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Strauss research

« Web site:

http://people.forestry.oregonstate.edu/steve-
strauss/

 Current research

« Genetic engineering (GE) — poplars and eucalyptus
« Emphasis on modifying flowering to avoid gene flow
« Genomic basis of hybrid vigor in trees

* Focus on poplar interspecies hybrids
* Non-GMO genetics

 Origin of Willamette Valley aspens
« Genomic methods to trace evolution and migration



http://people.forestry.oregonstate.edu/steve-strauss/
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Strauss funding and industry relations

« Research funds from many companies over
many years

- Mostly forestry-associated, also some from ag
biotechnology companies

 |Industry consortium at OSU
- Tree Biosafety and Genomics Research Cooperative
« 22 years and counting

 Total funds

 Industry ~13%
« Public sources ~87%

* ~No industry funds for OSU outreach programs



Industry engagement the norm

* Extensive interactions with scientific network,
Including industry scientists and industry funded
scientists

« The norm for applied science and engineering
« The norm at land grant universities — ENGAGE

- Biotech companies largely create and market the
technology

- Essential to engage to be current, create opportunities
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There are many pieces of the GMO
controversy

» “It is accurate to say that many of the real
ethical issues [of GMOs in agriculture] have little
to do with the use of transgenic technologies”
(Burkardt et al. 2005, Agricultural Ethics, CAST)
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...lots and lots of pieces....

« Large vs. small-scale agriculture
« Plant variety protection

» Ecological impacts

* Food safety

* Poverty and malnutrition

» Defining precaution

* Gene flow regulation

« Mandatory vs. voluntary labeling of ag and food
production practices




Complex, emotive Issue,
cognitively difficult

 Life and death, health and safety, poor vs.
food elite, innovation vs. precaution, right vs.
wrong, etc etc etc

« Science: The GMO method is not
iInextricably linked to any of these larger
Issues — can be used and managed in many
different ways

» Are we talking past each other?

« “GMO” as representing a type of food and
social system, vs. “"GMO” as a breeding
method




Speaking as scientist, and
seeking to reflect what
mainstream science IS

thinking and saying



Mainstream science Is supportive

of reson3|ble uses of GMOs

=2 American Society
Pﬁ of Plant Biologists

'-“ -

REVISED POSITION STATEMENT ON PLANT GENETIC ENGINEERING

Advances n agriculture are cumulative and build on the integration of new approaches with
established breeding T.EL]'IFIiE.]IJ.EH and farming practices. The Food and Agricultural Organization
anlu:1pale~. 1he nEEd for a 70% increase in aLnLullural pmducmm to meet 1hE food, Ieed fiber

The American Society of Plam Eiﬂlngjsls {ASPB] supports the continued respnnsihle use of
genetic engineering (hereafter referred to as GE) as an effective tool for advancing food security
and reducing the negative environmental impacts of agriculture. ASPB also supports the

and reduunL the ner:Tame environmental impacts of agriculture. ASPB also auppﬂrh the
continued use and Iurlher development of appropnate, science-based procedures and regulations

The use of GE to modify plants represents an important advance in plant science and agri::ullure
that I:-ullds on centuries of human involvement in the genetic modification of crop species. GE

"The use ol GE (o modily plants represents an meﬂrtanl advance in piant science and agriculture
that builds on centuries of human involvement in the genetic modification of crop species. GE
allows for the transfer into a plant of well-characterized genes. The precision of this technology,
coupled with the knowledge of the specific nature of the manipulated genetic information, makes
the risks of unintended consequences of this type of gene transfer comparable to or less than the Revised
random mixing of genes that occurs during classical breeding (National Research Council,

2004). c ) - ' 2014



https://c.ymcdn.com/sites/aspb.site-ym.com/resource/group/6d461cb9-5b79-4571-a164-924fa40395a5/Statements/ASPB_GE_revision.APPROVED_ed.pdf

AAAS: Position on GMO labeling

“Legally mandating such a label can only serve
to mislead and falsely alarm consumers”

Statement by the AAAS Board of Directors
On Labeling of Genetically Modified Foods

20 October 2012

There are several current efforts to conclusion: consuming foods con- added, the protein must be shown
require labeling of foods containing taining ingredients derived from GM to be neither toxic nor allergenic.
products derived from genetically crops is no riskier than consuming As a result and contrary to popular
modified crop plants, commonly the same foods containing ingredi- misconceptions, GM crops are the
F.m:.‘.‘“ as GM ¢ Crops of GMOs. The ents from crop plants modified by most extensively tested crog
are not driven by evidence ; u-r*_l{_l, t improvement added to our f.J_> ;,ll
oM foods are actually danger- 2chniq occasional claims that feading
"”1»4?-"1 the Q'i;”:‘_’_‘, IS quite fo N0d \f "l Mal Approved by the AAAS Board of
Directors on 20 October 2012
r'wr r‘ provement by the

rn molecular techniques of L_-. L:- I": ste { h‘AAAS

nsationalized and receive a
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consumed for close to 20 years, and where they have been approved.
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been reported and/or substantiated in
the peer-reviewed literature.”
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http://www.axismundionline.com/blog/the-new-is-gm-food-
safe-meme/

Safety supported by many dozens of
International science organizations

Th? scientific consensus around (h‘g1 safety of genetically modified
oods is as 5;ron as the scientific consensus around climate
change. These foods are sub{eued to more us(mg than any other,
and everything tells us that they're safe.



