Transgenic trees

Remarkable progress,
extraordinary constraints

Steve Strauss
Distinguished Professor
Oregon State University

Steve.Strauss@OregonState.Edu



mailto:Steve.Strauss@OregonState.Edu

Goals for today

e GMOs defined, value of GMOs for trees and
other woody perennials

« Horticulture and forestry

* Overview of advanced GMO varieties In
production or developmental pipelines

. Examples from TBGRC Coop over the years '
» Constraints and solutions
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Genomic progress helps lots
Poplar genome sequence — 3rd plant sequenced!
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Constraints to breeding with trees are
great — GMO methods offer very
significant additional tools

Constraints include

* Long breeding cycle

* Difficult to inbreed

« Difficult to introgress new genes from hybrids

« Hard to find dominant, major genes for
desired traits

Common use of asexually propagated
varieties of high value




GE of diverse value for trees
All demonstrated in the field

Improved fruit quality/durability

Resistance to insects and diseases
Tolerance to salinity and temperature stress
Phytoremediation of environmental toxins

Modified properties to improve processing of
wood for biofuels and pulp

Tolerance to herbicides to reduce the
environmental impacts, improve efficiency, or
reduce costs of weed control treatments



GE of diverse value for trees
All demonstrated in the field

» Accelerated flowering for faster breeding and
research

* Fertility control for control of spread and
Improved growth

* |Improved growth rate and yield

* Synthesis of new, renewable bioproducts such as
fragrances and chemical feedstocks
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e GMOs defined, value of GMOs for trees and
other woody perennials

« Horticulture and forestry

* Overview of advanced GMO varieties In
production or developmental pipelines
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RNAI a powerful tool

1) The Nobel Prize in Physiology or
& Nedicine 2006

"for their discovery of RNA interference - gene silencing by
double-stranded RNA"

Andrew Z. Fire Craig C. Mello

D 1/2 of the prize @D 1/2 of the prize




RNAI: Virus-resistant papaya

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

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

Virus resistance using this method also successful for cassava
and many other species

RNAI recently demonstrated for insect resistance — corn
rootworm product under development
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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



Native grape genes used to produce
fruit rot resistance

Grape VVAIDb gene Grape VvTL-1 gene

: - Y .
Non-Engineered Engineered Non-Engineered Engineered

-

A

. : ‘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



Resistance transgenes promising
solution/s to devastating ‘citrus
greening

Scientific America




Rapid spread throughout Florida and of
great concern In other citrus growing areas

32 counties

Courtesy of Eric Mirkov, Texas A & M



Defensin-like proteins from spinac
romising




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




Overexpression of endogenous flowering
genes induce early-flowering in many trees

Apple




Rapid flowering of plum in the field to
speed virus resistance breeding




TBGRC Coop: Early flowering effective

In eucalypts
Valuable to speed breeding and genomic selection




Caterpillar (leptidopteran)-resistant
poplars commercially approved in China -
Bt cryl

* Trait stable

* Helps to protect non-
Bt trees

 Reduced insecticide
use

 Improved growth rate




TBGRC: Beetle resistant Bt-cottonwoods
In eastern Oregon field trial




TBGRC: 10-20%
growth benefits
despite low Insect
pressure during
field trial
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Research Prow

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
ssential for de

trarketing costs, |
trials. An imitial » el huckgrou
¥, Gone O

o events e

A gene appears 10 be 3 hight

3s from poplur plantations

Résummd : La stabilite et ia valeur de La résastance ny agrurs powr fa
T COTTILAES ~ ni S A0t eaentie e 3

ohrw profital Gon Proadu teun cosTuneIiass comsderant couts subatanticls e 3 la tvyglemen 1 ot L maise on

glatche de tods aths

Can. |. For. Res. 44: 28-35 (20M) dudoLong/10.113%cj{r-201340270 ¥ Published at www.arcresearchpress.comjcjfr on 28 October 2013.



