The Basics:
GMOs & Traditional Plant Breeding

Richard H. Molinar, Farm Advisor Emeritus

00

University of California

Division of Agriculture and
Natural Resources



s Is it just Black or White?

“*Isita Yes for it, or no against it?

+*Or 1s there a middle of the road?




O: What is genetic engineering?

* Genetic engineering generally refers to the use of recombinant DNA
techniques to itroduce new characteristics or traits into an organism.

It entails producing a piece of DNA (the recombinant DNA or tDNA
construct) and introducing it into an organism so that new or altered traits
can be imparted to that organism. The genes and other segments of DNA
that are part of the rDNA construct may be obtained from other organisms,
or synthesized from scratch in a laboratory. ........

Genetic engineering enables people to introduce a much wider range of new traits into an organism than is
possible by conventional breeding. It has been widely used in agriculture, for example to make crops resistant to
certain pests or herbicides, in medicine, for example to develop microbes that can produce pharmaceuticals for
human or animal use, and in food to produce microorganisms that aid in baking, brewing, and cheese-making.

http://www.fda.gov/Animal Veterinary/Development ApprovalProcess/GeneticEngineering/GeneticallyEngineered Animals/ucm113605.htm



GMO - Similar terms

Genetically modified organism (GMO)
Genetic modification (GM)

Genetic engineering (GE)
Biotechnology
Biotech seeds
Transgenic

Recombinant DNA

¥ GMsalmon = et IR
| Length: 24ins &= =~ = _;ljt,l.-".-_?;« Length: 13ins P<isis
§ Weight: 6.61b === -t‘-“' | Weight: 2.81b o=

- . '_‘[-. \‘4..1 r »
0us p WO\;»—*\T;J RS SANS RN T 2 @
g: 2ok RE DA Gc-k ~“ava 12 yanthe ! -‘ /Jb,\“ \y“"




Jour d'Ona

Or what makes an onion, an onion?




Tissue peel

Lemaux

sctvatech oog
)
i
4

A




‘9’.‘.&' ey ENSeen. BT _WRRE . il S
Animals and plants are made of cells — humans too —
billions of them!
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Dividing cell

Nucleus

¥ 8

Chromosomes




Chromosomes are thread-like structures located inside the nucleus of animal and plant cells. Each chromosome is
made of protein and a single molecule of deoxyribonucleic acid (DNA). Passed from parents to offspring, DNA

contains the specific instructions that make each type of living creature unique. In humans, one copy of each
chromosome is inherited from the female parent and the other from the male parent. This explains why children
inherit some of their traits from their mother and others from their father.

Chromosome

Genes on /

chromosomes

single genes are
responsible for

characteristics like
cystic fibrosis and
muscular dystrophy

http://www.genome.gov/10000202




Genetic Modification

¢ It is the adding, deleting, changing of the genes 4

¢ Human cells have 46 (23 pairs) chromosomes, X
21,000 genes (Chromosome #1 has 4,220 genes)

¢ Plant chromosomes vary —  peas 14  potato 24
corn 20 oats 42
alfalfa 32 rice 24
beans 22 barley 14

(26,000-45,000 genes total)



* Most biotech or GE crops (maize, soy, cotton...) are actually
developed with agrobacterium which acts as a transfer agent. The
most common traits in GE crops are herbicide tolerance (HT) and
insect resistance (IR). HT plants contain genetic material from
common soil bacteria. IR crops contain genetic material from a
bacterium that attacks certain insects. One example 1s Bacillus
thuringiensis (Bt), an IR trait. Bt 1s expressed in the plant and
targets specific insects—and 1s not harmful to humans. BT i1s
actually used 1n organic farming too, but 1t’s sprayed on the plants.

er

http://monsantoblog.com/2009/04/13/gmo-vegetables-animal-dna/ ] ] TS



With GE, scientists can breach species barriers set up by nature. For
example, they have spliced fish genes into tomatoes. The results are
plants (or animals) with traits that would be virtually impossible to
obtain with natural processes, such as crossbreeding or grafting.

How is genetic engineering done?

In order to breach these natural barriers and make possible the introduction of DNA from a
different species, genetic engineers have to find ways to force the DNA from one organism
into another. These methods include:

Using viruses or bacteria to "infect" animal or plant cells with the new DNA.
Coating DNA onto tiny metal pellets, and firing it with a special gun into the cells.
Injecting the new DNA into fertilized eggs with a very fine needle.

Using electric shocks to create holes in the membrane covering sperm, and then forcing the
new DNA into the sperm through these holes.

("Gene gun" method and Agrobacterium method)

http://www.nongmoshoppingguide.com/about-gmos.html



What combinations have been tried? Scientists have worked on some interesting ones

Spider genes were inserted into goat DNA, in hopes that the goat milk would contain
spider web protein for use in bulletproof vests.

Cow genes turned pigskins into cowhides.

Jellyfish genes lit up pigs' noses in the dark.

Artic fish genes gave tomatoes and strawberries tolerance to frost.

Potatoes that glowed in the dark when they needed watering.

Human genes were inserted into corn to produce spermicide.

Corn engineered with human genes (Dow)

Sugarcane engineered with human genes (Hawaii Agriculture Research Center)
Corn engineered with jellyfish genes (Stanford University)

Tobacco engineered with lettuce genes (University of Hawaii)

Rice engineered with human genes (Applied Phytologics)

Corn engineered with hepatitis virus genes (Prodigene)

http://www.nongmoshoppingguide.com/about-gmos.html



Other terms

* Classical Plant Breeding
* Traditional Plant Breeding




In Traditional Plant Breeding

* Pollen (male) is transferred to the Pistil (female) by

— Selfing (the plant itself)
— Insects, animals




In Traditional Plant Breeding

* Butitis 99.999% on like types of plants,

tomato

i.e. same species

does not cross with squash
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Humans begin
crop domestication
using selective
breeding.

Farmers and

scientists begin
cross-breeding
plants withina

species.

Breeders and researchers seek
out additional means to introduce
genetic variation into the gene
pool of plants.

