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Who am |

« Many years of research in molecular diversity,
gene flow, phylogenetics, and basic genomics
(epi-, transcript-)

« Focus on conifers, Populus, Eucalyptus

« Many years of research in transgenic tree
biotechnology
« Emphasis on Populus and Eucalyptus

« Industry consortium for >20 years, also DOE and NSF
supported

« Dozens of UDA-APHIS regulated field trials, ongoing
» Director of OSU program on Outreach In
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Key contentions



1. Trees are not distinct biological
categories

There are many kinds of tree systems, including
many kinds of “forest” tree systems, thus "GMO
tree generalities” are not very useful

Many variations in forest systems

Great overlap with other crops, esp grasses and woody
perennials

Gene flow, perenniality, outcrossing, keystone
characters, incomplete domestication



Poplar plantations an
example of ag-like
forestry
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2. GMO methods of special value

for trees

GMO methods for trees and other woody
perennials of particular value due to breeding
constraints

- Long breeding cycle
- Difficulty to inbreed and introgress new genes (gen. load)
- Hard to identify and use dominant, major genes

- Asexually propagated varieties of high value



Overexpression of endogenous flowering
genes induce early flowering in several

tree species

Apple




FT transgene effective for stimulating
early flowering in eucalypts




Lignin-modification of elite variety

In France
(Courtesy of G. Pilate, INRA)




Native genes for disease resistance
In elite grape varieties

Grape VVAIb gene Grape VvTL-1 gene

o QRS- 1Y ’
Non-Engineered il Engineered - Non-Engineered Engineered
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Syrah™ ‘Thompson Seedless
Powdery Mildew Resistance Rot Resistance

Courtesy of Denis Gray, UF/IFAS Mid-Florida

http://mrec.ifas.ufl.edu/grapes/genetics Research & Education Center



3. Technology diverse and effective

A great diversity of traits, and economic and/or
environmental values, have been demonstrated

In field trials of trees. GMO-tree-thinking

After initial event sorting, stability, efficacy, and trait
diversity high

- Herbicide tolerance

- Biotic, abiotic stresses

- Wood or fruit quality

- Form/stature and growth rate
- Containment

- Accelerated flowering



Insect resistant poplars commercially
approved in China- Bt cryl

* Trait stable

* Helps to protect non-
Bt trees

 Reduced insecticide
use

 Improved growth rate



Growth benefits (10-
0%) despite low
Insect pressure

during large field
trial of resistant
genotypes
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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 could be beneficial to commercial rs in the face of substantial latory and
marketing costs. We inv ated growth and inse sistance in hybrid poplar expressing the ¢ gene in two field
trials. An initial screening of 502 trees comprisir transgenic gene insertion events in four clonal backgrounds (Populus
trichocarpa x Populus del . clones 24-305, 5 34: and P. deltoides x Populus nigra, clone OP-367) resulted in

ic trees with greatly reduced insect dam tudy of 402 trees from nine insertion ts in clone OP-367

ed over two growing sea . del C g e damage and significantly increased volume growth (mean 14%)
Quantification of Cry3Aa protein indicated eSSio rd after 14 years of annual or biannual
coppice in a clone bank. With integrated management, the " effective tool for protecting against

leaf beetle damage and improving yields from poplar plantations.

Résumé : La stahilité er 1a valenr de 1a résistance transoéniane any ravageurs nonr Bvariser 1 croicsance des arhres ne sant nas

bien conny

étre profitd & . ; 1 -
e ac L. . For, Res. 44 (2014 idsc.doe org/ 10119 fr-2013



Stable male-ster]

I'ree Genetics & Genomes (2014) 10:1583-1593
DOI 10.1007/s11295-014-0781-6

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
C 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>

Donsdiie teondaidocy Whan tha

arcowvth of 19 trancaonie

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

ctatictically Joant diffarancoac in arcuth aftor throo araae




Complete sterility - Undeveloped
catkins, stable suppression of native
LEAFY gene in poplar (RNAl)

Control i

control

"~ 1 4|Klocko et al, 2014, American Soc. For
/ | Plant Biology, Portland, Oregon
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4. Market obstacles are formidable

Market constraints are global and near
universal, with no research exemptions

-Forest “green” certification
- FSC led, now all systems by mutual affiliation

- No research / emergency exemptions

- Greatly constrain research



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

Plantation Certification & Genetic Engineering

FSC’s Ban on Research Is Counterproductive

Steven H. Strauss, Malesim M. Campbell, Simon M. Pryer,
C b d Jeff Burley
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Forest Stewardship
Council

"...genetically modified
trees are prohibited...”




