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Roadmap

 Why genetics and biotech matters for trees

e Why gene flow is an immense problem
needing technical as well as policy solutions

e Evolving technology options

e Obstacles and progress in making them work
for trees



(Pinus radiata) in New Zealand made striking

One generation of breeding Monterey pine
changes in growth & form

enabling an industry
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Hybridization and cloning Hybrid Cottonwood
enabled the poplar industry in = |
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GMOs are doing it too: Virus-
resistant papaya

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

GMO, virus-
resistant
trees

Couresy of Denis Gonsalves,
formerly of Cornell University



Defensin-like proteins from spinach a
promising solution to citrus greening




Tool for battling the many exotic
diseases that have ravaged North
American forests?

Examples
e 1892 - White pine blister rust
e 1904 - Chestnut blight

e 1923 - Port-Orford-cedar root
disease

e 1920s - Beech scale complex
e 1930 - Dutch elm disease

e 1967 - Butternut canker

* 1976 - Dogwood anthracnose
e 2000s - Sudden oak death o American elm




American Chestnut most advanced
case
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it The American Chestnut's
Genetic Rebirth

A foreign fungus nearly wiped out North America's once vast chestnut

See Inside forests. Genetic engineering can revive them
By William Powell
In 1876 Samuel B. Parsons received a shipment of More In This Article

chestnut seeds from Japan and decided to grow and sell A Now

the trees to orchards. Unbeknownst to him, his shipment Generation
likely harbored a stowaway that caused one of the of
greatest ecological disasters ever to befall eastern North American

ica. Th bably aled ¢ Chestnut Trees
America. e trees probably concealed spores of a I\Ia_v Redefine
pathogenic fungus, Cryphonectria parasitica, to which America's Forests

Asian chestnut trees—but not their American cousins—

March 2014 issue

Scientific American

Courtesy of Bill Powell, SUNY Syracuse, USA




Modification of intact varieties is

powerful for trees

Non-browning “Arctic Apple” -- Suppression of
native polyphenol oxidase gene expression
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Insect resistant poplars commercially
approved in China ~10 years ago Bt cry1

* Trait stable

e Helps to protect non-Bt
trees

* Reduced insecticide use
* Improved growth rate




Growth rate benefits substantial for Bt-
popars (cry3a) — >>10-20%

o P

Bt-Cry3Aa transgene expression reduces insect damage and
improves growth in field-grown hybrid poplar

Amy L. Klocko, Richard Meilan, Rosalind R. James, Venkatesh Viswanath, Cathleen Ma, Peggy Payne,
Lawrence Miller, Jeffrey S. Skinner, Brenda Oppert, Guy A. Cardineau, and Steven H. Strauss

Abstract: The stability and value of transgenic pest resistance for promoting tree growth are poorly understood. These data are
essential for determining if such trees could be beneficial to commercial growers in the face of substantial regulatory and
marketing costs. We investigated growth and insect resistance in hybrid poplar expressing the oy3Aa transgene in two field
trials. An initial screening of 502 trees comprising 51 transgenic gene insertion events in four clonal backgrounds (Populus
trichocarpa x Populus deltoides, clones 24-305, 50197, and 198434 and P. deltoides x Populus nigra, clone OP-367) resulted in
transgenic trees with greatly reduced insect damage. A largescale study of 402 trees from nine insertion events in clone OP-367,
conducted over two growing seasons, demonstrated reduced tree damage and significantly increased volume growth (mean 14%).
Quantification of Cry3Aa protein indicated high levels of expression, which continued after 14 years of annual or biannual
coppice ina clone bank. With integrated management, the ory3Aa gene appears to be a highly effective tool for protecting against
leaf beetle damage and improving vields from poplar plantations.