Researchers develop the more
precise and controllable methods
of genetic engineering to create
plants with desirable traits.

The first GMOs are introduced
to the marketplace.




How are the genes and chromosomes

manipulated to create a new plant variety...
by classical breeding?

Lemaux
Triticum monococcum Triticum aestivum

ucbiotech.org

Ancient variety Modern bread variety E




Number of different commercially available

GE crops is limited

GE Cotton . GE Canola , GE Soybean
2000012018 acieage | 88% of 2010 acreage Lo 93% of 2013 acreage
) : % K% ' ‘}. ’. : : ‘/ N
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GE Corn v Y4 GE Alfalfa
90% of 2013 acreage || . | 20% of 2012 acreage
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Only a few whole foods on the
market are genetically engineered

GE Squash k| CIE Pagaryz
10% of 2004 acreage 277% of 2009 acreage
‘ from Hawaii
» ’ 3 ‘ ." ( -
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| Uses for GE |

Less Fertilizer

GM drought tolerant corn in the US
(this 1s fully approved in the US and
beginning limited commercial testing
this year)

Corn seeds that require less nitrogen, a
fertilizer that can be costly to farmers
and can have environmental impacts

Improved visual appeal to

reduce waste -\iﬁ
Example:

Apple varieties that have been
enhanced through

biotechnology so they don't
brown

Plant Disease Resistance
Examples:

Genetically modified squash
plants withstand various viruses

L= farmers encounter in the field.

Improving Nutrition

Examples:

Golden Rice that includes B-Carotene to
deliver vitamin A to children in
developing nations. Pineapple with
lycopene, which may help prevent lung
and prostate cancer. EPA/DHA Omega-
3 oils from canola oil, which are
scientifically proven to prevent heart
disease and enhance cardiovascular
outcomes



GENETIC
TRAITS
EXPRESSED
IN GMOS IN
THEUS.

FIELD CORN

Genetic Troits
Insect Resistance
Herbicide Tolerance

Uses
- Livestock and poultry feed
- Fuel ethanol

- High-fructose comn syrup
and other sweeteners

- Corn il

-Starch

- Cereal and other food
ingredients

- Alcohal

- Industrial uses

CANOLA s

Genetic Troits %
Herbicide Tolerance

=

Uses
- Cooking oil
- Animal feed

RAINBOW 4
PAPAYA

Genetic Troits
Disease resistance

Uses
- Table fruit

SOYBEAN

Genetic Troits
Insect Resistance
Herbicide Tolerance

Uses

- Livestock and poultry feed

- Aguaculture

- Soybean oil [vegetable i)

- High oleic acid
[monounsaturated fatty acid)

- Bindiesel fuel

- Soymilk, soy sauce, tofu,
other food uses

- Lecithin

- Pet food

- Adhesives and building
materials

- Printing ink
- Other industrial uses

ALFALFA

Genetic Troits
Herbicide Tolerance

Uses
- Animal feed

.
COTTON
Genetic Traits
Insect Resistance
Herbicide Tolerance
Uses
- Fiber
- Animal feed
- Cottonseed oil

SUGAR BEETS

Genetic Traits
Herbhicide Tolerance

Uses
G W
- Animal feed A

SWEET 47 )
CORN
Genetic Traits
Herbicide Tolerance
Insect Resistance

Uses
- Food

SUMMER
SQUASH

Genetic Traits
Disease resistance

Uses
- Food

Lemaux



How Many Foods Are Genetically Engineered?

Estimates are 80% of U.S. processed food may contain an
ingredient from a GE crop -- such as corn starch, high fructose
corn syrup, corn oil, canola oil, soybean oil, soy flour, soy
lecithin, or cottonseed oil.

There are very few commercially
available whole GE foods. The
first commercial GE whole food
was the FlavrSavrTM tomato,

engineered to have a longer
shelf life. (1994)




O: Are there GE animals in the food supply?

* A:FDA has not approved any GE animals for food (or for any other
purpose). During the pre-approval investigational phase, there are strong
statutory and regulatory prohibitions against unreported movement of GE
animals as well as against their disposal 1n the food supply unless explicitly
approved by the FDA. In addition, there are strict requirements for good
record-keeping during the investigational phase.

http://www.fda.gov/Animal Veterinary/Development ApprovalProcess/GeneticEngineering/GeneticallyEngineered Animals/ucm113605.htm



Animals

The first transgenic (genetically modified) animal was produced by injecting
DNA into mouse embryos then implanting the embryos in female mice.
Genetically modified animals currently being developed can be placed into
six different broad classes based on the intended purpose of the genetic
modification:

1. to research human diseases (e.g. to develop models for these diseases)
2. to produce industrial or consumer products (fibers)

3. to produce products intended for human therapeutic use (pharmaceutical
products or tissue for implantation);

4. To enhance the animals' interactions with humans (hypo-allergenic pets)

5. to enhance production or food quality traits (faster growing fish, pigs that
digest food more efficiently);

6. to improve animal health (disease resistance)
http://en.wikipedia.org/wiki/Genetically modified organism



Pharmaceutical products & GE — medicine

29 ¢¢

“pharming,” “bio-pharming,” “molecular farming,” ‘“Plant-made pharmaceuticals (PMP”

Insulin was the first pharmaceutical protein produced using genetically engineered

bacteria. Insulin originally was i1solated from cows and pigs that were slaughtered for

food. This method was inefficient and caused some patients to develop allergies from the
animal-derived insulin. Today it 1s made from the human gene that codes for the insulin
protein and 1s expressed and cloned in the bacterium, Escherichia coli. Large quantities of .
coli are now grown in fermentation vats to make tons of human insulin available to the
growing number of diabetic patients.

Human growth hormone, or HGH, can now be extracted from genetically manufactured
bacteria. It can be used to treat those suffering from dwarfism

Three PMPs currently undergoing evaluation in clinical trials are designed to target non-
Hodgkins lymphoma, cystic fibrosis, and E. coli/traveler’s diarrhea

http://agbiosafety.unl.edu/biopharm.shtml  http://www.ext.colostate.edu/pubs/crops/00307.html



Pollination of Fruit Trees

* Trees require pollen from a different variety of the same type
of tree and are considered self-unfruitful. Apricots, peaches,
nectarines, and sour cherries do not require cross-pollination.
Sweet cherries do. Apples, pears, and most plums need cross-

pollination.

