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Early science: Used DNA to understand

tree evolution and diversity

Copyright & 1998 by the Genetlos Society of America

Abundant Mitochondrial Genome Diversity, Population Differentiation
and Convergent Evolution in Pines

Junyuan Wu, Konstantin V. Krutovskii' and Steven H. Strauss

Deparmet of Forest Science, Oregon State University, Corvallis, Oregonn 373317501

Manuscript received February 27, 1998
Accepied for publication August 19, 1998
Proc. Natl. Acad. Sci. USA
ABSTRACT RO 10, Y-S0, Do T

We examined mitochondrial DNA palymorphisms via the analysis of restrictio
phisms in three closely related species of pines from western North America:
Lemm.}, Monterey (P. radiata ). Don), and bishop (P mudeea D. Don). A Chloroplast genomes of two con]fers lack a Iarge lnverted repeat
from 13 populations were analyzed using 13 homologous mitochondrial pene p : arr
species by polymerase chain reaction. Twenty-eight distinct mitochondrial DN/ and are eXtenmvely re anxed
and no common haplotypes were found among the species. All three species| (gymnosperms / evolution / chloroplast DNA / restriction maps /gene mapping)
within populations, but strong differentiation among populations. Based on hag| o
diversity within populations (M) averaged 0.22, and population differentiation STEVEN H. STRAUSS™!, JerFRey D. PALMER?, GLEN T. HOWE®, AND ALLAN H. DOERKSEN®
Analysis of molecular variance also revealed that =90% of the variation reside *Department of Forest Science, Oregon State University, Corvallis, OR 97331 and *Department of Biology, University of Michigan, Ann Arbor, M1 48109

Evolurios, 4404y, 1904, pp. 1081=1054

RESTRICTION FRAGMENT ANALYSIS OF PINE PHYLOGENY!

ATEvEN H. STRAUSE anD Alran H. DoErksEN
Depariment of Forest Science, Peavy Hall 134, Oregor Stare Dalversity,
Corvallis, OR 97331-5705

Abstract. —We used restriction fragment analysis of chloroplast, nuclear, and mitochondrial DNA
to study phyvlogeny in the genus Pigus. Total genomic DA of 18 10 19 pine species that spanned
14 of the 15 subsections in the genus was cut with 8 restriction enzymes, blotted, and then probed
with up to 17 cloned DNA fragments —which were mostly from the chloroplast genome of Douglas-
fir (Prendoisuga rrenziesii [Mirb.] Franco). A total of 116 shared characters, the majority repre-
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Basic science continues, genomics style
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The floral transcriptome of Eucalyptus grandis

Kelly J. Vining', Elisson Romanel?, Rebecca C. Jones®, Amy Klocko', Marcio Alves-Ferreira®, Charles A. Hefer®,
Vindhya Amarasinghe", Palitha Dharmawardhana®, Sushma Naithani®, Martin Ranik’, James Wesley-Smith®,
Luke Solomon”, Pankaj Jaiswal®, Alexander A. Myburg® and Steven H. Strauss'®
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Research article Highly accessed
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Genome-wide transcriptome analysis of the transition from
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GMO biotech
explodes in 80-90s

sinele nrocess and g

A Simple and General Method for
Transferring Genes into Plants

Abstract. Transformed petunia, tobacco, and fom.ro plants have been produced

by means of a novel leaf disk 1 sfe

Agrobacterium tumefaciens
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Restriction

cleavage
site

T-DNA

© The plasmid is removed
from the bacterium, and
the T-DNAis cutby a
restriction enzyme.

@ Foreign DNA is cut

by the same enzyme.

© BENJAMINCUMMINGS

O R ),

© The plasmid

into a bacterium. @ The bacterium is

© The foreign DNAs
inserted into the T-DNA

\._.V_J
Inserted T-DNA
carrying foreign
gene

used to insert the

T-DNA carrying the

foreign gene into the

chromosome of a © The plant cells
plant cell are grown in

» culture.

@ Aplant is generated from a cell
clone. All of its cells carry the
foreign gene and may express
it as a new trait.

for introducing
ants are important
i controlling plant
ability to manipu-
to rational, deliber-
¢ genome of crop
ent of their agro-
Production of mor-
plants that contain
nes has been made

natural gene-trans-
bacterium tumefa-
that causes crown
B (1), Modified A.
ere used in which
ri) genes had been
nsferred DNA (T-
ith chimeric genes
lc resistance that
to express in plant

s the transformed
ted from calli de-
& (single cells with-
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ens cells (/). How-
rulture method has
not all species of
regenerated from

ion-rege thod. Surface-sterilized
leaf disks were inoculated with an Agrobacterium tumefaciens strain containing a
modified tumor-inducing plasmid (in which the phytohormone biosynthetic genes
from transferred DNA had been deleted and replaced with a chimeric gene for
kanamycin resistance) and cultured for 2 days. The leaf disks were then transferred
fo selective medium containing kanamycin. Shoot regeneration occurred within 2 io
4 weeks, and transformants were confirmed by their ability to form roots in medium
comtaining kanamycin. This method for producing transformed plants combines
gene transfer, plant regeneration, and effective selection for transformants into a
hould be applicable to plant species that can be infected by
sgenerated from leaf explants.

of an A. tumefaciens strain (GV3Til 1SE)
containing a modified octopine Ti plas-
mid (pTiB6S3SE) in which all phytohor-
mone biosynthetic genes and the Tp-
DNA right border sequence have been
deleted has been described (2). Formation
of a cointegrate between pTiB65S3SE and
the intermediate vectors pMONI20 or
pMON200 results in a functional, aviru-
lent T-DNA (2, 7). Plasmid pMON200 is a
derivative of pMOMN 120, which contains a
translationally-improved chimeric NOS/
NPTIFNOS gene for kanamycin resist-
ance and confers a high degree of resist-
ance to aminoglycoside antibiotics on
transformed plant cells (8). The vectors
also contain the nopaline synthase gene,
which provides a second marker in the
transformed plant cells (1).