Forest certification systems
universally ban all GM trees — no
exemptions

System Region GM Tree Approac

PEFC : Programme for Endorsement of International Banned / Precautionary approach
Forest Certification based on lack of data

FSC : Forest Stewardship Council International Banned / Precautionary approach
based on lack of data

CerFlor : Certificacao Florestal Brazil Banned via PEFC registration /
No additional rationale

CertFor : Certficacion Forestal Chile Banned via PEFC registration /
No additional rationale

SFI : Sustainable Forestry Initiative North America Banned via PEFC registration /
Awaiting risk-be -7 “~*-

ATFS : American Tree Farm System USA Banned via PEFC r He
No additional r S1O%€

CSA : Canadian Standards Association Canada Banned via PEFC r _
A”OWS pUb|IC tO deter A publication by the Institute of

Forest Biotechnology

CFCC : China Forest Certification Council Banned via PEFC r
No additional r

Adam Costanza, Institute for Forest Biotechnology




5. Regulatory obstacles are ~disabling

Need fundamental reform for GMO trees to make a
significant contribution

- Zero-tolerance during research and breeding
unworkable at start

- Similar issues likely with commercial expansion
- Do they make sense given demonstrated values?

- In a world witnessing pest proliferation and rapid
' ?




No-analog scientific thinking
should dominate today

PALEOECOLOGY PALEOECOLOGY

Novel climates, no-analog communities, and
ecological surprises

John W Williams" and Stephen T Jackson®

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. The well documented no-analog plant communities of
late-glacial North America are closely linked to “novel” climates also lacking modern analogs, characterized by high
seasonality of temperature. In climate simulations for the Intergovernmental Panel on Climate Change A2 and B1
emission scenarios, novel climates arise by 2100 AD, primarily in tropical and subtropical regions. These future
novel climates are warmer than any present climates globally, with spatially variable shifts in precipitation, and
increase the risk of species reshuffling into future no-analog communities and other ecological surprises. Most eco-
logical models are at least partially parameterized from modern observations and so may fail to accurately predict
ecological responses to these novel climates. There is an urgent need to test the robustness of ecological models to cli-
mate conditions outside modern experience.

Front Ecol Environ 2007; 5(9): 475—482, doi:10.1890/070037
l I ow do you study an ecosystem no ecologi s eve as future, is heavily conditioned by our current

seen? s a problem for both pale 2 observations and personal experience.

“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.”



Suggested method exemptions - 1

Approved, familiar markers and gene transfer
systems based on approvals in other crops

Mutagenesis of transformation system

Cisgenic (or functionally cisgenic) transfers from
similar or closely related species (e.qg.,
congeneric gene sources)

Modification of expression of native genes and
pathways (intragenic)

Genome editing or mutagenesis

Individual insertion events, after consideration of
gene/protein function and expression



Suggested method exemptions - 2

* Well understood products, or with significant
ecological or humanitarian value, and non-toxic

« Early consult with USDA/FDA re. low level admixture?

* Gene dispersal into the environment and
associated AP/LLP during research and

breeding, or when crop-appropriate mitigation
methods are employed

- Similar to conventional breeding
« Presumption: Extensive dilution, limited movement

- Best management practices (BMPs) not zero- nor
strict (e.g., 0.9%) legal tolerances



Exemptions and lower tiers of
regulation do not mean that GMO
traits will be unregulated

« Other, function-based regulations are in place at FDA,
EPA, USDA (but need modification/interpretation)

- Especially at EPA so focus is on novel chemicals as intended by
FIFRA

« At USDA to avoid loopholes

- Companies can choose regulatory reviews where
desired, where they believe there Is sufficient novelty or
risk due to science or trade/economics

- Can enable agencies to challenge based on trait
categories, functional novelty, and scientific literature

« Key is presumptive value of genetic innovation and
method safety, vs. presumption of harm due to method

- Comparator Is conventional breeding and plant domestication
practices



What a regulation-rational world could

look like: Lignin-modified trees

Concept proven, but customized refinement neede
Type of gene, promoters, extent of modification,
environment, stand age, tree genotype

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

..

Rebecca Van Acker™®, Jean-Charles Leplé®, T * =
Frédéric Légée®, Catherine Lapierre®, Kathle
John Ralph”, Wim Soetaert®, Gilles Pilate®,

Lignin is one of the main factors determining
enzymatic processing of lignocellulosic biomass
tremula x Populus alba) down-regulated for dnn
tase (CCR), the enzyme catalyzing the first step k|
spedfic branch of the lignin biosynthetic pathwa
field trials in Belgium and France under short-rot &
ture. Wood samples were classified according
of the red xylem coloration typically associated
regulation. Saccharification assays under diffen
conditions (none, two alkaline, and one add p
simultaneous saccharification and fermentatior
that wood from the most affected transgenic
161% increased ethanol yield. Fermentations of
rial from the complete set of 20-mo-old CCR-
trees, induding bark and less efficiently down-re|
yielded ~20% more ethanol on a weight basis.
down-regulation of CCR also affected biomass y
that CCR down-regulation may become a succt
improve biomass processing if the variability in
and the yield penalty can be overcome.




