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SURE 1T'S NOT
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From Foraging to farming: Transition from Hunter Gatherers’

Hoy! B the Tunter: Yosire sugroseaj
to be (e GATHERER!




Genetic Manipulation
Feeding Humanity Since 10,000 BC




Farming Invented at many locales in parallel
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Figure 7-1. This map shows the origins of the world’s food crops and domesticated
animals. These plants and animals have been so widely redistributed, however, that today’s
leading producers of many of these are not the same as the areas in which they were first

domesticated.

Source: Jared Diamond; http://www.faculty.rsu.edu/users/f/felwell/www/Theorists/Essays/Diamond1.html



Cooks made us human, bartenders civilized us!

FHE NEW YORBAKN TIVVES BESTSELLER
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Bread didn't motivate our ancestors
to start grain farming.
It was beer. Pints over pastry!

http://nautil.us/issue/8/home/beer-domesticated-man



Human civilization evolved in parallel
with crop domestication and breeding

Image credits: P._Cos, Cacaphony, USDA, CIMMYT

© 2013 American Society of Plant Biologists



Evolution of our food

Emmer wheat
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Later domesticated varieties

Wild wheat
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A natural “unmodified” food!




Slidz courtzsy Vaynz Parrott, Unlvarsity of Gaorglz,




SO BASE

Beans

Cacao
(chocolate)

Maize
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Globallzahon of Food
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Figure 2
Cotton Exports from the United States, 18151860
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Seeds of
hange

SIX PLANTS THAT

TRANSFORMED MANKIND

By

the aut

hor of Seeds of Wealth

THE

WOMENS

PETITION
AGAINST

COFFEE

To our unspeakable
Grief, we find of late a
very sensible Decay of
that true Old English

Vigor; our Gallants

bemg every way so

Frenchified.
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Attack of the Killer What? _
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“THE DOSE MAKES THE POISON”

APPLE SEEDS PEARS POTATOES COURGETTES

CONTAIN AMYGDALIN CONTAIN FORMALDEHYDE CONTAIN SOLANIN CONTAIN CUCURBITACIN E
~0.6g9/kg of seeds ~0.06g/kg ~0.29/kg Variable
(higher in green potatoes) (higher in bitter courgettes)
ALL OF THE FOOD ITEMS ABOVE CONTAIN NATURAL CHEMICALS THAT ARE
TOXICTO HUMANS. HOWEVER, THEY ARE USUALLY PRESENT IN VERY SMALL

AMOUNTS, FAR BELOW THE HARMFUL DOSE.

JUST BECAUSE A CHEMICAL IS PRESENT, DOES NOT
MEAN THAT IT IS HARMFUL IN THE AMOUNT PRESENT.

© COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM Q
MADE ON BEHALF OF SENSE ABOUT SCIENCE (@SENSEABOUTSCI) WWW.SENSEABOUTSCIENCE. ORG b
MISCONCEPTIONS ABOAIT CHEMICALS ARE ADDRESSED FURTHER IN THE PUBLIC GLIDE, MAKING SENSE OF CHEMICAL STORITS. AVAR ADLE HERE:
veme b pue  WWWSENSRALOUTSCIENCE O R/Pagemaking sevise-of chemical-stodies drimd BY NC ND




Pasteurization, raw milk

SIS, Bt



Irradiation of Food

DON'T NUKE
OUR FOOD

STOP FOOD IRRADIATION

Cold Pasteurszed
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George Washington Carver’s Masters Thesis - 1894






Bushels/acre
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Historical Crop Yield Progress in the United States
(Source USDA NASS)
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NASA Satellite Image showing
US corn belt as the most producing

Photosynthesis on earth!

2010




2()°U 145.2 square feet'
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2009 264 square feet

L e

1997 '40 square feet

1970s 484 square feet

1950s 968 square feet
1866—1920
1742 - 1452 square feet




AVERAGE LIFE
B8  EXPECTANCY
THROUGH

Cro-Magnon era

I 30

The Rensissance

3

America in 1850

HISTORY

I 75

America today

0

The develaped warld in 2300
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Global Life Expectancy
-10,000 BCE - 2003
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77.2-81.5
74.7-77.1
71.7-74.6
68.9-71.6
63.8-68.8
57.9-63.7
50.8-57.8
41.5-50.7
32.7-41.4
No Data

© 2013 American Society of Plant Biologists



Americans spend less than 10% of their
income on food

Per capita disposable income spent on food in the United States,
1960-2013

Percent
20 -

18 |
16 |
14

12 . Total food

10

Food at home

Food away from home

-----------------------------------------------------

Source: USDA, Economic Research Service, Food Expenditure Series, table 7.

n Society of Plant Biologists



How Crops Are Genetically Modified

Traditional Mutagenesis RNA

Breeding 2 & Interference
' ®
DIDA s AN
Crossing plants Exposing crops Switching off
and selecting to chemicals or selected genes
offspring radiation with RNA

~rn A
W

}\
| 3

Almost All
Crops

Desired gene(s) Random changes in Targeted gene(s)
inserted with other genome, usually switched off or
genetic material. unpredictable. ‘silenced.
No safety testing No safety testing Safety testing
requirements. requirements. required.

