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 The perfect storm over genetic engineering (GE) in
society

e Relevance of GE as a tool for enhancement of tree
productivity and health



Global “meta-analysis” of early GE crop
Impacts: 2014

@PLOS | ONE Subject Areas = For Authors ~ About Us Search

6 OPEN ACCESS ﬁ PEER-REVIEWED

RESEARCH ARTICLE
Saves Citations

A Meta-Analysis of the Impacts of Genetically Modified Crops

Wilhelm Kliimper, Matin Qaim 79,064 948
Views Shares

Published: November 3, 2014 « DOI: 10.1371/journal.pone.0111629

"147 original studies were included.”
"On average, GM technology adoption has
reduced chemical pesticide use by 37%, increased

crop yields by 22%, and increased farmer profits by
68%."




GMOs add a lot EEbXagm
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e CO n O m Evaluation of Economie, Land Use, and Land-use Emission Impacts of
y’ Substituting Non-GMO Crops for GMO in the United States

e nvi ro n m e nt El?rrdzl?edUTr?:]:rr;i?:ur, Harry Mahaffey, and Wallace E. Tyner

The main objective of this study was to evaluate potential economic and environmental consequences of losing GMO
traits in the United States for the major crops of corn, soybeans, and cotton. The first step was to obtain from the
literature a range of estimates of the yield losses if we maove away from traits in the United States. The second step
was to calculate the weighted average GMO and non-GM( et the overall shock value. The third step was to
introduce the yield losses obtained into a well-know ode to gquantify the land use and economic
O impacts of banning GMO traits in the United States. Absent the technology, more land would be needed to produce
If re m Oved |Owe r yl e | d S corn, soybeans, and cotton. That land comes from switching from other crops and conversion of cropland pasture,
’ pasture, and forest in many olobal areas. The land expansion likely is similar to the entire US ethanaol program.
. . Furthermore, induced land-use emissions were significantly larger than the corresponding figure for US corn ethanal.
(~5_ 19(y ) h I h e r rl Ces We evaluated three cases representing different levels of yvield shocks. The price changes for corn were as high as 28%
0 ) g p and for soybeans as high as 22%. In general, the price increases for two of the three cases were higher than those
observed previously for the US ethanol mandate shocks. Food cost changes in the United States amount to $14-524

(NS 19 bi I | io n/yea r)’ billion per year. As expected, welfare falls both in the United States and globally.

Key words: GMO crops, productivity, computable general equilibrium, economic impacts, land use, land-use emissions.
more land farmed, inoduction
higher greenhouse

gases




National Research Council
Report 2010

 Major pesticide
reductions - Bt

e Expanded
conservation tillage

e Herbicide tolerant
weeds

« Need more sustainable
management




National
Research

Council
Report 2016

* No evidence to support
food/feed safety
concerns

e Confirmed large
insecticide reduction
with Bt crops




Perfect Storm Event
GOES-7 Visible

November 1, 1991

1601 UTC (1101 EST)




Asilomar, CA meeting
on rDNA research

1975

OPINION MEETIMGS THAT CHANGED THE WORLD

ESSAY

Asilomar 1975: DNA mc

The California meeting set standards allowing geneticists to
public health. Organizer Paul Berg asks if another such meet

oday, the benefits of genetic engineering,
and the risks and ethical dilemmas that
it presents, are part of everyday public
discourse, thrashed out in newspaper colummns
and by politicians and commentators every-
where. In the early 1970s, it was a very differ-
ent picture. Scientists were only just learning
how to manipulate DNA from various sources
into combinations that were not known to
exist naturally. Although they were confident
that the new technology offered consider-
able opportunities, the potential health and
environmental risks were unclear.
The people who sounded the alarm about

this new line of experimentation were not

and could ultimately lead tg
opportunities in medicine, ag
industry. But we conceded tl
pursuit of these goals might he
and damaging consequences fo
and Earth's ecosystems.
Earlier, in mid-1974, T had
tee that communicated those
president of the US National A
ences and published them in &
and in Proceedings of the Nati
af Sciences. We recommende
moratorium on certain reco
experiments that were consi
tially hazardous. The committee was par-

What turned the debate around was the
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The first field tests: Litigation and regulation
and vandalism

modern farmer

“Dressed in billowy white safety jumpers and
peaked caps, the EPA agents looked like
apocalyptic bakers...

Nearby, journalists eagerly took notes and
snapped photos of this eerie scene, which
would become national news — this was the
world’s first field experiment of a

| controversial new technology: genetically

modified organisms.”




Tree Biotechnology was no exception

Conference at Oxford in 1999 / Vandalism against lignin modified
trees to “welcome” conferees, Euro-press attacks
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Pacific Northwest

ISM 1IN

"Eco” vandal

2001

1

USA

Oregon State



2015 vandalism
in Brazil

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




Many companies have long avoided GMOs due to
brand risk from activists/consumers
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The clean label explosion

FOODBUSINESSNEWS.
Trend of the Year

Trend of the Year:
Clean Label

Industry answers the call for simple ingredients

B AN D@rWe N T RN

http://features.foodbusinessnews.net/corporateprofiles/2015/trend-index.html



http://features.foodbusinessnews.net/corporateprofiles/2015/trend-index.html
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http://www.foodbusinessnews.net/articles/news_home/Business_News/2016/10/Clean_label__a_$180_billion_gl.aspx?ID=%7B35B6F389-F481-4BF5-8DD1-9BAB90D5EA8B%7D&cck=1
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Kevin Folta

Land-grant scientist exploring
ways to make better food with
less input, also learning and
teaching how to effectively
communicate science to the
public.