Résumé ; La stabilité et la valeur de la résistance transgénique aux ravageurs pour favoniser la croissance des arbres ne sont pas
bien connues. Ces données sont essentielles si l'on veut déterminer dans quelle mesure de tels arbres transgéniques pourraient
étre profitables pour des producteurs commerciaux considérant les cotts substantiels reliés  la réglementation et la mise en

Can. | For. Res. 44: 28-35 {204) d doi.org/10.1139/cjfr-2013-0270 4 Published at www.nreresearchpress comjcifr on 28 October 2013




Freeze-tolerant Eucalyptus
Proposed for commercial deregulation in USA

Results from first winter in Results from second winter in
South Carolina _Alabar_na
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Lignin-modified trees — improved ethanol
or pulp vields

Improved saccharification and ethanol yield from
field-grown transgenic poplar deficient in
cinnamoyl-CoA reductase

Rebecca Van Acker™, Jean-Charles Leplé®, Dirk Aerts?, Véronique Storme®®, Geert Goeminne™®, Bart Ivens™F,
Frédéric Légée®, Catherine Lapierre®, Kathleen Piens’, Marc €. E. Van Montagu™®’, Nicholas Santoro?, Clifton E. Foster?,
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Chemical feedstocks and biofuel
sources?

Production of 2-
phenylethanol

Lignin reduction




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

tam




Conventional genetics has made a
huge difference in forestry and
agricultural production from trees —
there is every indication that GMOs
could have as large or a larger impact
on production and sustainability if
allowed to by society



Roadmap

 Why genetics and biotech matters for trees

 Why gene flow is an immense problem
needing technical as well as policy solutions

e Evolving technology options

e Obstacles and progress in making them work
for trees



Gene flow is ubiquitous in agriculture — with or
without GMOs — pollen, seed, and vegetative
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Gene flow greater for many trees

Molecular Ecology (2009) 18, 357-373 doi: 10,1111 /1.1365-294%.2008.04016.x

Extensive pollen flow in two ecologically contrasting
populations of Populus trichocarpa

G. T.SLAVOV *S. LEONARDI1]. BURCZYK.§W. T. ADAMS,{S. H. STRAUSST

and 5. P. DIFAZIO*

*Department of Biology, West Virginia University, Morgantown, WV 26506-6057, USA, tDepartment of Dendrology, University of
Forestry, Sofia 1756, Bulgaria, $Dipartimento di Scienze Ambientali, Universita di Parma, 43100 Parma, Italy, §Department of
Genetics, Bydgoszcz University, Bydgoszcz, 85064, Poland, 1Department of Forest Ecosystems and Society, Oregon State University,

Coroallis, OR 97331-5752, USA
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Fig. 5 Observed wvs. expected pollination frequencies based on
predictions from a mixed probability density function, whose
parameters were estimated based on patemity analysis data.




Cottonwood seeds can fly and float far




Big wind and big storms can move
seed far




Tree gene flow extensive

e Distance — large, often wind pollinated

e Less domesticated than many crops —
establishment in wild possible
 Entry into wild lands

— Often keystone species — ecologically dominant so
with potential effects on many other organisms

 Regulatory approval challenging

— Difficult to estimate effects, fitness during
contained field studies (if possible to do at all)



Coexistence is especially hard when
ideologies conflict
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Forest trees with their own anti-GMO
activism

Genetically modified arboriculture

Down in the forest, something stirs
The Economist, 2005




GCGENE TICALLY
ENGINEERED TREES

.}y CENTER FOR
FOOD SAFETY

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




Major environmental groups promoting
wild forests dislike GE trees
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“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)




Plantation Certification & Genetic Engineering

FSC’s Ban on Research Is Counterproductive

Steven H. Strauss, Malesim M. Campbeall, Siman M. Prysr,
Pster Coventry, and Jeff Burley

Ceneticengineering dso caled genetic modification (GM), isthe isolation, recombinantmed-
ification, and asesual trarsfer of genes. Ithas been banned in forestplantations certified bythe

Forest Stewardship Coundl {F5C) regardless of thesource of ganes, traitsimparted, orwhether
for research or commerdal use. We reviewthe methods and goals of ree penetic engineering,
research and argus that F5C's ban on researdhis courderproductive because kmakes i diff-
cultfor certified companies to participate in the field research neaded to assessthevaue and
Eiosafety of GM trees, Genetic modification could be importari for translating new discover-
ies abouttree genomesinta improwed growth, quality, sustainability, and pest resistance.