' Disks were punched from surface-ster-
ilized leaves with a paper punch (6 mm in
diameter) and submerged in a culture of
A. tumefaciens grown overnight in luria
broth at 28°C. After gentle shaking to

ensure that all edges were infected, the
disks were blotted dry and incubated
upside-down on nurse culture plates pre-
pared as described (7) containing medi-
um that induces regeneration of shoots
of the species being transformed. The
age and titer of the bacterial inoculum
had little influence on the effectiveness
of the transformation; however, it was
important to avoid excessive soaking of
the internal tissues of the leaf disk by the
bacterial culture. After 2 to 3 days, the
disks were transferred to petri plates
containing the same medium but without
feeder cells or filter papers and contain-
ing carbenicillin (500 pg/ml) and kana-
mycin (300 pg/mi).

After 2 to 4 weeks, shoots that devel-
oped were excised from calli and trans-

| d to appropriate root-inducing me-
dium containing carbenicillin (500 p.g/ml)
and kanamycin (100 pg/ml). Rooted
plantlets were transplanted to soil as
s00on as possible after roots appeared.
Nicotiana tabacum varieties Samson
and Havana 425 (9) and a first-generation
cross-fertilized (F;) hybrid of Petunia
hybrida (10) were easily transformed by
this system. L2 tomato plants (/1) re-
sponded better when the feeder plate
medium was modified by reducing the
amount of inorganic salts to one-tenth
the usual concentration.

Uninoculated petunia leaf disks and
those inoculated with A. tumefaciens
strains containing pTiB6S3SE::pMON-
120 (which lacks the chimeric gene for
kanamycin resistance) did not produce
calli or shoots on medium containing 300
ng of kanamycin per milliliter (Fig. 1). In

trast, leaf disks i lated with A.

Fig. 1. Leaf disk transformation and selection of antibiotic-resistant cells. Leaf disks were
punched from a surface-sterilized leaf of Petunia hybrida (Mitchell), inoculated with Agrobac-
terium fumefaciens strains, cultured on feeder plates, and transferred 2 days later to medium
containing 300 pg of kanamycin per milliliter. The cultures were photographed 21 days after
inoculation, Leaf disks transformed with pTiB6S3SE::pMON200 (which contains the chimeric
gene for kanamycin resistance) are shown on the left, and disks transformed with pTiB6S-
3SE::pMON120 (which lacks the kanamycin-resistance gene) are shown on the right.
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First demonstration of transgenic male-
sterility -- via “ablation” method

Cell-disrupting genes turned on in floral cells
Anther promoter::RNAse I I a' | I I ‘

INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

GENETICALLY ENGINEERED
MALE-STERILE PLANTS

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

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




Virus-resistant papaya saved the Hawaiian
industry in the mid-1990s / ~80% of papaya
today

*Nobel prize
winning
“immunization”
in plants —
stimulates
natural
defenses

*Great
humanitarian
potential in
developing
world

: GMO, virus-
Courtesy of Denis Gonsalves, formerly of Cornell resistant trees
University



Healthier soy oils: Science underlying
high oleic acid and high omega-3

HOME PAGE | TODAY'S PAPER | VIDEC | MOST POPULAR LS. Edition «
ed - -~y
The New York Times .
Business Day
WORLD U8, N.Y. /REGION EBUSINESS TECHNOLOGY SCIENCE HEALTH SPORTS OPINION
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In a Bean, a Boon to Biotech

=
b

[ 1Y
plenish
Hgh Oleic Soybean OF

ll‘h_\_
'y '

Lo/

Partially Hydrogenatet
Soybean Oil

5
— > : 4 -
" -

DuPont Pioneer’s oil compared with soybean oils with partly hydrogenated oils, the source of trans fats
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Heavily Hydrogenatsf
Soybean 0il

By ANDREW POLLACK

A new federal push to purge artery-clogging trans fats from foods K3 racesook

could be just what the doctor ordered — not only for public health but

W TWITTER
for the unpopular biotechnology industry, specifically, two developers B GooiEs
of genetically modified crops. =

B coaver

“It almost mirrors
olive oil in terms of
the composition of
fatty acids.”



Biofortification - Golden Rice and B-carotene
makes the rice

many others since to help the look golden
billions of malnourished FEERLNT

l |Th°uy“

Humardiarian Vison and Folitical Roaribiocks

Ingo Potrykus

...butprotesters belieye

such g genetically modified
foods are bad for us and
our planet. Here's why.
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Insect resistant Bt-cottonwoods in
eastern Oregon field trial




rowth rate benefits substantial for Bt-
oplars (cry3a) — >>10-20%

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 y3Aa 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, 50-197, and 198-434; 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 ary3Aa gene appears to be a highly effective tool for protecting against
leaf beetle damage and improving yields from poplar plantations.

Résumé : La stabilité et la valeur de la résistance transgénique aux ravageurs pour favoriser la croissance des arbres ne sont pas
bien connues. Ces données sont essentielles si I'on veut déterminer dans quelle mesure de tels arbres transgéniques pourraient
étre profitables pour des producteurs commerciaux considérant les cofits substantiels reliés i 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




Striking and stable herbicide resistance
in the field — 20% growth improvement

Screen of primary transformants 2 yr-old field trial

Wild type controls




Stable male-sterility

Tree 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 driven by the 7429 tapetum-dominant promoter
for influencing growth rate and inducing male sterility in a
field trial of transgenic hybrid poplar (Populus tremula >

Dovseilsie tvommssilnidocy Whan the aeath onf 18 trancannie

transgenic event grew significantly more slowly than the
control. In contrast, when we compared the growth of trans-
genic trees containing four kinds of 3-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
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Tapetal collapse
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Pleiotropy: Deleterious effects of
barnase on tree growth
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Poplar genome sequence — 3™ plant
Science sequenced!