Feb 15 - 4 min read

The Deeply Offensive

Marketing Ploy of
“Clean Food”

When the commercial says that I

should select clean food it makes

my blood be gy
Open in app
Q1 Q287 @ R

Tweet link




GMO-free labels a major feature of clean
label movement

ely
GMO

Project

VERIFIED
nongmoproject.org
g o SRt
Standards for:
Hc:l GMOs
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Meteoric rise of no-GMO labels

Organic and Non GMO Market
Growth 2015

* GMO-free claims jumped 237% in
new products 2012 to 2013 ool

Non-GMO SALES

ORGANIC SALES

9
A
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https://www.aphis.usda.gov/stakeholders/downloads/2015/coexistence/Errol-Schweizer.pdf



No-GMO labels on potatoes, in contrast to
expected benefits of new GMO products

' Founder, Food Should Tas® ‘ ood, Inc.
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“Innate 2.0” potato — late blight resistant, and
reduced sprouting and browning (J, waste,

I safety, { pesticide, 1 yield)

Midwest - Sept 4th 2013

A, ). Polaky Res.
DN 10 100 E1 23 (001 54851

INVITED REVIEW

Biotech Potatoes in the 21st Century: 20 Years Since the First

Biotech Potato

Dennis Halterman” « Joe Guenthner® + Sosan Collinge” -
Nathaniel Butler® » David Douches *

0 The Authons) 200 5. This srticle i3 published with apen soces =1 Springerlnk.com

Abstract Pottois the world's most important vegetable crop,
with neary 400 million tons produced worldwide every vear,
lending to smbibity n food supply and sociocconomic mmpact.
In general, potato 15 an intensrvely managed crop, requinng
irrigation, fertilization, md frequent pesticide applications in
order to obtain the highest yields possible. Important traits ane
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and the potential effeds that biotech potato could have on the
industry.

Resumen La papaes o cultvo horicola mas mmportante en
o mundo, con cerca de 200 millones de oneladas producidas
anmvel mundial anualmente, ageditindo la estabilidad en el

PSS S R

ot oo

'S




No-GMO claims on orange juice
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Some Tropicana and Other PepsiCo Products to Carry Non-GMO Project
Seal

By STEPHANIE STROM  DEC. 10, 2015

The New ork Times




In spite of GE solutions to devastating
‘citrus greening’ threatening the industry
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Very well funded activism against GMOs and

related issues

Agbiotech Info Net
Agribusiness Examiner
ACGA

American Pasturage

APHA

Animal Protection Institute

Farm Animal Reform
Movement

Farm Aid

Farm Sanctuary
Friends of the Earth
GRACE
Government

Institute for

Social Ecology

TtE HumANE SoCIETY

More than oo activist organlzatlons in North

America are spending in excess of $2 billion

annually engaging in food-related campaigns
targeting biotech and many other elements

1'|.C-'f' J"\.!‘g

Chef’s Collaborative

Children’s Health Env Coalition
Common Dreams

Consumer Federation of America
Consumers Union

Crop Choice

David Suzuki Foundation

””””””””” f *e\
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Humane Society US
IATP

Institute for Public
Accuracy

PETA

TIDES
Land Institute

Local Harvest

NFFC Jay Byrne, 2012, V-fluence



There are numerous myths that are rampant and
recycled in media

THE NEW YORRER

CULTURE BOORS & FICTHOMN SCIENCE & TECH DUSINESS HUMOR MAGAZN

Contact Screenings Sponsors Donate JoinUs!

SEEDJOF DOUBT B

BY MICHAEL SPECTER

SEIFERT




With GMOs, we have had fake-science

for years, and its “heroes” abound

“Half of all children will be Autistic by 2025 due to
Roundup warns MIT scientist”

The real cause of increasing autism prevalence?

:

4 Autism
m Organic Food Sales

:
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Vicious anti-GMO messages widespread

are you eating it? WAB”’”G WAB”’”‘: WAB”’”G

( ):\ N> e This product may contain
Vs o’ genetically modified organisms

‘* which pose serious health
and environmental risks

WARNING WARNING WARNING




And many more...
['m no ordinary apple
'n & genetically modified oné that never rots
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My colleague
Steve Savage’s
favorite!




A INSIDE: GET A SEX GI—IANGE FRERE
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Social media and other online filters of
information entrench, polarize

Eli Pariser:

Beware online "fllteg %
bubbles" -*

TED2011 - 9:04 - Filmed Mar 2011

[-] 41 subtitie languages @

'E View interactive transcript

Share this idea

00000 O 3829473

https://www.ted.com/talks/eli pariser beware online filter bubbles



https://www.ted.com/talks/eli_pariser_beware_online_filter_bubbles

It’s hard to tell
what science is
saying amidst all
the noise and
pushback

GENETICALLY MODIFIE

Syrian Refugees: Flight Into the Unknown

MARCH 2015
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\ it .

i _' l‘m §1 L;;’
R : ! k i J“h -..
CLIMATE CHANGE DOES NOT EXIST

EVOLUTION NEVER HAPPENED

WAR

THE MOON LANDING WAS FAKE

D FOOD
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Pew Survey on views of controversial science
Issues - 2015

PewResearchC.enter

ICTS AND TREMDS SHAFING THE WORLD

FOR RELEASE JANUARY 29, 2015

Public and Scientists’ Views
on Science and Society

Both the public and scientists value the

contributions of science, but there are large
differencesin how each perceives science
issues. Both groups agree that K-12 STEM
education falls behind other nations.