— PEARS require another cultivar for cross-pollinization.

European and Asian pears will cross-pollinate if blooming at
the same time.

— PEACHES and nectarines are self-fertile.
— APPLES cross with apples and crab apples

— PLUMS/Prunes: all Japanese plums require a pollinizer
except Santa Rosa



ACH-31
CROSS POLLINATION IN CUCURBITS

Cross pollination generally occurs only among members within the same species. However some crossing
between species occurs in the genus Cucurbita, among pumpkins, squash and gourds. C. pepo will cross with C.
mixta and C. moschata: and C. maxima will cross with C. moschata. C. pepo will not cross with C. maxima.

Cross pollination does not occur between melons, cucumbers or other species. See the chart below for a
breakdown of the Cucurbit Family by specias.

From: The Ortho Baok "All About
THE CULTIVATED MEMBERS OF THE GOURD FAMILY Vegetables K " ) =i= 86 .
FAMILY 1 —o'_'lu'ﬂz | SPECIES l VARIETY OR COMMON NAME :
Cucurbitaceae Cucurbita

‘Jack O'Lanterny’ pumpkin
I ‘Connecticut Field' pumpkin *
— - ‘Acom' or "Table Quean’ squash
‘Buttercup’ squash ‘Vegetable Spaghett!
; ‘Kontucky Fiald' pumplin ‘Zucchini', "“Yellow Crookneck"
and Bush Scallop summer squash
Small, hard shell gourds
Edible gourd
Vageatable gourd

\ ‘Buttercup’ squash

\ ‘Hubbard' squash
| ‘Banana' asquash
‘Sweetmeat' squash
- ‘Marblehead' squash

Turks Turban' squash

‘Big Max' pumpkin
‘King Of Mammoths' pumplkin

‘Dickinson’ pumpkin
‘Sweetmeat' squash
‘Marblehead' squash
Turks Turban' squa

‘Green Striped Cushaw' pumpkin
‘White Cushaw' pumpkin

Lagoenaria sliceraria Bottle or White Floweared gourd
| | Sucuzzi
L
Lulfa cylindrica Dishrag gourd I
| —
Momordica balsamina Balsam apple |
|
charantia Balsam pear |
Sechium edule Chayote
|
Eenlncesa hispida Chinese Preserving melon or White Gourd of india |
| ] 1
Cucurmis melo Netted muskmelon or Cantaloupe
(Hales Bost', '"Harper Hybrid' .eta,)
| Honeydew & Casaba muskmelons
sativus Cucumbaer, all varieties | (Honeydew, Crenshaw, etc.)
Oriental Pickling melon
anguria West Indian Gherkin | Dudaim melon
Snake or Serpent melon
Mango melon
Cltrullus Watermelon, all varioties
|Citron
|
Trichosanthes anguina Snake or Serpent gourd |

! |




Alfalfa flowers pollinated on right
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» Other genetically modified vegetables that have been approved for sale in
the U.S. are tomatoes, radicchio, zucchini and yellow squash.

* Salmon: Currently no meat, fish, or egg products are genetically
engineered, though a company called Aqua Bounty has an application in
with the FDA to approve its GE salmon (2011)

« Potatoes: In 1995, Monsanto introduced genetically modified potatoes for
human consumption, but after pressure from consumers, McDonald's and
several other major fast food chains told their French fry suppliers to stop
growing GE potatoes. The crop has since been removed from the market.



Splicing Genes Together

Employing genetic engineering, researchers can take certain genes from a
source organism and put them into another plant or animal.

An Example of Genetic Engineering:
1 Scientists take Bacillus

thuringiensis, a commonly
occurring soil bacteria...

from it the Bt gene, which pro-
duces a protein that turns toxic in
the digestive tract of caterpillars.

2 ...and use enzymes to remove

into the chromosomes of cotton
and corn, killing caterpillars that
feed upon these plants.

3 The Bt gene is then incorporated

SOURCE: North Carolina State University, College of Agriculture and Life Sciences

http://blogs.discovermagazine.com/d-brief/2014/01/28/monsantos-push-for-non-gmo-vegetables/#.Uwk6 VoW 8ZD4



Biotech Crop Countries and Mega-Countries*, 2010
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* 17 biotech mega-countries growing 50,000 hectares, or more, of biotech crops

Source: Clive James, 2010




GLOBAL AREA OF BIOTECH CROPS
Million Hectares (1996-2010)

~©~ Total Hectares - 29 Biotech Crop Countries
=& Industrial
&~ Developing

| | | |
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

A record 15.4 million farmers, in 29 countries, planted 148 million hectares (365 million acres)

in 2010, a sustained increase of 10% or 14 million hectares (35 million acres) over 2009.

Source: Clive James, 2010.




v /3
* The first variety of GE yp’{lgfv squash, Freedom II, was the
second GE crop to be cleared by U.S. regulators. Freedom II
was engineered with viral coat protein genes to be resistant
to two viruses—Watermelon Mosaic Virus 2 (WMV?2) and
Zucchini Yellow Mosaic Virus (ZYMYV). Freedom 11
reached the market in 1995 but was not labeled like the

FlavrSavrTM tomato.

