How many of you played the 1980 Rampage
arcade game where gigantic monsters try to
survive the onslaught of military forces?
Guess what? We have a modern incarnation of
that game in a movie. But this time we are told
how the monsters get so big!

Peggy G. Lemaux, Ph.D.
University of CA, Berkeley
http:///ucbiotech.org
http://pmb.Berkeley.edu/lemaux



What is the Code of Life?
Where is it?
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Or what makes an onion, an onion?
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Genetic information in the genome is the “code of life”, dictating traits

Let’s represent chemical units in that information by alphabetic letters
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Sometimes mistakes happen when copying information

creating changes, called mutations b
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Mutations Have Gotten These
Plants from Looking Like This...

Broccoli,
Kale,
Cabbage




Since 19507, intentional mutation breeding has created >3200
officially released, genetically modified crops - like 600 maize,
rice, wheat varieties.
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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

Chemical units represented by alphabetic letters
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1000 pages each
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(or 1.7 million pages)




How do genomes compare? Wheat's genome is
bigger than humans?

5x larger than
human genome
35x larger than
rice genome

Cow Mouse

Corn
Chicken
Rice

Source: Earlham Institute communications team, Chris Bennett




Hybridization or cross breeding of wheat

Random
retention of
information

from each
parent

ucbiotech.org

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




Putting this in context, these breeding efforts
were critical to increasing crop production...

Product 2014 acreage | Acreage needed
at 1950’s rate

needed
Soybeans | 82,591,000 acres | 180,971,889 acres ~98 M acres
g (= size CA)
Corn 83,136,000 acres | 372,134,346 acres ~289 M acres

‘ (= 3X size CA)

Broiler 8,544,100,000 16,679,545,455

~8 B chickens
Chickens head head requiring
- 81.5 B Ibs feed
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New breeding methods

Use table of contents of genes for marker assisted selection
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Genetic modification that is not GE or GMO
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Marker-assisted selection used to protect rice
against bacterial blight and blast disease

Protection limited to diversity in crop and
compatible relatives ’




Another way to modify genomes uses genetic
engineering to create “"GMOs”

Inserts
randomly in
nome

What Kinds of GE, Crops and Foods
~_Are in the Commercial Market?

aaaaaa

One-half page
equivalent to a gene

1700 books
(or 1.7 million pages)

1700 books

Genetic modification (or 1.7 million pages)

that is GE, or GMO




Number of different commercially available,

large acreage GE, (GMO) crops is limited

GE Cotton k GE Canola GE Soybean
4% of 201 5 acreage 93% of 201 3 acreage E:« 2 94% of 201 5 acreage |
t:5% Herbicide toler 3 ) g 1 L= ) I . BT S

GE Corn - GE Sugarbeet
92% of 2015 acreage [P *p N 98% of 201 E acreage

(Insect Resistant: 4% Herbicide resistant: 12% Stacked gene: 77%)

] "
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“USDAERS, 2015 ¥ |
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Why do U.S. growers use GE, crops?

HT soybeans HT corn Bt corn

D

Bt cotton HT cotton

[] Increase yields

|:] Decrease pesticide input cost

K [ Save management time and m
make other practices easier

[ ] other

Reasons vary from crop-to-crop but
primary reason is improved yields

SOURCE: Fernandez-Cornejo, J., Wechsler, S., Livingston, M. and Mitchell, L. 2014. Genetically Engineered Crops
in the United States. USDA Economic Research Service Report No. 162, February 2014.
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Theseyes of large-acreage GE, crops lead to stimates
that 60-80% 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, Ge, foods in the U.S

market

GE Squash
~25,000 acres in 2011

GE Sweet Corn

Acreage unknown
e

GE Papaya
>77% of 2009 acreage
from Hawaii

A

| 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 - 18501

MILLION HECTARES

445 180

395 160

346 140

296 120

MILLION HECTARES

247 100 |
198 80 |
85.5
148 60 MILLION HECTARES
99 40 |
49 20

] L . . . . | . . . L . |

1996 2002 2009 2016

e TOTAL e [NDUSTRIAL 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?




Salinity and Drought Tolerance - UC Davis
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Wild type AtNHX1 Wild type IPT gene
200 mM NaCl (~1/2 sea water) 15 days drought, 7 days re-watered

Salt-tolerance

Drought-tolerance

Hanana M. 2011. Environ Rev 19: 121-140; Anjuman A et al. 2013 Mol. Biotechnol 54: 379-392




2013 GE potato field study — Ireland
Desiree potato variety, highly susceptible to late
blight, engineered with gene from wild po

tato variety
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Chestnuts engineered with a wheat gene
prevents cankers from forming, replanted with
$104K raised through crowd funding campaign

ucbiotech.org

http://'www.newscientist.com/article/dn25644-american-chestnut
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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



Enmccd tobacco produces Zmapp, the

drug used to treat ebola virus patients
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Cow horns are removed for safety of other
cows and farmers but it is painful.

UCD researchers used editing to create precise
mutations to create hornless dairy cows.

Carlson, et al. Nature Biotechnol. 2016.