http://www.axismundionline.com/blog/the-new-is-gm-food-safe-meme/
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Plants were domesticated in parallel in
several regions of the globe — then
moved and further bred all over the
world

West
Africa

n Centres of origin of
food production

[:l The most productive
agricultural areas of the modern world

Reprinted by permission from Macmillan Publishers Ltd.: [Nature] Diamond, J. (2002). Evolution, consequences and
future of plant and animal domestication. Nature 418: /00-/07/, copyright 2002.


http://www.nature.com/nature/journal/v418/n6898/full/nature01019.html

Cereals: Seeds that don’t break off were

selected

Wild

Shattering grain
“Brittle rachis”
Advantage —
maximizes seed
dispersal

Domesticated
Non-shattering grain

“Tough rachis”
Advantage —
facilitates harvesting

From Konishi, S., Izawa, T,, Lin, S.Y., Ebana, K., Fukuta, Y., Sasaki, T., and Yano, M. (2006). An SNP caused loss of seed
shattering during rice domestication. Science 312: 1392-1396. Reprinted with permission from AAAS.


http://www.sciencemag.org/content/312/5778/1392.abstract
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Radical changes in

form: Diversity of

crucifer crops derived
from wild cabbage

Ornamental kale
Kohlrabi Late 1900's
Germany, 100 AD




Many plant varieties derived from

Induced mutations

Calrose 76 sénﬁ dwarf rice

Over 3,000 crop varieties
derived from mutagenesis
have been commercialized

High oleic sunflower




Radical changes in domesticated animals
All dogs derived from the wolf by breeding




Plant and animal domestication the
basis of civilization

Pulitzer Prize winner
Core story:

Genetic change
enabled agriculture

...which enabled
cities, culture, and
thus advanced
technologies

JARED DIAMOND




Breeding continues and Is accelerating Iin
age of massive DNA sequencing
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GMO method (genetic engineering)

defined

Traditional
plant breeding

Genetic
engineering

L 1

Va rlety

Variety B

Asexual

:



The acronyms, evolving in meaning

 GE (genetic engineering) = GM (genetic modification) =
asexual modification and/or insertion of DNA

GM, GMO = genetically modified organism
GE, GEO = genetically engineered organism

The terms “biotechnology” or “modern biotechnology”
often equated with GE or GM methods

Transgenic = GE, or transfer of genes between distant
species

Cisgenic, intragenic for transfer or modification of genes
from closely related species



Agrobacterium is a natural, and
commonly used, plant genetic engineer

Ti PLASMID

-DNA  CHROMOSOME
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The “gene gun’ is also used to introduce
DNA into cells

Firing pin

Gunpowder
cartridge

Projectile

pellets

DNA-coated /

Vent

Stopping plate

Target cells




After cells are
modified, they
are induced to
regenerate into

whole plants




Then propagated normally (seeds,
cuttings) and tested for health and new

gualities, incorporated into breeding
programs




Agenda

A bit about me

Broad perspective on GMO Issues

* The science: What are and are not GMOs
» Extent of use in the world

« Examples of newer products, pipeline
 |ssues in management, public reception



Biotech crops widespread, rapidly

adopted: Grown on >10% arable land on planet,
extensive uptake in developing world

. &

Global Area of Biotech Crops, 1996 to 2013: D
Industrial and Developing Countries (M Has, M Acres) saaa
M Acres
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o | publicationsibrefsly6lpptslides/Briefy6sldes.pdf


http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf

Four crops dominate,
8+ crops in USA

Global Area of Biotech Crops, 1996 to 2013: @%

By Crop (Million Hectares, Million Acres) e

M Acres
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http://www.isaaa.org/resources/publications/briefs/46/pptslides/Briefs6slides.pdf



http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf

Two traits dominate worldwide

Global Area of Biotech Crops, 1996 to 2013: l@%@l
By Trait (Million Hectares, Million Acres) ISAAA
M Acres
297 120
247 100 —O— Herbicide Tolerance
—D— Insect Resistance (Bt)
Herbicide Tolerance/
198 80 Insect resistance
148 60
99 40
49 20
0 0
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http://www.isaaa.org/resources/publications/briefs/46/pptslides/Briefs6slides.pdf



http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf

Growing use of stacked genes In
maize, USA 1996 to 2014
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Three GE trait types widely grown In
the USA

Bt insect resistant
(corn, cotton, sweet
corn)

Herbicide resistant
(soybean, corn, cotton,
canola, sugar beet,
alfalfa)

Virus resistant
(papaya, squash)




Why these traits?

Of the total annual pest losses in crops, weeds
account for 37%, Insects 29%, diseases 22%
and other pests 12%

Factors contributing to crop loss

Diseases
22%

Insects
29%

Directorate of Weed Science Research, 2010 T




Herbicide resistant crops make weeds

less costly and more efficient to control
Weeds aggressively use water, light, and nutrients,
and thus greatly decrease yield per acre




Insect-resistant Bt crops

More efficient and less harmful to non-targets than sprays --
Bt sprays widely used in organic agriculture

