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Rationale I.

= Genetic engineering (GE): a valuable
tool for economics and sustainability

* Improved feedstock yield (biomass)

» Feedstock quality modification
= Increase in product formation (fermentability)
= |nput reduction (pesticides, irrigation)
= Valuable co-products (chemicals, bioplastics,
enzymes)

= Social, marketplace, and regulatory limits on
use of GE are severe (e.g., FSC system) : ©

= Gene flow to certified and wild stands ESC
a major issue




We know lots of information
about poplar genetics

= First ever sequenced tree genome was Populus trichocarpa
= Lots of naturally existing genetic diversity

The Genome of Black Cottonwood,
Populus trichocarpa (Torr. & Gray)
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Poplar improvement: how to obtain |.
a better tree
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Genetic engineering can quickly |.
add specific traits to trees

small pieces of bacteria with new tiny trees with new
plant tissue DNA of interest DNA of interest

New DNA can encode a new trait of interest (insect resistance) or alter a native gene

GE can add traits faster and more specifically than traditional breeding



Genetic engineering had led to
biofuel feedstock benefits in poplar
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Summary

o There is a pressing global need to reduc ncreasing sodetal reli
to develop a bio-based economy. At the forefront is the need to
renewable, alternative energy s This Inc i transportation fuel deriv
lignocellulosic plant matesials. However, one of the asrent limiting factors restricting the
effective and efficent con on of lignocellulosic residues is the recakitrance of the

on petroleum and

substrate to enzymatic conversion
« In an attempt to assess the Impact of cell wall ignin on recalotrance. we subjected poplar
trees engineered with altered lignin content and composition to two potential industrisl
pretreatment regimes, and evaluated the overal efficacy of the bioconversion to ethanol
process
o |t was apparent that tots lignin content has a greater impact than monomer ratio (syringyl
gualacyl) on both pretreatments More importantly, low lignin plants showed as much
15% improvement in the effidency conversion, with near complete hydrolysis of the
cellulosic polymer

g geromic tooks to breed or select for modificatio key cell wall dhemical and/or
ultrastructural traits can have a profound effect on blcenergy processing. These techniques
may therefore offer means to overcome the curent obstadles that underpin the recald
of lignocelkulosic substrates to bloconversion
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Improved growth and weed control of glyphosate-
tolerant poplars
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Abstract We studicd the impact of glyphosate tolerance on weed control and tree growth
m licld-grown transgemic poplars. Using Agrobacterium-medinted transformation, we
produced 94 tunsgenic transformation events in four hybrid genotypes (three Popudus
trichocarpa x P. deltoides and one of P. trichocarpa x P. nigra). These lines were
screemed for high Jevels of tolerunce in two plantations in Oregon. Based on screening
results, we propagated four lines from two hybrd genotypes to study their value for weed
control and productivity in a 2-year management trial in casterm Oregon, comparing
conventional weed control at the time of the study to methods that included over-the-top
applications of glyphosate during the growing scason. Herbicide tolerance was stable in all
of the trees over the 2-year perid. Weed control, based on weed abundance, was sub
stantially improved in the over-the-top applic . Growth of the trees, as measured by
stem volume index, was correspondingly improved; transgenic trees grew approximately
20 % faster than the transgenic and non-transgenic control trees. An exploratory life-cycle
analysis of the embodied greenhouse-gas benefits for a coppice bioenergy plantation




Genetic engineering can be used
to obtain high value traits in poplar

Insect resistant Not insect resistant

| 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, Pegzy Payne,
Lawrence Miller, Jeffrey 5. Skinner, Brenda Oppert, Guy A. Cardinean, and Steven H. Strauss




Genetic engineering can make poplar
trees with specialty chemicals

= Trees produce 2-phenylethanol, a chemical with multiple
uses and a high-value

= This chemical is normally found in roses and other flowers
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Transgenic Hybrid Poplar for Sustainable and Scalable
Production of the Commodity/Specialty Chemical, 2-
Phenylethanol
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Laurence B. Davin', Norman G. Lewis'**
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Abstract