Keywords: bictadinel ogy; entomology and patholagy; ethics; penetivs; siiaulure
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% enetic engineering, commonly
( called genetic modification
(GM) in much of the warld, is

the use of recombinant DA and asex-
ual gene transfer methods to breed
more productive or pest-resiscant
crops. It has been the subject of con-
siderable controversy, with concerns
raised from hinlogical, socioeconomic,
political, and ethical perspectives.
Some of the issues are similar to those
raised by the we of molecular biology
and genetic enginzering in medicine,
which we see in the news headlines
daily. However, genetic modificarion
in agriculre and forestry raises envi-
ronmental issues as well.

GM crops, mainly herhicide- and
pest-resistant varieties of soybeans,
maize, or coteon, have been vigorously
adopted by farmers in Morth America
because they are easy to manage and
they improve yields, reduce costs, or re-
duce pesticide ecotoxicity (Carpenter

4 Journal of Famescry » December 2001

and Gianessi 2001). However, the con-
trowersy, primarily embodied in regula-
tory barriers to trade of GM crops with
Europe and Ja has slowed their
s.d.oer';n congifr;bbly in Tecent years.
If GM trees are used in foresery in
the near furure, they are likely to occur
primarily in intensively managed envi-
ronments, such as urban foress or
plantations. In urban foresery, genetic
modification is expected to help trees
adapt to the stresses and special de-
mands of human-dominated systems.
Examples would be trees thar are more
tolerant of heavy merals ar other pallu-
tants, fesist urban pests or diseases,
growy slower, or do not produce fruics
when these create in street en-
vironments (Brunner et al. 1998},
Plantarions, alchough very different
from natural forests in structure and
function, are considered part of the
spectrum of methods in susminable
forest management (Romm 1994).

Flantations can relieve pressure on nat-
ural forests for explointion and can be
of grear social value by supplying com-
munity and industrial wood nesds
fueling economic development. The
environmental role of plantations is
recognized by the Forest Stewardship
Council (FSC), an international body
fior certification of sustainably man-
aged forests. FSC Principle 10 states
thar plantations should “complement
the management of, reduce pressures
on, and promote the restoration and
conservation of natural forests™ (FSC
2001).

FSC has certified some of the most
intensively managed plancations in the
world, including poplar plantations
and the intensive pine and eucalypt
plantations of the Southern Hemi-
sphere. Although many environmental
mitigations are built into these certified
plantation systems, within che areas
dedicated to wood production they
function as tee farms. Such intensive
Ela.mmion systems often use highly

red genarypes, possibly including ex-
otic species, hybrids, and clones, as
well a5 many other forms of intensive
sitviculwral management. I is in the
context of these bicintensive systems
that the additional expense of GM
trees is likely to be worchwhile.

However, FSC currentdy prohibits
all uses of GM trees, and is the only cer-
tification system to have done so

“Green” certification creates a gene flow
and research conundrum

ESC

Forest Stewardship
Council

“...genetically modified
trees are prohibited...”

No research
exemptions




International treaties push for stringent
regulations, focus on gene flow

Strangled at birth? Forest biotech and the
Convention on Biological Diversity

Steven H Strauss, Huimin Tan, Wout Boerjan & Roger Sedjo

Against the Cartagena Protocol and widespread scientific support for a case-hy-case approach to regulation,
the Convention on Biological Diversity has become a platform for imposing broad restrictions on research and

© 2009 Nature America, Inc. All rights reserved.

development of all types of transgenic trees.

he Convention on Biological Diversity

(CBD) has become a major focus of
activist groups that wish to ban field research
and commercial development of all types
of genetically modified (GM) trees. Recent
efforts to influence CBD recommendations
by such groups has led to the adoption of
recommendations for increased regula-
tory stringency that are inconsistent with
the views of most scientists and most of the
major environmental organizations. We sug-
gest that the increasingly stringent recom-
mendations adopted by the CBD in recent
years are impeding, and in many places may
foreclose, much of the field research needed
to develop useful and safe applications of

A convention co-opted
Negotiated under the United Nations (UN)
Environment Program, CBD was adopted in
June 1992 and subsequently entered into force
in December 1993. The CBD has been signed
by 191 of the 192 members of the UN, making
it one of the largest international treaties. The
aim of the CBD is to promote the conservation
and sustainable use of biodiversity, and the fair
and equitable sharing of benefits from the use of
genetic resources. Because transgenic organisms
have the potential to affect biodiversity, special
provisions of the CBD cover the use and trade in
living modified organisms (LMOs, also known
as genetically modified organisms; GMOs).