Sy
Bt gene 15 \\\)

transferred from Luropean corn borar

the Bacillus into feoads on the corn

corn plant and ingests the
protein encoded by
the Bt gene

The Bt proten
penatrates and
collapses the
cells hining the
gut and the




Major reports on biotech crops show
very large and positive impacts on
economics, sustainability, in USA
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U.S.
INsecticide
use per
acre
reduced

due to Bt
Crops

National Research
Council, National
Academy of
Sciences 2010

Pounds of active ingredient

Pounds of active ingredient

per planted acre

per planted acre

0

1996 1998 2000 2002 2004 2006

Year

—<o— Pounds of active ingredient —¢— Percent acres Bt corn

1996 1998 2000 2002 2004 2006

Year

—@— Pounds of active ingredient —O— Percent acres Bt cotton

2008

Percent of corn acres

Percent of cotton acres




Global "meta-analysis™ with similar
results: 2014

@.PLOS ‘ ONE Subject Areas = For Authors  About Us

& OPENACCESS B PEER-RE ED

A Meta-Analysis of the Impacts of Genetically Modified Crops

79,064 948

Views Shares

Wilhelm Klimper, Matin Qaim [E]

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



Herbicide tolerant plants promote
conservation tillage — With many
environmental benefits thereof

Conservation Technology Information Center

e Lowers greenhouse gas emissions

e Improves soil organic matter

e Reduces erosion and fertilizer
runoff into water

Global: In 2012 reduced CO2 emissions by ~27 billion
kg, equivalent to ~13 million cars off the road



http://www.isaaa.org/resources/publications/briefs/46/topfacts/default.asp

Increased conservation tillage due to
GE crops in USA: Soy 2006

Figure 15
Adopters of herbicide-tolerant crops used conservation tillage more than did growers of
conventional varieties: soybeans, 2006

Percant of acres

Conventional tillage practices

M Other conservation tllage practices
(exchedas no-till)

m No-till

Terhed Mrtes | eaetTrees o Ageaition

Genetically Engineered Crops
in the United States

HT Conventional vaneties

Consenmbion tilege Includas no-ill, ndge-8ll and mulkch-tiL
Sowrca: USDa Economic Rasearch Sanvice using dala from 20068 AAMS Phasa || soybaan survey.




Poor weed management has led to rapid

development of herbicide-resistant weeds
And motivated development of new kinds of herbicide
tolerant crops

| - Confirmed Glyphosate Resistant

- Weeds in the U.S.

NATURE BIOTECHNOLOGY | NEWS . B =

Glyphosate resistance threatens Roundup
hegemony

Emily Waltz

hnology 28 537-538 (2010) | dor 10 1038/nbt061
3 October 2010
tober, 2010)

~~Horseweed (Marestail)

~~Common Ragweed

~/~Giant Ragweed - -
~~Palmer Amaranth ~¢Italian Ryegrass
~/~ Common Waterhemp ~7Rigid Ryegrass
~~Hairy Fleabane ~/~Johnsongrass

Extension




Herbicide-resistant weeds are an old
problem in agriculture, but exacerbated by
GE herbicide tolerant crops

THE RISE OF SUPERWEEDS
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Insect resistance has developed too, but
expected and much better managed
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Nature
Biotechnology,
31, 510-521

Analogous to antibiotics, continued benefits require integrated
management, and inputs of new genes/traits



http://www.nature.com/nbt/journal/v31/n6/full/nbt.2597.html

A difficult herbicide and GMO crop
treadmill — can it be managed?

BUSINESS DAY

E.P.A. Revokes Approval of New Dow Herbicide for G.M.O. Crops

By ANDREW POLLACK [MNOV. 25, 2015

The Environmental Protection Agency, in a surprising move, has decided

to revoke the approval of a herbicide that was made to be used on a new ( q c aesarsto
L)
generation of genetically modified crops. >

The agency’s decision could delay the introduction of corn, sovbeans and /4 }4‘/ e V_e f” 71
cotton developed by Dow Chemical to be resistant to the herbicide 2,4-D.
But Dow said it did not anticipate a significant delay.

In a court filing on Tuesday, the E.P.A. said it had discovered new

il]fDl‘nlat‘iOn SU.-..-.A-.J-J.-..-— B L e B e L I T L LT e P, o S

could be more

oo Ehe New York Eimes




Overstated concerns over
glyphosate exposure

efsa E Eurcpean Fccd Sareh,r Aufhcnh,r
nitted to g that Europe zafe

TOPICS

& Journal > Conclusion on the peer review of the pesti

EFSA

Conclusion on the peer review of the pesticide risk assessment of the active substance glyphosate

seeend FOllOWING @ Second mandate from the European

2 Commission to consider the findings from the
International Agency for Research on Cancer (IARC) ...
EFSA concluded that glyphosate is unlikely to pose a
carcinogenic hazard to humans and the evidence does
not support classification with regard to its carcinogenic
potential
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Newly approved GE crop varieties in

USA

Soybean - insect resistant (Apr. 2014)
Alfalfa — reduced lignin (Nov. 2014)

Potato — reduced black spot bruise and low |< ‘« *%
acrylamide production (Nov. 2014), reducedl =- -«
browning and disease resistant as well
(August 2015)

Soybean and cotton — new herbicide
tolerances (Jul. 2014 — Jan. 2015)

Apple — non-browning (Feb. 2015)
Plum — virus resistant (2014)




RNA
Interference
(RNAI) for
gene
suppression

Nobel Prize
for it's

Impact and
mechanism

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

Share this: 1Bl E4| 28 |}

The Nobel Prize in
Physiology or Medicine

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"




Virus-resistant GM papaya
Saved the Hawaiian industry in the mid-1990s,
~70% of crop today

Cw"
» U« NE VLTS

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




HoneySweet plum with RNAI
resistance to plum pox virus

Ralph Scorza USDA-ARS . |
"’,;(, FFERI - A i »
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Non-browning “Arctic Apple”
Reduced spoilage/waste, improved quality — USDA
approved

Apple Variety Apple Variety

Okanagan Specialty Fruits,

o o 0 o
. / 4 § , '.“' P o @) O
Courtesy of Jennifer Armen, S IR D 42 o 4@
0) O
Canada O

CONVENTIONAL PPO ENZYME ARCTIC APPLE
APPLE REDUCED



Non-browning “Arctic Apple”

Time lapse video

o—@

Conventional Arctic
Apple Apple




Arctic Apples

Genetically engineered to be non-browning when sliced.
Developed by a small Canadian company, Okanagan Sepcialty Fruits
Approved for consumption and cultivation in the US in Feb 2015

A welcoming spiritual hgme for religious free thinkers

Celebrating years in
\thacal

Connect. Inspire. Engage.




