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Types of forests



Four major types of tree-dominated

communities
e Food: Orchards

« High genetic control — often one or very few
varieties (=clones) — Intensive agronomy

 Wood, pulp, energy: Short rotation, fast
growing: agricultural

« Often limited number of varieties (dozens), also
agronomic management, 5-10 year cycle

 Wood, pulp: Planted but long rotation times

« Very high genetic diversity, many decadal cycle,
little management, ecological services



Plantations and wood production

Genetic improvement a large contributor to yields

Plantation forests occupy 5% of all forests and deliver 35% of industrial roundwood.
More vyield = less potential impact on wild/conservation forests.

“SUSTAINABLE INTENSIFICATION” -- “LAND SPARING VS. LAND SHARING”
FAO: ==mp higher wood yield / ha




Conventional breeding can have
powerful effects

One generation of breeding Monterey pine (from coastal California) in
New Zealand made striking changes in growth & form
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Poplar plantations an
example of ag-like
forestry




Eucalypts in Brazil another example of
ag-like forestry







GMO methods of special value for
trees due to breeding constraints

Difficulty to inbreed
Long breeding cycle

Hard to introgress desired genes from other
species or genotypes

Hard to fix rare, desired (e.g., loss of function)
mutations

Hard to identify and use dominant, major genes
Asexually propagated varieties of high value

Radical advance? GE a powerful means to
access “Mendelian genes” and breeding methods?




Overexpression of endogenous flowering
genes Induce early flowering in several tree

species
Apple




Dominant gene action
Lignin-modification of elite variety In
France by RNAI

(Courtesy of G. Pilate, INRA)




Native grape genes for disease
resistance In elite varieties

Grape VVAIb gene Grape VvTL-1 gene
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. , ‘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



Coming: Gene editing technology
for diverse traits

Science magazine names CRISPR
‘Breakthrough of the Year’

Sanders DECEMBER 18, 2015

ose the CRISPR genome-ec

reakthrough of the
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wrote e correspondent John Travis

in the Dec. ue. These included “the

* Precise control over gene insertion location
o Ability to modify native genes efficiently



Constraints are formidable



Biological constraints - 1

* Trees often rich in diversity due to early state
of domestication

« GE often not needed

« Molecular markers, genomic selection generally a
more potent and rapid molecular approach

* Genetic transformation methods often very
difficult and highly genotype-specific
« Very limited advances outside of a few intensively
studied species — often mostly proprietary
 Wood properties (lumber, pulp, energy) often
not precisely controlled



Biological constraints - 2

* Tree genes controlling traits poorly known, and

often polygenic
« One or few gene traits rare in most tree species
« Association genomic studies rectifying this to some degree

e Long rotations: Economics of intensive

genetics, asexual propagation, often marginal

« GE science, technology, patents, regulations, market
restrictions add considerably more cost and risk

 Thus, GE mostly for those cases where...

« Extant genetic variation is inadequate or missing
« Where an entirely new trait or property is desired
« Short rotations to minimize economic risks



Fvent- Ending event-based regulation of
GMO crops
based

To the Editor: that recognizes and balances safety,

| ]
re g u I atl O n a Getting regulation of agricultural environment, innovation and economic

biotechnologies right is no simple task. growth?. On the heels of the release of a

Serious
problem for

many trees

Stringent regulations

for genetically modified
organisms (GMOs) in

the European Union (EU:
Brussels) have nearly
stifled the use of biotech
crops on farms or in
derived foods there, and
in the United States the
diversified ‘Coordinated
Framework’ has produced
a strange patchwork of
rules, exceptions and
lengthy delays. As the
Editorial in the December
issue highlights', the US

