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Take-home messages - 1

* Nearly all our food is highly genetically modified,
the old way

e GMO or gene editing is a method with many
possible uses and impacts

* The method has been so intensely regulated and
excluded from markets that the tech is greatly
imited in most of the world

* |t has many rich opponents who benefit from the

imitation/stigma, due to ideology and SS

— Organic, environmental, alternative health,
geopolitical, federal regulatory bureaucracies




Take-home messages - 2

* Regulations and patents make it very costly to
use, causing consolidation to a few multinationals
and thus added social resistance

 Conventional breeding is growing ever more
powerful due to the genomic, computation, Al
revolutions

— Providing work arounds to GMOs

* A few pest/weed control traits are in wide use in
several parts of the world and the USA, with large
beneficial impacts but also the usual large-scale
management problems



These are highly genetlcally modified
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Many plant varieties derived from
iInduced mutations — not GMO

Over 3,000 crop varieties
derived from mutagenesis
have been commercialized
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omesticated animals are radically
1odified — not GMO




GE/GMO refers to a method of breeding,
not particular kinds of products

Traditional
plant breeding

Back to
Variety VELE) breeders for
A B
mtegratlon &
testing
Genetic X ®
engineering Neazanl
or gene-editing modification
or insertion
from any

gene source



What it looks like
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Young GE cottonwoods
starting out their new life
and “trying on new genes”




Gene editing

THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

* Ageneyou insertto Dawn of the
change other genes SEhe ISR
in the genome e s S

e Gives highly specific,

efficient modification

of native genes

CRISPR the main
method out there




Teacher kits easy to find

EDVOTEK. EEEEL?%SE%%E#?JY Enter keyword, item, model # n BE o | WO

NEW PRODUCTS EQUIPMENT EXPERIMENTS REAGENTS MIDDLE SCHOOL ORIGAMI ORGANELLES

Home * Experiments * CRISPR * A-maize-ing Editing: Using CRISPR to Improve Crops

A-maize-ing Editing: Using CRISPR to Improve Crops

SKU:210 |

$159.00

Quantity
ADD TO CART

ADD TO QUOTE ADD TO WISHLIST
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A gene-edited crop on the market:
Soybean with increased oleic acid

* |ts soy oil with properties of olive oil!

e Benefits to consumer and producer

— Consumer-centric trait: Reduced saturated &
fats, no trans fats — same basic properties
as olive oil!

— Producer-centric trait: Improved shelf-life ‘?&!ﬂg
without need for hydrogenation
* Not labeled as GMO (“bioengineered”) in
the USA as there is no DNA above the 5%
threshold

— But due to FDA rules is labeled as being
nutritionally distinct from normal soy oil
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Global Status of Commercialized Py 9]
Biotech/GM Crops in 2017:

Biotech Crop Adoption Surges as Economic
Benefits Accumulate in 22 Years

— nternational Service for the Acquisition
f Agri-biotech Applications (ISAAA)




t generation herbicide and insect
istant crops rapidly adopted by
ers, in developed and developing

d Global Area of Biotech Crops, 1996 to 2017: Industrial and
Developing Countries (Million Hectares, Million Acres)

ILLION  MILLION

S HECTARES
494 200 MILLION HECTARES
445 180 |-

395
346
296

160 |

140 |

120 |

247
198

100 |
80 |

89.2

MILLION HECTARES

148 60 I

99 40

20 |

L 1 1 |
1996 2001 2007 2013 2017
 — TOTAL ~emmmmm [NDUSTRIAL COUNTRIES e DEVELOPING COUNTRIES

ISAAA, 2017

ISAAA



2rbicide and pest resistance traits
)minate worldwide, increasingly
acked” in trait-combinations

Global Area of Biotech Crops, 1996 to 2017: By Trait
(Million Hectares, Million Acres)
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our crops dominate,
3+ GMO crops in USA