“Innate” potato approved — reduced browning
and acrylamide (| waste, 1safety)

Trait #1 - Silenced PPO (Enzyme) —

e Non-browning when cut

e Reduced black spot bruise

Trait #2 - Reduced Asparagine (Amino Acid) e Non-Browning

e Yields a 50-80% reduction in
acrylamide when baked or fried ] Contro

e Meets Prop 65 in California

| 493

e Russet Burbank, Ranger Russet, Atlantic,
Snowden

Atlantic Ranger FF Burbank
* No effect on taste, texture, or performance Chips e

e USDA approval expected in 2014 Lower Acrylamide




“Innate” potato in my hands for teaching

One hour after cutting — Control vs. Innate

Two days after cutting — Innate vs. Control




“Innate” potato 2.0 — late blight resistant,
reduced acrylamide, reduced sprouting and
browning (| waste, 1 safety, | pesticide, 1 yield)

Zebra Chip




Dramatic change in color of chips,
highly prized by consumers

PoeliRy



Innate benefits

 If all USA potatoes had it’s improved traits,
each year....

« Waste reduced by 5 billion pounds

* CO, emissions reduced by 734 million pounds
« Water use reduced by 84 billion gallons

« 2.5 million fewer pesticide acre-applications

« Marketable yields increase ~ 20%

« Growers save $240 million in production costs

Referenced analyses by Simplot Plant Sciences



Improved oll

HOME PAGE | TODAY'S PAPER | VIDEC | MOST POPULAR | U.S. Edition \w
€he New ork Eimes The develope rS,

Business Day

ey P e ey || ONSaNtO and DuPont
In a Bean, a Boon to Biotech Pioneer, have
— manipulated the genes of
p F\ _‘ ﬂzﬁ_\ e the soybean to radically
o R g alter the composition of

Partially Hydrogenaté! Heavily Hydrogenatsf

Sovbern 1 Soybean 0 its oil to make it longer-
lasting, potentially
healthier and free of trans
fats.”

“It almost mirrors
A L T olive oil in terms of

the composition of
fatty acids.”

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.
£ o oav e



Insect control via RNAI In corn:

Host induced gene
silencing (HIGS)

07 Nature Publishing Group http://www.nature.com/naturebiotechnology

LETTERS

RNA interference

Control of coleopteran insect pests through

nature
biotechnology

James A Baum', Thierry Bogaert?, William Clinton!, Gregory R Heck', Pascale Feldmann?, Oliver Ilagan',
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 Bacillus thuringiensis insecticidal
proteins!+2, most of which permeabilize the membranes of gut
epithelial cells of susceptible insects3. 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 nglcm’. 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/cm?. 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

o
@
-
3
-
(T
-—

a

V-ATPase A
pCaMV e35S hsp70 intron

Mean nodal injury score

ure 2 F1 plants expressing a V-ATPase A dsRNA are protected from WCR
ding damage. (a) Map of the expression cassette. (b) Mean root damage
ngs for eight F; populations, the parental inbred line (negative control)

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.

| the corn rootworm-protected Cry3Bb event MON863; NIS, nodal injury




HIGS also 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 Micobiology and Molecular Biology, Centre for Bio Systems, Land Use, and Mutrition,
Justus Liebig University, D-35382 Giessen, Germany; and ®Institut Sophia Agrobiotech, Unité Mixte de Recherche 1355 Institut National de la Recherche
Agronomigue Centre National de la Recherche Sdentifigue, Université Nice-Sophia Antipolis, 08903 Sophia Antipolis, France

Edited® by Diter von Wettstein, Washington State University, Pullman, WA, and approved October 15, 2013 (received for review April 5, 2013)

Head blight, which is caused by mycotoxin-producing fungi of the  their discovery in the 19705, Therefore, it is hardly surprising that
genus Fusarfum, s an economically important crop disease. We  reduced sensitivity, or even resistance to DMI fungicides, has
assessed the po - — : = uc fungi (B=14). The
the fungal cytocl the last few years (15)
genes, which ar control strategies.
fungal infection as a powerful genetic
vitro feeding of plant biotechnology
plementary to v useful agronomical
inhibition [half-y pral part of the gene-
well as altered f tes (16, 17); in plants,
treatment with - silencing (18). Post-
CYP51 enzyme is a target. Expression of the same dsRMA in Ara- transcriptional gene silencing starts with the initial processing
bidopsis and barley rendered susceptible plants highly resistant or cleavage of a precursor dsENA into short 21-25 nucleotide
to fungal infection. Microscopic analysis revealed that myecelium —O2r=niere R At . el AL dnnleyes
formation on CYPIRNA-expressing leaves was restricted to the

19324-19329 | PMAS | Movember 26, 2013 | wol 110 | no. 48




Drought-tolerant maize — Planted on
>150,000 acres — Also tested in Africa
Important tool given climate change, water
shortages?