Fast growing hybrid poplar offers the means for sustainable production of specialty and commodity chemicals, in addition
to rapid biomass production for lignocellulosic deconstruction. Herein we describe transformation of fast-growing
transgenic hybrid poplar lines to produce 2-phenylethanol, this being an important fragrance, flavor, aroma, and
commodity chemical. It is also readily converted into styrene or ethyl benzene, the latter being an important commodity
aviation fuel component. Introducing this biochemical pathway into hybrid poplars marks the beginnings of developing a
platform for a sustainable chemical delivery system to afford this and other valuable specialty/commodity chemicals at the
scale and cost needed. These modified plant lines mainly sequester 2-phenylethanol via carbohydrate and other covalently
linked derivatives, thereby providing an additional advantage of effective storage until needed. The future potential of this

technology is discussed. MALDI metabolite tissue imaging also established localization of these metabolites in the leaf
vasculature,




Genetic engineering can create
trees with valuable co-products |

= Addition of 3 genes from bacterial to poplar
can lead to the formation of biodegradable
plastic in trees

= Current methods have a tradeoff between
polymer production and plant growth

Plant Biotechnology
Journal

Flant Biotechnalogy Journal (2011) 9, pp. 759-T67

Trade-offs between biomass growth and inducible

biosynthesis of polyhydroxybutyrate in transgenic poplar

David A. Dalton', Cathleen Ma?, Shreya Shrestha', Peter Kitin® and Steven H. Strauss®*

! Bialogy Department, Reed Coliege, Portlind. OR, USA
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There are public and social

concerns over the use of GE trees

Research Article
doi: 10.3832/ifor1441-008

Public attitudes towards the use of transgenic forest trees: a cross-

country pilot survey
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Information on public attitudes towards the use of transgenic trees in forest plantations
is important in the decision-making process and policy implementation for safe tree
development, particularly at the EU level. In Europe, the use of transgenic forest trees
is very limited and therefore such information is completely lacking. To address this
issue within the FP0905 European COST Action on the Biosafety of Transgenic Forest
Trees a pioneer cross-country pilot survey on public attitudes towards the use of trans-
genic forest trees was conducted using young population as a focus grou

decided mainly because this focus group represents the future consumers y makers
or developers. Specifically, the survey aimed to: i) assess the level of young people’s
knowledge about transgenic forest trees, ii) identify issues of concern to them regarding
the cultivation of transgenic forest trees and iii) explore whether they approve or disap-
prove of the use of transgenic forest trees in plantations. Purposive sampling was per-
formed and university students of different disciplines were included in the research as
sampling subjects. In total, 1868 completed questionnaires from 15 European and non-
European countries were analyzed. The young educated people that took part in the
survey appeared to approve of the use of transgenic forest trees in plantations and
would be willing to buy forest transgenic products. The potential loss of biodiversity due
to a risk of gene flow between transgenic and wild trees was seen as the safety issue of
most concern when considering the commercial release of transgenic forest trees. How-
ever, a serious perceived lack of knowledge about potential benefits and risks of the cul-
tivation of transgenic forest trees was recorded in most of the countries. K-means clus-
tering was implemented on respondents’ positive responses to identify potential country
patterns. No differences in patterns of public attitude towards the acceptance of the
commercial growing of transgenic forest trees were observed between European and
non-European countries. Extended research on public attitude issues towards the use of
transgenic forest trees is strongly recommended as a basis for policy implementation on
safe tree development.

Keywords: GM Forest Trees, Public Awareness, Public Acceptance, k-means Clustering,
University Students

“The potential loss of biodiversity due to a risk of gene flow between
transgenic and wild trees was seen as the safety issue of most concern
when considering the commercial release of transgenic forest trees.”




Gene flow: the movement of
pollen and/or seeds

populations
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namre

biotechnology

nature.com » journal home » archive » issue » news » full text

NATURE BIOTECHNOLOGY | NEWS Confirmed Glyphosate Resustant
Weeds in the U.S.

Glyphosate resistance threatens Roundup
hegemony

We want to avoid similar
problems with any potential ~Horseweed (Marestail)
fUtUre use Of GE trees ,I@P‘almer Amaranth =~Italian Ryegrass

~~ Common Waterhemp ~~Rigid Ryegrass

~¢/~Hairy Fleabane ~~Johnsongrass aiﬁ !