In 2000, the Cartagena Protocol on Biosafety

MATURE BIOTECHNOLOGY
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mandate in the CBD

JUNE 2009
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NO GE Trees!

NO Case by Case!

Nearly 150 organizations around the world responded to the social and ecological threars of GE trees by demanding a global ban on the
release of GE trees into the environmeni. These organizations, gathered in only | week's time and only from countries where research on the
genetic modification of trees is being carried owt (or has in recent years), are listed below, and an excerpt of the statement is found on the
following page. The language being considered by SBSTTA at this point regarding GE trees is a big step backward from the decision on GE
trees at COP-8. The decision to apply the precationary approach to GE trees must be strengthened into a moratorium, not watered down
Delegates wishing to learn more about the impacts of GE trees are invited to antend a side event on the issue today at lunch in the Green Room
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NO GE Trees!

NO Case by Case!

Nearly 150 organizations around the world responded to the social and ecological threats of GE trees by demanding a global ban on the
release of GE Irees into the enw'ronment. These orgam'zations, gathered in only 1 week s time and only from countries where research on the

fol!mvmg page. The language bemg conszdered by SBS?TA at this pomt regardmg GE trees is a b:g step backward ﬁ'om the deets:on on GE

trees at COP-8. The decision to apply the precautionary approach to GE trees must be strengthened into a moratorium, not watered down.
Delegates wishing to learn more about the impacts of GE trees are invited to attend a side event on the issue today at lunch in the Green Room.
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NO Case by Case!

Nearly 150 organizations around the world responded to the social and ecological threats of GE trees by demanding a global ban on the
release of GE rrees into the enw'ronmenr. These orgam'zations, gathe}‘ed in only 1 week s time and only from countries where research on the

NO GE Trees!

fol!owmg page. The language bemg conszdered by SBS?TA at this pomt regardmg GE trees is a b:g step backward ﬁ'om the a’eets:on on GE

trees at COP-8. The decision to apply the precautionary approach to GE trees must be strengthened into a moratorium, not watered down.
Delegates wishing to learn more about the impacts of GE trees are invited to attend a side event on the issue today at lunch in the Green Room.




Unpopularity of mutantgf T

gene flow restriction
technologies CORN SEEDS

terminator variety
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“The Destruction of
Our Food - GMO and

Terminator Seeds....
“Ever since | found out
about terminator seeds, |
have understood how
famine could take over
the planet as predicted in

‘TERMINATOR’

the Bible.”


http://www.globalresearch.ca/index.php?context=va&aid=3082

Regulatory confusion, obstacles at
national and international levels

The Phantom Forest:
Research on Gene-Altered
Trees Leaps Ahead, into a

Regulatory Limbo

At an industrial park in Walnut Creek, Ca

STEVE NASH

ifornia, technicians and robots are sorting through the

550 million base pairs of genetic code in poplar DNA to sequence a tree genome for the first time,

They are poised to unlock a fine, full toolbox for the work of genetic engineering in trees.

In Vermont, a group called Action for
Social and Ecological Justice has just
kicked off a national camps

mto pres-

sure companies to ban research on ge-
netically engineered (GE) trees. The Sierra
Club, the World Wildlife Fund, and the
American Lands Alliance, among oth-
ers, have called for a moratorium on

commergialization of GF tree

More than 200 notices of field trials
have been filed with federal regulators
for lab-engineered fruit, nut, and forest
trees—also known as genetically modi
fied, biotech, or transgenic trees, But aside
from a virus-resistant, bushlike papaya
tree grown in Hawaii, no one has yet
sought regulatory approval for com
mercial use of a gene-altered tree,

Westvaco Corporation, and two New
Zealand firms. Arborgen estimates that,
if tests go very well, the product could be
ready for the market in a decade.