The Genome of the

" Black Cottonwood

15 SEPTEMBER 2006 WVOL 313 SCIENCE www.sciencemag.org




Gene suppression takes off - RNAI

ﬁ. The Nobel Prize in Physiology or
Medicine 2006

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

lj “4

Photo: L. Cicero/St a'afcrd Photo: R. Carlin/UMMAS

Andrew Z. Fire Craig C. Mello

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




RNAIi gene suppression accelerates
flowering in poplar

the plant journal

The Plant Journal (2010) doi: 10.1111/).1365-313X.2010.04185.x

Populus CEN/TFL1 regulates first onset of flowering, axillary
meristem identity and dormancy release in Populus

Rozi Mohamed""*, Chieh-Ting Wang®"*, Cathleen Ma', Olga Shevchenko', Sarah J. Dye’, Joshua R. Puze
Elizabeth Etherington', Xiaoyan Sheng?, Richard Meilan®, Steven H. Strauss’ and Amy M. Brunner*’
’De;;anmem of Forest Ecosystems and Society, Oregon State University, Corvallis, OR 97331-5752, USA,

2 Department of Forest Resources and Environmental Conservation, Virginia Polytechnic Institute and State U8
Blacksburg, VA 24061-0324, USA, and

3Department of Forestry and Natural Resources, Purdue University, West Lafayett, IN 47907-2061, USA




RNAI:LFY catkins do not produce seeds
or cotton

Control



Activation tagging: An effective
mutagenesis tool for trees

‘ Enhancer tetramer (35S)
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Field mut

agenesis screens

Tree Genetics & Genomes (2011) 7:91-101
DOI 10.1007/511295-010-0317-7

ORIGINAL PAPER

Activation tagging is an effective gene

tagging system in Populus

Victor Busov - Yordan Yordanov - Jiging Gou -
Richard Meilan - Cathleen Ma - Sharon Regan «
Steven Strauss

Received: 23 March 2010 /Revised: 24 May 2010/ Accepted: 8 June 2010 /Published online: 8 July 2010

(© Springer-Verlag 2010

Abstract Knowledge of the functional relationship be-
tween genes and organismal phenotypes in perennial plants
is extremely limited. Using a population of 627 indepen-
dent events, we assessed the feasibility of activation tagging
as a forward genetics tool for Populus. Mutant identifica-
tion after 2 years of field testing was nearly sevenfold

snin 3 1 : ' 1

morphological and physiological traits, including leaf size
and morphology, crown architecture, stature, vegetative
dormancy, and tropic responses. Characterization of the
insertion in more than 100 events with and without mutant
phenotypes showed that tags predominantly (70%) inserted
in a 13-Kbp region up- and downstream of the genes’




Examples of mutants observed

Two pairs of trees planted per event

Delayed

South oriented

growth

senescence

Early bud flush

Big leaf
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EARLY BUD-BREAK 1 (EBB1) is a regulator of release
from seasonal dormancy in poplar trees

Yordan S. Yordanov®, Cathleen Ma", Steven H. Strauss", and Victor B. Busov™'

3School of Forest Resources and Environmental Science, Michigan Technological University, Houghton, MI 49931; and "Department of Forest Ecosystems and

Sodety, Oregon State University, Corvallis, OR 97331-5752

Edited by Ronald R. Sederoff, Morth Carolina State University, Raleigh, NC, and approved May 16, 2014 (received for review March 27, 2014)

Trees from temperate latitudes transition between growth and
dormancy to survive dehydration and freezing stress during winter
months. We used activation tagging to isolate a dominant mutation
affecting release from dormancy and identified the corresponding
gene EARLY BUD-BREAK 1 (EBBT). We demonstrate through position-
ing of the tag, expression analysis, and retransformation experiments
that EBBT encodes a putative APETALA2/Ethylene responsive factor
transcription factor. Transgenic up-regulation of the gene caused
early bud-flush, whereas down-regulation delayed bud-break. Native
EBB1 expression was highest in actively growing apices, undetectable
during the dormancy period, but rapidly increased before bud-break.
The EBB1 transcript was localized in the L1/L2 layers of the shoot
meristem and leaf primordia. EBBT-overexpressing transgenic plants
displayed enlarged shoot meristems, open and poorly differentiated
buds, and a higher rate of cell division in the apex. Transcriptome
analyses of the EBB1 transgenics identified 971 differentially expressed
genes whose expression correlated with the EBBT expression changes
in the transgenic plants. Promoter analysis among the differentially
expressed genes for the presence of a canonical EBB1-binding site
identified 65 putative target genes, indicative of a broad regulatory
context of EBB1 function. Our results suggest that EBB1 has a major
and integrative role in reactivation of meristem activity after win-
ter dormancy.

adaptation | phenology | regeneration | climate change

emporal modifications in plant growth and reproduction in

conjunction with cyclical changes in climate are essential for
adaptation to variable environments (1). The annual alterations of
growth and dormancy in forest trees from boreal and temperate
regions in response to changing temperature andfor moisture
regimes are well-known examples of such cyclical changes. The
molecular mechanisms governing these cycles remain poorly
understood (2).

