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4 What will be covered?
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Background on genes, genomes, genetic engmemg,
genome edl’rlng
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6. Some Food for thought...
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Or what makes an onion, an onion?




Tissue peel







Cell Wall




Dividing cell

\

Chromosomes




Chromosome

All Chromosomes = Genome




Genetic information in the genome is responsible for traits
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Sometimes mistakes happen when copying information in
books (genome) > creating changes, called mutations



Mutations Have Gotten These
Plants from Looking Like This...

Banana

B

Broccoli,
Kale,
Cabbage




Intentional mutation breeding: used since the 1950s, has created
>3200 officially released crops - like 600 maize, rice, wheat
varieties. Although modified genetically, they are not under
regulations used for genetically engineered (GMO) varieties.

Van Benencean 11/29/20 16



But genes and chromosomes have also been changed
to create new plant varieties by classical breeding?

Triticum monococcum Triticum aestivum

Ancient variety Modern bread variety




Information in the wheat genome

hemical units represented by alphabetic letters
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How does the wheat genome compare to the
human genome?
5x larger than
human genome

35x larger than
rice genome

Mouse

Corn
Chicken

il 1k H‘J ____________ "

Source: Earlham Institute communications team, Chris Bennett




Hybridization or cross breeding of wheat

Random
retention of
information

from each
parent

1700 books 1700 books 1700 books
(or 1.7 million pages) (or 1.7 million pages) (or 1.7 million pages)

Genetic modification by hybridization is not GE or GMO




Example: New soybean variety with lower
allergenicity and less anti-nutritional
qualities created affersmany years of
cIasszcaI breedmg efforts.

etically Modified Soybean A Big Benefit For Foo
"_null_new_genetically_modified_soybean_a_big_be



Putting this in context these breeding efforts

were critical to increasing crop production...

Product 2014 total

2014 acreage
production

Acreage needed Additiona
at 1950’s rate Resources

needed

~98 million acres
(= size CA)

Soybeans 3.927.090,000 bu 82,591,000 acres | 180,971,889 acres
235,562,540,000 Ib

14,215,532,000 bu 83,136,000 acres | 372,134,346 acres | ~289 million acres
\ (= 3X size CA)
51,373,100,000 Ibs 8,544.100,000 16,679,545,455 ~8 billion head
head head
&

requiring
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New breeding

Uses table of contents of genes fo
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Cant we just do all modifications this way?
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Marker-assisted selection used to protect rice
against bacterial blight and blast disease
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Protection limited to diversity in crop and
compatible relatives




Another means to modify genomes uses genetic
engineering to create "GMOs"
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— = %
One-half page %& /
equivalent to a gene
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Genetic Enagineerinc

/

What Kinds of GE Crops and Foods
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Genetic modification
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Number of different commercially available,

large acreage GE (GMO) crops is limited

GE Cotton GE Canola _ GE Soybean
96% of 2014 acreage , 93% of 2013 acreage ' 94% of 201 4 acreage

(Insect Resistant: 5% Herbicide tolerant: 129% Stacked gene: 79% i 2 (Herbicide t: 949%)

9§curce:IS’ A,2011
~ -9 -

GE Corn &8 " GESugarbeet b P GE Alfalfa
93% of 2014 acreage  P+" 98% of 2013 acreage  fa gl ' 25% of 2014 acreage

(Insect Resistant: 4% Herbicide resistant: 13% Stacked gene: 76%)




Number of different traits
available in large acreage
GE crops is also limited
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Insect-tolerant Bt crops -

engineered for resistance

using gene from naturally
occurring bacterium

Ve
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Herbicide-tolerant -
engineered with gene to
tolerate herbicide
application

Crops with stacked traits -
both Bt and HT - are available




Why do U.S. growers use GE crops?

HT soybeans HT corn Bt corn
' 6%
60%
Bt cotton HT cotton

[ ] Increase yields

[ ] Decrease pesticide input cost

] Save management time and m
make other practices easier

|:| Other

Q

Reasons vary from crop-to-crop but

ucbiotech.org

primary reason is improved yields T

SOURCE: Fernandez-Cornejo, J., Wechsler, S., Livingston, M. and Mitchell, L. 2014. Genetically Engineered Crops [Rgfm

in the United States. USDA Economic Research Service Report No. 162, February 2014.
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These type o large- aceage GE crops lead to estlmates
that 60-80%b of processed foods in U.S. have GE ingredients
— often only a minor ingredient