» Other varieties developed with additional virus resistance =
Independence II, Liberator III, Freedom III, and Destiny III



* The last whole GE food available in the U.S. 1s GE sweet
corn, engineered with a Bt gene to protect against earworms
(Helicoverpa zea), one of the most costly crop pests in
North America. Earworm damage results in subsequent
fungal and bacterial attack and quality loss. Expressing Bt in

corn results 1in reductions 1n insect attack.
 Sweet corn with the “Attribute” T o ‘

v




View the Seminis vegetable seed varieties available in the U.S.

s W

Fresh Market
Tomatoes

Watermelon

Winter Squash

Solanaeceous Cucurbits

Eggplant Cucumber
Pepper, hot & Gourd
sweet Melon
Tomato Pumpkin
Squash
Watermelon

Processng
Tomato

Seminis Vegetable Seed

http://www.seminis.com/global/us/products/Pages/default.aspx

Root
&
Bulb

Carrot
Leek
Onion

Large

Bean,
dry &
garden
Okra
Pea
Sweet
Corn

Brassica

Broccoli
Cabbage
Chinese
Cabbage
Cauliflowel
Radish

m




http://www.seminis.com/global/us/products/Pages/Professional GrowersSummerSquash.aspx

Deep gold on arich areen Straight, Uniform, 7-2in. Upright, Open habit 49

stem Cylindrical 18-20 cm,
Gold Rush

K Light green w/ grey slight taper and 5-Gin.; Compact bush, 47

motting and faint stripes somewhat blodky 3-15 open habit . ‘ h

%‘Q < | with transgentc dha%e
s : edi

_— WMV and interm

Light to medium green, Slightly tapered
Large specks

Indegéru:len-:e

Medium green Cylindrical

Medium-dark green,
Waxy appearance

Justice ITT



Sweet Corn Crop Guide: Syngenta

http://www.syngenta-us.com/seeds/vegetables/sweet corn/Sweet Corn Crop Guide.pdf

Trip

mbired !.I an ™ s r i 15

*Fust in aseres of new TripkSweel Ple
varktes bom Sysge ma

*Maris e nexd ge ne ration of supenor
eoting-qua by com

* Exce plonal lover and sweel nees

o weed standesd TrpkSwesl varietion
and brag cmlorme e bee k B rroe

IripleSweet hybrids boasting supenor eating qualities

eSweet® Plus - setting a higher standard

* Tender asd e xire sweel bicoky kermels
leng sars asd redu maged Mske
pe e redd for adsde and kcal e kels

* Hg* masionce %o sosthe m com kaf
bightt and mterrmedate mestance o
cormmen rust and Stewart’s wilt

* Appeoxirmaie ly 01 chays to rralurily

arng ¥ Attribute
BCOS2 prowickes outstandisg TripkSweet snting quality with Attrbute® insect
potec tion to minmes nosct damege and costs — aad masermeze yie ld asd qua ity

*Te nde r sweet kemels covering o
uniormear leagth

*Geal lipeover and sl sctive
Nag eaves

* deal for adside and loca| morkets
* Dol resl resislance poc hage
* Approsimaie ly 77 days o maturiy

GHOBS1  # Attrbute

* Loag sars with good hes kexiension

* dea |l for ram-season phnings » fe
Mihem st and Norfheast

* Approxeraie ly 80 daye lo rmateridy

VHOB0OS
vV 0o  F O —

Thia TapleSeeet has high-qualty bge sams asd oustandisg saling quality, meking &
alevories or mackice makets

*A white 8C 0305 -4ype
*Appexirately 80 deys to rraterity

* P educes exeptiom | mting quality

*Wallauied for kool asd roacksicle
rmariets i fe Mclwest and
Noriheost

¥ Attribute

An indlustry st nclard for relabilty of hgh y elds and eatng qualty BC 0805 =
poc ked with supenos laste sadealing qualies.

*Wellsuiled for min-ceason plartings
in the Mowest asd Norfheast
*Long, welk fled mn

* Quistanding eatng quaity with
fender sweet kerne b

* Approxira iy 82 days %o rrafurily

* Outstanding eating qually
* Ve b-sued for madscle and boal
morkets as wellas horme gasdens

* Approxirraie iy 82 days o rraterily

{
* AlFA revica Selkectioss Wa ner
* Boeptom | fendemess, favor
ond swee taecs
* Prochices large, hg hcualty sars
* Medemgmen bus ks asdgood fhgs
* Approxiraie iy 79 days to rmateriy



Silver Quear

* The acusty shackedw hie ‘e’
wwmet com

* Superb sadng cualiy

* Attrec tve poc lage

* Eloganisan win favoriul
= rcder b rmls

* Apprxirmutely 88 doays o raterly

yiivar King

* Thes whie ear has b bukus flaver and
fonche mess for koced rravke | g owe s and
horre gacianems

* Tt husk cover e ps prevest
bied darmuge

* Opterumearploserent rrobes kxan
sasy haresl

* Appexiraiely 42 deys © rreturity

Supersweet (sh2) hybrids that outperform in
fleld and the market

legon & a hghyekding biockr shipper corn with 8 ©bes! desase pec kage and
shong ag ronomk ohancte mics

*Waellsstled far he sastern shipper ¢ Ecolenl busk coverand atine lve
market Mg maves

*Staght rowing, good tip Slland * felatie hgh yekk
uslorment sum s Approxirraie by 79 days fo makrily

Mui
This s a highymthng white supe maeel hybrd that pradecss astyiah shipperear
with unformaee, poiec fod by o sirosg desase pec kage

* Excn lbnt tip il sppenk © fresh * Hgh maptance lo cormmon el ol

marke ! custormens whemedah mslaxe ©Slewarts
*kinal sor s boroming inshipper will, sarthe m corn af bight and
moarke s o e chwarl mosa o

* n pec 6 lly welladaptec tor reg om * Appesimubely 78 deays to rral ety

{omsoulh Flord (o New York

v Attrlby}g

* Wel-filkd sam withg k
axcelhm huskcover

* Comuibent o dormance

* Appeximately 78 days o rredrly

\ ¥ Attribute

s Aconsbenl pedorming wh e for e
fresh shipper rarket

* Hg» mestance lo cormmon el asd
nerracals maniance fo nodhe e
com ealbigk

* Appeximalely 81 days o rmelrly



National GM Labeling Laws and Policies

Countries with

Countries with

Countries partially enforced | | probable plans
Type of that enforce or unenforced to introduce a
GM labeling | labeling policies labeling policies labeling policy
Mandatory  Australia, Brazil, Croatia, Ecuador, Nigeria, Uganda,

China, European El Salvador, UAE, Zambia

Union, Japan, New Indonesia,

Zealand, Norway, Malaysia,

Russia, Saudi Arabia, Mauritius,

South Korea, Serbia, Sri Lanka,

Switzerland, Taiwan Thailand, Ukraine,

Vietnam

Voluntary Argentina, Canada, Peru

Chile, Hong Kong,
Kenya, Philippines,
South Africa, USA

But other nations
have specific
mandatory
labeling laws for
GE, although the
rules and

enforcement
vary dramatically
among
countries,
making
international

SOURCE: Marchant, G.E., Cardineau, G.A. and Redick, T.P. 2010. Thwarting Colsume: ChiunCe. The Cadt against viaualdl y
Labeling for Genetically Modified Foods. American Entreprise Institute, p. 71.