By definition, dormancy is the absence of visible growth in any
plant structure containing a meristem (3). The transition from
active growth to dormancy in poplar is initiated in the fall by the
short-day photoperiod, causing initial cessation of shoot elon-
gation (4). This event is followed by transformation of the apex
into a bud (5) and establishment of poorly known physiological
changes collectively known as endodormancy, an inability of the
meristem and the youngest leaf primordia to respond to growth-
promoting signals. Resumption of bud growth, known as bud-
break, occurs after meeting a chilling requirement (exposure for
several months to low temperatures, with variable species-
specific duration) and is controlled almost exclusively by high tem-

peratures (6). The timing of entry and release from dormancy is

CONSTANS (FT/CO) module (10, 11) and via regulatory proteins
controlling circadian rhythms (12, 13). In Arabidopsis, the ability of
FT and other floral integrators to respond to inductive signals is
controlled by a suite of MADS (MCM1, AGAMOUS, DEFICIENS,
SRF) box genes like SHORT VEGETATIVE PHASE (SVP) and
FLOWERING LOCUS C (FLC) (14). Similar MADS box genes,
known as DORMANCY-ASSOCIATED MADS (DAM) genes
(15), appear to be involved in regulation of bud dormancy in several
woody perennial species (6). Involvement of ethylene and abscisic
acid signaling in bud formation has also been suggested (16, 17).
Modulation of auxin response was also found to be important for
the transition to dormancy in poplar (18).

Even less is known about control of endodormancy and rein-
itiation of bud growth. Studies in Picea, Vitis, and Populus have
used transcription profiling to study gene expression during
endodormancy and/or resumption of growth (19-21). Homolo-
gies to vernalization have been invoked, but critical differences
exist because the vernalization-associated epigenetic mechanism
requires sustained division, whereas bud dormancy can be im-
posed and reset in the same meristem cells (2). Recently, it has
been shown that the plasmodesmata connections to the meri-
stem are plugged during dormancy and need to be reopened
before growth-promoting signals like FT can reach their target’s
tissues in the apex (22). Expression of cell-cycle marker genes
indicates that after endodormancy establishment, cambium
meristem cells are arrested in the G1/S transition and unable to
respond to growth-permissive conditions (23). Studies in Arabi-
dopsis have identified many of the regulators of cell proliferation
in the shoot apical meristem (SAM) (24), and expression of poplar
homologs of these genes correlates with arrest of cell proliferation
during dormancy (25). However, functional characterization of

Significance

Timing of vegetative bud dormancy is an environmentally and
economically important trait whose importance will grow due
to rapid climate changes. However, the underpinning regula-
tory mechanisms are still poorly understood. We report the
identification and characterization of the Early Bud-Break 1
(EBB1) gene in poplar that regulates the timing of bud-break.
EBB1 plays a major and integrative role in the reactivation of
the shoot apical meristem after winter dormancy. The knowl-
edge about EBB1 function can enable novel approaches for
population management, molecular breeding, and genetic en-
gineering of dormancy-associated traits.

Author contributions: ¥.5.Y., 5.H.5., and V.B.B. designed research; Y.5.Y., CM., and V.B.B.
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An answer to speed research
Overexpression of endogenous flowering

genes induces early flowering
Apple




Flowering locus T (FT) to accelerate
flowering in poplar — Heat induced by
heat-shock promoter
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Early flowering effective in eucalypts
too....
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Do lignin-reduced trees really have

magical growth and wood?

* Nature Biotechnology 1999
— antisense 4CL genes
generated much
excitement

* [ncrease of growth rate,
halving of lignin content,
no obvious ill effects in
greenhouse

Control

e s com

RESEARCH

Repression of lignin biosynthesis promotes
cellulose accumulation and growth in
transgenic trees

Wen-Jing Mu'*, Scot meLme Popko', John Ralph’, Douglas D.
Chung-Jui Taai', and Vi Chiang™
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Its different
in the field

Antisense Down-Regulation of 4CL Expression Alters
Lignification, Tree Growth, and Saccharification Potential
of Field-Grown Poplar!WIOAl

Steven L. Voelker, Barbara Lachenbruch, Frederick C. Meinzer, Michael Jourdes, Chanyoung Kij,
Ann M. Patten, Laurence B. Davin, Norman G. Lewis, Gerald A. Tuskan, Lee Gunter, Stephen R. Decker,
Michael J. Selig, Robert Sykes, Michael E. Himmel, Peter Kitin, Olga Shevchenko, and Steven H. Strauss®

Department of Wood Science and Engineering (5.L.V,, B.L.) and Department of Forest Ecosystems and Society
(0.5, S HS.), Oregon State University, Corvallis, Oregon 97331; United States Department of Agriculture
Forest Service, Pacific Northwest Research Station, Corvallis, Oregon 97331 (F.C.M.); Washington State
University, Institute of Biological Chemistry, Pullman, Washington 99164-6340 (M.]., C.K.,, AM.F, L.BD,,
N.G.L.); BioEnergy Science Center, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831-6422 (G.A.T,,
LG, S.RD., M]JS, RS., M.EH.); National Renewable Energy Laboratory, Golden, Colorado 80401 (G.A.T,,
LG, SRD., M]JS, RS, MEH.); and Laboratory for Wood Biology and Xylarium, Royal Museum for
Central Africa, B-3080 Tervuren, Belgium (P.K.)