Executive Branch has

White House memo,

the US House of
Representatives passed the
Safe and Accurate Food
Labeling Act of 2015,
which is on its way to the
Senate for consideration.
Contrary to current
regulations, this legislation
would explicitly preempt
state-by-state labeling

and require the US Food
and Drug Administration
(FDA) to conduct a safety
review for all GMQOs
entering commerce~. This
recent activity by both the

launched a process to reform its regulatory executive and legislative branches provides a
structure, calling for an integrated system welcome opportunity to take a fresh look at

VOLUME 34 NUMBER 5 MAY 2016 NATURE BIOTECHNOLOGY




Biological constraints - 3

* Gene flow often extensive
 Many factors contribute or exacerbate this

Large size
Wind-pollination and seed dispersal

Insect or animal pollination and seed dispersal

Weak domestication: Progeny can establish and
compete

Sexually compatible wild or feral relatives

e Isit ethically OK for a GE tree to mate with a wild tree?
» Do regulations allow it?

e How to predict the outcome?



In poplar, paternity N

analysis showed that
~50% of pollen comes
from >1 km to >10 km

away from mother trees
Long distance but also [N .
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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 also fly and float
significant distances




Thus hard to completely isolate GE
poplars from wild or feral populations, If
that is required, without robust male
and female gene flow control
technology — even at research phase

Each species different in this respect,
some better and some worse



The biological constraints of trees
collide with annual crop-oriented
regulatory systems and markets



A serious regulatory problem under
USA system

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. 9 ® BioScience 729




An International regulatory issue given

Cartagena Protocol and trade

© 2009 Mature 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 ome 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
I the CED

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- e 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




Proposed regulatory solutions — tiered
regulation, product vs. process
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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 LspBIn 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
AL nf tha tntal TTE Farmn
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Genetically engineered trees:
Paralysis from good intentions

Forest crises demand regulation and certification reform

By Steven H. Siranss' | Adam Costanea®

Armand Séguin’

niensive genetic modification is a long-
standing practice in agriculhmre, and,
for some species, in woody plant horti-
culture and forestry (f). Current regula-
tory systems for genetically engineered

recently initiated an update of the Coordi-
nated Framework for the Beogulation of Bio-
technology (2], now is an opportune time to
consider foundational changes.

Difficulties of comventional tree breed-
ing mike genetic engineering (GE) meth-
ods relatively more advantageous for forest
trees than for annual crops (3. Obstacles

And just recently...yet again

Although only a few forest tree species
might be subject to GE in the foreseeshle
future, egulatory and market obstacles pre-
vent most of these from even being subjects
of translational laboratory research. Them
is dlso little commeria activite Only two
types of pest-resistant poplars are mthorized
for eommercial use in small areas in China
and two types of eucalypts, one approved in
Brazl and another under lengthy review in
the TS A{5).

METHOD-FOCIUSED AND MISGUIDEL
Mary high-level science reports state that
the E method is no more risky than con-
ventional breeding, but regulations around
the world essentially presume that GE is
hazardous and requires sirict containment
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Forest stresses growing:
No-analog scientific thinkiNg e -
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

has ever  past or future, is heavily ::c\nditiﬁned by our current
a ations mcl pt- i

“No- analog communities (communltles that are compositionally
unlike any found today) occurred frequently in the past and will
develop in the greenhouse world of the future.”



Market barriers large
“Green’” certification of forests create severe
barriers to fileld research, markets

Plantation Certification & Genetic Engineering

FSC’s Ban on Research Is Counterproductive

ESC

ABSTRACT

Forest Stewardship
Council

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




It has gotten worse, not better,
since then

TR 1" s TR S

Traces of the &merald ash borer onthe trumk of & dead ash'tree in Michigan, U5SA. [N

Genetically engineered trees:
Paralysis from good intentions
Forest crises demand regulation and certification reform

METHOD-FOCUSED AND MISGUIDEDL
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Forest certification systems universally
ban all GM trees — no exemptlons

System Region GM Tree A

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 : Certificagdo 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-benefit data

ATFS : American Tree Farm System USA Banned via PEFC re -
No additional ra Die Use:

CSA : Canadian Standards Association Canada Banned via PEFC re i
Allows public to detern

A publication by the Institute of
Forest Biotechnology

CFCC : China Forest Certification Council i Banned via PEFC re
No additional ra

#, Institute of
+ Forest Biotechnology

Adam Costanza, Institute for Forest Biotechnology




Anti-GMO eNGOs key reason for
certification bans

%,y CENTER FOR
FOOD SAFETY

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



Environmental groups promoting wild
forests dislike GE trees

EENJOY AND PROTEC T
DRE, ENJOY AND PROTECT THE PLANET EE
2. ENJOY AND PROTECT 'I'HE PLANET

Genetic Engineering

“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)



Convention on Biological Diversity
negotiations a focal point for activism

against GM trees (Bonn, Germany)
®. .
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The Voice of the NGO Community in the
International Environmental Conventions

VOLUME 21, ISSUE 4
21 FEB 2008

AVAILABLE ON THE INTERNET AT WWW.CBDALLIANCE.ORG

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 trees into the environment. These organizations, gathered in only | week's time and only from couniries where research on the
genetic modification of trees is being carried owl {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 af COP-8. The decision to apply the precautionary approach to GE trees nust be strengthened into a moratorium, not watered down
Delegates wishing to learn more about the impacts of GE trees are invited 1o attend a side event on the issue today at hinch in the Green Room
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avid prvircmmental mpacts i many
of ot colires.”

The statement then provides a
nurmber  of examples on how
cument ressarch would impact an
the emvirgnrment, given that trees
are being genstically maniputated
fowr.

The signatories remind  country
delegstes that “the las] Confarence
of the Parfies to the Comvention an
Biologizal Diversity (oe-a)
adopled  decision VIIME®, which
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feslds  ffals — becauss of fhe
senous meks ey poss on fhe
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Al falisy any siymaiones awsiabhs o

A e e lons BLCAS0ETT

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 enwronment These orgam:aaons gathered inonly 1 week s time and only from countries where research on the

fol!mvmg page. The language bemg considered by SBS?TA at this point regardmg GE trees is a big step backward from the decision 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 enwronmenr These orgam aaons gatherea’ inonly I week s time and only from countries where research on the

fol!owmg page. The language bemg conszdered by SBS?TA at this point regardmg GE trees is a big step backward from the decision 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.




Tree Biotechnology Conference at Oxford In
1999 - Vandalism against lignin modified trees to
“welcome” conferees, Euro-press attacks
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"Eco” vandalism in USA/ 2001

Pacific Northwest (2001)




Recent vandalism
INn Brazll

March 5, 2015: 1,000
women of the Brazil
Landless Workers'
Movement (MST)
vandalized
FuturaGene’s GM
eucalyptus research
greenhouse at
Itapetininga, In Sao
Paulo




Examples of GE trees



Technology diverse and effective

A great diversity of traits, and economic and/or
environmental values, have been demonstrated Iin
fleld trials of trees

Stability & efficacy is great—unstable, mutant types
rare—but few species, mostly poplar, studied

- Herbicide tolerance

- Biotic, abiotic stresses

- Wood or fruit quality

- Form/stature and growth rate
- Containment

- Accelerated flowering

- Bioremediation




RNAI: Virus-resistant papaya

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

- " 5 P - -
& e el By ok

Courtesy of Denis Gonsalves,
formerly of Cornell University

GMO, virus-
resistant trees




HoneySweet plum with RNAI
resistance to plum pox virus

Ralph Scorza USDA-ARS



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=6Ny2QLBDFAX72M&tbnid=udyg1Bu13ZfeKM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Plum_pox&ei=m9zDU4KvO_DJsQSk-ILQCQ&bvm=bv.70810081,d.cWc&psig=AFQjCNEUm5g_DIXuDCSeNmVU98SpGCygwg&ust=1405431188830952

Non-browning “Arctic Apple”

RNAI suppression of native polyphenol oxidase
gene expression

Apple Variety | Apple Variety

Courtesy of Jennifer Armen,
Okanagan Specialty Fruits,
Canada

CONVENTIONAL PPO ENZYME ARCTIC APPLE
APPLE REDUCED



Non-browning “ Arctic Apple”

Time lapse video







GMO-based resistance transgenes
promising in citrus .