Many more stress tolerance innovations in

the pipeline

Nature America, Inc. All rights reserved.

NEWS FEATURE

Beating the heat

Despite the complexity of drought tolerance, researchers are
making progress in the search for crops that can produce seed
with limited water. Emily Waltz reports.

A revolution is quietly underway in the mid-
West and Great Plains of the US. Following
water shortages that have ravaged corn yields,
the first of a new generation of drought-toler-
ant crops are being put to the test in the field.
In March, Johnston, lowa-based DuPont
Pioneer announced that its newly developed
transgenic corn, which downregulates produc-
tion of the phytohormone ethylene, enhances
grain yield after exposure to drought stress'.
It could join DroughtGard maize, a variety
expressing a Bacillus subtilis cold-shock pro-
tein made by Monsanto of St. Louis, that has
already been planted on more than 200,000 ha
by thousands of farmers.

With registrations elsewhere in the world—
last year, Indonesia approved a sugarcane
expressing choline dehydrogenase with
enhanced resistance to water deprivation—
and a half-dozen other transgenic approaches
to drought tolerance and water use efficiency
(WUE) in testing (Table 1), biotech is mak-
ing strides in bolstering crop resistance to
drought. But it may not be happening fast
enough. Global population increases are put-

Interest in drought tolerance as a trait has
been on the rise over the past decade, both in
industry and academia. At least 117 field trials
for drought tolerance
were given the green
light in 2013 by US
regulatory authorities
alone, up from just
29 in 2004, accord-
ing to data from
Information Systems
for Biotechnology
(ISB) in Blacksburg,
Virginia, a group
that tracks regula-
tory activity. And
these numbers may
not include trials
of drought-tolerant
plants that are catego-
rized under a more general description or as an

in the US.

undisclosed phenotype.

Monsanto is currently conducting far more
field trials of drought-tolerant crops than any-
one else in the US, according to data from ISB

protein CspB, which binds and thereby sta-
bilizes RNA, and unfolds RNA secondary
structures, which often fold in response to
environmental stress. This chaperoning of
RNA is thought to minimize the effects of
drought on photosynthesis, stomatal conduc-
tance and carbon fixation—cellular functions
that affect grain yield. “The plant acclimates
to the stress more quickly and utilizes water
more efficiently, leaving it with more water
to help it through critical periods of growth,”
says John Fietsam, a technology develop-

ment manager at

Monsanto. “It allows

the plant to put more

Table 1 Transgenic drought tolerant crops in commercial development and on the market
Crep Implementation location and status

Drought tolerant crops are making an appearanc

#; technology
basis to farmers in bes debsssgloetoplugres
states, where the cl 2

Corn Belt states of t

farmers participate

planting no more

s HVAT gene from

aroloinance

Fileld trial results

Averag

ST




Increased gene expression:
Purple GE tomatoes with increased
antioxidants and rot resistance

Curren it Biology 23, 1084-1100, June 17, 2013 ©2013 Elsevier Lid All rights reserved  http.//dx.dol.org/10.1016/).cut

Anthocyanins Double the Shelf Life
of Tomatoes by Delaying Overripening
and Reducing Susceptibility to Gray Mold

Yang Zhang,' Eugenio Butelli,' Rosalba De Stefano,? They are produced by plants t
Henk-jan Schoonbeek,' Andreas Magusin,' dispersers [9]. Anthocyanin p
Chiara Pagliarani,” Nikolaus Wellner,* Lionel Hill,' induced under stress condition
Diego Orzaez,* Antonio Granell,® Jonathan D.G. Jones ® gens [11]. Besides physiologica
and Cathie Martin'* cyanins are associated with pro!
'John Innes Centre, Norwich Research Park, Norwich, [12), cardiovascular diseases [
NR4 7UH, UK disorders [13].



Modified hormone expression
GE salmon approved for contained use last month

BUSINESS DAY

Genetically Engineered Salmon Approved for Consumption

By ANDREW POLLACK NOV. 19, 2015




Resistance transgenes promising
solution/s to devastating ‘citrus
greening

Scientific America




Ehe New JJork Times

July 27, 2013

A Race to Save the Orange by Altering Its DNA

By AMY HARMON
CLEWISTON, Fla. — The call Ricke Kress and every other citrus grower in Florida dreaded came while he was driving.

Face the “wall of opposition” ?




Defensin-like proteins from spinach
for citrus greening disease resistance




Helping forests: American Chestnut
restoration by genetic modification

| T L
| 1 r

SCIENTIFIC
AMERICAN"

Topics Blogs Videos & Podcasts Education

Nt  The American Chestnut's
. "8 Genetic Rebirth

'w 8
€Eef_'}u'¥ A foreign fungus nearly wiped out North America's once vast chestnut
ram
See Inside forests. Genetic engineering can revive them

By William Powel

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

the trees to orchards. Unbeknownst to him, his shipment E

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

Generation
of
American

- h bably d sl Chestnut Trees
America. The trees probably concealed spores of a M Badaling

pathogenic fungus, Cryphonectria parasitica, to which America's Forests
Asian chestnut trees—but not their American cousins—
had evolved resistance. C. parasitica effectively strangles

March 2014 issue - Scientific American




Forest health a major and growing
concern

Exposing hidden dangees in Limiting the dark side
dictary supplemcents . me ot & 58

- HEALTH §

REATS AND RESILIENC

REVIEW

Planted forest health: The need for a
global strategy

M. J. Wingfield,"

G. Brockerhoff,” B. D. Wingfield," B. Slippers'

Several key tree genera are used in planted forests worldwide, and these represent valuable
global resources. Planted forests are increasingly threatened by insects and microbial
pathogens, which are introduced accidentally and/or have adapted to new host trees.
Globalization has hastened tree pest emergence, despite a growing awareness of the

ng of the costs, and an increased focus on the importance of

1 and potential of planted forests, innovative solutions and a
»ach 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
Wlly, rather than single-country strategies. A giobal strategy to
iportant and urgently needed.