New P Plant Physiology, October 2010
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Phytologist
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Reduced wood stiffness and strength

form, in young antisense 4CL transgenic poplars with

reduced lignin contents

~and altered stem

Steven L. Voelker', Barbara Lachenbruch®, Frederick C. Meinzer” and Steven H. Strauss”

' Department of Wood Science & Engineering, Oregon State University, Corvallis, OR 97330, USA; *USDA Forest Service, Pacific Northwest Research

Station, 3200 Jefferson Way, Corvallis, OR 97330, USA; *De parement of Forest Ecosystems and Socie

Plant, Cell and Environment (2011) doi: 10.1111/].1365-3040.2010.02270.x

Transgenic poplars with reduced lignin show impaired
xylem conductivity, growth efficiency and survival

STEVEN L. VOELKER'. BARBARA LACHENBRUCH', FREDERICK C. MEINZER?, PETER KITIN® &
STEVEN H. STRAUSS!

! Department of Wood Science and Engineering and *Department of Forest Ecosystems and Society, Oregon State University,
2U.85.D.A. Forest Service, Forest Sciences Laboratory, 3200 Jefferson Way, Corvallis, OR 97330, USA and *Laboratory for
Wood Biology and Xylarium, Royal Museum for Central Africa, B-3080, Tervuren, Belgium




Brown wood, disturbed xylem

development in the field
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SCIENCE AND SOCIETY

Opposition to transgenic
technologies: ideology, interests
and collective action frames

Much of the current public discourse
on genetic engineering targets ‘Luddism’
or ‘anti-science’ as obstacles to taking more
advantage of the genomics revolution.
However, this view fails to appreciate the
complex network of interests and ideas
surrounding genetic engineering. After
outlining global patterns of diffusion of
agricultural biotechnology, this article

Ronald J. Herring

Abstract | Genetic engineering has enabled significant, accepted innovations  genomics revolution in biology, particularly
in medicine and other fields. In agriculture, however, a global cognitive divide  in the less industrialized world.

around ‘genetically modified organisms’ (GMOs) has limited the diffusion and
scope of this technology. The framing of agricultural products of recombinant
DNA technology as GMOs lacks biological coherence, but has proved to be
a powerful frame for opposition. Disaggregarting the conceprt of the ‘GMO’ is a
necessary condition for confronting misconceptions that constrain the use of  political rhetoric of north versus south,
biotechnology in addressing imperatives of development and escalating more than half of these countries do not

challenges from nature, especially in less-industrialized nations.

explores the reasons for, and the results of,
successful opposition. It concludes with
implications for future applications of the

Diffusion of agricultural biotechnology
In the most recent data, for 2007, 23
countries have officially-approved trans-
genic crops growing in fields. Despite the

fall into the category of ‘high-income
economies. In descending order of acreage

Nature Reviews | Genetics | June 2008 | 459

© 2008 Nature Publishing Group



Money: Advocacy targeting food &
agriculture is large and growing

Agbiotech Info Net
Agribusiness Examiner

ACGA Farm Sanctuary
American Pasturage Friends of the Earth
APH

Farm Animal Reform Movement
Farm Aid

%_Im.\imle for

Beyo

Cent

CSPI

Chilo

«m More than 500 activist organizations in North

:cology

s America are spending in excess of $2 billion [™

< annually engaging in food-related campaigns

Common Dreams

Consumer Federation of America
Consumers Union

Crop Choice

David Suzuki Foundation
Dawn Watch

Deep Ecology

Eco-Trust

Economic Democracy

Earth Spirit

Earth First

Environmental Defense
Environmental Media Services
FAIR

Family Farm Defenders

ool targeting blotech and many other elements “E‘j

Cocal Harvest (7 e B o e
NFFC :I,f-:jf’”

Nishoren b
No Spray coalition

NWARN e m“‘”
Organic Consumers Association a G
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PETA NRDC "‘fﬂ'ucmnﬂ“*

PCRM

PIRG

Public Citizen .

Purdey Fund & Pe ’A
Sierra Club TIDES

SEAC

Water Keeper Alliance

Jay Byrne, 2012, V-fluence



Tree Biotechnology Conference at Oxford in
1999 - Vandalism against lighin modified trees
to “welcome” conferees, Euro- press attacks

FRANKENSTEIN'S FOREST

Governments road-building programme by

ment. Campaigners fear that GM trees will
sap up water, nutrients and Jight, leaving

camping in the path of bulld: are now
poised Lo target the very trees they might once
have called home.

Whilst public attention has heen focused
on the threal of Frankenstein Foods', the
same corporations who are foreing us to ingest
genetieally modified (GM) meals have been
quietly perpetrating yel another crime
againet the environment,

trees to di along with the host
of insects, plants and fungi which rely upon
them. In turn, birds and animals would lese
many of their natural prey. Those surviving
ereatures would fall victim to herbicide weed-
killer, liberally applied once the GM trees
become resi nt. The result, apponents fear,
will be a sanitised, silent forest, cleanaed of
natural life.

1997. The trees, engincered by the University
of Derby, to be disease- and insect-resistant
were destroyed by removing the bark. Agvow-
ing epate of raids on food crops caused
A\»thcnw'i to make a statement. to the press
before a GenetiX Snowball action earlier this
year, fearing damage to their GM poplars.

In April, Monsanto teamed up with two of
the world's biggest forest and paper eorpora-
tions, International Paper and Westvaco.

vention, which governs global emissions of
greenhouse gases, came into force after the
1997 Kyoto conference, industrialised coun-
tries have been forced to clean up. However,
the corparations argue thal by planting more
trees, they should be awarded ‘earbon credits’,
because trees absarb carbon dioxide.
Recently, naturally rich native forests have
fallen to the chainsaw, only to be replaced by
m\aswx foreign plantation =pec such as

They alsogot New Zealand Fletcher

he

P fi
is mdn,lm,mlslnhln from nnmlu.r, allowi mg
corporations to boast about how well they are
managing their operations. Look behind the
eenwash and companies such as Shell are

The biotech industry has been understand-
ably tight-lipped about its latest phase of the
geneuc revolution. But it i is curraml\ pnpar—

This month, a
Forest Biotechnolog
by O\furd Forvstry In\

ats are targetting the
conference, hosted
umfmmJuly ‘l'l 16.