SOURCE: https://factsaboutgmos.org/disclosure-statement



There are only a few whole, genetically
engineered foods in the U.S market

GE Squash
~25,000 acresin 2011

GE Papaya
>77% of 2009 acreage
from Hawaii

GE Sweet Corn

Acreage unknown

Cald .

cccccccccccc

| Arctic Apple™ | Innate™ Potato (|




Despite the same limited U.S. crop and trait types, worldwide
acreage is increasing in 19 developing, 7 developed countries

MILLION MILLION
ACRES HECTARES

494 200 1 85.1

MILLION HECTARES
445 180

395 160
346 140

296 120 99.6

MILLION HECTARES
247 100

198 80
85.5

148 60 MILLION HECTARES

29 40

49 20

] |

1996 2002 2009 2016

e TOTAL oo INDUSTRIAL COUNTRIES e DEVELOPING COUNTRIES

In 2016 ~18 million farmers in 26 countries planted 457M acres (>4X size
of California) - 54% in developing countries; 41% stacked traits
James. C. 2016 http://www.isaaa.org/resources/publications/briefs/52/default.asp




WHAT'S IN THE
PIPELINE?




Australian researchers identify
grape genes that provide resistance
to powdery mildew

R




Salinity and Drought Tolerance - UC Davis

Wild type AtNHX1
200 mM NaCl (~1/2 sea water)

Salt-tolerance

Hanana M. 2011. Environ Rev 19: 121-140;

SSSS
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e i = 2 4

Wild type IPT gene
15 days drought, 7 days re-watered

Drought-tolerance

Anjuman A et al. 2013 Mol. Biotechnol 54: 379-392
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2013 GE potato field study — Ireland
Desiree potato variety, highly susceptible to late
blight, engineered with gene from wild potato variety
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Non-GE Desiree
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Assessing and Monitoring
the Impacts of Genetically modified plants on Agro-ecosystems

Acricurture anp Foop DeveLopmeENT AUTHORITY
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© John Innes Centre

High anthocyanin purple GE tomatoes. Diets with 10% purple tomatoes
increased lifespan of cancer-prone mice

Butelli et al. 2008. https://www.jic.ac.uk/staff/cathie-martin/purple-tomatoes.html



Engmeered tobacco produces
antibodies making up Zmapp, the drug

used to treat ebola virus patients

SOU Chs Bob Slﬁwn‘%ﬁnal ) Mznu@ Gr inding progress of ZMAPP Ebola GMO drug v Literacy :
http: //genetlchteracypm]ecr org/2015/02/17/bob-simons-final-60-minutes-gr indi Ing-progr Ezmapp-ebola-gmo-drug/
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MIT
. Technology
\ Review

Chl i ii i‘ esearchers Stop Wheat Disease with

Researchers have created wheat that is resistant to a common disease,
using advanced gene editing methods.

By David Talbot on July 21, 2014

Advanced genome-editing techniques have been used to create a strain of wheat resistant to a
destructive fungal pathogen — called powdery mildew — that is a major bane to the world’s top food
source, according to scientists at one of China’s leading centers for agricultural research.

| ; , ‘ i | S
i g " il
Wheat resistant to powdery mildew created

using new genome—edttmg techniques

P il

. ‘
Disease wzth Gene Editing”, MIT Technolog

5/529181/chinese-researchers-stop-wheat-dis
J

URCE: “Chinese Researchers Stop Wh
ttp://www.technolc‘)gyreview.com/




What is Genome Editin

It is this one sentence which will be modified
It is that new sentence which will be modified

Inserts
specifically
in genome

N

Find target text, cut out, paste in new
modified text

1700 books G dited plant 1700 books
(or 1.7 million enome edited plants can | (.1 7 million pages)

pages) be GE or GMO or not




Why Are GE (GMO) Crops and Foods So
Controversial?
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| Look what gfeefed residents in Tule Lake in late 80’S dufirig first|

field test of GE “ice minus bacterium” - men in moon suits

spraying the organism on local fields.

4
.

S 1 4

J’W'"
e

Then 'rhey came fo Mon’rerey -~ and were not welcomed here el'rher'
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But large-scale pushback started in the late 90 in Europe.
Factors that fueled and continue to fuel controversy there:
Food safety scares
Involuntary nature of change

Cultural differences
Economic incentives

1999
Lord Melchett participating in GM protest

MalS 1507 sm en And there are issues in the U.S. too

2014

GM maize protest in Germany




| What are some issues with GE crops & foods? |

¢ Regulatory oversight

¢ Lack of peer-reviewed food safety tests
¢ Consumer attitudes and labeling

¢ Environmental issues

¢ Some additional food for thought..




| What are some issues with GE crops & foods? |
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¢ Lack of peer-reviewed food safety tests
¢ Labeling

¢ Environmental issues

¢ Some additional food for thought..