Global Area of Biotech Crops, 1996 to 2017: By Crop
(Million Hectares, Million Acres)

MILLION — MILLION

ACRES
247

222
198
173
148
124
99
74
49

25

ISAAA

HECTARES
100

20
80
70
60
50
40
30
20
10

94.1 S
= MILLION HECTARES

24.1
LIONHECTARES
U W

fs 10.2

L]
L1
L1l

%,

L

2013

|

2017

ISAAA, 2017



doption rates around the world
ostly low, highly variable

(Million Hectares)

Global Area of Biotech Crops, 2017: By Country

-

24 countries which hiave adopted biotech crops

In 2017, gioba! area of biotach

represencing an increase of 3%
from 2016, equivalent to 4.7
million hectares.

Source: ISAAA, 2017.

50,000 hectares, or more

crops was 189.8 million hectares,

1. USA 75.0 million
2. Brazil* 50.2 million
3. Argentina* 236 million
4. Canada 13.1 inillion
5. India* 11.4 milfion
6. Paragua” 3.0.million
7. Pakistan® 0 paillion
8. China* 2.8 million
9. South Africa™ 2.7 million
10. Bolivia* 1.3 million
11. Uruguay* 1.1 million
12. Australia 0.9 million
13. Philippines* 0.6 million
14. Myanmar* 0.3 million
15. Sudan* 0.2 million
16. Spain G:1 million
17. Mexico™ 0.1/million
18. Colombio* 1 million

Vietnam*

Honduras*
Chile*

Portugal
Bangladesh*
Costa Rica*

* Developing countries




laims of large environmental benefits

CONTRIBUTION OF BIOTECH CROPS TO FOOD SECURITY, SUSTAINABILITY,
AND CLIMATE CHANGE

INCREASING
CROP PRODUCTIVITY CONSERVING BIODIVERSITY

i ' IN 1996-2016, PRODUCTIVITY GAINED
US$186.1 BILLIOM . THROUGH BIOTECHNOLOGY SAVED

GRG7 aaan er ¥ 8152 MILLIGN HECTARES

ZRATED GLOBALL'

2'OTECH CROP OF LAND FROM PLOWING AND CTIL TIVATION

-

PROVIDING A BETTER REDUCING CO2 EMISSIONS
ENVIRONMENT ; SAVED 27.1 BILLION KGS CO2

LESS PESTICIDE APPLICATIONS EQUIVALENT TO REMOVING

DECREASED ENVIRONMENTAL IMPACT F 16.7 MILLION CARS

FROM HERBICIDE & INSECTICIDE !ISE e
BY 18.4% IN 1996-2016 - OFF THE ROAD FOR 1 ¥EAR

® O HELPING ALLEVI S TF POYERTY & HUNSER
SWJTECH CROPS UPLIFTEL 1Ak LIVES OF

16-17 MILLION SMALL FARMERS
AND THEIR FAMILIES TOTALING

>65 MILLION PEOPLE

Source: Brookes and Barfoot, 2018



https://www.tandfonline.com/doi/full/10.1080/21645698.2017.1309490

Insect-resistant crops with huge
Impact on economics and
sustainability

M -

Pray et al., 2002. PlantJ. 31:423-430
Photo: entomologytoday.org Dominic Reisig

Non-GMO vs. insect resistant Bt cotton without pesticide use




Insect resistant eggplant a great
success in Bangladesh, illegal plantings
In India

http://www.isaaa.org/resources/publications/briefs/47/download/isaaa-brief-47-2014.pdf



Figure 1: Global status of pest resistance to
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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




3MO crops have accelerated developmen

of herbicide-resistant weeds

And motivated development of new kinds of herbicide
olerant crops

nature

bloechnlgy Confirmed Glyphosate Resistant
RAKSNE.COM + JOUMST home = Srchive - ississ = nows - Rl i . ) Weeds ]n the U.S_