Challenge, in on the deal as they own the all-
important patents on newly developed genes
why:h will give the muanmum the monopoly
“re after. Having sunk

Whilst public atfention has been focused
= on the threal of ‘Frankenatein Foods'. the
- same corporations who are foreing us to mgo.s
genetically modified (GM) meals have been
gquietly perpetraling yel another crime
againet the environment,
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vandalism
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Some of the major environmental
groups are powerful opponents

CIUB EXPLORE, ENJOY AND PROTECT THE PLANE]
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Genetically Engineered Trees Cor

“Thelpossibility that the new genes spliced into GE trees will interfere with Inatural
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)




Greenpeace the world anti-GMO
leader — trees and ag
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International treaties push for ever more
stringent regulations of GE trees

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

© 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

WVOLUME 27

NUMBER &

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 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 countries where research on the
genetic modification of trees is being carried out (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 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 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 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 countries where research on the
genetic modification of trees is being carried out (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 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'ronment. These orgam'zations, gathe}‘ed in only | 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 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.




Plantation Certification & Genetic Engineering

FSC’s Ban on Research Is Counterproductive

Stavan H. Strauss, Malcalm M.

. Campball, Simen M. Prysr,

Patar Coventry, and Jeff Burlsy

Ceneticenginesring dso caled genetic modification (M}, isthe isolation, recombinantrmed-
ification, and asesual transfer of genes. Ithas been bannedin forestplantations certified bythe

Binsafety of GMtress. Genetic modification ¢

ABSTRACT

Farest Mtewardship Coundl (FSC) regardless afthesource of genes, traitsimparted, arahether
far researchor commerda use. We reviewthe methods and goals of tree genetic engineering,
research and argue that F5C's ban on researchis courrerproductive because kmakes i diff-
cultfor certified companies o participatein the fisld research nesded to assssthevalue and

culd be important for translating new discover-

ies abouttree genomesinte improved growth, quality, sustainability, and pest resistance.

Keywords: bictedinclogy; entomelogy and pathology; ethics; genetics; slviaulure

called  genetic modificarion

(4GM) in much of the world, is
the use of recombinant DMA and asex-
ual gene transfer methods to breed
maore productive or pest-resistant
crops. It has been the subject of con-
siderable controversy, with concerns
raised from hilogical, socioeconomic,
political, and ethical perspectives.
Some of the issues are similar to those
raised by the we of molecular biology
and genetic engineering in medicine,
which we see in the news headlines
daily. However, genetic modification
in agriculture and forestry raises envi-
ronmental issues as well.

GM crops, mainly herbicide- and
pest-resistant varieties of soybeans,
maize, or cotton, have been vigorously
adopred by farmers in Morth America
because they are easy to manage and
they improve yields, reduce costs, or re-
duce pesticide ecotonicity {Carpenter

C". enetic engnesning, cDmmonJ].r

4 Journal of Famstry » December 2001

and Gianessi 2001). However, the con-
troversy, primarily embodied in regula-
tory barriers to trade of GM crops with
Eurape and Ja has slowed their
ad.op[F';n congifrm‘fjly in recent 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 urhan forestry, genetic
modification is expected to help trees
adapt to the siesses and special de-
mands of human-dominated systems.
Examples would be trees thar are more
tolerant of heavy metals or other pollu-
ans, resist urban pests or diseases,
grow slower, or do not produce fruits
wheni these create in strest en-
wvironments (Brunner et al. 1998).
Plantations, although very different
from natural forests in strucoure and
function, are considered part of the
spectrum of methods in sustinable
forest management (Romm 1994).

Plantations can relieve pressure on nat-
ural forests for exploittion and can be
of great social value by supplying com-
munity and industrial wood needs and
fueling economic development. The
environmental role of plantations is
recognized by the Forest Sewardship
Council (FSC), an international body
for certification of sustainably man-
aged forests. FSC Principle 10 states
that plancations 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 mast
intensively managed plantations in the
world, including poplar plantations
and the intensive pine and eucalypr
plantarions of the Southern Hemi-
sphere. Although many environmental
mitigations are built into these certified
plantation systems, within the areas
dedicated 1o wood production they
function as tree farms. Such intensive
Els.nlmion systems often use highly

red genotypes, possibly including ex-
otic species, hybrids, and clones, as
well as many other forms of intensive
silviculroral management. It is in the
context of these bicintensive systems
that the additional expense of GM
trees is likely o be worthwhile.

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

“Green” certification creates a severe
barrier to research and investment

ESC

Forest Stewardship
Council

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

No research
exemptions




Regulatory confusion, obstacles at
national and international levels

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

Regulatory Limbo

STEVE NASH

At an industrial park in Walnut Creek, California, 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 campaign to 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 licht over
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Regulation of field research is
problematic for many crops and trees

* Regulations around the world generally target
the GMO method, not the trait or its novelty —
assuming hazard until proven otherwise

* Regulations for research field trials thus
require containment (do not assess ecological
risks or benefits of particular genes or traits)

 Beyond a boutique trial, 100% containment in
the field is very hard to accomplish, especially
for trees



Unexpected summer flowering of GA-

gene modified

IC

dwarf transgeni

., semi

in field trial

poplar




tructures

.. I
W

 GAFY >,

, SRR 7

i
he »
AU 4 v -
. » »
¢ A N T
™ ) . » 4 . v
» W8 . e ) 3
S At tPAT Ny ’ v
L R AR - :
P NS YV AL
\5 ™ . . 4 . . \ 4
AN ONL e L TR " A 4 ) Y L. -a N .
. L ! ) ! ! 1 : n
" W . Y ke ’ .y
%, OO T Y < \ F 3 o'
0 2 = .
W N 5 % 8 y
Y 4 ..... b Y »
R at Y . : ™
1, & -
J " Co: - 7 : E
b . (. 5 0 B,

lon s

|
o]0
Q
>
S
C
(q8]
HS
=
z
i
(g
IC
| -
Q
&
&
>
(Vs
e
-
20

The upr
catkin trans



Confusion as regulatory system
evolved

* The 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



What to do?