U.S. Requlatory Agencies

e

e Field testing
-Permits
-Notifications

e Determination of
non-regulated
status

e Food safety

¢ Feed safety

e Pesticidal plants
-tolerance
exemption
-registrations

e Herbicide
registration

Plant pest?

w ‘ Danger to people? l ‘Risk to environment?




Are they as safe as conventional foods?

This is based on the concept of
substantial equivalence

Modified food has essentially all characteristics
of nonmodified food with respect to food and
feed value except for introduced trait

Product of introduced genetic
information tested for safety separately

How is substantial equivalence tested?

ucbiotech.org
(

SOURCE: Safety of Genetically Engineered Foods: Aproaches to Assessing
Unintended Health Effects 2004. Natl Acad Press



- Substantial Equivalence: Fatty Acids
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Bt11 Control Bt11 Control
hybrid A hybrid A hybrid B hybrid B

These results have been generated on Event Bt 11. Data showing similar fatty
acid composition have been generated on the other corn events.




Regulation is based on an outdated regulatory system, created in
1986, which is causing problems:
* New products emerge with no rules to govern them
* Old products are not on the market because there are no
clear pathways for commercialization
* New products created to step around regulatory system

Dupont Develops Corn Using New CRISPR

EXAMPLES: Technelogy

sssss

nature
NATURE | NEWS

Gene-edited CRISPR mushroom escapes US
regulation

A C-qmlhus

Cultivar modified to
k ck o tm||dw
ceptible gen

By MATEUSZFERKO ISKI

In April 2016: USDA APHIS decided no’r fo Aregulate a mus‘hroorh and
corn genetically modified with genome editing.
Reason: no DNA from other species introduced.




These types of examples have resulted in loud calls for
revamping U.S. regulatory oversight

Genetically engineered crops that
fly under the US regulatory radar

A first step taken on July 2, 2015 by a White House
Initiative to modernize biotech regulation

the scope of its regulatlons several genetically Coordlnated Framework is on the one hand

Charge: update 1986 Coordinated Framework to clarify roles of
three agencies to determine what producfs fall under authority
| of wha’r agencues

Also need ’ro decnde how to regulate products created with
genome edmng tools.

i o D i o i i & it B T AL Y SR SV S G S Y S

as null segregants, novel delivery systems, small companies and public sector institutions.

ucbiotech.o

Camacho et al. 2014. Nature Biotech. 32:1087-1091




| What are some issues with GE crops & foods? |

¢ Regulatory oversight

J Lde oF ozzr-r2Y]2h2ed fgge Sef2ry F2Ir
¢ Labeling

¢ Environmental issues

¢ Some additional food for thought...
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Occasionally
there are widely
publicized
studies that cast
doubt on safety
of GE foods -
one published by
French
researcher in

Sept. 2012

Later reviewed
by European
Food Safety

Authority and

found to have no
merit

But did you ever
hear that on Dr.
0z?

French academies trash GM corn cancer study
By RFI

A controversial study that linked
genetically modified maize to cancer
inl

six Fea’rdred on Dr Oz Show

Claim that
Monsanto’s
RR corn

causes
tumors in
rats

The report’s author, Gilles-Eric Séralini, with his book All
Guineapigs
AFP /Jacques Demarthon

"This work does not enable any reliable conclusion to be drawn," they say, adding that the
publicity surrounding the publication has "spread fear among the public."

The joint statement - an extremely rare event in French science - is unsigned and issued in th
names of the national academies of agriculture, medicine, pharmacy, science, technology ancj

veterinary studies.

What have other published studies shown?




Meta-analysis from France in 2012 showed GE foods are

nutritionally equivalent to non GE foods and can be safely
consumed in food and feed.

Based on 12 long-term (>90d to 2yr) and 12 multigenerational (2 to 5
generation) feeding trials of GE feed in animals

(
(

SOURCE: Snell C, Bernheim A, Berge J-P, Kuntz M, Pascal G, Paris A, Ricroch AE. 2012. Assessment of the health impact of GM plant diets in long-term and multigenerational [
animal feeding trials: A literature review. Food and Chemical Toxicology 50: 1134-1148. |




2014 study
9 B food-producing animals in U.S

952% consumed feed with GE ingredients
Analysis of public data from 1983 to 1996,
before GE crops, vs. 1996 to 2011
Included 5100 B animals

Conclusion:
“» No unfavorable or perturbed trends in livestock
health and productivity.
*+» No differences in nutritional profile of animal
products from GE-fed animals.