Cloned cathedrals
Tinkering with tree DNA presents some
issues for research and for public policy,

however, Castine an uncertain lioht over

In Wal
key resp
|n3;lx‘.|.| 5

responsg
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Roadmap

 Why genetics and biotech matters for trees

e Why gene flow is an immense problem
needing technical as well as policy solutions

e Evolving technology options

e Obstacles and progress in making them work
for trees



Many options for containment
technologies — V-GURTs

Plant Biotechnology QQb HSEB

Society for

Journal M Niss.,

Plant Biotechnology Journal (2014), pp. 1-11 doi: 10.1111/pbi.12242

Review article
Genetic use restriction technologies: a review

Luca Lombardo*

Department of Crop Systems, Forestry and Environmental Sciences, University of Basilicata, Potenza, Italy

Received 9 March 2014; Sum mary
revised 16 July 2014; Genetic use restriction technologies (GURTs), developed to secure return on investments through
accepted 17 July 2014. protection of plant varieties, are among the most controversial and opposed genetic engineering

*Correspondence (Tel +39 3408691477,
fax +39 0971205378;
email lombluca@yahoo.it)

biotechnologies as they are perceived as a tool to force farmers to depend on multinational
corporations’ seed monopolies. In this work, the currently proposed strategies are described and
compared with some of the principal techniques implemented for preventing transgene flow
and/or seed saving, with a simultaneous analysis of the future perspectives of GURTs taking into
account potential benefits, possible impacts on farmers and local plant genetic resources (PGR),
Keywords: V-GURTSs, T-GURTs, hypothetical negative environmental issues and ethical concerns related to intellectual property
intellectual property, seed saving. that have led to the ban of this technology.




Investment in GURTs have rapidly
declined, little field research, no
commercial use
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Options for genetic containment via
complete, constitutive, bisexual sterility

e Controlled cell/tissue ablation
— Floral developmental promoter

* Floral gene malfunction
— RNA suppression (RNAi)
— Protein disruption (dominant negative)
— Gene mutation (ZFN, TALEN, CRISPR)

* Floral transgene excision (recombinase)



Roadmap

 Why genetics and biotech matters for trees

e Why gene flow is an immense problem
needing technical as well as policy solutions

e Evolving technology options

 Obstacles and progress in making them work
for trees



Complexities of containment system

development

* Delay to onset of flowering in research (trees)

e |solation during research in field
— Regulations
— Legal/business risks of adventitious presence

e Stability and efficiency in field?

— Does it work? All genotypes / environments?
Consistent over years and parts of trees?

— Pleiotropic effects on vegetative growth?
e Ecological impacts of pollen/seed/fruit removal
or modification?
— Pollinators, biodiversity, mitigation options
— Public / market acceptance



How much sterility is sufficient?
Even modest infertility can have a big impact on spread

= New ;
N Phytologist Researc

Gene flow and simulation of transgene dispersal from hybrid
poplar plantations

Stephen P. DiFazio’, Stefano Leonardi’, Gancho T. Slavov1’3’4, Steven L. Garman’®, W. Thomas Adams® and
Steven H. Strauss®

'"Department of Biology, West Virginia University, Morgantown, WV 26506-6057, USA; *Dipartimento di Scienze Ambientali, Universita di Parma, 43100 Parma, Traly; *Department of
Dendrology, University of Forestry, Sofia 1756, Bulgaria; “Institute of Biological, Environmental and Rural Sciences, Aberystwyth University, Aberystwyth SY23 3EB, UK; *National Park

Service, PO Box 848, Moab, UT 84532, USA; (’Deparlmem of Forest Ecosystems and Society, Oregon State University, 3180 SW Jefferson Way, Corvallis, OR 97331, USA

Summary
Author for correspondence: e Gene flow is a primary determinant of potential ecological impacts of transgenic trees.
Steven H. Strauss However, gene flow is a complex process that must be assessed in the context of realistic

Tel: +1 541 737 6578

_ genetic, management, and environmental conditions.
Email: steve.strauss@oregonstate.edu

e We measured gene flow from hybrid poplar plantations using morphological and genetic
Received: 7 August 2071 markers, and developed a spatially explicit landscape model to simulate pollination, dispersal,
Accepted: 14 November 2011 establishment, and mortality in the context of historical and proiected disturbance and land-




Regulations for field trials assume
containment, generally do not assess
ecological risks or benefits of
particular genes or traits

Can you adequately test containment
technologies in the field?



