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Biotechnology Is the use of living organisms, or
parts thereof, to provide useful products,
processes and services

PRODUCT: Insect-resistant corn

PROCESS: Engineered microbes manufacturing
chymosin

SERVICE: Engineered poplars cleaning up
heavy metal contamination




6500 BC Encrusted residue in the shards of a hunter-
gatherer camp unearthed in 1983 by Edinburgh
archaeologist - Neolithic heather beer

4000 BC Tigris-Euphrates cradle of civilization -
viticulture established.

3000 BC Celts independently discover the art of
brewing

Anthropologist, Solom Katz, suggests that these
discoveries led to the transformation from hunting
gathering to agricultural societies 10,000 years ago.




The creation of corn
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But a plant that is now so
domesticated that it no longer can
survive in a natural ecosystem, just
like the hunter-gathers.



The Crop Agriculture
Technology Timeline graph

2,000 BC
19thC
Early 20th C
Mid 20th C
1930s
1940s
1950s
1970s
1980
1980s
1990s
2000s

Cultivation

Selective Cross breeding
Cell culture

Somaclonal variation
Embryo rescue
Polyembryogenesis
Mutagensis and selection
Anther culture
Recombinant DNA
Marker assisted selection
Genomics
Bioinformatics




Why do we care?

INCREASED AGRICULTURAL PRODUCTIVITY

Acreage Needed at 1929 Production Levels




The Big Picture
W biotech crop products have been

approved: vegetables with extended shelf life, plants with
modified oils, and squash, corn, cotton, potatoes and
soybeans with built-in disease, herbicide and pest-
resistance.

Over 60 animal biotech therapeutics have been developed

90% of industrial enzymes, widely used in the food and
textile industry are biotechnology-produced.

In the environment, biotechnology is used to treat
hazardous waste in soil, water and the air, as well as in the
prevention of pollution.




Plant biotechnology promises to
deliver a stream of new products:

1WA

Plants as Factories

Control of early
fruit softening

Quality Traits

Control of ov
deterioration

Agronomic Traits . g @ et

1st Wave 2nd Wave 3rd Wave




Agronomic Benefits:

Disease resistant sweet Virus resistant papayas
potato

Drought resistant rice Blight beating bananas

Flood resistant corn and Bigqger trees, better yields
rice

Hardier citrus trees Canker resistant citrus fruit




Benefits for the Farmer
and the Environment

Improves

Weed
Control { (}
g Improves

Farm Efficiency
U.S. farmers using
Roundup Ready

Herbicide-tolerant soy_beans saved an
estimated $220

Soybeans million in 1998 due to
lower herbicide costs.

4. Encourages

Reduces ﬁ 'lgl\g?tlijlltlon of
Crop A

Injury

*Represents U.S. Soybean Acres
Sources: Monsanto, academics, seed companies.




Enhanced Nutritional Qualities:

Cancer-fighting tomatoes Non-allergenic soybeans

Fresher fruit and vegetables Healthier potatoes

Tastier tomatoes Healthier fish food, safer fish

Healthier lettuce Heart healthier soybean oil

Vitamin E enriched corn and Decaffeinated coffee bean
canola oil plants

Vitamin A enriched mustard Enriched mustard seed oil




Functional Foods

 Plant-based vaccines
e Enhanced bananas
 Enhanced cherry tomatoes

 Enhanced rice




PLANT TRANSFORMATION IN
AGRICULTURAL BIOTECHNOLOGY
AVAS
TRADITIONAL CROSS BREEDING




PLANT TRANSFORMATION
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inserti ;:ln into
chromosorme

The precise transfer of a small
piece of DNA to a plant cell in
order to add a new trait or modify
an existing trait like insect or
disease resistance




CROWN GALL OF GRAPE
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Agrobacterium tumefaciens
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cells screened transformed cells transgenic plant
for transgene selected with regenerated from single
selectable marker transformed cell




A. Uptake of DNA into competent host cells

¥* |ntegration
#¥* Transient selection




A. Testing function of genes or parts of genes

B. Modifying Expression of Endogenous Genes
- Turning genes off
- Increasing Expression
- Modifying Expression

C. Moving genes from other organisms

D. Addressing concerns about transgenic plants




TRADITIONAL PLANT BREEDING

TRADITIONAL DONOR  COMMERCIAL VARIETY  NEW VARIETY (Many penes are iransterred )

DONA iz & strand of genes,

miuch lkea & strand of paarlz

Traditional plant breading

combnes many genss ¥ = 1

Bl once
Desired Gane (crosses) Diesired Gana

PLANT BIOTECHNOLOGY
DESIRED GENE COMMERCIAL VARIETY ~ NEW VARIETY (0riy desied gens is bansieredt

Liging plant bictechnolgy,
& single gena mey be added a - -
hor the: sirand (Irarslers)

Demired Gane




“We have recently advanced our knowledge of
genetics to the point where we can manipulate life
In a way never intended by nature.