A PEW RESEARCH CENTER STUDY CONDUCTED IN COLLABORATION WITH THE FOR FURTHER INFORMATION
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (AAAS) ONTHIS REPORT:

http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society/



PewResearch( enter peme: scince & zecn

PUBLICATIONS TOPICS PRESENTATIONS INTERACTIVES KEY INDICATORS]

PUBLIC AND SCIENTISTS' VIEWS ON SCIENCE AND SOCIETY

88% of AAAS scientists say genetically modified
foods are safe to eat; only 37% of the publlc agrees

B iﬁ#nnmmmi

GMOs the largest
scientist-public gap,
51%, of any issue
surveyed

http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society/

Opinion Differences Between Public and Scientists
% of U.S. adults and AAAS sclenfists saying each of the following

Safe to eat genatically
modified foods

Sale Lo eal foods
grown with pesticides
Humans have avalved
aver time

Childhaod vaccines
such as MMR should
be required

Climate, energy, space sciences

Climate change is mostly
due to human activity

Growing world population
will be & major problem

Favor building more
nuclear power plants

Fawvar more
offshore drilling

Astronauts essential for
future of L5, space program

Favor increased use
of bioengineered fuel
Fawvor increased

use of fracking

Space station has been
a good investment for U5,

Survey of U.5. adults August 15-25, 2014, AAAS scientists survey Sept. 11-Oct. 13, 2014,
Other responses and those sayving don't know or giving no answerare notshown.

PEW RESEARCH CENTER




Americans have limited trust in scientists connected
with genetically modified foods
% of U.S. adulfs

. Mot too wells
Very well Fairly well Mot at all well

Limited pUbllC realth etecte or GM Toots 35
t ru St i n G IVI O— Perceived share of scisntists AI:]'?H Mﬂ:‘i]:fhﬂn About half or fewer
who agrese GM Toods are 14 23 53
. =afe to eat

science and otio0 muchy
Trust =cientiststo provide full A lot Some Mot at all

. . and accurate information on aq

SCIEﬂtIStS health effects of GM foods

Research findings influsenced by each of the following MOt 100

PeW Su rvey 2016 Mustuftheime Sumeufthetime ofteny Newver

Be=t available =cientific
evidence

Concern for the public
interest

Mot too muchy?’
Mot at all

21

Tru=st =cientist=to provide Tull

and accurate information on
health effects of GM Tood=

MNote: Respondents who did not give an answarars not shown.
Source: Survey conducted May 10-June &, 2016
“The Mew Food Fights: U5, Public Divides Ower Food Scisnce”

FEWW RESEARCH CENTER




Regulations, both government and market
based, reflect where society is at, with
science a minor player by comparison

GMO RESEARCH, REVIEW AND REGULATION | How Does a GMO Get to Market?

1
The regulatory process alone can take 5 to 7 years

REGULATORY SCIENCE REGULATORY REVIEW

75+ different studies' are conducted to More than 90 government
demonstrate each new GMO

@ Costly and often biologically
impractical regulations make

§/ | research, products or trade difficult
[ orimpossible—And restrict most
B of it to large corporations

L




One of the Ending event-based regulation of
big problems RELLSKE{ L

|S the COSt Of To the Editor:

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

" Stringent regulations White House memo,
regulating gt e

that recognizes and balances safety,
environment, innovation and economic

every gene

Insertion
event vs.

classes of

for genetically modified : — P the US House of

organisms (GMOs) in

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

1ssue highlightsl, the US

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

and require the US Food
and Drug Administration
(FDA) to conduct a safety
review for all GMOs
entering commerce~. This

n Ove I e n e Executive Branch has recent activity by both the
g launched a process to reform its regulatory executive and legislative branches provides a

structure, calling for an integrated system welcome opportunity to take a fresh look at

VOLUME 34 NUMBER 5 MAY 2016 NATURE BIOTECHNOLOGY




Field research for trees is difficult and often
impossible to do beyond “boutique” levels

I Articles

Far-reaching Deleterious Impacts

of Regulations on Research

and Environmental Studies of
Recombinant DNA-modified Perennial
Biofuel Crops Iin the United States

STEVEN H. STRAUSS, DREW L. KERSHEM, JOE H. BOUTON, THOMAS B REDICK, HUIMIN TAN,
AND ROGER A. SEDJO

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




International as well as national regulatory
pressure given Cartagena Protocol

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
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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

MATURE BIOTECHNOLOGY

WVOLUME 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 ome of the largest international treaties. The
aim of the CBD is to promote the conservation
and sustainable use of biodiversity, and the fair
and equitable sharing of benefits from the use of
genetic resources. Because transgenic organisms
have the potential to affect biodiversity, special
provisions of the CBD cover the use and trade in
living modified organisms (LMOs, also known
as genetlcajl} modified organisms; GMO&)

MUMBER & JUNE 2009




BIOTECHNOLOGY
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Traces of the emersld sch borer onthe trunk of 3 dead ash tree in Miehigan, USA Ths non-natre mvasyve ngeet fom A trasinsiok

Genetically engineered trees:
Paralysis from good Ziciitions

Forest crises demand regulation alid certification reform

By Steven H. Siranss' . Adsm Costansa®,

Armand Séguind

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

recently Min 0t yen amadnta o0 L Cioordi-

nated Framework for the Regnlation of Bio-
technology (2], now is an opportune time to
consider foundational changes.