TBGRC: Glyphosate herbicide resistance
In the field gave ~ 20% growth improvement

Screen of primary transformants 2 yr-old field trial
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Lignin-modified trees in Belgium, France gave
large improvements in ethanol or pulp yield

Improved saccharification and ethanol yield from
field-grown transgenic poplar deficient in
cinnamoyl-CoA reductase
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Freeze-tolerant, male-sterile
Eucalyptus

Proposed for commercial deregulation in USA

Results from first winter in Results from second winter
In Alabama

South Carollfn*a
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any eucalypt field trials underway




Growth
improved GE
Eucalyptus

(Futuragene)
Proposed for
commercial use in

Brazil

AR VASOON 5 L0 AN A%

Eucalypius plastations nesr S30 Pauk in Bradil

Brazil considers
transgenic trees

Genetically modified eucalyptus could be a global test case
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Sterllity a valuable tool for transgene
containment and containing exotics:
“Wilding” in New Zealand, South Africa, and
others




TBGRC: RNAI for complete sterility

RNAI field trial of poplar in Oregon: 25 constructs, 3
genotypes, 4,000 trees, 9 acres
(similar studies begun in eucalypts)




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

RNAIi-LFY

Control



RNAI:LFY trees had robust
vegetative growth
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Events with tiny flowers had no differences in tree




TBGRC studies: Resaerch underway on
site-directed mutagenesis in poplar and
eucalpyts

PLANT BIOTECHNOLOGY NEWS & VIEWS

Zi NC 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 RI S P RS
swifter and more exact route for crop improvement.
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Many exotic diseases have
damaged or ravaged North
American forests

Examples
1892 - White pine blister rust
1904 - Chestnut blight

1923 - Port-Orford-cedar root
disease

1920s - Beech scale complex
1930 - Dutch elm disease
1967 - Butternut canker

1976 - Dogwood anthracnose
2000s - Sudden oak death

American elm



American Chestnut most advanced
case with GE approach

SCIENTIFIC
AMERICAN

SUTENTIFI

S The American Chestnut's
Genetic Rebirth

A foreign fungus nearly wipad out Ne irth America’'s ance vast

forests. Genetic engineering can revive them

By i Powe

In 1876 Samuel B. Parsons received a shipment of More In This Article

chestnut seeds from Japan and decided to grow and sell A New
the trees to orchards. Unbeknownst to him, his shipment E Generation
of
American
Chestnut Trees
May Redefine
pathogenic fungus, Cryphonectria pa ca, to which America's Forests

likely harbored a stowaway that caused one of the
greatest ecological disasters ever to befall eastern North

America. The trees probably conce spores of a

Asian chestnut trees—but not their American cousins—

March 2014 issue
Scientific American

Courtesy of Bill Powell, SUNY Syracuse, USA




Crowdfunding campaign to fund
GE chestnut work

Ten Thousand Chestnut Challenge

ESF  SUNY-ESF American Chestnut Project,

Not

m@%ﬁ%
378

SUPPORTERS

$35,366

RAISED (USD)

Goal: $50,000 Days Left: 18

https://fundly.com/10-000-chestnut-challenge = November 17, 2014



https://fundly.com/10-000-chestnut-challenge

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

valunable chemicals.

By Sandi Doughton
Seattle Times science reporter

Sy

< 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.

Sweeter still is the fact that perfume and

, 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
genes and insertions underway




Goals for today

e GMOs defined, value of GMOs for trees and
other woody perennials

« Horticulture and forestry

* Overview of advanced GMO varieties In
production or developmental pipelines

. Examples from TBGRC Coop over the years '
« Constraints and solutions




‘Green’” certification of forests create severe
barriers to research and development

ABSTRACT

in agriculture and for
x--nm‘nul iss o t produce fruits

Plantation Certification & Genetic Engineering

Steven H. Strauss, Malcolm M. Campbell, Simon N.
Pster Coventr Joff Bl

Ceneticengineering dso caled genetic modification (GM), isthe isalation, recombinantrmod-
ification, and asexual transfer of genes. Ithas been banned in forestplantations certified by the
Forest Stewardship Coundl (FSC) wgadlss ofthescurce of genes, traits imparted, orwhether
for research or commeraa use. We reviewthe methods and godls of ree genetic engineering,
research and argue that FSC's ban on researdhis counterproductive bacause £ makes i diff-
cult for certified companies to participate in the field research needed to assess the value and
biosafety of GM trees. Genetic modification could be importan for translating newdiscover-
ies abouttree genomesinto improved growth, quality, sustainability, and pest resista

Keywords: bictedinclogy; entomology and pathology; ethics; genetics; siviaulture
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.genetically modified
trees are prohibited...”



Forest certification systems universally
ban all GM trees — no exemptions

System Region aM lree Approachn / Reason

PEFC : Programme for Endorsement | International @ Banned / Precautionary approach
of 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 : Certficacién Forestal Chile Banned via PEFC registration /
No additional rationale

SFI : Sustainable Forestry Initiative | North America Banned via PEFC registration /
Awaiting risk-benefit data

ATFS : American Tree Farm System USA Banned via PEFC registration /
No additional rati

S 41 o ica
SPONSIDe VUse.