Detailed discussion of how
regulations impede R & D

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 REDICHK, HUIMIN TAN,
AND ROGER A. SEDJO

October 2010 /Vol. 60 No. g ® BioScience 729




Also an international issue given

Cartagena Protocol and trade

© 2009 Nature America, Inc. All rights reserved.

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-by-case approach to regulation,
the Convention on Biological Diversity has become a platform for imposing broad restrictions on research and

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

MNATURE BIOTECHNOLOGY VOLUMIE

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
1 the CBD

27 NUMBER & JUNE 2009




Proposed regulatory solutions —
tiered regulation, product vs. process

POLICY FORUM

G enom ics' G en eti C E 1] gi nee ri ng , huge numerical obstacle that is normally pro-

vided by extant wild and domesticated gene

. . pools. Despj diversity of genes that

a n d D'O' m e Stl Ca tl 0' n Of C I'O P S can compr w any of the modified

traits are fam 1g a long history of do-

Steven H. Strauss mestication and consequent reduced fitness

through artificial selection. Male sterility,

enomic sequencing projects are rap-  portant to agricultural goals, but poorly rep-  seedless fruits, delayed spoilage, and dwart
G idly revealing the content and organ-  resented in breeding populations because  stature are familiar examples.

ization of crop genomes (/). By iso-  they are rare or deleterious to wild progeni-
lating a gene from its background and de- : M - -

liberately modifying its expression, genetic Confinement Type 1 field trials Type 2 field trials EEmnTie
engineering allows the impacts of all genes level (exploratory) (precommercial)

on their biochemical networks and organis- Highly toxic or allergenic
mal phenotypes to be discerned, regardless High Biological and physical confinement—detailed data pharmaceuticals
oftheir level of natural polymorphism. This and proteins

oTer PR PR T ~t e 1 ~

:[mtlrg‘r l['l\,.lk,dhk,hi t:[lb lelJl.t}j tO.T:JLtL[I]'lJJ]b Novel pest-management
gene function and, thus, to identify new op- ) _ _ genes, low toxicity
tions for crop domestication (2). The organ- s S L TRl s el pharmaceuticals
ismal functions of the large majority of and proteins
genes in genomic databases are unknown.

GGTs that improve abiotic stress tolerance

Stress tolerance FSC, basic data FSC, detailed data
Low
Domesticating Petition for exemption? FSC, basic data

Genomics-guided
transgenes

Categories of confinement and meonitoring for small- and large-scale transgenic field trials.

Biological confinement includes genetic mechanisms to preclude spread and/or reproduction.

Physical confinement requires use of geographical isolation or physical barriers. FSC, farm-scale con-

finement; use of spatial isolation within and between farms and border crops, combined with

4 APRIL 2003 )I:ing. Detailed _data include surveys of gene flow away from the site. Basic data
ihment of confinement mechanisms.

www.sciencemag.org SCIENCE VOL 300




And with further details
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PERSPECTIVE

Regulating transgenic crops sensibly: lessons from
plant breeding, biotechnology and genomics

Kent ] Bradford!, Allen Van Deynze', Neal Gutterson?, Wayne Parrott® & Steven H Strauss?

The costs of meeting regulatory requirements and market
restrictions guided by regulatory criteria are substantial
impediments to the commercialization of transgenic crops.
Although a cautious approach may have been prudent initially,
we argue that some regulatory requirements can now be
maodified to reduce costs and uncertainty without compromising
safety. Long-accepted plant breeding methods for incorpor=tine~
new diversity into crop varieties, experience from two dec:

WOLUME 23 MLMBER 4

Regulatory costs also play a role in the growing disparity between
the expanding global adoption of the large-market transgenic maize,
soybean, cotton and canola crops' and the so-called ‘small-market’ or
*specialty’ crops, tor which field trials and commercial releases of trans-
genic food crops have all but stopped?. In 2003, fruits, vegetables, land-
scape plants and ornamental crops accounted for more than $50 billion

i tralina in tha TThitad Clatar ramvacandtineg AT AF tha fakal TTE faems
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Thoughts on eight NRC guestions



NRC points of interest - 1

Based on the wide natural variation, and ability for clonal
propagation, in many tree species, iIs GE even necessary
for introduction of many traits?