* Being a good soldier, we 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

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



What to do?

* | pointed out the layers of safety from the genes
(dwarf thus fitness reduced) and biology (lack of
pollen or receptive females in summer, no seed

dormancy) to APHIS

 The APHIS scientists agreed about safety but they
felt, legally, they must report it to the compliance
branch as a permit violation/release....
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Take action!

* A science colleague at APHIS had alerted me that

the report to Compliance had occurred prior to a
visit and action

e 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

e All students in our lab were dispatched to
manually remove every “catkin” ... and the same
in spring and beyond...
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Students removing catkins
from transgenic trees




We documented for APHIS that “All
removed flowers were collected and
brought back to the lab, then autoclaved”




A powerful lesson

* |It’s the letter of the law
— GE methods are considered dangerous until proven
otherwise, period
* Biology, safety, gene function, and benefit are
irrelevant
— Parallel case with wheat “contamination” in Oregon

 How to advance studies given importance of field
studies, and difficulty of full containment, during
flowering stage?
— Critical issue for all ag: How to do field research and
development for most crops?

— Critical for forest applications, and studies of
containment-sterility



One answer is to deregulate
putatively sterile trees for science

* Containment of every pollen grain and seed
during field research would not be required if
containment not 100%

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









No way!

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

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



Roadmap

* Ancient background

e Early science at OSU

* Biotech buzz 1.0 — ag GMOs take form
* Making it real - Poplars and Oregon

e Getting drunk — Gene science and tech getting
better and better

* Keeping your head — Science not hype

* Morning after — Society left the party early
* Fighting back — GMO science advocacy

* Lessons



Engaged diverse scientists and
stakeholders — 2001 international
conference and associated book

¢ “im'll'.:nlm'u'cl Forest

b www Mlarst sdhrgere s MU laprve s pdf

International Sympesium on Ecological and Societal
Rspects of Tnmgmk Plantations

Ldans daven Avmat, Chogw s St Wema ity o'

ru,u ey o Wanvgue

22-24 July 2001
Calumbia River Goege
United States of Amersa




Proposed regulatory solutions

POLICY FORUM

Genomics, Genetic Engineering,
and Domestication of Crops

Steven H. Strauss

GENETIC TECHNOLOGIES

huge numerical obstacle that is normally pro-
vided by extant wild and domesticated gene

pools. Desp, Kdiversity of genes that
can comprig any of the modified
traits are fam Ng a long history of do-

mestication and consequent reduced fitness
through artificial selection. Male sterility,

enomic sequencing projects are rap-
idly revealing the content and organ-

ization of crop genomes (/). By iso-

portant to agricultural goals, but poorly rep-
resented in breeding populations because
they are rare or deleterious to wild progeni-

seedless fruits, delayed spoilage, and dwarf
stature are familiar examples.
GGTs that improve abiofic stress tolerance

lating a gene from its background and de-
liberately modifying its expression, genetic
engineering allows the impacts of all genes
on their biochemical networks and organis-

Type 1 field trials Type 2 field trials

Confinement Examples
level (precommercial) P

Highly toxic or allergenic

(exploratory)

mal phenotypes to be discerned. regardless High Biological and physical confinement—detailed data pharmaceuticals
oftheir level of natural polymorphism. This and proteins
greatly increases the ability to determine Novel pest-management
gene function and, thus, to identify new op- ) ) . genes, low toxicity
tions for crop domestication (2). The organ- sim Ll FRenl el FSC, detailed data pharmaceuticals
ismal functions of the large majority of and proteins
genes in genomic databases are unknown. Stress tolerance ESC. basic data FSC detailed data

Low Genomics-guided

transgenes

Domesticating Petition for exemption? FSC, basic data

Categories of confinement and monitoring 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 isclation or physical barriers. FSC, farm-scale con-
finement; use of spatial isolation within and between farms and border crops, combined with

VOL 300 4 APRIL 2003 bring. Detailed data include surveys of gene flow away from the site. Basic data

www.sciencemag.org SCIENCE

hment of confinement mechanisms.
T




p http:J/iwww.nature.com/naturebiotechnology

i PERSPECTIVE
biotechnology

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

Kent ] Bradford!, Allen Van D::ynze', Neal Gutterson?, Wavne Parrott® & Steven H Strauss?

The costs of meeting regulatory requirements and market Regulatory costs also play a role in the growing disparity between
restrictions guided by regulatory criteria are substantial the expanding global adoption of the large-market transgenic maize,
impediments to the commercialization of transgenic crops. soybean, cotton and canola crops! and the so-called ‘small-market’ or
Although a cautious approach may have been prudent initially, ‘specialty’ crops, for which field trials and commercial releases of trans-
we argue that some regulatory requirements can now be genic food crops have all but stopped?. In 2003, fruits, vegetables, land-

modified to reduce costs and uncertainty without compromising  scape plants and ornamental crops accounted for more than $50 billion
safety. Long-accepted plant breeding methods for incorporating  in value in the United States, representing 47% of the total US farm

new diversity into crop varieties, experience from two decades crop income®. Of this, the only transgenic commodities currently mar-

WOLUME 23 mLUMBEIR 4 AFRIL 20058 WATURE MOTECHSNOLOGY




Sound the alarm! Analysis of the
legal implications of regulations for
research & breeding

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,
AND ROGER A. SEDJO

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




Get active around the globe

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

© 2009 Nature America, Inc. All rights reserved.