Unexpected summer flowering of semi-
warf transgenic poplar in field trial




The upright summer “catkins” and veg-
catkin transition structures




This field trial had been appended to a
larger APHIS permit that permitted
flowering in this location and with this
genotype (incompatible with wild
relatives, female tree) -- but APHIS
was unsure if this meant the appended
trial also could flower legally



Being a good soldier, | faithfully and
immediately reported this unexpected
occurrence (as the permit requires)

Then discussed what to do about it with
APHIS regulatory science contacts for
several days

| wanted to leave the catkins for study, as
they were interesting, risk seemed to be
zero, and would be difficult to remove



| pointed out the layers of safety from
the genes (dwarfism, fitness reduced)
and biology (lack of pollen or receptive
females in summer, no seed
dormancy) to APHIS

The APHIS scientists agreed, but they
felt, legally, they must report it to the
compliance branch as a permit
violation/release....
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Thankfully a science colleague at
APHIS alerted me that the report to
Compliance had occurred prior to a
visit and action



Rather than risk arrest, fines, and who
knows what else by federal agents.....

Including what would be sure to be
highly publicized as major disregard for
the rules and the environment, and thus
a call for much stricter regulations...

The same day, all students in our
lab were dispatched to manually
remove every “catkin”

And the same in spring and
beyond....



Students removing catkins
from transgenic trees

B




We documented for APHIS that “All
removed flowers were collected and

brought back to the lab, then atoclaved”
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Thank goodness, the federal agents

never came to arrest me over the grave
“violation”

A powerful lesson about the letter of
the law, and the reality that GE
methods are considered evil and

dangerous until proven otherwise,
period

Biology, safety, and benefit are irrelevant



One answer is to deregulate it for
science

Containment of every pollen grain and
seed during field research would not
be required

So | visited APHIS and suggested this
given the increased safety of the trait
and benefits of improved knowledge









They discussed how each gene
insertion event needs a pile of data,
and now certainly an EIS
(environmental impact statement), to
withstand lawsuits

And getting this data requires the
years of research (that is what we are
trying to find a way to obtain!)



Regulations a debilitating
impediment to breeding progress
with GMOs — as it requires field
research with ~perfect containment

Far-reaching Deleterious Impacts

of Regulations on Research

and Environmental Studies of
Recombinant DNA-modified Perennial
Biofuel Crops in the United States

STEVEN H. STRAUSS, DREW L. KERSHEN, JOE H. BOUTON, THOMAS B REDICK, HUIMIN TAN,

2010/ Vol. 60 No. 9 « BioScience 729




Progress

 Male-sterility

e Accelerated flower induction
* RNAI suppression

e Site-directed mutagenesis



First demonstration of transgenic male-
sterility -- via “ablation” method

Cell-disrupting genes turned on in floral cells
Anther promoter::RNAse I I al l I I ‘

INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

GENETICALLY ENGINEERED
MALE-STERILE PLANTS

[nduction of male sterility im plants by & chimaeric ribonuclease geme

Celestina Mariani*, Marc De Beuckeleer®, Jessie Truettnert,
Jan Leemans* & Robert B. Goldbergti




A successful 10 year study:
Male- sterility

Tree Genetics & Genomes (2014) 10:1583-1593
DOI 10.1007/511295-014-0781-6

ORIGINAL PAPER

A tapetal ablation transgene induces stable male sterility

and slows field growth in Populus

Estefania Elorriaga » Richard Meilan - Cathleen Ma - Jeffrey S. SKinner -

Elizabeth Etherington - Amy Brunner - Steven H. Strauss

Received: 20 March 2014 /Revised: 18 July 2014/ Accepted: 18 July 2014 /Published online: 13 August 2014
) The Author(s) 2014. This article is published with open access at Springerlink.com

Abstract The field performance of genetic containment tech-
nologies—considered important for certain uses of transgenic
trees in forestry—is poorly known. We tested the efficiency of a
bamase gene drniven by the 7429 tapetum-dominant promoter
for influencing growth rate and inducing male sterility in a
field trial of transgenic hybrid poplar (Populus tremula