What is the U.S. regulatory process
that governs these engineered
plants?




U.S.

Regulatory Agencies

USDA

FDA || EPA

Field testing
-Permits
-Notifications

Determination of
non-regulated
status

 Food safety o Pesticidal plants
-tolerance
 Feed safety exemption

-registrations

e Herbicide
registration

Plant pest?

| | Danger to people? | | Risk to environment?




Once nonregulated, organism
no longer requires APHIS review
for movement or release in U.S.

v' Alfalfa — HT —removed, reinstated ~ Papaya - VR

v Corn - HT, IR, AP % Rice-HT

v' Cotton - HT, IR Rapeseed - HT, AP, PQ

v’ Soybean - HT, PQ v Sugar beet - HT

* Potato - IR, VR o Flax - HT

s Tomato - PQ Chicorium - AP
Squash - VR Tobacco - PQ

v Canola—-HT Rose - PQ

Lemaux

v'Large-scale production .,,
<*Not on market s

(http:/ /www.aphis.usda.gov/brs/not_reg.html) =




Why Doesn’ t FDA Have a Labeling Policy for GM
Foods?

Actually it does...

Foods produced through biotechnology are subject to same
labeling laws as all other foods and food ingredients

Govt-mandated label information relates to composition or
food attributes not agricultural or manufacturing practices

No label needed if food essentially equivalent in
safety, composition and nutrition

GM food must be labeled if:

1. Different nutritional characteristics
2. Genetic material from known allergenic source e.g., peanut, egg
3. Elevated levels of antinutritional or toxic compounds



Survey: What, if anything are you concerned
about when it comes to food safety?

Packaging
—> Food Handling/Preparation
Other
—>Disease/Contamination
Chemicals/Pesticides in Food
—> Altered/Engineered Food

Nothing

http://www.foodinsight.org/Resources/Detail.aspx?topic=2010_Consumer_Perc

Jan. Apr. July Apr
2001 2003 2006 2010
27% 15% 15% 5%
23% 41% 35% 33%
19% 9% 4% 4%
16% 28% 36% 38%
10% 7% 16% 10%
2% 1% 3% 2%
9% 5% - ==

(
SOURCE: IFIC, April 2010. el
eptions_of Food_Technology Survey [y




&he New Hork Times

March 8, 2013

Major Grocer to Label Foods
With Gene-Modified Content

By STEPHANIE STROM

Whole Foods Market, the grocery chain, on Friday became the first retailer
in the United States to require labeling of all genetically modified foods sold
in its stores, a move that some experts said could radically alter the food
industry.

Not on are states ntring
into the labeling arena, but a
variety of companies are

By 2018, all
products in U.S. and
Canadian stores
must be labeled to

becoming involved in

indicate whether different ways.

they contain
genetically modified
organisms (GMOs)

http://mww.nytimes.com/2013/03/09/business/grocery-chain-to-require-labels-for-genetically-modified-food.html?ref=opinion& r=0 |

ucbiotech.org
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SOURCE: “Major Grocer to Label Fodos With Gene-Modified Content”, New York Times, 3/8/13 =
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J Crops can be engineered with purposeful
nutrltlonal alterations
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Englneermg tomato to Increase health-
promotlng compounds
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SOURCE: Butelli, E., Titta, L., Giorgio, M., Mock, H., Matros, A., Peterek, S., Schijlen, E.G.W.M., Hall, R.D., Bovy, A.G., Luo, J. and Martin, C. 2008. Enrichment of
tomato frU|tW|th health- promotlng anthocyanlns by expression of select transcription factors. Nature Biotechnology;onlinefirst (doi:10.1038/nbt.1506)




Pollen Flow Distances for Crop Species of Interest

Crop Mode of Pollination Means of Fdn Seed Prod Measure Pollen
Type Movement Isolation Distance ovemnt Dstanc
Alfalfa Self-sterile; obligate Bees 900 ft 200 48 mi)
outcrossing (0.17 mi)
Bentgrass | Clonal (stolons); type | Wind 900 ft (98%purity) 13.05 mi
outcrossing dep on (0.17 mi)
environment
Canola Predom. selfing; 30% | Wind/insects >1320 ft 1.9 mi
outcrossing (0.25 mi)
Corn Almost exclusively Wind 660 ft ~2 mi
outcrossing (0.125 mi)
Cotton Predom. Seslfing; Insects >1320 ft n.a.
outcrossing with (0.25 mi)
insects
Rice Self-pollinating Physical 10 ft 30 ft
(99.5%); pollen viable | touching/wind
3-15 min
Squash Obligate outcrossing | Insects 1320 ft 0.8 mi
(predom. (0.25 mi)
bees)
Soybean Self-pollinating (99%) | Physical 5 ft n.a.
touching/wind
Wheat Self-pollinating Physical 5 ft >160 ft

(99.9%)

touching/wind

(




What Are Some of the Issues?
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What are some food safety issues?

o Lack of peer-reviewed food safety tests

e Creation of allergens or activation of toxins
e Pharma crops contaminating food supply

e Labeling

e Gene flow from food to intestinal bacteria
increasing antibiotic resistance




What are some environmental issues?

e Transfer of engineered genes to non-GMO/organic
crops?

e Development of herbicide-tolerant weeds or
pesticide-resistant insects

e Spread of pharmaceutical genes into commercial
crops?

e Loss of genetic diversity?
e Property rights (gene patents)?