RACY PR(

Acquisition of Agri-Biotech Applications Pocket K No. 34. Infographic by XiaoZhi Lim

Transgenics

(
\_J

Inserting selected
genes using
recombinant DNA
methods

1-4

Desired gene(s)
inserted only at
known locations.
Safety testing
required.

Sources: Biotechnology Provides New Tools for Plant Breeding, University of California Davis Publication 8043; Plant Breeding: Induced
Mutation Technology for Crop Improvement, FJ. Novak, H. Brunner;, International Atomic Energy Agency, 1992; Atomic Gardens: Public
Perceptions and Public Policy, B. Dick, M. Jones, Life Sciences Foundation Magazine; RNAi for Crop Improvement, International Service for the



Mutagenesis: Look what Chernobyl
tech did to our food?




GMO or Non-GMOQ??
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This is w’hy we plant Bt cotton.

RN a2l i Sl PRSI AN | ST =D - b o d s 2 oo
100% vyield loss from bollworm in non Bt strips.

-
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via @acatchot #GMO http:/ibit.ly/WhyBtCotton



Bringing back the Great American

Chestnut

" 4o

http://www.syracuse.com/



Climate Smart crops: Drought Tolerant Corn

Photo.: Monsanto Co.



Freeze Tolerant Biotech Eucalyptus

Results from first winter in Results from second winter
South Carolina 1 in Alaba

Lead Lines + Control

Field results indicate freezing tolerance to ~16°F (- 8° to - 9°C)

Source: www.arborgen.us



Flood-tolerant Rice

International Rice Research Institute, Philippines



Golden Rice

Milled rice has no beta-carotene
Vitamin A deficiency - 200 million children and women
About 500,000 children go blind (60 every hourl) >
2 million children die each year

Golden Rice may provide one of the many solutions

The Golden Rice project wins the Patents for Humanity

Award 2015
PATENTS for v
It's not just an invention. H U MAN I
The White House Office of Science and Technology Policy and the U.S. Patent and

Trademark Office (USPTO) have announced the winners of the 2015 recipients of the

PRESID,
Patents for Humanity Award, among them the Golden Rice Project. «4.“‘ "'r‘_
N %
Patents for Humanity is a USPTO program that recognizes patent owners and licensees g ?
working to improve global health and living for i The ‘% “3'
program advances the President's global agenda by private 9"3*, - s;x'“

sector leaders who bring life-saving technologies to those in need, while showing how
patents are an integral part of tackling the world's challenges.

The award has been bestowed upon the Golden Rice Project, in particular to Prof Ingo Potrykus, Prof Peter
Beyer, and Dr Adrian Dubock, with the ceremony happening on 20 April 2015.




Improved Nutritional Content

Double Embryo Corn

Many common food crops not perfect for nutritional
requirements of humans or animals.

Higher Protein Content and Improved Protein Quality:

Maize, wheat, Sweet potato and cassava

High Lysine maize:

N assimilation modified pathway GDH 12% increase
protein

SRP Nonallergenic Amaranthus Albumin for potato

Artificial Proteins:
e ASP-1-sweet potato 67% increase protein (EAA 80%)




Improved Nutiritional Content

Carbohydrates

e Starch High Amylose - resistant starch
* High starch potato

Fibre - Humans increase

e Polymers, Inulins, Fructo-oligosaccharides (FOS)

* Potato synthesize the full spectrum of inulins from
globe artichoke roots

e Lignans: enterodiol/lactone estrogen-dependent
cancer

Forage Crops Fibre — Animals Decrease

e Brown midrib (COMT)-Decreased lignin increase

digestibility better feed conversion, livestock prefer
(Sorghum)

Source: Dr. Martina McGloughlin, UC Davis



Improved Nutiritional Content

Qils and Fatty acids

- Altering chain length and saturation level

* Novel genes to produce unusual fatty acids in
oilseed

« High Oleic Acid (Low-Linolenic) : more stable than
PUFA heat/ oxidation resistant, little or no
postrefining (hydrogenation

 MCT: medical foods, ergogenic aids. Acyl-ACPT
canolaq, increase in capric (C10) and caprylic (C8)
( Dehesh)

 Omega -3 DHA-EPA “Fish Oil” CV/thrombosis/
Cancer/ Arthritis/ Cognitive/Mental/ premies

 W- 6 GLA- 4X Safflower:. Neurodegenerative/
inflammation

» Sitostanol: phytosterol phospholipid Block

cholesterol s,y ce: Dr. Martina McGloughlin, UC Davis



Imapp - Ebola serum produced in GMO
tobacco in Kentucky

w!-

Tobacco plants grown in greenhouses at Kentucky BioProcessing in Owensboro were
"infected" with a protein, which the plants then reproduced, that is turned into a
serum to fight the Ebola virus

© 2013 American Society of Plant Biologists
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Rapid Trait Development

System (RTDS™)
in Plants

Cells

A
vﬁ\
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This figure shows how RTDS can be used to convert a

red flowering plant to a white flowering plant. RTDS uses

molecules known as Gene Repair Oligonucieotides (GRONs) to

create a structure in a plant gene (see insert) that appears to the cell as
a typographical error in the way in which the gene is spelled. These
‘errors’ also known as mismatches are repaired by natural enzymes
using the plant's own DNA. A single change in the genetic code is
enough to repair genes and in some cases create new valuable plant
characteristics, known as traits.