Diverse opinions on
bloweapons ; mo
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easily over-

) Globally,

ited to rely on

y mars derond

have been separated from their natural enemies
However, when plantation trees are reunited with
their coevolved pests, which may be introduced
accidentally, or when they encounter novel pests

ta which thev have na rocictance enhetantial

Fusarium circinatum

n September 8, 2015

Teratosphaeria nubilosa

sciencemag.org SCIENCE




Diverse pipeline of biofortification
products = enhancement of critical
vitamins or nutrients [Femes oo

" .butprotestershielieve  »
such genetically modified <
foods are bad for us and %
our planet. Here's why.

Many more examples funded by Gates Foundation / other sources



Biofortified plants are improving nutrition
for many, and can do much more

\O_/
with aid of biotechnology }’

o HarvestPlus
5 < Breeding Crops for Better Nutrition
(Y

Biofortification breeding well
underway, including a provitamin A
enriched sweet potato that is
currently being grown by > half a
million families.

@81 Other projects are underway to
increase levels of protein, iron, zinc,
antioxidants, and other beneficial
components in food.

Sources: HarvestPlus; CIMMYT Gates Fcundatlon a maJOr SUppOrter


http://www.harvestplus.org/
http://www.flickr.com/photos/cimmyt/4685845446

The HarvestPlus program — worldwide
Impact by traditional breeding

« Nutrient targets start at:
« 30% of the EAR of iron
« 40% of the EAR of zinc
« 50% of the EAR of provitamin A

« Reaches more than 40 countries
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COWPEA (IRON, ZINC)
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Biotech methods useful where breeding Is
Ineffective or slow

* Rice

 Cassava ’ Rice

» Sorghum | AT
 Banana




DuPont reports breakthrough in introducing
beta carotene in Sorghum

In Africa, up to half a million children
become blind from Vitamin A
Deficiency (VAD) with increased risk
of cognitive impairment, disease and
death from severe infections.
Furthermore, nearly 600,000 women
die from c..

20Feb 2014
IOWA, USA: Dupont has achieved a breakthrough inintroducing pro-vitamin {beta

carotene) into sorghum, a stap food in Africa which is naturally deficientin key nutrients.

This is epxected to help improve nutrition for nearly 300 mn people in Africa dependent
on Sorghum. DuFPont said that the ability to achieve 100 %4 of the recommended daily

allowance of vitamin A in children from Sorghum has never been achieved before.

In Africa, up to half a million children become blind from Yitamin A Deficiency (VAD) with
increased risk of cognitive impairment, disease and death from severe infections.
Furthermore, nearly 600,000 women die from childbirth-related causes, many from

complications that could be reduced through more vitamin A in their diet.



http://www.commodityonline.com/news/dupont-reports-breakthrough-in-introducing-beta-carotene-in-sorghum-58036-3-58037.html

“Super banana’

Vitamin A Super Banana in human trials

The first human trial to test the efficacy
of a genetically modified (GM) nutrition-
ally enhanced banana is starting in the US.
Conceived by researchers at the Queensland
University of Technology (QUT) in Brisbane,
Australia, to provide a good source of beta
carotene, the Super Banana has $10 million
in backing from the Bill and Melinda Gates
Foundation. The genetically enriched, golden-
colored banana may help prevent blindness
caused by vitamin A deficiency in Ugandan
children whose diets are deficient in this nutri-
ent (Nat. Biotechnol. 30,1017-1019, 2012). But
leaders of the banana project are embarking on
a historically precarious path. Golden Rice, the
previous GM crop developed to alleviate vita-
min A deficiency in the poor, met fierce hostil-
ity and regulatory hurdles that have plagued its
development for 15 years. The rice still hasn't
been commercialized in its target country, the 5
Philippines. Whether the banana will meet a .
similar fate remains to be seen. 3
Opposition from anti-biotech activists in =
the media so far has been minimal, and radical But is it golden? Stephen Buah (left) and James Dale, from Queensland University of Technology,
activist presence in Uganda and other African  gjsplay the Super Banana.
countries is generally small. “T don't have the feel-

:a, Inc. All rights reserved.
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Coming: Gene editing technology for
diverse traits — Is it biotech or breeding?

Target !?1\"\ | o ’ — SN CRISPRS
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PLANT BIOTECHNOLOGY

Zinc fingers on target

Matthew H. Porteus

“,WX The existing methods of creating genetically modified plants are inefficient
AGTATTCCTCACTTCAC A TACCGCAATAGATCATGAACTGATTCGC. anq imprecise. Zinc-finger technolog}f offers the prospect of openingup a
TCATAACGAGTCAAGTGCATGGCGTTATCTAXC"""F/‘ crapcee Swifter and more exact route for crop improvement.