Glyphosate- Resistant Weeds — USA

December 13, 2010 — adapted from:

Ambrosia artemisiifolia
Common Ragweed Amaranthus tuberculatus (syn. rudis)

Tall Waterhemp

Ambrosia trifida

j | Giant Ragweed
Lolium multiflorum L QWA =
Italian Ryegrass : RO .
OR N { ‘ Mi\
CIZ Rl
gk . J \ L . ¢ Poa annua
Kochia scoparia ' 7w/ Annual Bluegrass

| | v 1A g S ! K\ P
o E n §8 C
Kochia \ \ ' =lrs N MO
/CA ‘ —— : g

B . . - > .. A

Lolium rigidum > 8, NM = AR Conyza canadensis
Rigid Ryegrass - :

Horseweed

™ LA

Conyza bonariensis
Hairy Fleabane

Eleusine indica
Goosegrass

Sorghum halepense
Johnsongrass

Amaranthus palmeri
Palmer Amaranth K. Neil Harker

I * Agriculture and Agriculture et
Agri-Food Canada Agroalimentaire Canada AAFC - Lacombe, AB


http://www.weedscience.org/

Can Organic Agriculture
Coexist with GE Crops?

Lemaux

uxtestech org




..And What Genetic Modification Input
Methods Are PROHIBITED?
( § 205.2 National Organic Program)

e "“A variety of methods...are not considered
compatible with organic production. Such
methods include cell fusion, micro- and macro-
encapsulation, & recombinant DNA technology
(including gene deletion, gene doubling,
introducing a foreign gene, & changing the
positions of genes when achieved by
recombinant DNA technology).”

2

F.J. Chip Sundstrom CCIA



There are tolerances for pesticides but
not for GM content

= Pesticides: “When residue testing detects

prohibited substances at levels that are

greater than 5% of the EPA’ s tolerance for =
the specific pesticide residue detected...the %’/
agricultural product must not be sold or

labeled, or represented as organically

produced.”

= GMOs: At the present time there are no
S8 specified tolerances for GMOs in organic
% products. Organic products are not
guaranteed GMO-free, although some
organic farmers sign contracts guaranteerng
GMO-free
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Australian researchers identify
grape genes that provide resistance

to powdery mildew
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SOURCE: Western Farm Press, volume 26, number 16



Arcadia Biosciences develops canola that uses
5 0% less mtrogen fertilizer

|
{
wy
" _ i {-j
" ‘ SOURCE: http://archives.foodsafety.ksu.edu/agnet/2007/4-2007/agnet_april_10.htm#story0 |~
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There are two new approaches to mtroducmg GE
whole foods mto the market.

-»ml- v A gs 4 Jé’b

Simplot has created a low acrylamlde low sugar, bruising-

resistant potato engineered with only potato DNA — under

con5|derat|on for deregulatlon

de & Technology, 5/2/13
-on-biotech-potato/

.
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About 80% of tomatoes under certain conditions suffer
blossom end rot. Tomatoes engineered for high solids

resist the disease

SOURCESSEmansgenic processing tomat@eiso resists DIOSSOm end ror
http://www.thegrower.com/e-neyyletters/fresh-from-the-field/Transgenic-procesa@Ptomato-also-resists-blossom-end-rot®




Non-brownig GE apple to be labeled
and marketed in U.S.

SOURCE: “Stop Genetically'H ar icCgmersAssociation,3/24/11. =
icconsumers.org/bytes/o tMESEC3 |
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Tear-free onion
developed by turning off
tear-inducing enzyme

The key is not to introduce a foreign gene but to
silence one using a phenomenon called RNA
interference. By stopping sulphur compounds from
being converted to the tearing agent and redirecting
them into compounds responsible for flavour and

health, the process could even improve the onion.

SOURCE: “Scientists create 'no tears' onions ”, Herald and Weekly Times, 2/1/08
http://mwww.checkbiotech.org/green_News_Genetics.aspx?Name=genetics&infold=16834 —




)

By Japanese scientists create blue rose
with blue pigments from pansies

In 2009, after nearly two decades
research and developmental work
of the blue rose began for the firs

’ SOURCE: http://www.japantimes.co.jp/cgi-bin/getarticle.pl5?nn20040701a2.htm



Slow-Mow grass addresses watering,
malntenance and weed problems

Scotts announced that employees will be testing a Roundup Ready Kentucky
bluegrass grass seed at their homes with an eye toward commercial production

next year and introduction into the consumer market by 2016.
http://www.fool.com/investing/general/2014/02/10/scotts-miracle-gro-mows-down-gmo-worries.aspx




Delayed senescence
Moonshadow™ carnation

prigene and Suntory
, patentéd and refined

hnology and are nx'(egarded as a world-

the genetic migdification of flowers

rrrrrrrrrrrr

http://www.florigene.com/products/products.php?product_name=moonshadow
La—



f Engineered corn:
169-fold Increase In Vitamin A

precursor
6-fold increase Iin Vitamin C
2-fold Increase In folate

-

$

T4 111, 0.39-‘5

/ (
SOURCE: Nagvi et al. 2009. Transgenic multivitamin corn through biofortification of endosperm with three vitamins representing three distinct et
metabolic pathways. Proceedings of the National Academy of Sciences USA, doi: 10.1073/pnas.0901412106. |




“In a globalized economy, the control of fruit ripening is of
strategic importance because excessive softening limits shelf life.”

Engineered tomatoes have ~30

day extension of shelf life

RNAi-f#-Hex

RNAi-a-Man

10 Days

20 Days

biotech.org

4

45 Days

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.



Salt-tolerant Tomatoes

SOURCE: Zeraim Gedera L.T.D., Israel

The company was lately acquired by Syngenta



Classical

Genetic

Breeding compared to Engineering

Gene exchange is random
involving whole genome

When/where gene expressed
not controlled by breeder

Source of gene primarily within
genera — not between kingdoms
like plants & bacteria

Gene exchange is specific
involving single or few genes

When/where gene expressed
controlled precisely

Source of gene from any
organism



How is the genetic information in a plant
manipulated to create a new plant variety...
by classical breeding?