Difficultiee of conventional tree breed-
ing make genetic engineering (GE) meth-
ods relatively more advantageous for forest
trees than for annual crops (3. Ohstacles

Market certification systems for
forestry also a senous constramt

ﬂ‘ul' o

must Mortn Amencan aah teed

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

METHOD-FOCIUSED AND MISGUIDEL
Mary high-level science reports state that
the GE method is no more risky than con-
ventional breeding, but regulations around
the world essemtially presume that GE is
hazardous and requires strict containment
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“Green” certification of forests create
severe barriers to field research, markets

ABSTRACT

Plantation Certification & Genetic Engineering

FSC’s Ban on Research Is Counterproductive

EFSC

Forest Stewardship
Council

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



All forest certification systems now ban all
GE trees — no exemptions

System Region GM Tree Approach / Reason

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

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

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

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

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

ATFS : American Tree Farm System USA Banned via PEFC re
No additional ra Responsible Use:
- Biotech Tree
CSA : Canadian Standards Association Canada Banned via PEFC re Principles
Allows public to detern

A publication by the Institute of
Forest Biotechnology

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

12, Institute of
'~ Forest Biotechnology

Adam Costanza, Institute for Forest Biotechnology
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A hard lesson in
“Civic
Epistemology” a la
Jasanoff

T

1)::’%15[15 on Natum

"..the institutionalized
ways in which members
of a society test and
deploy knowledge
claims as a basis for
making collective
choices.”
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Plan

e Relevance of GE as a tool for enhancement of tree

productivity and health
* RNAi and gene editing focus



What is genetic engineering (GE)

e Direct modification of DNA

e Vs. indirect modification in breeding and genomic
selection

e Asexually modified in somatic cells

e Then regenerated into whole
organisms, usually starting in
Petri dishes




GE methods of special value for trees due
to breeding constraints

e Difficulty to inbreed
 Long breeding cycle

 Important ag crop breeding tools unavailable

e Hard to introgress desired genes from other species or
genotypes

* Hard to fix rare, desired (e.g., loss of function) mutations
 Hard to identify and use dominant, major genes
e Asexually propagated varieties of high value

e Capacity to “tweak” intact genotypes without sexual
recombination a powerful tool



Trees and forests: A highly diverse milieu

for GE
e Food: Orchards

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

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

e Often limited number of varieties (dozens), agronomic
management, 1-10 year harvest cycle

e Wood, pulp, energy: Planted but long rotation times

e Very high genetic diversity, many decadal cycle, little
management, some ecological services, 10-60 year cycle

e Wild trees

 Many genotypes, many species, many ecological services
and social values, poor access & economics



The Nobel Prize in Physiology or Medicine 2006
Andrew Z. Fire, Craig C. Mello

RNA
Share this: BB EIE3 28

INEREERIEE The Nobel Prize in

(RNAI) for Physiology or Medicine
2006

gene

suppression

Photo: L. Cicero Photo: |. Mottern

Andrew Z. Fire Craig C. Mello
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physiology or Medicine 2006 was awarded jointly
to Andrew Z. Fire and Craig C. Mello "for their discovery of RNA
interference - gene silencing by double-stranded RNA"




Dominant gene action / RNAI
Lignin-modification of elite poplar variety in France by RNAI

G. Pilate, INRA, France



Field trials of flowering-modified RNAI

poplars in Oregon




Sterility, normal growth of LEAFY-RNAI

poplars

Control

inction results in the

tructy nstead of

Klocko et al.
2016,
Nature
Biotechnology




Non-browning “Arctic Apple”

RNAI suppression of native polyphenol oxidase gene
expression

Conventional ' \ Arctic®
Apple Variety Apple Variety

PPO Enzyme | i

Courtesy of Jennifer Armen,
Okanagan Specialty Fruits,
Canada

CONVENTIONAL PPO ENZYME ARCTIC APPLE
APPLE REDUCED




Virus-resistant GM papaya by HIGS — Host

Induced Gene Silencing
Saved the Hawaiian industry in the mid-1990s, ~80% of

crop today

Like a vaccine —
“RNAI
immunization”
via implanting a
viral gene in the
papaya genome

Courtesy of Denis Gonsalves

GMO, virus-resistant
trees




HIGS can also be effective for fungal
resistance

Host-induced gene silencing of cytochrome P450
lanosterol C14a-demethylase—encoding genes confers
strong resistance to Fusarium species

Aline Koch®, Neelendra Kumar®, Lennart Weber®, Harald Keller®, Jafargholi Imani®, and Karl-Heinz Kogel™’

“Institute for Phytopathology and Applied Zoology and ®Institute for Microbiology and Molecular Biology, Centre for Bio Systems, Land Use, and Mutrition,
Justus Liebig University, D-35392 Giessen, Germany; and "Institut Sophia Agrobiotech, Unité Mixte de Recherche 1355 Institut National de la Recherche
Agronomigue Centre National de la Redherche Sdentifigue, Université Nice-Sophia Antipolis, 06903 Sophia Antipolis, France
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e .. demonstrating that HIGS is a il o et

genus Fusarium,

assessed the pote o fungi (8<14). The
e powerful tool, which could e last fowyears (15)
genes, which are ¢ / hitrol strategies.
fungal infection. | . . . " a powerful genetic
oo | C\/O|UtiONIZE crop p lant protection. o e
plementary to CYF s seful dgmnﬂmual
inhibition [half-maximum gmwrh InhihHinn (|c5n] = 1.2 nM] as traits. RNAI is known as a conserved mtq:gra] part of the gene-
well as altered fungal morphology, similar to that observed after regu]anun processes present in all eukaryotes (16, 17); in plants,
treatment with the azole fungicide tebuconazole, for which the it is alsu na.med pun_-.'ttrany_npuunal L,q:ne :.lleanE l_l‘ﬂ l’cnst-
CYP51 enzyme is a target. Expression of the same dsRNA in Ara i -

bidopsis and barley rendered susceptible plants highly resista

to fungal infection. Microscopic analysis revealed that myceliun  19324-19329 | PMNAS | Movember 26, 2013 | vol. 110 | no. 48
formation on CYP3RNA-expressing leaves was restricted to th




