

In general GE 
poplars were 
healthy and grow 
well – 99%ish of 
them

Mottled color and unusual 
leaf shapes

Dwarfed transgenic event
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Strong lfy mutants appear to have no 
flowers

Parcy et al. 2002; Moyroud et al. 2010

Snapdragon    Arabidopsis       Petunia 

lfy mutants

WT



Flowers in strong ag mutants are missing 
both stamens and carpels

Parcy et al. 2002; Galimba et al. 2012

Arabidopsis           Ranunculid
WT

ag mutants



Altered phenotypes of RNAi-AG 
sweetgum were stable over 3 years

J94-4P134-1 N63-1Control

2014

2015

18



qPCR shows sterile events have strong 
suppression of one or both AG-like genes
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Sterility, normal growth of LEAFY-RNAi 
poplars over four growing seasons

Control LFY Control LFY

3-12-14

Klocko et al. 
2016, 
Nature 
Biotechnology



The tiny catkins have no reproductive 
organs

WT

Four ovules inside 
each carpel

RNAi
against 
PtLFY

Immature carpel
No ovules



Strong poplar AG-RNAi events in the field 
with mutant flowers stable among/within 
trees and over 3 years

WT RNAi against 
PtAGs

Four ovules inside 
each carpel

Replicated carpel
No ovules



“Mild” suppression of AG gave strong 
sterility phenotypes
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Strong AG-RNAi trees showed normal 
vegetative growth as well as sterility

• A= Altered, N=Normal, Bars = SE of the mean
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Constructs were designed to delay or 
prevent floral onset
• Short vegetative phase (called SVP) 

– Poplar gene SVP Potri.007G010800
– Overexpression of SVP should delay floral onset

• Dominant negative APETALA1 (called “AP2 and 
AP3”)
– Arabidopsis gene AP1 AT1G69120 
– Overexpression of mutated versions should delay 

onset



Scored flowering in all trees in ~4 ha trial
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Score of 4

03.10.2017



Score of 5

03.10.2017



Three constructs resulted in very low floral 
abundance scores in clones 6K10 and 717
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80% of all SVP-OE events showed floral abundance 
scores of less than 2 in 2016
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Striking differences among flowering 
vs. non-flowering adjacent events

Neighboring tree

PS 51

PS 51

03.10.2017



717 SVP event 122 no flowers

04.10.2017

Neighboring tree
Event 122

Event 122
Event 122



Non-flowering events had high 
expression of PtSVP in leaves
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Gene editing knock-out studies 
underway



LFY knock-out in rapid flowering FT 
background
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A lesson on the meaning of method-
based regulation

Typically poplar trees flower in March in Oregon . . . unless they 
are semi-dwarf GA-modified trees having a good time



Summertime catkins – an unusual, 
report-mandatory event
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Modification of growth rate using GA-
20-oxidase gave wild and inconsistent 
results



Antisense 4CL poplars gave sick, stiff 
field grown trees
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Insect resistant Cry3a Bt trees with much 
improved field productivity (~20%)

Cry3a control



Glyphosate tolerance also gave 
surprising productivity benefits (~20%)
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Tree Biotechnology Conference at Oxford in 1999 -
Vandalism against lignin modified trees to 
“welcome” conferees, Euro-press attacks



University of Washington, 
Seattle

Vandalism in Pacific Northwest USA / 2001

Oregon State University, 
Corvallis



Forest 
Stewardship 

Council

“…genetically 
modified trees are 

prohibited…”

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



All major forest certification systems now 
ban all GE trees – no research 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



Regulations and certification render GE  
ineffective as a tool for forest health



The paradox of “biosafety”
Sometimes essential, often absurd, always 
enlightening, usually entangling



In summary, lessons to date…
1. Abnormalities due to transformation / in vitro 

regeneration – VERY LITTLE
2. Trait stability: RNAi-induced gene suppression and 

other traits – VERY HIGH, WE CAN CONTAIN VERY 
WELL IF WE WANT TO

3. Single genes for modifying complex, physiological 
traits – SIMPLE GENE MIRACLES NOT ALWAYS SO 
MIRACULOUS

4. Value of 1st generation transgenic traits – HIGH IF 
USED SUSTAINABLY, SHOULD NOT BE DISMISSED

5. GMO regulation/market realities – COSTLY, RISKY, 
IDEOLOGICAL, METHOD VS. RISK/BENEFIT BASED

6. Biosafety plus – KEEP YOUR COOL, KEEP BIG GOALS IN 
MIND, DO GOOD SCIENCE THAT PUTS IMPACTS IN 
CONTEXT



Thanks to these key people, 
and many more over the years

58

Anna Magnuson

Cathleen Ma

Amy Klocko

Haiwei Lu



Thanks for support

Futuragene, SAPPI, SweTree, 
U. Pretoria, Arborgen
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