Poaneilive teomplanidecy Whan the gesaeth oof 18 teancoanie

transgenic event grew significantly more slowly than the
control. In contrast, when we compared the growth of trans-
genic trees containing four kinds of ~glucuronidase (GUS)

reporter gene constructs to non-transgenic trees—all of which
had been produced using the same transformation method and

poplar clone and grown at the same field site

there were no
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Pollen-less catkins in 8 yr-old male poplars in
Oregon with same sterility gene




Tapetal collapse
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Male-sterility approach works well in
eucalypts and pine as well - Arborgen

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




Pleiotropy: Deleterious effects of
barnase on tree growth
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An answer to speed research?
Overexpression of endogenous flowering

genes induces early flowering in trees
Apple




Flowering locus T (FT) to accelerate
flowering in poplar — Heat induced by

heat-shock promoter
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Cotransformed FT/RNAi led to
interesting, but very rare, floral
alterations (a few among hundreds

tested)

Control ) Replicated = . @ -l Replicated




Dominant negative proteins highly effective

PPTLF::PTLF-EAR/FT led to the formation of “leafy”
sterile shoots or flowers — but also disturbed vegetative

growth due to FT overexpression

Leafy flowers

Leafy shoots'h' ¥

]
£ Normal |




Gene suppression: Is it effective and

stable in the field?

RNAI field trial of poplar in Oregon: 25 constructs, 3
genotypes, 4,000 trees, 9 acres

Ay




High rate of survival, excellent tree
growth in most places on field site




Early flowering genotype: Floral buds
visible during winter, enabling early
assessment of flowering

77



Flushing of dormant buds in lab
uncovered modified catkin morphology

Most events were normal

D #




Events from four RNAi constructs
targeting LFY and/or AG have modified
floral phenotypes

Construct Gene(s) Floral phenotype
type targeted

RNAI LFY Tiny, no stigma or ovules
RNAI AG and LFY Tiny, replicated, no ovules
RNAI AG Replicated, no ovules

RNAI AG (mar) Replicated, no ovules



Similar catkin phenotypes were also
observed in the field

control

AG/LFY

80



After maturation, RNAI:LFY catkins
remained tiny and did not produce
seeds or cotton

RNAI-LFY

Control

81



Tiny RNAI:LFY catkins lack stigmas,
ovules, and cotton

Catkin Capsule and catkin Carpel
exteriors dissection

Pt-LFY:RNAi
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Pleiotropy? RNAI:LFY trees had
normal vegetative growth

Average Size of RNAI:LFY Events

Average size (diameter?)




Site directed mutagenesis, gene
targeting, coming along fast

NEWS & VIEWS

PLANT BIOTECHNOLOGY

Zin C fi nge rson ta rget NATURE|Vol 459|21 May 2009 ‘

Matthew H. Porteus

The existing methods of creating genetically modified plants are inefficient
and imprecise. Zinc-finger technology offers the prospect of openingup a C R | S P R S
swifter and more exact route for crop improvement. Cas9

Target DNA
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Site directed mutagenesis might be an
ideal method for containment

e Reported highly efficient — biallelic mutations
common = complete loss of gene function

e Physical damage to floral gene/s should be far
more reliable than modified/suppressed gene
expression or protein function

* More predictable from new regenerant to
flowering tree to speed breeding, avoid
regulatory problems

* Inducible recombinases enable asexual removal
from genome?



Experimental overview
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Lessons from site-directed
mutagenesis of poplar AGAMOUS and
LEAFY genes

e Employed four heat-induced ZFNs
e ZFNs have deleterious effects on viability

— ZFN transformation rates are low
— Some constructs far more deleterious than others
e ZFNs had low rates of mutagenesis

— < 0.5% per allele per explant (~260 stable transformants tested
to date)

e New gene-targeting technologies better?

— Lower cost, easier cloning
— Studies of TALENs and CRISPRs underway



Summary

GE a powerful technology for trees — no surprise

Gene flow biology makes GE research and
commercial use extremely difficult

ldeology/activism against GE crops/trees and
containment technology amplifies problems

Transgene-induced flowering speeds research, but
compromises phenotypes (RNAi, DNM protein)

RNAIi against LFY highly promising

Site directed nucleases so far disappointing (ZFN),
but technology rapidly improving

Valuable new tools, but depth of ideological divide
over GMOs requires social, policy change to matter
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