Many poplar hybrids are crosses |.
between exotic species

Populus nigra

Populus trichocarpa




Forest stewardship council:
concern over potential ecological |.
Impacts of exotic tree species

“The use of exotic species
shall be carefully controlled
and actively monitored to
avoid adverse ecological
impacts”

Traditional breeding has not yet been able to achieve a solution to this issue
GE methods can prevent spread by pollen and/or seeds



Genetic containment as a possible
solution to prevent spread of GE |.
and exotic species

Goal: create non-flowering trees

Pollen and seeds can
spread for miles on the
wind

Long-distance impacts
across many boundaries

.......




We are targeting fundamental regulators of I.
flowering by RNA interference (RNAI)

Scientists have
identified key
genes for the
development of
flowers

Volume 201, Issue 3,
http://onlinelibrary.wiley.com/doi/10.1111/nph.12555/full#nph12555-fig-0001



http://onlinelibrary.wiley.com/doi/10.1111/nph.2014.201.issue-3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/nph.12555/full#nph12555-fig-0001
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Gene suppression with RNAI 28, .
(RNA interference) has alreadf “ﬂ” °
produced diverse traits NAE ot

The Nobel Prlze 1n
Physiology or Medicine | =
2006
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RNA Interference again the key
floral regulator LFY led to
female sterile trees

Containment of transgenic trees by
suppression of LEAFY

To the Editor: report the use urRN-'k llitlrtItIlLt (RNAL
Field studi y ial use of i

) ] poplar
over tran wintowild or fe BMNALhas bun um:l to reduce
popula

in plm_.pupl ar, ;
rown under field ¢

rates of gene
growth". Furthermore, b T \ form: t[llJIl of v e structures instead of
may not be full . Bisexua floral meristems, v reduction of LFY

uuuld b us : :
and might increase wood pr oduction?. We to leaf like structures!>14, We \t].t cted LFY

Klocko et al. Nature Biotechnology 2016


http://hardwoodbiofuels.org/news-fall2016-poplar-reproduction/

RNAI-LFY trees appear to be |.
female sterile

WILD TYPE

RNAI-LEFY




Female sterile RNAI-LFY trees have
normal vegetative performance

RNAI-LFY |

control

Klocko et al. Nature Biotechnology 2016



Sterile trees can still be
propagated by vegetative cuttings

Healthy new trees were started by rooting branches of sterile trees



We are also trying the latest and greatest
method for targeting floral genes [ ’/A\

Science magazine names CRISPR S=———

‘Breakthrough of the Year’

By Robert Sanders | DECEMBER 18, 2015 L4 &EI G

| n its year-end issue, the journal Science chose the CRISPR genome-editing

technology invented at UC Berkeley 2015's Breakthrough of the Year.

A runner-up in 2012 and 2013, the
technology now revolutionizing genetic
research and gene therapy “broke away
from the pack, revealing its true power in
a series of spectacular achievements,”
wrote Science correspondent John Travis
in the Dec. 18 issue. These included “the

creation of a long-sought ‘gene drive’ that




The CRISPR method can be used to create

organisms not regulated as GE by the

USDA

These mushrooms
have a precise
change to a single
mushroom gene

No extra DNA/genes
are present

Similar applications
In trees might be
acceptable by the
FSC or other
regulators

INFOCUS m

Gene-edited CRISPR mushroom
escapes US regulation

A fungus engineered using CRISPR-Cas9 can be cultivated and sold without oversight.

BY EMILY WALTZ

™

" .
hand The common white button mushroom (Agaricus bisporus) has been modified to resist browning,



Upcoming Strauss lab research: I.

= Scaled-up field test of RNAI-LFY trees

= Greenhouse and field tests of trees with floral
genes targeted by CRISPR
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Future use of genetic containment in poplar
trees could benefit biofuel plantations

= All AHB field sites are non-GE hybrids of poplar species
= |f exotic species become a concern or if GE varieties are
tested, containment could be use to

= Prevent flowering if fields have early flowering or aren’t harvested
as planned

= Prevent movement of pollen and seeds to wild populations, feral
trees, or other plantations




Future prospects

= GE traits can provide considerable value and
benefits to poplar plantations

= Obstacles prevent commercial use — gene flow is a
major concern

= Our research established that sterility can be a
solution

= New developments in gene editing technology
(CRISPR) offer possibilities for tree containment
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