 Ask the market

 Industry was very interested in efficiencies, new options GE
brings — but of course not much in the current climate of bad
PR, market barriers, absence of public research investment, and
very high regulatory costs/risks

 GE not an alternative to breeding, but sometimes useful
or ~essential for adding specific traits, freeing breeders
to focus on other traits, enabling Mendelian options

- How it might interact with breeding if freed to do so based
on biology is unknown, hard to imagine given current



NRC points of interest - 2

Are there specific issues with risk assessment that would
be different from most other plant species?

» Very difficult to do scaled-up research, operational

breeding, with complete prevention of gene flow
prior to commercial authorizations

- Without engineered sterility added and verified up front —

which is impossible to do for many genotypes during
breeding

- Time frame for ecological risk assessment of many
trees are within frame of expected large scale

climate change and species shifts —what are the
comparators?



NRC points of interest - 3

How big of a concern is pollen movement in GE trees,
especially tall trees that produce a lot of pollen, e.g., pine?

* It is beneficial in that pollen dilution from wild and
planted trees is extensive during early research and
scale-up — easy to mitigate/isolate

 Itis very detrimental in a zero-tolerance world
(regulatory or market driven)

« Coexistence problematic without workable
tolerances, BMPs (best management practices)



NRC points of interest - 4

Can you discuss what kind of traits we could expect to find
In trees used In forestry in the next 20 years if the regulatory
system for GE trees was optimized?

 Optimization seems like a distant dream and
likely not nearly enough. Revolution seems to
be needed where all gene flow is not a
crime, and private and public R & D greatly
expanded

« Many traits could be commercialized — depends on
need, context, and complementarity with breeding
of specific sBec:les. See list of trait diversity
presented above

 Akey need is improved transformation methods — but
application oriented GMO research hardly supported
INn recent years



NRC points of interest -5

Are there any trait/tree species combinations that you feel could be
harmful to the environment?

| do not see long term harm to wild environment from traits that | am
familiar with, or where risk is higher compared to that presented in
conventional breeding (exotics, hybrids, clones)

« Harm often assumed to result from traits that improve
fitness, but they could also be beneficial for resilience in our

changing world

Fitness improving genes can be mitigated if needed, herbivore counter-evolution and
climate change variances within time frame of S|gn|f|cant impact

 Herbicide resistance can be a harm for management of wild areas
(control as exotic) and/or forest/ag management if deployed widely and
without containment and acceptable alternative herbicide control options

- Sterility could have negative impacts on biodiversity but expectation is
that mitigation is not difficult if needed, when compared to current
management (landscape, stand-level)



NRC points of interest - 6

Do you see the complete lack of regulation on some GE trees as
causing the public to be more concerned about GE trees and GE
In general?

* Yes, my concern is that the public and interest groups
will see that as an important loophole, that could lead
to regressive and sweeping method-based regulation
as we see Iin the EU, and possibly trade sanctions

* |t would be best to bring all GE trees (and GE crops)
Into a system with clear guides as to what is
regulated and not, and how stringently, based on
genomic and functional familiarity, and
Importance/impact (ecological, economic)...



NRC points of interest - 7

What do you think would be the best way to govern GE tree
commercialization to ensure the most sustainable forestry
practices?

« |think it is a mistake to regulate forestry and sustainability
based on a breeding method that can produce very diverse
traits and modifications. It is against prior NRC findings about
the innocence of the method. And we now know there are
great costs to any level of regulation, and that
discretion rapidly is engulfed by political expedience
(USA, EU, and beyond)

« BMPs at small scale research phase, traits and outcomes
(e.qg., yield, pest control, biodiversity, invasiveness) at
commercial stage. With tiers and associated legal
criteria based on presumption of value not harm, and
tied to new functional traits, not individual events



NRC points of interest - 8

How great Is the risk that GE cold-tolerant trees, e.g.,
Eucalyptus, will have niche movement and become more
invasive in the US?

 This Is a question for ecologists, but doubt that it is truly
predictable at all given questions of scale, climate change, and
extent of cold tolerance

« The use of a mitigation gene (male-sterility) should be
praised as good stewardship given uncertainty —the GMO
right way™to do new plant introductions

« Given climate and pest uncertainties, a new, distinctive,
contained, and woody/perennial domesticated fiber/fuel
species a great thing for the Southern USA? (Can control
ecological impacts of large scale use by local regulations
on water, fire, endangered species if needed in 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?




What Voltaire might have said
about zero-tolerance and stringent

legal thresholds for adventitious
presence ?

“The perfect is the enemy