Domain for HIGS in pest resistance seems
to keep expanding

Biotechnology
Journal

Flant Brotechnology Journal (2014) 12, pp. 821-831 doi: 10.1111/pbi. 12226

Review article

New wind in the sails: improving the agronomic value of
crop plants through RNAi-mediated gene silencing

Aline Koch* and Karl-Heinz Kogel

Centre for BioSystems, Land Use and Nutrtion, Institute of Fhytopathology and Appled Zoology, Justus Lishig Liniversity, Giessen, Germmany

Received 13 lanuary 2014; Summary
revisad & May 2074; RMA interference (RMAL) has emerged as a powerful genetic tool for scientific research over the
accepted 27 May 2014, past several years. It has been utilized not only in fundamental research for the assessment of
"Comespondence (Tel +49 641 993 7496, una finction, but also in various fields of applied research, such as human and veterinary
fa ‘_L"m_bm 998 70 o medicine and agriculture. In plants, RMA strategies have the potential to allow manipulation of
email Aline_Koch@agrar.uni-giesen.de) . . . " . .

various aspects of food quality and nutritional content. In addition, the demonstration that
agricultural pests, such as insects and nematodes, can be killed by exogenously supplied RMNAI
targeting their essential genes has raised the possibility that plant predation can be controlled by
lethal RMAI signals generated in planta. Indeed, recent evidence argues that this strategy, called
host-induced gene silencing (HIGS), is effective against sucking insects and nematodes; it also
has been shown to compromise the growth and development of pathogenic fungi, as well as
bacteria and viruses, on their plant hosts. Here, we review recent studies that reveal the
plants, host-induced gene silencing, enormous potential RMAI strategies hold not only for improving the nutritive value and safety of
RhA interference, plant protection, the food supply, but also for providing an environmentally friendly mechanism for plant
resistance. protection.

Keywords: genetically engineerad

{Hammond et al, 2001a). This latter phenomenon was termed
co-suppression in plants and guelling in fungi. PTGS also could be
induced in plants by cytoplasmically replicating viruses (Hammond
RMA interference (RMAI) is a conserved and integral aspect of et al., 2001a). Given the similar phenotypes associated with PTGS

RNA interference: discovery of a novel
mechanism for gene regulation




Insect control via RNAI in corn on

commercial track
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Control of coleopteran insect pests through

RNA interference

James A Baum!, Thierry Bogaert?, William Clinton', Gregory R Heck', Pascale Feldmann?, Oliver Tlagan',
Scott Johnson!, Geert Plaetinck?, Tichafa Munyikwa', Michael Pleau’, Ty Vaughn' & James Roberts'-?

Commercial biotechnology solutions for controlling
lepidopteran and coleopteran insect pests on crops depend

on the expression of Bacilflus thuringiensis insecticidal
proteins12, most of which permeabilize the membranes of gut
epithelial cells of susceptible insects®. However, insect control
strategies involving a different mode of action would be
valuable for managing the emergence of insect resistance.
Toward this end, we demonstrate that ingestion of double-
stranded (ds)RNAs supplied in an artificial diet triggers RNA
interference in several coleopteran species, most notably the
western corn rootworm (WCR) Diabrotica virgifera virgifera
LeConte. This may result in larval stunting and mortality.
Transgenic corn plants engineered to express WCR dsRNAs
show a significant reduction in WCR feeding damage in a
growth chamber assay, suggesting that the RNAi pathway can
be exploited to control insect pests via in planta expression of
a dsRNA.

initial bioassays, dsRNAs were applied to the surface of the WCR agar
diet at concentrations from 520 ng/cm’ to 780 ng/cm’. As we
anticipated a slower response to dsRNAs than to B. thuringiensis
insecticidal proteins, the WCR bioassay incubation period was
extended from 5 d to 12 d. Indeed, 7 d after infestation, little if any
effect was observed. However, numerous dsRNAs exhibited significant
activity 12 d after infestation, resulting in both larval stunting and
mortality (Supplementary Table 1 online).

Subsequent feeding assays demonstrated that certain dsRNA sam-
ples, including dsRNAs targeting putative genes encoding vacuolar
ATPase (V-ATPase) subunit A, D and E, as well as a-tubulin, were
active at applied concentrations well below 52 ng/fcm?. We identified
additional WCR genes that caused mortality when targeted for
suppression using dsRNAs in the WCR feeding assay. A two-tiered
screen was implemented in which dsRNAs targeting different genes
were tested at 52 and 5.2 ng/cmz. Of the 290 dsRNAs tested, 125
showed significant (P < 0.05) larval mortality and/or stunting at
52 ng/cm?. Of these, 67 showed significant mortality and/or stunting
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Figure 2 F1 plants expressing a V-ATPase A dsRNA are protected from WCF
feeding damage. (a) Map of the expression cassette. (b) Mean root damage
ratings for eight F; populations, the parental inbred line (negative control)
and the corn rootworm-protected Cry3Bb event MONE63; NIS, nodal injury
score (lowa State ranking system). (c) The plant on left is a non-transgenic
control with average root damage, whereas the plant on the right shows the
average root protection seen when the transgene is expressed.