SOURCE: “Prevalence and impacts of genetically engineered feedstuffs on livestock populations”
A.L. Van Eenennaam and A. E. Young, J. Animal Science September 2014




| What are some issues with GE crops & foods? |

¢ Regulatory oversight

¢ Lack of peer-reviewed food safety tests
2 Ldozlife

¢ Environmental issues

¢ Some additional food for thought..




e PER 56 g SERVING Premium Tuna
DOLPHIN 5 n A %
'cnmmes OMEGAS

[

! EPALDHA
See side panel for full Nutrition Facts. —

g

*Contains 140 mg of EPA and DHA combined per serving, i
y"" which is 88% of the 160 mg Daily Value for a combination

of EPA and DHA. EPA and DHA levels based on average, “‘
subject to natural variabllity. el

There are already many labels on foods- from
gluten-free to dolphin-safe - none are mandated.
And, up to now, there were no federally mandated

labels on foods with GE ingredients.
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Food Safety News

Breaking news for everyone’s consumption

GE Labeling Resurrected in California, Petition For Ballot
Measure Circulating in Colorado

BY DAN FLYNN | MARCH 25, 2014

California’s 2012 food-labeling ballot
measure, rejected by state voters, makes a
return from the grave tomorrow with a
public hearing in Sacramento. And another
state initiative is in the offing in Colorado.

Since the narrow loss for the Golden State’s
Proposition 37, which called for labeling s )ity 2 T - oA \
foods made with genetically modified TR S IEHER TSR AR aNg. NS

organisms (GMOs), almost half the states VL | lia Ao o g N WS

"v'
BB e =

W

This led to numerous statewide labeling laws for

GE foods that would have led to a patchwork of

regulation - causing problems for commerce and
enforcement

SOURCE: “GE Labeling Resurrected in California, Petition For Ballot Measure Circulating in Colorado”, March 25, 2014, Food Safety News.
http ://www foodsafetynews.com/2014/03/gm-labeling-resurrected-in-california-petition-circulating-for-initiative-in-colorado/#.UznX9q1dVLM

gl



Senators Reach Deal On National _
GMO Labeling Bill And then...

June 23, 2016 - 6:39 PM ET

m—r July 8, 2016: Senate

JOCUA BU I 1EF, ONIIVI IVILN, LA o1 UOL, WHLINT A, FER Passes bill by Sena'l'ors
. CORN SYRUP, DEXTRIN, COLORING (INCLUDES BL Roberts (R KN) and
5 ’

2 LAKE, BLUE 2), GUM ACACIA.
Stabenow (D, MI) for a

mandatory national system
for GM disclosures on
food products, nullifying
Vermont's labeling law,

R L which took effect July 1.

. Obama signed on July 29.

engineering.”

Legislation requires USDA to decide what ingredients are from
genetically modified organisms and labels will be added on
foods using words, pictures or a bar code that can be scanned

by smartphones.

http://deltafarmpress.com/soybeans/senate-passes-roberts-stabenow-gmo-labeling-bill-preempts-vermonts ey
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| What are some issues with GE crops & foods? |

¢ Regulatory oversight

¢ Lack of peer-reviewed food safety tests
¢ Labeling

J EnVironmzeral 135Uz

¢ Some additional food for thought..
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Insect Resistance
B.t. cotton and corn engineered for insect resistance with

gene(s) from naturally occurring bacterium.
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“When any single herbicide mechanism of action is
used repeatedly without alternative management
tactics, selection pressure becomes intense for
plants that are ftolerant or resistant fo that
herbicide.”

cccccccccccc

SOURCE: Council for Agricultural Science and Technology (CAST). 2012. Herbicide-resistant Weeds Threaten Soil Conservation Gains: Finding a Balance for Soil and Farm
Sustainability. Issue Paper 49. CAST, Ames, lowa. —
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Glyphosate-resistant weeds due to mutation, gene flow, weed shift -
exacerbated when same herbicide is used repeatedly

all Wa
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OR MN
sD RI
ID |
Wy P, NJ
1A
IN p = MD
uT
cA KS MO
Lolium rigidum Az N ° W Conyza canadensis
Rigid Ryegrass ﬁ& ws Bl Con 7°7 Horseweed
N ..
° Y ° ?
s Didnt we already learn this?®
Hairy Flgaoame
u | pd RS v \ Elgusine indica
Sorghum halepense Goosegrass
Johnsongrass f
Amaranthus palmeri
Palmer Amaranth K. Neil Harker
Agriculture and Agriculture et AAFC - Lacombe, AB