0 = - March, 2013




Defensin-like proteins from spinach
romising




Insertion of a transgene that elevates
natural systemic acquired resistance
also promising




Early flowering transgenes effective In
eucalypts




Plant Biotechnology
Journal

Plant Biotechnalogy Jowmnal (2015}, pp. 1-12 doi: 10.1111/pki. 12431

FT overexpression induces precocious flowering and
normal reproductive development in Eucalyptus

Amy L. K|DE|{D1, Cathleen Ma1, Sarah Robertson', Elahe E5fan1:|iari1, Ove Milsson® and Steven H. Strauss'-*

'.I'Je_r.ﬁ.".‘men: Forest Ecosystems & Sociely, Oregon State University, Convalls, OF, LS4

*Department of Forest Genetics and Flant Physiology, Umed Plant Science Centre, Swedish University of Agricuitural Sciences, Umea, Sweden

Received & Apnil 2005 Summary
revised 29 May 2015, Eucalyptus trees are among the most important species for industrial forestry worldwide.
accepted 10 June 2015, . However, as with most forest trees, flowering does not begin for one to several years after
Tf“"f'ﬁfpfﬂdg”':e (Tel {5413 760 7357 fax— nlanting which can limit the rate of conventional and malecular breeding. To speed flowering,
;:;;;;‘t::jjfmall StEve sirausse we transformed a Eucalyptus grandis = wrophypila hybrid (SPT) with a variety of constructs that
- N enable overexpression of FLOWERING LOCUS T IFT). We found that FT expression led to very
earty flowering, with events showing floral buds within 1-5 months of transplanting to the
glasshouse. The most rapid flowering was observed when the cauliflower mosaic virus 355
promoter was used to drive the Arabidogsis thaliana FT gene (ATFT). Early flowering was also
observed with AtFT overexpression from a 40395 ubiquitin promoter and under heat induction
conditions with Populus trichocarpa FTT (PEFTT) under control of a heat-shock promoter. Early
flowering trees grew robustly, but exhibited a highly branched phenotype compared to the
strong apical dominance of nonflowenng transgenic and control trees, AtFT-induced flowers
weere morphologically normal and produced viable pollen grains and viable self- and cross-
polinated seeds. Many self-seedlings inherited AtFT and flowered early. FT overexpression-
induced flowering in Eucalyptus may be a valuable means for accelerating breeding and genetic
Flowering Locus T, genetic studies as the transgene can be easily seqregated away in progeny, restoring normal growth and
engineenng. form

Keywards: Eucalypls, braading,
transganic, forest biotechnology,




Lepidopteran-resistant poplars
commercially approved in China - Bt cryl

o
s

e Trait stable

e Helps to protect non-
Bt trees

e Reduced insecticide
use

* Improved growth rate




Coleopteran resistant Bt-cottonwoods In
eastern Oregon field trial

J—— -

y Control




Growth benefits (10-
20%) despite low
Insect pressure during
large field trial of
resistant genotypes

=
‘ -y m
Research Press

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

Amy L. Klocko, Richaz n, Rosalind R. James, Venkatesh hleen Ma, gy Payne,
Lawrence Miller, Jeffre Skinner, Brenda Oppert, Guy A. Card 5

Abstract: The
wial for detes

00
e face of substantial regulato

Ay
profits
marché de

4 Published at www.nrcresearchpress.comcjfr on 28 October 2013.



Glyphosate herbicide resistance in
cottonwood — In press (New Forests)