Forest health a major and growing
concern

REVIEW

Planted forest health: The need for a
global strategy

M. J. Wingfield," Brockerhoff,” B. D, Wingfield," B. Slippers

Several key tree genera are used in planted forests worldwide, and these represent valuable
global resources. Planted forests are increasingly threatened by insects and microbial
pathogens, which are intreduced accidentally and/or have adapted to new host trees.
Globalization has hastened tree pest emergence, despite a growing awareness of the
ing of the costs, and an increased focus on the importance of
hidden danger: ¥ o + and potential of planted forests, innovative solutions and a
F‘m"‘k‘mm - .': F_J'ﬂﬂr“b:f"l Mde m‘:ﬁﬁm sach are needed. Mitigation strategies that are effective only in
1 invasions elsewhere in the world, ultimately leading to global
st problems in the future should mainly focus on integrating
illy, rather than single-country strategies. A global strategy to
ipartant and urgently needed.
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Nonnative forest insects and pathogens in the United States: Impacts

p e St and policy options

Gary M. Lovert. |2 Marissa Wess,* ANprew M. LigenoLp,* THomas P. Houmes,S Brian LEung.®
KaTHY FALLON LAMBERT, > Davip A, OrwiG,” FATTH T. CAMPEELL,” JONATHAN R0SENTHAL® DERORAH G. MOCULLOUGH,”
Rapka Witpova,? MatTHEw P Avres,!? Crarces D. Cannam,! Davio R. Foster,? Saannon L. LaDear,! axp

introductions
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XSeience Policy Exchange, Harvard Forest, Harvard University, Petersham, Massachusetts 01366 USA
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United States forests

Absiract. We review and synthesize information on invasions of nonnative forest

at a rate Of ~2 5 per insects and diseases in the United States, including their ecological and economic impacts,
" pathways of arrival, distribution within the United States, and policy options for reducing

future invasions. Nonnative insects have accumulated in United States forests at a rate of

yr Ovel" the |aSt 150 ~2.5 per yr over the last 150 yr. Currently the two major pathways of introduction are
” importation of live plants and wood packing material such as pallets and crates. Introduced

yr_ insects and diseases occur in forests and cities throughout the United States, and the
problem is particularly severe in the Northeast and Upper Midwest. Nonnative forest pests

are the only disturbance agent that has effectively eliminated entire tree species or genera

from United States forests within decades. The resulting shift in forest structure and spe-

cies composition alters ecosystem functions such as productivity, nutrient cycling, and

wildlife habitat. In urban and suburban areas, loss of trees from streets, yards, and parks

“Non—natlve fo reSt affects aesthetics, property values, shading, stormwater runoff, and human health. The

economic damage from nonnative pests is not yet fully known, but is likely in the billions

peStS are the Only of dollars per year, with the majority of this economic burden borne by municipalities
and residential property owners. Current policies for preventing introductions are having

1 positive effects but are insufficient to reduce the influx of pests in the face of burgeoning
dIStu bance agent that global trade. Options are available to strengthen the defenses against pest arrival and
establishment, including measures taken in the exporting country prior to shipment, meas-

h as effe Ctlve Iy ures to ensure clean shipments of plants and wood products, inspections at ports of entry,

and post-entry measures such as quarantines, surveillance, and eradication programs.

ellm | nated ent| re tree Improved data collection procedures for inspections, greater data accessibility, and better

reporting would support better evaluation of policy effectiveness. Lack of additional action
S eCIeS Wlth | N places the nation, local municipalities, and property owners at high risk of further damag-
p tEE ing and costly invasions. Adopting stronger policies to reduce establishments of new forest

7] insects and diseases would shift the major costs of control to the source and alleviate the
decad eS . economic burden now borne by homeowners and municipalities.

Key words:  disease; forest; insect; invasive; pathogen; policy.




Coleopteran resistant Bt-cottonwoods in
eastern Oregon field trial




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

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

Amy L. Klocko, Richard Meilan, Rosalind R. James, Venkatesh Viswanath, Cathleen Ma, Peggy Payne,
Lawrence Miller, Jeffrey 5. Skinner, Brenda Oppert, Guy A. Cardineau, and Steven H. Strauss

Abstract: The stabils d value of transgenic pest resistance for promoting tree growth are poorly understood. These data are
essential for detes if such trees could be be: ial to commercial gron he face of substantial regulate
2 tigated growth and insect resistance in hybrid poplar e sing the

trials. An initial screening of 502 trees comprising 51 transgenic gene insertion events in four r‘lr. :
ones 24-305, 50-197, and 198-4 and P. deltoides x Populus nigra, clone

conducted over two grow 5. de 3 age 2 ywih [mean HWX)
Quantifi xe annual or biannual
coppice in a clone bank. d management, the oy3Aa gene appears to be a highly effects | for protecting against
. ields from poplar plantations.
la résietanee tranodniome e ravamere nene Baricer b croiseance dse arhres ne cont nos
bien conmy
étre profits

coee Can. | For. Res. dd4: 28-35 (2014) duedol.orgf10.135cjfr-2013-0270 ¥ Published at www.nreresearchpress.comjcjfr on 28 October 2013,




American Chestnut restoration — genomics

and genetic engineering
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The American Chestnut's
Genetic Rebirth

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

See Inside forests. Genetic engineering can revive them

By William Powell

In 1876 Samuel B. Parsons received a shipment of More In This Article
chestnut seeds from Japan and decided to grow and sell - e

-

the trees to orchards. Unbeknownst to him, his shipment =\ Generation
likely harbored a stowaway that caused one of the —oL

greatest ecological disasters ever to befall eastern North American

Ameriea Tl < probablv aled spor £ Chestnut Trees
America. The trees probably concealed spores of a Moy B e
pathogenic fungus, Cryphonectria parasitica, to which America's Forests