What Are The Differences Between A Conventional
Potato And A Simplot Innate™ Potato?

The U.S. produces over 40 billion pounds
of potatoes a year.

Simplot Innate potatoes are genetically modified using only potato genes to
resist wasteful potato bruising and browning without affecting taste or nutrition.

Conventional Simplot Innate

Bruising \\/
waste ) 4
Reaches Bruising
Browning consumers Devalued waste
waste

Reaches
consumers

If all Fresh Russet potatoes were Simplot Innate potatoes,
the U.S. would have saved 400 million Ibs of potato waste each year.

That means also saving:
S_;'% $90 million in producer costs
c 60 million Ibs of CO, emissions
@ 6.7 billion gallons of water

I 170,000 acres from pesticide sprayings




>4

3?@ MAKING
ATrctic THE PERFECT FRUIT
EVEN BETTER

HOW APPLES
BROWN
When an apple is cut, bitten or
bruised, an enzyme called
Polyphenol Oxidase (PPO)
triggers the browning reaction

(@)
: \:g;/

CONVENTIONAL  PPO ENZYME ARCTIC APPLE
APPLE REDUCED

[FPo€ngme ]

WHY MAKE A BROWNING?
NONBROWNING 3 -~
APPLE? \ One way to think of it
After learning about A We replace one piece of a
Arctic apples, consumers |"| “railway track” (the PPO genes) on a
say they’re 3 times more J coast-to-coast railway (genetic code)
likely to buy them than with a slightly different piece of track
not buy them
Another way
ARCTIC® APPLES ARE JUST to think of it |
AS SAFE & HEALTHY ‘ ‘ 1,' &
[y
e’ e
A successful

N a transformation is -
confirmed by growing  # Il

et *" this tissue under speaal
0 LR conditions

We introduce apple :
genes that produce TR
less PPO into apple
leaf tissue

Once the
tissue has
grown into
plantlets we
graft it onto
KJ rootstock

- Arctic trees can then be
planted and grown just like
any other apple tree!



Potato Colorado Beetle — RNA Interference

Wild type St-ptDP-ACT21




Engineered tomatoes have ~30 day
extension of shelf life

Control RNAi-a-Man

SOURCE: Meli, V.S., Ghosh, S., Prabha, T.N., Chakraborty, N., Chakraborty, S., and Datta, A. 2010. Enhancement of fruit shelf life by suppressing N-glycan
processing enzymes. Proceedings of the National Academy of Sciences USA, doi/10.1073/pnas.0909329107.



| hope that there is nothing
_genetically modified in this




__ Opposition to GMO
i !2&"1&% i | I '
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X “Here's what I'll do as president ...
¥ we'll lot folks know whether their
feod has been gonetically modified

bocause Americans should know
what they're buying.”
~ Barack Obama

Margh at 9: -S0AM[1 Nahonal Mal
E2s
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| Prdtedt our farmers
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flops says
worlds food l sup /is )
controlled by ' MonSanto' .




Monsanto controlling your food?

800 - 764
700 -
600 -
521
500
400 -
300
200 -
0 L — = — - (2300
Seed Agrochemicals Food processing  Food distribution
Monsanto Syngenta Nestlé WalMart > 350
DuPont/Pioneer Bayer Archer Daniels Mid.  carrefour S
Syngenta Basf Unilever Tesco = 300
Fig. 1 Global sales of the top ten companies in four sectors: seed, %
agrochemicals, food processing, and food retailing (in 2012, billion 2 250
USD). The names of the 3 major groups are indicated for each sector %’
(from Forbes 2013; Supermarket News 2013) e 200
g 150
(C)
@ Springer m
& 100
50
0
¥
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Correlation is NOT causation

The real cause of increasing autism prevalence?

300000

A Autism
B Organic Food Sales

200000

Sales
($ millions)

100000
r=0.9971 (p<0.0001)

pasoubeiq s|jenplAlpuj

Year

Sources: Organic Trade Association, 2011 Organic Industry Survey; U.S. Department of Education, Office of Special
Education Programs, Data Analysis System (DANS), OMB# 1820-0043: "Children with Disabilities Receiving Special
Education Under Part B of the Individuals

with Disabilities Education Act



We can no longer afford to increase food
production through agricultural expansion.

Crop Allocation
PASTURE "CROPLAND
100% CALORIES 50% 100%

‘:- SOUTH

AMERICA *1



SENSORS AND
REMOTE SENSING

AUTOMATED STEERING
SYSTEMS

HIGM PRECISION
POSTIONING SYSTEMS

INTEGRATED ELECTRONIC
COMMUNICATIONS

Interney







The saddest aspect of
life right now is that
science gathers
knowledge faster than
society gathers wisdom.

Isaac Asimov
QUOTE Amernican Soentist




Thank you!
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