&he New Hork &imes

December 21, 2012

Engineered Fish Moves a Step Closer to
Approval

By ANDREW POLLACK
Government regulators moved a big step closer on Friday to allowing the first genetically
engineered animal — a fast-growing salmon — to enter the nation’s food supply.

The Food and Drug Administration said it had concluded that the salmon would have “no

Engineered salmon has been awaiting approval after submitting its first
request for approval to FDA in 1995!
FDA's preliminary finding: this product, under the specific conditions

proposed in the application, would not have a significant impact on the
U.S. environment. But it still awaits approval

The AquAdvantage salmon, as it is called, is an Atlantic salmon that contains a growth hormone gene
from the Chinook salmon and a genetic switch from the ocean pout, an eel-like creature. The switch keeps
the gene on so that the salmon produces growth hormone year round, rather than only during warm
weather. The fish reach market weight in about 18 months instead of three years.

cbiotech.org
{
(

SOURCE: "Engineered Fish Moves a Step Closer to Approval", New York Times, 12/21/12 e
http://www.nytimes.com/2012/12/22/business/gene-altered-fish-moves-closer-to-federal-approval.html?_r=2& =
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Will Human Genes Be Spliced into Food
for People?

by Don Fitz, Gateway Green Alliance
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USDA Approves Applications to Grow Rice With Human Genes

BLOG on 270 Acres in North Carolina, Missouri USA Asked to Bring
June 30th, 2005 Orgenic Food Regulations

NEWS : , _ IntogCompliance with 1990
The US. Department of Agniculture has quietly approved controversial ok
roposals by genetic engineering firm Ventna Biosciences to grow nice REdD MORE

If you want to protect your com\gning human genes on 270 acres in North Carolina and Missourn. The

RREG I YO WANE Xo protest rice 1s endwagred to produce two pharmaceutical compounds, lactoferrin

your food, join the

First-Ever US. Labeling Law

movaratit 6F the Center for and lysozyme, derived Trormssan genes. When grown 1n rice, the . .
& : 20 S for Genetically Engineered
Food Safety compounds present unresolved toxicity and allergenic risks and have not yet e B e
-Vandana Shiva received approval from the Food and Drug Administration. RERD MORE
Internationally renowned Indian

der “With this approval, USDA has signaled that it thinks it's okay to grow

> s tal sArfwret fArs
environmental activist, foun
=
-

of Navdanya, and prolifi - :
v drug-producing crops near food crops of the same type. despite the threat of
gp 4 50p P P Recall Urged for lllegal

contamination,” said Doug Gurian-Sherman, senior scientist at Center for Biotech Corn
Food Safety. “There have already been numerous examples of contamination READ MORE

of food crops by biotech crops, including pharmaceutical crops. Over time,

such contamination of our food is virtually inevitable under the conditions

allowed by USDA”"



Ventria has developed three varieties of rice, each
endowed with a different human gene that makes the
plants produce one of three human proteins. Two of them
-- lactoferrin and lysozyme -- are bacteria-fighting
compounds found 1n breast milk and saliva.

Ventria's rice produces two human proteins found in
mother's milk, saliva and tears, which help people hydrate
and lessen the severity and duration of diarrhea attacks, a
top killer of children in developing countries..

The proteins are extracted for use as an anti-diarrhea
medicine and might be added to health foods such as
yogurt and granola bars.

"We can really help children with diarrhea get better
faster.



turns down the expression

And how was the
possible introduction
of the “Artic Apple”

into the market
treated in the media
by the New York
Daily News?

of the apple PPO

(polyphenol oxidase) genes

in a process called gene
silencing, which utilizes

low-PPO genes from other

a

les.

GMO ‘botox apples’ that do not bruise or
brown could soon be in stores

The genetically modified apples are produced by Canadian company Okanagan Specialty Fruits,
have been under review by U.S. regulatory agencies since 2010. If approved, they would become
the second GMO fruit to be allowed in the country.

FLICKR/GETTY IMAGES

Developed by scientists at Okanagan Specialty Fruits, the new, genetically modified apples d
not bruise or brown.



Ca hal

Newspaper

‘We intend to label our Arctic apples as genetically modified’

APPLE from Page 1

prohibition that barred the state
Legislature from modifying it
unless it was made more strin-
gent. Opponents, including
Monsanto, DuPont, food com-
panies and grocery stores, spent
$45 million against the propo-
sition.

Carter believes he is about
six months away from gaining
USDA and U.S. Food and Drug
Administration approval to
grow and sell genetically mod-
ificd apples in the United States.
He is also seeking Canadian
government approval.

His Arctic brand Golden
Delicious and Arctic Granny
Smith apples have been mod-
ified by switching ofl'a gene, so
they won’t brown when sticed.
That could benefit the sliced

Sneci

apple by
expens
ments 1
brownir
apples i
SCIVICCY
all appld

Dan Wheat/Capital Press
Joel Brooks, marketing communications specialist for Okanagan

ahaut

ing becausce it undermines the
credibility of the FDA, which
does its review, [thas standards
for food safety. This is man-
dating labeling of something
that has no risk. I don’t agree
with that. [t becomes too much
negative marketing.”

The battle isn’t as much
about food safety as it is about
market share between the or-
ganic and natural food side ver-
sus big, biotech »omomnon\

Carter said.
“We're a small com¥x ?

he said. “We can't eng
that.”
The recession shrank thc or-

around for 15 years, fed 4 tril-
lion people and never been a
single health risk, yet nine peo-
ple died from organic bean
sprouts in Germany last year,”
he said. “Organics can kill peo-
ple with E.coli.”

But the Pacific Northwest
apple industry, fearing nega-
tive public reaction, is on the
record against USDA approval
of genetically engineered ap-

s alldmsmmg:atur— b

cil president wrote in the let-
ter.

Todd Fryhover, president
of the Washington Apple Com-
mission, has said genetic mod-
ification raises public concerns
and doesn't seem to it with the
image of apples as healthy and
nutritious.