Screen of primary transformants 2 yr-old field trial




Roundup-resistance-tailored weed
control much improved

Conventio

")

nal Roundup-resistant

B0




Weed cover drastically reduced In
Roundup-resistance tailored vs.
conventional weed control

0O Conventional W Glyphosate
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Growth benefit iIn Roundup-resistance
tallored system: ~20% volume at 2 years

O Conventional M Glyphosate

A-145 B-182 B-210 Mean Iﬂ-195 B-311
Transgenics | Non-transgenic
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Wood
modification to
promote growth
rate — just
authorized by
Brazilian
government for

commercial use Brazil considers

transgenic trees

Genetically modified eucalyptus could be a global test case.

28 AUGUST 2014 | VOL 512 | NATURE | 357

.




Provided by Arborgen

Cold tolerant GE Eucalyptus

Proposed for commercial deregulation in
USA

Results from first winter in Results from second winter in
Alabama




Many eucalypt field trials unde.r\‘/va
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Les Pearson
Arborgen




Sterllity a valuable tool for transgene
containment and containing exotics:

“Wilding” iIn New Zealand, South Africa, and
others




Male sterile eucalypts and pine -
Arborgen

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




Tapetal collapse




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




s turned Iinto a forest

It




Complete sterility - Undeveloped catkins,
stable suppression of native LEAFY
gene In poplar (RNAI)

control

014, American Soc. For
| Plant Biology, Portland, Oregon




Floral phenotypes were stable across
growing seasons
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Trees as chemical feedstocks

Prof. Norman Lewis, Washington State University

The Seattle Times

Winner of Nine Pulitzer Prizes

Local News

Originally published Sunday, February 9, 2014 at 9:10 PM

Rose scent in poplar trees? WSU turns to genetic
engineering

A 'WSU team aims to turn poplars and other fast-growing trees into living factories that churn out

valuable chemicals.

By Sandi Doughton

Seattle Times science reporter

Sniff the air around Norman Lewis’
experimental poplars, and you won't
pick up the scent of roses.

= But inside the saplings’ leaves and stems,
* cells are hard at work producing the

chemical called 2-phenylethanol— which by

. any other name would smell as sweet.

i=- Sweeter still is the fact that perfume and
s cosmetics companies will pay as much as

$30 an ounce for the compound that gives
roses their characteristic aroma. Because
what Lewis and his colleagues at
Washington State University are really
chasing is the smell of money.

Production of 2-
phenylethanol

Lignin
reduction
Fragrances and

jet fuel
feedstock



Large scale field trials of a variety of




Forest health a major and growing
concern

REVIEW

Planted forest health: The need for a
global strategy

M. J. Wingfield,"* E. G. Brockerhoff,” B. D. Wingfield," B. Slippers'

Several key tree genera are used in planted forests worldwide, and these represent valuable
global resources. Planted forests are increasingly threatened by insects and microbial
pathogens, which are introduced accidentally and/or have adapted to new host trees.
Globalization has hastened tree pest emergence, despite a growing awareness of the
ng of the costs, and an increased focus on the importance of
Exposing hidden dangers in y Limiting ibe dask side [Hverse opinlons on + and potential of planted forests, innovative solutions and a
dictary supplements. . s o e, ok, i 683 birweapons ; s sach are needed. Mitigation strategies that are effective only in
1 invasions elsewhere in the world, ultimately leading to global
st problems in the future should mainly focus on integrating
illy, rather than single-country strategies. A global strategy to
ipartant and urgently needed.