Asian chestnut trees—but not their American cousins—

had evolved resistance. C. parasitica effectively strangles

wmarch 2014 issue - Scientific American



Hemlock in USA under siege today

Corrected 2 September 2015; see full text. FOREST HEALTH

BATTLING AGIANT KILLER

The iconic eastern hemlock is under siege
from a tiny invasive insect

SPECIAL SECTION

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

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

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

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

the shrubs until he spotted the mites, and spiders appear to live primarily

oo £ - t+h i Lo 4 ANADEN g = qcte Or ey ely in hem L {ore an

A creeping conflict

voolly gid now in about half of the

s been spreading by about 15 kilomet

CANADA

adelgid range




Emerald Ash Borer killing ~all ashes in
USA—CcC

O
143 M

Thriving Ash Trees in 2006

(26-32 mm long)

The emarald ash borer was first detected m North America in 2002, Native 1o Asia, the baetle has proven to be highly
destructive in its new range. Since its arrival, it has killed tens of millions of ash trees and continues to spread inlo new areas.,

Phols cradide - Treen Oecse’ 4 dorma, Tha O Slete Unevsenily - Bover lieva O Pobad Lovalby, Netural Rensrces Canasa



Swiss Needle Cast in Oregon Douglas-
fir — breeding ineffective




What is the cost of exclusion of a major
technology platform?

e Cognitively difficult to imagine
 Economically difficult to estimate

e Billions for GE crop removal

 Millions of cars in greenhouse gas impacts
e Lower fertility soils, higher erosion rates

* How many schools could be built, teachers
nired, medicines provided, and pesticide
impacts avoided?




Gene editing technology for diverse
traits

Target DNA

Science magazine names CRISPR
‘Breakthrough of the Year’

By Robert Sanders | DECEMBER 18,2015 v ﬁﬂ G = =R

| 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



Will plant gene editing be a big deal?

Available online at www.sciencedirect.com Current Opinion in

ScienceDirect Biotech nology

Editing plant genomes with CRISPR/Cas9
Khaoula Belhaj', Angela Chaparro-Garcia', Sophien Kamoun, @m“’“”“
Nicola J Patron and Vladimir Nekrasov

CRISPR/Cas2 is a rapidly developing genome editing nucleases, the repair may be imperfect. IHHDR, however,
technology that has been successfully applied in many uses a templare tor repair and theretore reparrs are hkely
organisms, including model and crop plants. Cas9, an RNA- to be perfect. In a natural sitvation the sister chromarid
guided DNA endonuclease, can be targeted to specific woutld be the template tor repair, however templates to
genomic sequences by engineering a separately encoded recode a target locus or to introduce a new element
guide RNA with which it forms a complex. As only a short RNA berween Hanking regions of homologv can be delivered
sequence must be synthesized to confer recognition of a new with an SSN [2]. In mammalian cells, 1DSBs were shown

“CRISPR/Cas9 is a game-changing technology that is
poised to revolutionize basic research and plant
breeding.”




Gene editing described

N
{

e Technique that allows specific changes to the
genome

e Employs methods of genetic engineering but
generally does not leave the editing agent in the
genome




CRISPR gene editing system can be used for
multiple purposes

Mutations to destroy gene function
Directed changes to sequence to change function

Gene or chromosome scale rearrangements (inversions,
translocations)

Ability to readily multiplex and mutate numerous genes
at once

Gene insertions directed at specific places
Very low off-target rate in plants

Conversion of alleles in successive generations (gene
drive) — a useful means for control of serious diseases,
pests, invasive exotic species?



Guide RNA

IIlIIIIIIl)

sequence

Matching genomic oﬁ

Summary of
CRISPR Cas-
mechanism

Two major
types of
edits




Sandman CRISPR !




Gene drives for suppression of crop pests?

Normal inheritance

Altered gene Wild type

AR
Male &'ﬂ) Female

=

Altered gene without
gene drive: One copy
inherited from one parent.
50 percent chance of
passing it on.

Altered gene does not spread

Gene drive inheritance

Gene drive Wild type

(S

| M-

Repair

Altered gene as gene drive:
One copy converts gene
inherited from other parent.
More than 50 percent chance
of passing it on.

RIRIRT TRIRINZ
e B T B B e Bl

Altered gene is almost always inherited




CRISPR-Cas9 targeting of floral genes for
genetic containment

e Goal: To develop robust male and female
containment technologies for vegetatively
propagated forest trees

e Why: Regulatory, market, and public acceptance
with exotic and native trees can be costly or
impossible — even for field research

 Advantage of gene editing: Expected to be more
predictable and stable than alternative genetic
containment methods that depend on modified
gene expression

* High efficiency: Biallelic knock-outs needed in one
or more genes



Overview of CRISPR methods in poplar

Build constructs

r

\

Transform poplar
tissue with
Agrobacterium

y

Grow transformed
plantlets

~




Overview of CRISPR methods in poplar

Extract DNA and

gel-purify gene
amplicons

Sequence
amplicons across
target sites
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Experimental constructs — single and double

targets per gene

Nuclease constructs

: AtU6-26 SgRNA

AtU6-26 sgRNA1 AtU6-26 sgRNA?2 hCas9 tnos

nptll § LB RB

Control construct
2x35S hCas9 tnos

‘mm &




High mutation rates observed

After analysis of hundreds of insertion events....

e Cas9-only control events
« No mutations

* CRISPR-Cas events
e 80% with mutations

e 50% knock-outs!



Large and small mutations — many routes to
non-functioning genes

Mutations

Target site for LFYsg2 Target site for LFYsgl
t|||||||||||||||||||| EEEEEEEEEEEaEEaEE - B

...100bps...

