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Forest health a major and growing concern 
that breeding alone cannot keep up with



Today I will argue that:
1. The precision of biotech tools, regulated and 

chosen wisely, are essential to meet these 
growing expectations

2. But we are far from the smart systems we need 
for such progress

3. And given climate change, population growth, 
and ecological decline, we need change urgently

Demands for renewable, sustainable 
materials and energy—and social 
standards for safety for stewardship—are 
also growing



Agenda
• Definition of gene editing (GE) compared to 

GMO and conventional breeding
• The social environment that makes use of  GE 

and GMO, and integration with breeding, very 
difficult
– A recent attempt by scientists to stimulate change

• A GE example – showing precision and 
stewardship possibilities
– CRISPR for reproductive modification in 

Eucalyptus
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What is genetic engineering (GMO) 
and gene editing (GE)?

• Direct modification of DNA
– vs. indirect modification in 

breeding
• Asexually modified, usually in 

somatic cells
– Then regenerated into whole 

organisms, usually starting in 
Petri dishes

• Specificity of modification, 
common use of new vs. 
modified native genes, 
differentiates GE from GMO



Overview of 
steps to 
create 
a GMO or GE 
plant
___

New genes 
usually 
removed or 
deactived
after GE



Many forms of GE, but CRISPR gene 
editing technology considered a 
major scientific breakthrough



CRISPR a 
very general 
technology –
it works well 
wherever it’s 
been tested 



Overview 
of CRISPR 
gene edit 
machinery
____

Two parts:  
Nuclease 
and guide 
RNAs to 
direct it in 
genome



A big deal for plants and trees?     
Ability to modify native genes efficiently makes 
growing science knowledge of gene trait-
relationships actionable
The formerly theoretical becomes practical

“CRISPR/Cas9 is a game-changing technology that is 
poised to revolutionize basic research and plant breeding.”
Even more powerful for trees?   The long generation time, 
and inability to inbreed, make specific genome 
modifications by conventional breeding ~ impossible
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But efficient integration with 
conventional breeding is critical

Traditional
plant breeding x

Variety A Variety B

GE
x

Asexual 
modification 
or insertion 
from any 
source

Integration with 
conventional 
breeding 
• In the field
• Many 

genotypes
• Many local 

environments
• Many years
• Incomplete 

containment



But such integration nearly impossible with 
regulations that presume the method is a 
hazard until proven innocent

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

Fortunately, some kinds of regulations may be avoided 
with “clean” GE – but that is difficult in trees and would 
preclude the many powerful GMO type modifications  -
- thus not an answer to the larger problem



Gene flow regulation and social views 
a major obstacle for trees
• Wild/feral populations
• Record of invasiveness of many exotic trees/shrubs  
• Long distance pollen and/or seed movement
• Limited domestication
• Keystone species / Larger role in providing 

ecosystem services
• Scientific uncertainty - Introgression experiments 

costly or impossible to do, models speculative
• Public view of forests as natural or wild: 

“contamination, impurity”



Started by the Forest 
Stewardship Council, 
major principle:  

“genetically 
modified trees are 
prohibited”

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

A big deal: 
Many of the most highly 
managed forests and their 
products are certified 

500 million hectares, 13% 
global forest area



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



In 2001 and 
2015, forest 
genetic and 
biotech scientists 
publicly criticized 
FSC for their 
complete ban –
no field research 
on certified lands

…with little effect



A new strategy in 2019: A petition to 
certifiers to allow field research

http://biotechtrees.forestry.oregonstate.edu

http://biotechtrees.forestry.oregonstate.edu/


Impemented by the Alliance for 
Science at Cornell University, USA



Endorsed by the largest scientific 
society of plant biologists in the world



Alerts to tens of thousands of scientists 
sent by American Association for the 
Advancement of Science - AAAS (worlds 
largest scientific organization)



1,161 signatures, majority PhDs

https://www.gopetition.com/petitions/petition-in-support-of-modern-forest-
biotechnology.html

https://www.gopetition.com/petitions/petition-in-support-of-modern-forest-biotechnology.html


Letter published 
in Science about it



News feature also there



Forest health a major and growing 
concern – we need biotech tools



GE trees: Reliable in the field



Many studies done -- show value and 
promise for many traits (2018 review)



Key petition arguments
• Forest health crises growing, need biotech tools to 

help
• Extensive research and field trials show promise and 

safety for many kinds of traits
• Gene editing of natural genes more precise than 

conventional breeding
• Local, site specific research as part of breeding 

programs are needed to understand value, economics
• The ban contradicts scientific opinion that the trait, 

not the method, is of significance
• Details here:  

http://biotechtrees.forestry.oregonstate.edu/

http://biotechtrees.forestry.oregonstate.edu/


What next?  
• The petition one part of larger efforts by 

companies to gain access to biotech while 
under certification

• The stigma, poor reputation of GMOs to many 
in public a key barrier 

• Is this a good model for scientific advocacy for 
primacy of science in business and policy 
decisions ? 

• What else or what next?  
• What can China and Chinese scientists do?  
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Gene flow: A major reason for strict  
regulation and market barriers to GMOs
• Bigger for forest trees than most ag crops – for many 

reasons
– Wild/feral populations
– Record of invasiveness of many exotic trees/shrubs  
– Keystone roles in ecosystems
– Long distance pollen and/or seed movement
– Limited domestication
– Larger role in providing ecosystem services
– Public view of forests as natural or wild
– Scientific uncertainty - Introgression experiments costly or 

impossible to do, models speculative
• Gene flow prevention an essential tool, especially for more 

novel and high impact GMOs?  
• A major concern with eucalypts in the USA today 



LEAFY gene target for sterility:  Strong 
mutants appear to have no flowers

Parcy et al. 2002; Moyroud et al. 2010

Snapdragon    Arabidopsis       Petunia 

lfy mutants

WT



Early flowering FT-eucalypts to speed 
phenotyping

Pollen grains

style



Constructs employed: Two targets in 
the LEAFY gene

pK2GW7

sgRNA 1AtU6-26

LB RBnptII

sgRNA 2 hCas9AtU6-26 2x35S tnos

pK2GW7
LB RBnptII

hCas92x35S tnos
Control

CRISPR



CRISPR pipeline

Construct Transformation and regeneration

PCR and gel analysis       Sequencing of targets, alignment, and phenotyping



The full roles of LFY unknown
• Discovery studies did not have significant analysis 

of vegetative/productivity effects
– An absence of studies of gene mutation/knock-out in 

the field
• No studies in the very divergent floral types of 

important forest tree taxa
– Often parts of gene families

• Found to have vegetative as well as floral 
expression
– Meristematic vegetative cell expression



Eucalyptus LFY vegetative expression



ba c d

fe g h

k lji

WILD TYPE KNOCK-OUT

Distinct trajectories for wild type vs. 
CRISPR knock-out floral shoots



Knockout buds devoid of floral organs
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Knock-outs nearly devoid of floral 
meristem gene expression
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But knock-outs with enhanced floral 
induction gene expression



Summary view of floral shoot 
development in knockouts vs. wild-type

Control CRISPR

Control

CRISPR
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Summary  – LFY CRISPR in Eucalyptus

• Nearly 100% biallelic knockout rate
• Flower buds devoid of reproductive structures
• Partially indeterminate inflorescences
• No detectable vegetative effects
• Work underway to develop CRISPR excision 

and other methods for “clean” knock-outs



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

46

Cathleen Ma, 
Transformation technician

Estefania Elorriaga, 
PhD student



Thanks for support

TBGRC Coop:  Futuragene, SAPPI, 
SweTree, U. Pretoria, Arborgen
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