CSA : Canadian Standards Canada Banned via PEFC reg ) Tree
Association Allows public to det Frincipies
apprOaCh 4 publication by the Inafitule o

Forest Biotechnmlogy

CFCC : China Forest Certification Banned via PEFC reg |
Council No additional rati

Adam Costanza, Institute for Forest Biotechnology



Global admixture of GM and non-GM
crops/food create Immense coexistence,

trade problems under current regulations
&@2) UN News Centre

vith breaking 1 1 the UN Nev

Many costly o S S
cases of trade Lisyms oomreom coore e

Steady increase in incidents of genetically modified crops found in

d |SrU pt| on traded food, UN agency reports

| ource: UN Photo/Tobin Jones }

and lawsuits
with corn,
soy, and rice

http://www.un.org/apps/news/story.asp?News|D=47354&Cr=food+security&Cri=#.UySzoPldVUV



http://www.un.org/apps/news/story.asp?NewsID=47354&Cr=food+security&Cr1=

Oregon GMO “wheat-gate” shows the risk in
doing research

An agreed safe, well
studied, extremely rare

i NE d|scoverv

of GE wheat h|gh||qhtg GMO left over from earlier
requlatory fallures

research nearly crippled
Pacific Northwest trade in
wheat, led to lawsuits

¥ 2 W

“,'. ‘." E\‘ '
Op- Ed in Oregonlan ~~~~~~~ e s performa
June 16, 2013 :



The problem worse for most forest
trees

Molecular Ecology (2009) 18, 357-373 doi: 10.1111 /}.1365-294X.2008.04016.x

Extensive pollen flow in two ecologically contrasting
populations of Populus trichocarpa

G. T.SLAVOV,*#S5. LEONARDIL}]. BURCZYKS§W. T. ADAMS,{S. H. STRAUSST

and S. P. DIFAZ1O*

*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, T Department of Forest Ecosystems and Society, Oregon State University,
Coruvallis, OR 97331-5752, USA

Vinson




Gene dispersal during research
and breeding a serious regulatory

problem under USA system

Impedes or prevents complex trait testing,
breeding with such genes

Far-reaching Deleterious Impacts
of Regulations on Research
and Environmental Studies of

Recombinant DNA-modified Perennial
Biofuel Crops in the United States

October 2010 / BioScience




An example of the perverse risks of
presumption of harm, method-based

regulation
The strange case of the upright summer catkin
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Proposed regulatory solutions
Tiered reqgulation, product not 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
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PERSPELCTIVE

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
modified to reduce costs and uncertainty without compromising
safety. Long-accepted plant breeding methods for incorporating
new diversity into crop varieties, experience from two decades

SUOLUME &)

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, for 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
in value in the United States, representing 47% of the total US farm
crop income”, Of this, the only transgenic commodities currently mar-
NATURL HHIOTECHNOLOGY

MoMUBIE 4 APRIL 2008




Gene targeting, genome editing, coming

along fast
= Increased precision, safer than breeding

NEWS & VIEWS

PLANT BIOTECHNOLOGY

Zi NC 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 RI S P RS
swifter and more exact route for crop improvement.
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Suggested regulatory modifications

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

« Mutagenesis of transformation system

 Cisgenic transfers from similar or closely related
species (e.g., within genus)

* Modification of expression of native genes and
pathways (intragenic)

« Genome editing or mutagenesis

* Low level presence due to authorized research
or asymmetric approvals in trade



In summary

 Remarkable progress with transgenic trees on a
wide variety of fronts

« Extraordinary regulatory barriers based on the
process rather than the product

« At odds with basic biology, breeding practice, genomic
knowledge

« USA National Academy of Sciences 1987
“There is no evidence that unique hazards exist either
In the use of rDNA technigues or in the movement of
genes between unrelated organisms”

* Need for regulatory, certification changes to
enable expanded research and breeding




Billions are struggling now, and it's a very
scary future — agriculture and forestry of
all kinds will become much more difficult
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Billions are struggling now, and it's a very
scary future — agriculture and forestry of
all kinds are becoming much more
difficult




No-analog thinking

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

I I ow do you study an ecosystem no ecologist has ever  past or future, is heavily conditioned by our current
seen! This is a problem for both paleoecologists and ~ observations and personal experience.
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“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.”




Are our regulations and certification
systems worrying too much about the
deck chairs on the Titanic, rather than

providing tools for Improved nawgatlon
oftheship? | = « |




Voltaire was right....

The perfect is the enemy
of the good