NATURE BIOTECHNOLOGY | NEWS

Glyphosate resistance threatens Roundup
hegemony

Emily Wahz

Nature Bistechnology 28, 537-538 (2010) | dod 10 1008 000G 10637
Comrected online 13 October 2010
Corrigendum (October, 2010)

:rf' PDF ..!, Cilation r- Aeprinis ‘k Righl= & permissions E Articie medrics

Weeds are becoming increasingly resistant to glyphosate, a
repart from the LS National Academy of Sciences (NAS)
released i Apri has found. The drivng force, according to the I e =~Horseweed (Marestail)

report, is farmers' dependence on the weed killer accompanied  RERRERSEREI :-_ I'_r-.{:[;u|',|'|||1|q:|.r;| Ragwaed
by the widespread adoption of genetically modified (GM) ‘ : 4 G-
: v =~Giant Ragweed

herbicide-tolerant crops. Seed makers are hoping 1o forestall the i .
prablem by developing GM crops with 'stacked traits that i E 3 ,.:F‘Lpﬂin'lﬂl' Amaranth =Italian Ryegrass

tolerate miuliple herbacides. Bul weed scientists warm that if A e A~ Common Waterhemp ~~Rigid Ryegrass

farmers manage these new crops in the same way as they » ﬂi?' Haiw Flaahane .|=F'Jﬂ h"m ngrass

managed their glyphosate-lolerant predecessors, weeds wil ! Ly m
simply become resistant to the new technologies ) ;

“The number of weed species evahing resistance to ghyphosate




Roundup-tolerant bentgrass escape in
Oregon

E GMO gr
divides

Feds deregulate controversial GMO grass seed

8 1 k i Linn County bills itself s the grass seed capital of the world. But the thriving grass business has been divided by a

h controversial genetically medified grass developed by Scotts Miracle-Gro. (Jeff Mamnning. The Oregonian)
shares

By Jeff Manning | The Oregonian/OregonLive
Email the author | Follow on Twitter
on January 18, 2017 at 10000 AM. updated January 18, 2017 at 10:18 AM

The UW.5. Department of Agriculture on Tuesday deregulated a genetically modified grass that some Oregon farmers and dealers
say threatens the state's grass seed business.




Breeding is based on diversity
Many genes, species,

hybrids, clones, traits, uses,
environments, markets —

stark contrast to GMOs

with few genes of major effect

OSU wheat varlety trlals




Modern plant breeders use
advanced genome and imaging
technology

Omics = large-scale

DNA genotyping for -
indirect breeding
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imaging

Lab and field scale

Phenomics
and analysis



G M O S one Of t h e Syrian Refugees: ﬂngnto the Unknown
“fake news - fake NATIONAL
science” issues  (GRBIEINSNRY

It’s hard to te,l CLIMATE CHANGE DOES NOT E:'!('[S'T 1L
what science is ——
Saying amidst a/l VACCINATIONS CAN LEAD TO AUTISM

the noise




“GMO” has taken
onh a social stigma
that has nothing
to do with science,
environment, or
food safety
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reenpeace the environmental anti-
GMO leader: Top scientists try to counter

Speaking of Science

107 Nobel laureates sign letter blasting
Greenpeace over GMOs

The Washington Post

T e : T .. -
Democracy Ines imn

By Joel Achenbach Jur= 20, 2016 %




-~ = Partial Ownership

<« Chemical Companies

«» Other Companies
~—= Full Ownership

<« Sced Companies

Phil Howard, Associate Professor, Michigan State University
hitps:/iphilhoward.net
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Survey on views of controversial
nce issues - 2015

PewResearchC enter

NUMBERS, FACTS AND TREMDS SHAFING THE WORLD

FOR RELEASE JAMUARY 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 SCIEMCE {AAAS)

Cary Funk, Associata Director, Rasearch
Lee Rainie, Director, Intarnat, Science and

222222222222



PGWRBSBHI' C-h(,i PI][PF Internet, Science & Tech

PUBLICATIONS TOPIGS PRESENTATIONS INTERACTIVES

JANUARY 28, 2015

PUBLIC AND SCIENTISTS' VIEWS ON SCIENCE AND SOCIETY

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

of AAAS scientistssay genetically
modified foodSiare safe to eat; only

=0/

37%-of ihe public agrees.