Agri-Food Canada Agroalimentaire Canada




| What are some issues with GE crops & foods? |

¢ Regulatory oversight

e Lack of peer-reviewed food safety tests
¢ Labeling

® Environmental issues

2 Sormz ddditiondl food ror TrolcnT...




Consider This As Food For Thought

> Nigeria: little over twice the size of California
> 75% more arable land than U.S.
> Five times less land per capita in Nigeria vs. U.S.

»In 2050, expected to be third most
populous country in the world
overtaking the U.S.

Source: United Nations http://www.un.org/apps/news/story.asp?NewsID=51526# WRC5wFPytp8




Also...Consider This As Food For Thought

If food waste were a country, it would rank behind only
the US and China for greenhouse gas emissions.

And...production of wasted food uses 28% of the
world’s agricultural area.

XiaoZhi Lim | January 27, 2017 | Genetic Literacy Project



Also Consuder“ThlsAs Food For Though’r
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Blg mergers could change Food supplies
and costs worldwide”
1. U.S.: Dow Chemical is buying Dupont-
Pioneer
2. Germany: Bayer is buying Monsanto
3. China: ChemChma |s buymg Syngenfa
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This $l7OB in consolldahon deals will
have a profound effect on future of

global agrlculfure

A S TR

'"9 g _And Frankly ’rhls scares me'

T]

T NN

'

AAAAAAAAAAAAAAA
EEEEEEEEEE

NI G I E

J
By Geoff Colvin

}M}RIEIJLTURE

CHINAS =
943 BILLION __
BIDFOR ™

. FO0D
SEBURITY

ChemChin of ag-tech
g Syg fh d

tegy tha Id h nge food s ppl
andcos swo Idwd



Where to
get more
information
on the t

issues? 0

j—ua_Maonarch huttertlieg
This website provides educational resources focused broadly

on issues related to agriculture, crops, animals, foods and the
technologies used to improve them. Science-based informa-

tion related to these issues is available, as well as educational
tools and information, which can be used to promote

informed participation in discussions about these topics.

SCIENCE-BASED INFORMATION & RESOURCES
ON AGRICULTURE, FOOD & TECHNOLOGY

ucbiotech.org

ABOUT US | NEWS | ISSUES & RESPONSES | GMO LABELING | RESOURCES | LINKS | GLOSSARY | SEARCH

*J Select Language | v

FEATURED LECTURE
2e)

VIDEO

“Feast, Famine and
the Future of Food”

BIOTECHNOLOGY
INFORMATION

Labeling:
Informaticnal resources available.

Review articles:

Focused on food, environmental and
sccioeconomic issues of GE crops and
foeds.

Part ! | Part2

RESOURCES FOR OUTREACH & EXTENSION,
RESEARCHERS & TEACHERS

DNA for Dinner 4-H curriculum:

For grades 5-8, covers topics from plant
diversity to genetic engineering. Each of the
five lessons has 3 to 5 activities.

DNA re«
DINNER?

New Game: Wheo's
In Your Family?

A free educaticnal game to teach

@9,

. participants about the diversity of fruits and
: \78\)“’ : vegetables, and how they are related.
e\
FooW  susencive:
Extensive collection of PP =lides on
agriculture & biotechnelogy.

Available on loan:

Teaching Aids: Handouts and cards available, in both Englizh and
Spanish.

Educational displays: “Genetics and Foods™
and “Genetic Diversity and Genomics"” available
with companicn educaticnal cards and teacher
worksheet in Englizh and Spanish.

Gene-IE Juice Bar: Interactive activity to solate DNA from common
fruits and vegetables.

HELPFUL SITES

Academics Review
Academics Review website
Testing popular claims against
peer-reviewed science.

¢+ Biofortified website
Provides factual
information to
foster discussicn
about agriculture, especially plant genetics
and genetic engincering.

BIOrormFiED,

Animal Genomics &

Bi nology

Cooperative

Extension

Program UC Davis

Provides education on use of animal
genomics & bictechnology in livestock
production.

ucbiotech.org