F

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

MATURE BIOTECHNOLOGY VOLUME 27

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

__foreclose. much of the field research needed  as eeneticallv modified oreanisms; GMOs).

tol on Biosafety

late in the CBD

MNUMBER 6 JUMNE 2009




Help to define
constraints and
research
priorities —
work with
think-tank
‘Resources for
the Future” in
Washington DC

olicy

Forest Scientist Views of Regu|mfory
Obstacles to Research and
Development of Transgenic Forest

Biotechno|ogy

I Steve H. Strouss, Mikeela Schmitt, and Roger Sedjo

Cespile many doreds of resemch projecs, bandreds of fiedd gk, ond @ kg ommermakasd fdd Fze.
vine-reskiml papoyn, fhere confinees ln be very Bz pubilic or privalz saor achity In the Unked
Saies bl & direced loword deeshipment of homsgenk fores! trees. We thercdire underiosd o sarvey
of wizaless imowiedgenble i fwest bislschnologie:, breedng, smiogy, and reaguinion i msess F they
bedlerves] fhnt e requiniory regme e laded Simes presens o sigpificon] obesocks i ressach o
vommentiol developmeal. Conducies] i 2007, there werz o tofal of %) respondeats (4% responsz ie)
from Broghout e Unked Sk, The lome mopnty televed ol reguioion, 0 prioio
valnmen! raqurETens deng fisld sealidtion, pred agefon oelde o dzeshpment Top
rineities fir resennch induded develapment of gese ronimmmesl method: md sk sodies of wood
mnd abiatic sirzzs medfiohon. Friorm for reguimory reform indeded develapment of o Bessd fysem
i poviingd wihorimion 11 ek ag-tem fisld rssah,

manly @lled penetic modification

(€M), amd the resulting orpanisms
(CEDs, GMOs, and transpenics), are de-
fimed in science and repulation by the pro-
ooss wsed to produce them (Irwin and Jones
M), They contaim genes that have been
inserted or modified via am asecual rather
than a sewvmal procss, and the sources of
penes can be ffom the modifed organisms,

(‘1. emetic enpinecing (GE), com-

similar orpanisms, or from disant organ-
immes. Typically, the genes hawe underpone
some form of laman-direced modificrion
using recombinamt DMA methods before
imsertina. (GE methods are routine throagh-
vant all genetic hiology amd have been used to
produce larpe numbers of pharmaceuricals,
industrial enzymes, and several formes of GE
crops that ase now widdy prown throughouat
the woed {International Service for the Ao

Fimmzrend Iu.'r 13, J00E; :.:::pl:l.l .\:ﬂ. , DL

quisition of Apri-bictech  Applicarions
200E).

The omly trees that hawe been autho-
rized for commercial purposes are 2 vims-
resistant papaya in Hawaii and insect-inler-
amt poplars im China. & vins-resisant plum
has recently been derepulaved by the USDA,
but awaits decisions from the Emviconmen-
tal Protection Apency (EPA) and the ISDA
[Scora et al. 2008} In the United States,
the extent of fiddd reseanch in GE trees—a
pood indicainr of applied, developmental re-
search— has hecome highly restricied, heing
limited 1o 2 few academic laboratories and
mmpanies (Informatios Sysiens for Bio-
techmolopy MMIE). There had bheen pomer-
ous coafined Seld snedies with the large ma-
jority in the UUSA; as of January 2008,
Fapulir led all othier penera with 185 authe.
rived fiekd tess. The traits sudied induded
herbicide tolerance, insec resstance, dissase
resisanee, improved  prowth,  modified
fiorm, peduoed fertilicy, heightened sme ol
eramcr, and enhanced phyineemediation. [n
addition to the traits with direcr enwiroe-

Snvw H. Siraus fm-rmwnq-mm.l & ditngunked profreer, Dipartwwest of Foredt Sciescr, Oregens Stabr Limiversidy, Miarla Scloirt

{nemst e @l

mardu). Dukrwlwihqnlmmﬂm o F-l;p-.l.m ﬂna'meIm‘ﬂ!’(:ﬁau‘r fndiama Ulnnemry. &Iﬂrfmjd Wﬂ: s i
thr

gl R for she Faruee. The athers shank the memy scioemin whe participased ufh-m:r;.mtu'ﬂfh!d’.{ﬁn Feundetion ond Racurca jor
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Capyright & D009 by the Socicey of American Fonaiom.
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Educate and exchange views broadly

Biotech outreach and lecture series at Oregon State — 40 speakers, 8 years
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Engage and advocate for science in
your state and city

OREGONLIVE

The Oregonian
Punitive GMO labels contrary to science and Voters’
accepted standards: Guest opinion Pamphlet
389 GMOs, genetically engineered crops: Oregon State Oregon Primary Election
University scientist Steve Strauss explains how [ | g Moy 20,2014

they work —- science Q&A (links, video)
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Lessons in summary

* Follow the science —small and large
— Get out of the lab, train broadly, be ethical
— Listen to and collaborate with good people
* Be aware of politics, ideology, money, and
tribalism from all sides
— The good guys can be the bad guys and visa versa
 Demand a lot of yourself and others, while
showing kindness and care
* Act with courage, wisdom, and precaution
— Don’t be reckless and arrogant
— Use all tools to help manage a very scary future



Thanks to so many great students, employees, and
friends