How are these GMO/GE, Crops & Foods
regulated? Three U.S. Agencies

e Field testing e Pesticidal
-Permits plants

-Notifications -tolerance
exemption

Determination -registrations

of
non-regulated o Herbicide
status registration




For variety created thru classical
methods USDA requires data on:
* agronomic performance
- proximate analysis
(protein, fat, CHO)
 antinutritive factors

Paperwork required for registration of
conventional flax variety

A. McHughen,
UC Riverside
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USDA requirements for GMO/GE, varieties
require that data plus...

pr— . Paperwork required for registration of
— GE, flax variety

A. McHughen
UC Riverside
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ow fragments were recombine
e  How construct was delivered into flax

e Biological activity of inserted DNA
(genes)

e Quantitative analyses of novel proteins
(western analyses)

e  Temporal activity of inserted genes
e  Spatial activity of inserted genes
e  Complete amino acid analysis

e Detailed amino acid analysis for valine,
leucine and isoleucine

e  Toxicity
e Allergenicity
e  Biological analysis:

generations

Survivability in natural environment

Survivability in agricultural environment
in presence of herbicide

Survivability in agricultural environment
in absence of herbicide

Interaction with other organisms-
alterations to traditional relationships

Interactions with other organisms- novel
species

Changes to persistence or invasiveness

Any selective advantage to the GMO

Any selective advantage to sexually
compatible species

Plan for containment and eradication in

the event of escape

Not cheap! Industry estimates regulatory costs at $10-$20M
per event! Beyond resources of academics & small companies




Now crops are being created using new genetic tools:
gene editing using CRISPR technology

MIT
Technology
Review

Researchers have created wheat that is resistant to acommon 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.
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Wheat resistant to powdery mildew created
usmg new genome- -editing techmques
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New Genetic Method: Genome Editing-1

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

Inserts
specifically
in genome

»

Find target text, cut ouf, paste in new
N modified text

1700 books Th dited plant 1700 books
(or 1.7 million ése genome-edited plants (.4 7 million pages)

pages) are not GMO to USDA -

N
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§
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EXAMPLES of such edited products:

nature Dupont Develops Corn Using New CRISPR
Technology

Gene-edited CRISPR mushroom escapes US RATOFGRIUSTLD - A5%37,30
regulation

NATURE | NEWS

SHARE

A new genetically engineered corn variety developed by one of the world's largest
seed companies won't undergo the same review by regulators as other GMO crops.

University Company

A Copieal Pross e
' USDA won’t regulate blotech wheat variety
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In 2016/2017, USDA: can’t regulate corn, mushroom, wheat, camelina
made with genome editing because no DNA from plant pest,
pathogen introduced, which is their regulatory hook.




New Genetic Method: Genome Editing-2

>

It is a different. .kind of sentence which will be modified INSERTION
It is that new sentence which will be modified
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Find target text, paste in new
— modified text at defined location

N

This type of genome editing may or may not be regulated as GE or
GMO, depends on whether it contains certain types of DNA.

5
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https://www.aphis.usda.gov/aphis/ourfocus/biotechnology/am-i-regulated



Technology, like editing, led to calls to revamp U.S. regulation

Genetically engineered crops that
fly under the US regulatory radar

July 2, 2015: First step taken by White House Initiative to

update 1986 Framework governing regulation.

—Lﬁlmmmmmmﬂ;cmmm_nummmmgmm_;

Jan. 4, 2017 small attempt to upda’re Coordinated Framework

[

Nov. 6, 2017: USDA has wn‘hdrawn a plan fo overhaul how it
regulates biotechnology products, such as genetically
engineered crops; little detail about reason for change

Servick, K." Trumps agriculture department reverses course on biotech rules” Science Nov. 6, 2017
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suggesting that the use of technologles, such meortant]y that allows the pamapanon of o
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as null segregants, novel delivery systems, small companies and public sector institutions.

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




Are New Technologis for Food production
Needed? 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.

chiotech.org
/ {

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.

cccccccccccc

So, we need to think about other changes as well. 7

XiaoZhi Lim | January 27,2017 | Genetic Literacy Project



Where to
get more
information
on these
topics?

HANKS

Questions?

| This website provides educational resources focused broadly
0 on issues related to agriculture, crops, animals, foods and the
technologies used to improve them. Science-based informo-
b tion related to these issues is available, as well as educational
a tools and information, which can be used to promote
informed participation in discussions about these topics

BIOTECHNOLOGY
INFORMATION

Labeling:
Informaticral resources available.

Review articles:

Focused on food, environmental and
socioeconomic issues of GE crops and
focds.

Part ! | Part2

ucbiotech.org

ABOUT US | NEWS

ISSUES & RESPONSES

RESOURCES FOR OUTREACH & EXTENSION,
RESEARCHERS & TEACHERS

DNA for Dinner 4-H curriculum:

For grades 5-8, covers topics from plant

dv ity to genetic engi ing. Cach of the
five lessons has 3 to 5§ activities.

L

DNA ==
DINNER?

New Game: Who's
In Your Family?
A free educational game to teach

- participants abaut the diversity of fruits and
- ;B‘UR B opitities: i how B e relitod.
- e
’ ' [ \ Slide Archive:
o Extensive collection of PP slides on
agriculture & biotechnology.
Available on loan:

Teaching Aids: Handouts and cards available, in both English and
Sparvish.

Educational displays: “Genetics and Foods™

and "Genetic Diversity and Genomics” available

M with companion educational cards and teacher
worksheet in English and Sparish.

Gene-IE Juice Bar: interactive activity to wsolate ONA from comman
fruits and vegetables.

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

GMO LABELING | RESOURCES

LINKS | GLOSSARY SEARCH

#§ Select Language | ¥

FEATURED LECTURE
- VIDEO

gor

“Feast, Famine and
the Future of Food”

HELPFUL SITES

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

&+ Diafortified website

» r
BIOsoums I? Provides _fmml
information to

foster discussion
about agriculture, especially plant genetics
and genetic engineening.

Animal Genomics &
Biotech
Cooperative
Extension
Program UC Davis
Provides education on use of animal
genamics & bictechnalogy in livestock
production.