Carter and other represen-
tatives of Okanagan Specialty
Fruits gayly this month, for the
ne, had booths to dis-

phy and k ahout
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he s‘ml‘ and it should be about
food safety.
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regulated status of his two ge-
netically engineered apples.
“While we do not think any

tural Associati W
k (mgla amm
far k

et Expo in Michigan.

It was an educational out-
reach with lots of grower ques-
tions answered, he said.

Contacts were made for po-
tentially more grower testing,

Okanagen Specialty Fruits has decided
to voluntarily label their GE apples.
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Reps. Tara Sad and Bob Haetner: Why
labeling GMO foods makes no sense

First, there has been no credible scientific study that proves that
there 1s any material difference between GMO and non-GMO
foods. No nutritional difference. No health safety difference. In
fact, we have all been eating foods made with genetic
engineering for more than 20 years.

Second, many legal experts tell us that this labeling bill 1s
unconstitutional.

Third, the bill 1s unenforceable.

Finally, product labeling is a federal - not a state - responsibility.




Names 1n Bi1o Tech industry

* Three of the world’s largest agrochemical
companies (DuPont, Syngenta, and Agrigenetics
Inc., a company affiliated with the Dow
AgroSciences) have filed a lawsuit in Hawaii to
block a law enacted on the 1sland of Kauai in
November to limit the planting of biotech crops
and the use of pesticides.

http://www.agweek.com/event/article/1d/22506/



But there are other ways to create

new varieties using the modern
tools of genetics




Monsanto’s Newest Veggies Are High-Tech — But
They Aren’t GMO

There’s the onion that won’t make you cry, the better-for-you broccoli, and
the melon that won’t spoil when it’s ripe. But these aren’t the genetically-
modified plants Monsanto has made its name on. Instead, biologists there
are taking a high-tech approach to a very ancient kind of crop modification:
crossbreeding.

These new technological tricks allow Monsanto to speed up the process of
breeding better plants— by 1dentifying the genes responsible for desirable
traits and then scanning millions of seeds to select only the genetically-
promising ones to plant and breed in the next generation.

http://blogs.discovermagazine.com/d-brief/2014/01/28/monsantos-push-for-non-gmo-vegetables/#.Uwk7VY W8ZD5



Senate Bill Proposes GE Labeling in California
2014

[ Despite defeats in California and Washington, GE labeling has
passed elsewhere. Legislatures in Connecticut and Maine have

passed laws that require GE food labeling once certain conditions
are met.

1 For the Connecticut law to go into effect, four other states
(including at least one border state) with a combined population
of at least 20 million must pass GE labeling laws.

1 For Maine’s law to go into effect, four other states contiguous
with Maine must pass GE labeling laws.

http://www.foodsafetynews.com/2014/02/senate-bill-once-again-proposes-gmo-labeling-in-california/#.UwzlOIW8ZD4



Summary

A useful website for you that lists engineered crops and
their descriptions 1s:

http://www.cera-gmc.org/?action=gm crop database

¢ Nothing on the market has animal genes inserted into plants

¢ Most foods on the market have been engineered with two
primary genes: one from a naturally occurring bacterium, Bacillus
thuringiensis (BT, for insect resistance), and the other, also from a
naturally occurring bacterium called Agrobacterium, protects
plants from Roundup herbicide




¢ In the case of virus resistant plants like squash and papaya,
they were actually modified by using a part of the virus genetic
information itself engineered in such a way as to shut off the

replication of the virus. Squash and papaya are the only small
acreage crops that are GE and are available on the commercial

market.

*Is it a Black or White 1ssue?
**Is it a Yes for it or no against it?
**Or 1s there a middle of the road?

**Moral ?

**Ethical ?
**Biblical ?



Jurassic Park(1993)

* Dr. Ian Malcolm: Yeah, yeah, but your scientists
were so preoccupied with whether or not they could
that they didn't stop to think if they should
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T p— : R FEATURED LECTURE
1S webDsite provides educational resources Jfocuse voaagly
- , ¢ ' VIDEO
Io ec on issues related to ogriculture, crops, animals, foods and the
technologies used to improve them. Science-based informa- :
tated to th tabl i 4 / “Feast, Famine and
tion related to these issues is available, as well as educationa : the Future of Food”
tools and information, which can be used to promote P e
informed participation in discussions about these topics '
Outreach in Biotechnol
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- \ Oregon State U
BIOTECHNOLOGY RESOURCES FOR OUTREACH & EXTENSION,
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DNA for Dinner 4-H curriculum:

For grades 5-8, covers topics from plant

d b = 3 = : DNA ok
diversity to genetic engineering. Each of the

five lessons has 3 to 5 activitics. DINNER?

New Game: Wheo's

t In Your Family?
\‘ ’ “; A free educaticnal game to teach

B 1o P P participants about the diversity of fruits and

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

¢ » Biofortified website
BIO:ortru %" Provides factusl
information to
foster discussion

g Yo\"‘?{ o= vegetables, and how they are related. about agriculture, especially plant genetics
C “ ;’“; N and genetic engineering.
“ —’ Slide Archive:
»6‘6 0 Labeling: ’ Extensive collection of PP slides on Animal Genomics &
%O S &O a{“‘$7 Informaticnal resources available. agriculture & biotechnclogy. Biotechnology
Cooperative
¥ Available on loan: Extension

Rewview articles:

Focused on food, environmental and
sccieconomic issues of GE crops and
foods.

Part 1

| Part 2

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

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

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

Program UC Davis

Provides education on use of animal
genomics & bictechnalogy in Livestock
production.

ucbiotech.org



http://ucbiotech.org

Other resources

http://www.aces.uiuc.edu/vista/html pubs/irspsm91/transfor.html

Animal and Plant Transformation: The Application of Transgenic
Organisms 1n Agriculture

http://cls.casa.colostate.edu/transgeniccrops/how.html
http://cls.casa.colostate.edu/transgeniccrops/fagpopup.html
http://www.nongmoproject.org/learn-more/what-1s-gmo/ %

http://www.genome.gov/10000202 *****
http://agbiosafety.unl.edu/food_safety.shtml