KEY INDICATORE

|
Boxe R

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

AT% 51 point gap [ B88%

nedical sciences

Safe to eat genatically
medified foods

Favor usgo
animals in research

Safe Lo eal foods
grown with pesticides
Humans have evalved
aver time

Childhood vaccines
such as MMR should
be required

Climate, energy, space sciences

Climate change is mastly
due to human activity

Growing world population
will be @ major problem

Favor building maore
nuclear power plants

Favor more
offshore drilling

Astronauts essential for
future of U.5, space program

Favor increased use
uf bm-e ngineered fuel

Fal.l::ur mcre«ased
use of fracking

Space station has been
a good investment for L3,

Survey of U5 adults August 15-25, 2014, AAAS scientists survey Sept. 11-0Oct. 13, 2014,
Other responses and those saving don't know or giving no answerare notshown.

PEW RESEARCH CENMTER




Take-home messages - 1

* Nearly all our food is highly genetically modified,
the old way

e GMO or gene editing is a method with many
possible uses and impacts

* The method has been so intensely regulated and
excluded from markets that the tech is greatly
imited in most of the world

* |t has many rich opponents who benefit from the
imitation/stigma, due to ideology and SS

— Organic, environmental, alternative health,
geopolitical, federal regulatory bureaucracies




Take-home messages - 2

* Regulations and patents make it very costly to
use, causing consolidation to a few multinationals
and thus added social resistance

 Conventional breeding is growing ever more
powerful due to the genomic, computation, Al
revolutions

— Providing work arounds to GMOs

* A few pest/weed control traits are in wide use in
several parts of the world and the USA, with large
beneficial impacts but also the usual large-scale
management problems



	Slide Number 1
	Agenda
	Take-home messages - 1
	Take-home messages - 2
	Slide Number 5
	Slide Number 6
	Slide Number 7
	GE/GMO refers to a method of breeding, not particular kinds of products
	What it looks like
	Gene editing
	Teacher kits easy to find
	A gene-edited crop on the market: �Soybean with increased oleic acid
	Slide Number 13
	First generation herbicide and insect resistant crops rapidly adopted by farmers, in developed and developing world 
	Herbicide and pest resistance traits dominate worldwide, increasingly “stacked” in trait-combinations
	Four crops dominate, �8+ GMO crops in USA
	Adoption rates around the world mostly low, highly variable
	Claims of large environmental benefits
	Insect-resistant crops with huge impact on economics and sustainability
	Insect resistant eggplant a great success in Bangladesh, illegal plantings in India
	But, insect resistance to BT also growing
	Slide Number 22
	GMO crops have accelerated development of herbicide-resistant weeds�And motivated development of new kinds of herbicide tolerant crops
	Roundup-tolerant bentgrass escape in Oregon
	Breeding is based on diversity Many genes, species, �hybrids, clones, traits, uses, environments, markets – �stark contrast to GMOs �with few genes of major effect
	Slide Number 26
	Phenomics: Lab and field scale imaging and analysis
	GMOs one of the “fake news - fake science” issues�It’s hard to tell what science is saying amidst all the noise
	“GMO” has taken on a social stigma that has nothing to do with science,  environment, or food safety
	Greenpeace the environmental anti-GMO leader: Top scientists try to counter
	Extensive consolidation, chemical industry control of seeds not popular
	Pew Survey on views of controversial science issues - 2015
	GMOs the largest scientist-public gap, 51%, of any issue surveyed
	Take-home messages - 1
	Take-home messages - 2