TALENSs NEWS & VIEWS

NATURE|Vol 459|21 May 2009



CRISPRs: Predictable, stable, certain

change of DNA sequence
~50% biallelic mutation rate for genes in poplar

Wild type”

Non-mutants

Insertion

Data from Estafania
Elorriaga, PhD
student, OSU
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Gene editing to produce hornless cattle

Open Season Is Seen in Gene Editing of Animals

By AMY HARMON NOV. 26, 2015




Agenda

A bit about me

Broad perspective on GMO Issues

* The science: What are and are not GMOs
» Extent of use in the world

« Examples of newer products, pipeline
 |ssues in management, public reception



Why the disputes?
Diverse factors

 Human need, new and rapid science

« Population and consumption growth, food cost,
widespread malnutrition, environmental damage

« (Gene science gives many options = technology push
* Ethics

- Breaking of traditional boundaries in moving genes press
concepts of rightness

* Risk perception adverse
« Complex and invisible science and technology, often
without direct consumer benefits = high perception of risk
« Chemophobia: All pesticide bad, GMOs make worse




Why the dispute, continued

« Strong corporate role: Control of seeds, patents,
industrial ag, the "Monsanto effect”

« Communitarian vs. hierarchic ideologies (Kahan, Yale)

 |deology, self-interest. Strong anti-GMO business
and political forces
 Private sector: Green and organic and “natural” vs. GMO

« Local: Pressure on politicians to oppose, state/county
measures

 Global: Tool for state rivalries, non-tariff barriers (China,
Russia, EU)

e Science uncertainties: Environment, food safety

e Gene flow: Ai IS Ieaki, iene movement common




There are numerous myths that are
rampant and recycled in media

NEW YORKER
S| § Al
g °
NEWS CULTURE BOOKS & FICTION SCIENCE & TECH BUSINESS HUMOR MAGAZN

SEEDS OF DOUBT

JEREMY
SEIFERT




Farmer suicides in India and GMO cotton
among the most infamous myths promoted
by Shiva and others

A STEADY RATE OF TRAGEDY

Conirary o p-:]_:-mr myih, e nroduction in 2002 of gerstically modifed

B! cotton |5 not associabed with a rise in suicide @ies among Indan fanrers.

R T e PP PP PP RS T

- h - L
Superweeds? Suicides? Stealthy genes? The frue, lhe[alse »
and the still unknown about transgenic craps. \\‘QL N'

HARD LOOK AT GM CROPS




Monsanto and seed companies
“control the food supply” another

764
521
E— [

Seed Agrochemicals Food processing  Food distribution

Monsanto Syngenta Nestle WalMart
DuPont/Pioneer Bayer Archer Daniels Mid. Carrefour
Syngenta Basf Unilever Tesco

Fig. 1 Global sales of the top ten companies in four sectors: seed,
agrochemicals, food processing, and food retailing (in 2012, billion
USD). The names of the 3 major groups are indicated for each sector
(from Forbes 2013; Supermarket News 2013)

Bonny, S.

(2014), Taking stock of
the genetically
modified seed sector
worldwide: market,
stakeholders, and
prices, Food

Security, pp. 1-

16, http://dx.doi.org/10
.1007/512571-014-0357-
1 AND http://www.ask-
force.org/web/Economi
cs/Bonny-Taking-
Stock-GM-Seed-
Sector-2014.pdf



http://dx.doi.org/10.1007/s12571-014-0357-1
http://www.ask-force.org/web/Economics/Bonny-Taking-Stock-GM-Seed-Sector-2014.pdf

Myth: No food safety review of biotech crops

« Of 129 GE crops commercialized in the US 129
have had FDA consultation (2014)

* Global evaluations include: FDA, USDA, EPA,
Health Canada, FSANZ, EFSA, Korea FDA,
EFSA, Chinese Ministry of Agriculture, Japan
Food Safety Commission



Myth: GE method Is inherently

dangerous and disruptive
FDA, National Academy of Sciences says otherwise

“There Is no evidence that unique hazards exist
either in the use of rDNA techniques or Iin the
movement of genes between unrelated
organisms.”

DOI 10.100°

REVIEW

A comparative analysis of insertional effects in genetically
engineered plants: considerations for pre-market

ReCent genomic assessments

Jaimie Schnell - Marina Steele - Jordan Bean - Margaret Neuspiel -
Cécile Girard - Nataliya Dormann - Cindy Pearson - Annie Savoie -

studies have Cite Girard Nt Do C
confirmed

Abstract During genetic engineering, DNA is double-strand breaks by non-homologous end-joining,

inserted into a plant’s genome, and such insertions and the intracell ransfer of o elle DNA. Based
are often accompanied by the insertion of additional on this simila insertional effects should present a
DNA, deletions and/or rearrangements. These genetic similar level of as these other genetic changes in

changes are collectively known as insertional effects, plants, and it is within the context of these genetic



Myth: Big Ag controls the media and public
debate about GMOs

Not any more, big money also flows to demonize
GMOs and associated ag/food

Agbiotech Info Net

Agribusiness Examiner
ACGA

American Pasturage
APHA

Animal Protection Institute

Farm Animal Reform Movement

Farm Aid

Farm Sanctuary .