R

Partial peptide sequence
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Global regulatory quandry

PUBLISHED: 8 JANUARY 2015| ARTICLE NUMBER: 14011 | DOI: 10.1038/NPLANTS.2014.11

comment

Regulatory uncertainty over
genome editing

Huw D. Jones

crop breeding benefit will depend on how the EU decides to regulate this fledgling technology.

paradigm in plant breeding. to lepidopteron pests; these lepidopteron- a mutation. Mutations generated in this way
Classical approaches to crop resistant crops are grown around the world. are indistinguishable from those that occur
improvement based on hybridization However, this technique cannot be used naturally and drive evolution, as well as
and selection can now be complemented to make small edits to existing genes, and from those induced through the application
by targeted genome editing that exploits can lead to the random disruption of native ~ of chemical mutagens or radiation, as
knowledge of specific gene sequences in genes because the destination of the inserted ~ employed in mutation breeding programmes
a systematic way. Unlike conventional DNA cannot be dictated. since the 1940s.
genetlc modlﬁcatlon that results from the [n contrast to tradmonal genetic Here, 1 focus on the potentlal appllcatlons

W e are at the dawn of a new or maize renders the plants highly resistant one or a few bases at the cut site, resulting in




Markets are another thing....

The National Organic Standard Boards has banned gene editing
technologies

HOME . ARTICLES . ALL NEWS . CATTLE AND BEEF INDUSTRY NEWS . O

Organic board bans gene editing
technology

CATTLE AND BEEF INDUSTRY NEWS
NOV 25, 2016 By KERRY HALLA MANAGING EDITOR f y S*' @ Q

When a government agency describes something as causing the “demise” of species and

displacing Americans, they must surely be describing a fareign enemy, right? Or maybe some

pandemic plaguing the countrysid

pmael ‘£ \ery organic stakeholder is

Organic Standards Board (NO5B) u

would, among other things, ban pl|

e Clear that genetic engineering Is
| an imminent threat to organic
Integrity. Every effort must be
S nade to protect that integrity,”

of “excluded methods” of organic |

additionally attributed many alarm|

“Every organic stakeholder is clear

integrity. Every effort must be mad



In conclusion....




Asilomar, CA meeting
on rDNA research 1975

ormion wec-as oo« "Couyld an Asilomar-type conference help resolve
CSSAY some of the controversies now confronting scientists
and the public — such as over fetal tissue, embryonic
) stem-cell research, somatic and germ-line gene
Asilomar 1¢ therapy and the genetic modification of food crops? |

The California meeting set st

oublic health, Organizer Paul DEl1€VE that it would be much more difficult to
—|_lh_:ld.ju'.[]'ll:'!.'!'r.'lll:'[.ihtll.gﬂjl'li. engi organlze SUCh an event today

and the risks and ethical dilemn

l}‘]‘t.'\l:‘ L8, & 'E' L ol d. Y pPuoc LIS W L UIIL O LAl Lo LS USa IS LT T OO T e DT Ed RS, Ji

discourse, thrashed out ir WE P O

and by politicians and ¢ lJ[]L]l]L]l[d.[l.JTH “In the 19705 most Ofthe SCIentIStS engaged In

where. IJLl]ll:':..uh 19705, it was a very
ent picture. Scientists wnly just le

o mpdscoxa oo F@COMbiNant DNA research were working in public

into r.r:lubmalmu that were not kn
exist naturally. Although they were co

wie i oo iNstitutions and were therefore able to get together

. and voice opinions without having to look over their

"5 shoulders. This is no longer the case — as many
scientists now work for private companies where

commercial considerations are paramount.”




Asilomar, CA meeting T
on rDNA research 1975 ;

OPINION MEETIMNGS THAT CHAMNGED THE WORLD MATURE|Vol 45518

ESSAY
Asilomar 1975: DNA modification secured

The California meeting set standards allowing geneticists to push research toits limits without endangering

public health. Organizer Paul Berg asks if another such meeting could resolve today's controversies.

oday, the benefits of gene

and the risks and ethical

it presents, are part of ev
discourse, thrashed out in news
and by politicians and comme
where. In the early 1970s, it wa
ent picture. Scientists were onl
how to manipulate DNA from v
into combinations that were
exist naturally. Although they
that the new technology offe
able opportunities, the potent

The people who sounded t
this new line of experimenta
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REWRITING THE CODE OF LIFE

Tbmug& DNA editing, researchers hope to alter the genetic destiny

c_:f species and eliminate diseases.

[ N Y )

By Michael Specter

\

“We say if it’s risky we just shouldn’t do it.
And that’s fine, so long as you’re standing on
firm ground. But that’s the thing: we’re not
standing on firm ground. And the greatest
danger we could face is to assume that not
doing anything to nature is the safest course.”
-Kevin Esvelt, who directs the “sculpting
evolution” group at M.I.T.

A



Forest stresses growing: “No-analog”
scientific thinking should dominate today

PALEOECOLOGY PALEOECOLOGY

Novel climates, no-analog communities, and E

ecologic.al 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.

“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.”



In summary

e We today live in, and have been witnessing the growth
of for > 40 years, a “perfect storm” of resistance to GE
in agriculture and forestry

 Novelty, unnaturalness of GE science and technology
to an urban, skeptical, nature-loving, well-fed public

e Complexity / challenges of sustainable food production
e Method-focused, highly precautionary regulations

e Rise of numerous interest groups that profit from
anti-GMO activism

e Corporate/private dominance and conflicts of interest
e Market restrictions and “clean” labels

e Power and speed of online information / social media
amidst filter bubbles and fake / funky news



T TINK Nou SHOULD 88 MORE
EXPLIAT Hee N STeP o,
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