ems are 8 huge- have been separated from their natural enemies.
oe, easily over- | However, when plantation trees are reunited with
1 (-3 Glohally, their coevolved pests, which may be introduced
ited to relyv on | accidentally, or when they encounter novel pests

v mire derend e which thew howe no rocictanes cnhctantial

n September 8, 2015

Teratosphasria nubilosa

FOREST
HEALTH

TH IEM

11 ATGUST 2015 » VOL 349 [S5UE 8250 SCIENCE




Could GE be a useful too for battling the
many exotic diseases that damage USA

forests?
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

e 1976 - Dogwood anthracnose

e 2000s - Sudden oak death American elm



American chestnut
was an iconic,

keystone forest

tree in the USA

It was extirpated
as aforest tree by

Chestnut Blight




1912 photo of blight In NY

Complete destruction of chestnut trees in mixed stands. Note healthy condition
of trees of other species. Views along lLong Island Railroad, near Richmond 1T,
Noew York—2Photograph by Prof. Collins.




American Chestnut restoration —

genomics and genetic engineering

SCIENTIFIC
AMERICAN"

Blogs Videos & Podcasts Eclucation

Email & Print

The American Chestnut's
Genetic Rebirth

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

;:e Inside forests. Genetic eﬂgim-eering can revive them Most effective
B gene is oxalate oxidase

In 1876 Samuel B. Parsons received a shipment of More In This Article from Wh eat —_— O K?
chestnut seeds from Japan and decided to grow and sell ﬁ A New

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

Generation
of
American

A - babl aled , Chestnut Trees
aring Tha traec mrnhakls camo crarac nf
America. The trees probably concealed spores of a May Redefine

pathogenic fungus, Cryphonectria parasitica, to which America's Forests

Asian chestnut trees—but not their American cousins—

had evolved resistance. C. parasitica effectively strangles

March 2014 issue - Scientific American



Hemlock in US under siege today

Corrected 2 September 2015; see full text.

FOREST HEALTH

SPECIAL SECTION

BATTLING A GIANT KILLER

The iconic eastern hemlock is under siege

from a tiny invasive insect

By Gabriel Popkin in Highlands, North Carolina; photography by Katherine Taylor

n a frigid morning this past March,
arborist Will Blozan snuck behind
a small church here and headed
down into a gorge thick with rho-

park, “are in intensive care” Like the fam-
ily of a gravely ill patient, ecologists are also
preparing for the possibility that these ef-
forts will fail, and the eastern forest will lose

branches, creating a thick canopy that blocks
up to 99% of sunlight. Few plants grow in the
gloom, but a hemlock seedling can bide its
time for decades or more, waiting for a sun-

lit opening. Hundreds of species of insects,
mites, and spiders appear to live primarily

r i hen ~L Satual

dodendron. He crashed through | one of its defining species.
the shrubs until he spotted the

ryera'e frpae b -1

A creeping conflict
The hemlock woolly adelgid now infests about half of the eastern
hemlock’s range, and has been spreading by about 15 kilometers per year.
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Hemlock range

B Hemlock woolly
adelgid range
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Emerald Ash Borer killing ~all
ashes in USA — costing billions

12

1 Gl SR 1 o G I

N R
:

Thriving Ash Trees in 2006 Emerald ash borer larva Dead Ash Trees in 2009
(26-32 mm long)
Tha @rmerald ash borer was first defecied m North Amenca n 2002, Matnse [0 Agia, the beetba has prowven to be I'|:-;_;|I|I':.'

destructive in its new range. Since its arrival, it has killed tens of millions of ash trees and continues to spread inlo new areas.

Fhods cradie - Trees, Divhaw & Warme, Tha D80 Shte DUndepepily - Dorer ivva [ Eobae Loreplp. Nvral Rapdoroes Cangsa



Swiss Needle Cast in Oregon
Douglas-fir — breeding ineffective




In summary

 Many examples show great progress on a wide
variety of fronts

« Mostly poplar
« Despite very large social barriers and disinvestment
over the last decade plus

o Extraordinary barriers based on biology and
soclety — mainly GE process rather than product

« Makes implementation of GE tools on a scale and
speed relevant to need and benefit unworkable

* Need for fundamental regulatory and
market change
« Not likely in my lifetime ....




Has there been any mortality?
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