Friends of the Earth Institute for
GRACE Social Ecology

Government Accountability Project

More than 500 activist organizations in North
America are spending in excess of $2 billion

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

Consumners omnon

Crop Choice

David Suzuki Foundation
Dawn Watch

Deep Ecology

Eco-Trust

Economic Democrac y
Earth Spirit

Earth First
Environmental Defense
Environmental Media Services
FAIR

Family Farm Defenders

TSnoren

No Spray coalition “whG '3'1'!'."(:.'”{
P - i,
NWARN LT R
. o -1 W
Organic Consumers Association i ‘6 I
PANNA PR ;

NRDC oo

PETA

PCRM

PIRG

Public Citizen [ ] _,_._—:—__,_

Purdey Fund _ PeTA
Sierra Club T I {} E H'

SEAC
Water Keeper Alliance

Jay Byrne, 2012, V-fluence



Internet, social media, a main focus
of activism

Science selected, distorted, mass
communicated, amplified

for iIdeology, and increasingly for
financial gain




Pervasive online filters of information
entrench

Welcome to the new TED.com

We've rebuilt TED.com with all the things you asked for... eautiful video player. Mobile-friendly pages. A *Watch later
feature. And new ways to dig deeper into talks you love. Questions? Comments? We're listening. Contact us.

I ED Watch Read Attend

Eli Pariser:

Beware online “fltter
bubbles"

TED2011 - 9:04 - Filmed Mar 2011
Subtities available in 40 languages

E View interactive transcript
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Abe Lincoln warned us, but....

“Don’t believe
everything you
read on the
Internet just
because there’s
a picture with a
quote next to it.”

—Abraham Lincoln

http://weknowmemes.com/2012/07/dont-believe-everything-you-read-on-the-internet
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Corporate speech also through no-
GMO labels

Ubiquitous labels reinforce notion that
GMOs, as a class, are dangerous




It IS not surprising how much scientists
and the public differ in views of GMOs

PewResearch( enter

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.

http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society/
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FOIAs a new tool in GMO related wars,
changing the relationship of academics
who engage In outreach and industry?
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Food Industry Enlisted Academics in G.M.O. Lobbying War, Emails Show

By ERIC LIPTON  SEPT. 5, 2015

The new 2016 Mercedes-Benz GLE.
Our most innovative SUV ever.

> Explore

; o

[ 4 g 3 s o 4
ﬁ_m_gfﬁﬂfﬂdf 12 g te



There are legitimate concerns that GMOs
with pest management traits have not been
managed well

THE TROUBLE WITH GMOs

44444
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GMOs have frequently failed to live up to their potential,
not because they are inherently flawed, but because

they have been poorly deployed into the complex social
and environmental contexts of the real world.




Landscape
Impacts of
concern

Are declines in
monarch butterflies —
assoclated with
reduced milkweed
populations — due to
Improved weed control
from herbicide-tolerant
Crops?

Additional impacts on
other pollinators?
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INTERVIEW

Tfacking the Causes of Sharp
Decline of the Monarch Butterfly

A new census found this winter’s population of North American monarch
butterflies in Mexico was at the lowest level ever measured. Insect
ecologist Orley Taylor talks to Yale Environment 360 about how the
planting of genetically modified crops and the resulting use of herbicides
has contributed to the monarchs’ decline.

BY RICHARD CONNIFF

University of Kansas insect ecologist Orley R. “Chip” Taylor has been
observing the fragile populations of monarch butterflies for decades, but he
says he has never been more concerned about their future.

Monarchs are beloved for their spectacular migration across Canada and
the United States to overwintering sites in central Mexico — and back
again. But a new census taken at the monarchs’ wintering grounds found
their population had declined 59 percent over the previous year and was at

the lowest level ever measured.

In an interview with Yale Environment 360 ?.‘, Py
contributor Richard Conniff, Taylor — founder and 24
director of Monarch Watch, a conservation and X
outreach program — talked about the factors that

have led to the sharp drop in the monarch

population. Among them, Taylor said, is the

increased planting of genetically modified corn in

the U.S. Midwest, which has led to greater use of

herbicides, which in turn kills the milkweed that is a

prime food source for the butterflies.

300,

Opinion, Analysis, Reporting & Debate

ABOUT THE AUTHOR

Richard Conniff, who conducted this interview for
Yale Environment 360, is a National Magazine Award-
winning writer whose articles have appeared in Time,
Smithsonian, The Atlantic, National Geographic, and
other publications. He is the author of several books,
including The Species Seekers: Heroes, Fools, and the
Mad Pursuit of Life on Earth. In previous articles for
Yale Environment 360, he has written about the pricing
of ecosystem services and about new advances that
could help produce food crops that can thrive as the
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Into the Heart of Ecuador’s Yasuni

Few places on earth harbor as much biodiw

Ecuador’s Yasuni Biosphere Reserve, which sits atop
vast deposits of oil and now faces intense development
Dpressure. In a Yale Environment 360 video, filmmaker
Ryan Killackey travels to the heart of Yasuni with
scientists inventorying its stunning wildlife and plants.
The researchers hope their work will bolster initiatives
to preserve this threatened land.

READ MORE




Part of larger discussion of
Intensification vs. extensification &
ecological agriculture

Need to manage ag
landscapes smarter
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In summary

Majority of major food crops are highly genetically
modified from natural forms, moved globally

A small number of crop and trait types account for
majority of GMO crops

« Soy, corn, cotton, canola / Herbicide and insect resistant
Wider variety of crop types slowly entering
marketplace

« Disease and pest resistance / Quality and nutrition traits
More precise methods for modifying natural genes
and gene expression, and creating pest tolerant
Crops - RNAi and CRISPR

Difficult reception by public due to many factors

- Perhaps most prominent are ideological, political, and profit