We must proceed with the utmost caution in the
application of this new found knowledge.”




CaMV 358 o

Promoter ‘ Cry 1Ab \

A expressed in
ALL plant tissue

wwe )
European corn borer feeding any Flant part
die when the Bf is expressed in all tissues.

PEP

Carboxylase o, o,

Promoter ‘ Cry 1Ab \ :

ONLY expressed
in green tissue

@

When Bl is expressed only in green tissue,those
European corn borer feeding on tassel and ear do not die.




BIGtEChrCIEPS ¢ INCENINGERERZIE
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North Carolina State

University research

shows that imprinted

guail chicks can acquire  wrsoyean i
thelr minimum daily. Fallow il
Insect requirement in Soybean Edge il
fewer hours in no-till NT Corn B
versus conventionally-

planted crop fields.

Bt crops have
significantly reduced
Insecticide usage.
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Horse dying of leukoencephalomalacia in
South Africa after eating maize colonized
by Fusarium moniliforme, Circa 1989




ACTION OF SAMs in ANIMAL and PLANT CELLS

 leukoencephalomalaciain horses
e liver tumors in rats
Animals:

« pulmonary edemain swine

« esophageal cancer in humans

e primary determinant of tomato
Plants: | isease (regulated by the Asc gene) §




Reduction of > 46M lbs of
pesticides by adopters of combined
technologies -~
-
Insect feeding is one of the main

Studies found a 90-93% reduction pathways
INn fumonisin in Bt ears* by which mold infects grain

No Cry9C specific antibodies In
any of individuals claiming an
allergic response

PNAS Papers show Monarchs not
In danger

* lowa State University, USDA, Univerity of Vermont




Herbicide Tolerant Crops

o Water quality benefit:

- Roundup Ready corn was planted at five
lllinois watersheds in 1999.

— All had chronic problems in the past
meeting atrazine standards, with levels
sometimes exceeding 50 parts per billion
(Ppb).

- None of the samples collected in 1999
were above the 3 ppb safety standard for
the five watersheds using Roundup Ready
corn.




Plantings of HT (herbicide tolerant) or BT Crops

* Plantings of Bt corn grew from 8 percent of U.S. corn
acreage in 1997 to 26 percent in 1999, to 35 percent in 2005.

* Plantings of Bt cotton expanded more rapidly, from 15
percent of U.S. cotton acreage in 1997 to 37 percent in 2001
and 52 percent in 2005.

« Adoption of all GE cotton, taking into account the acreage
with either or both HT and Bt traits, reached 79 percent in
2005, versus 87 percent for soybeans. In contrast, adoption
of all biotech corn was 52 percent.




Biotech Acres: Global Biotech Plantings Show
Double-Digit Growth for Tenth Straight Year

Biotech acreage increased 11 percent in 2005, according to
ISAAA report. http://www.isaaa.org.

An estimated 8.5 million farmers in
21 countries now plant biotech crops 3 a
— up from 8.25 million farmers in 17 ==

countries in 2004.

About 90 percent of these farmers

are resource-poor from developing

countries, according to the report,

"Global Status of Commercialized biotech Applicatons (SAAR) S & LMo

organization that delivers the benefits of new

Biotech/GM Crops in 2005." Farmers e oo oo

It aims to share these powerful technologies to those

planted the 1 billionth cumulative B Y C S B TETCEA E
acre of biotech crops in 2005.




Global Area of Biotech Crops
Million Acres (1996 to 2005)

7] 21 Biotech Crop Countries  «{- Total
«={J= Industrial Countries

«f\== Developing Countries

T T

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Increase of 11%, 22 million acres or 9.0 million hectares between 2004 and 2005.

Source: Clive James, 2005

Brazil had the largest increase in biotech acreage of any country. Its biotech
soybean area increased 88 percent to 23.2 million acres in 2005.

India experienced the largest proportional growth, planting 3.51 million acres of
Bt cotton in 2005 compared with about 1.2 million acres in 2004.3




""Responsible biotechnology
IS not the enemy; starvation is."

President Jimmy Carter




What will the future be?

The consumers will decide.

But based on what information?

What can we do?

Communicate and faclilitate a dialog
based on science and responsible
regulations, not superstition or
supposition
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Consumers’ willingness to buy
biotechnology products will depend on
biotechnology’s willingness to educate
consumers

Thomas Hoban, Nature Biotechnology, March 1997




What genetic Can create

OK for
modifications of Changes anew 1 artified
crop plants do plant ~\species | sanic -
. DNA g Regulated in
we take seriously? US Canada

25 generation selection for valued
traits of an annual crop

Vegetative propagation from an
orchard tree twig yielding good fruit

Ordinary genetic cross between
different lines of a species

Treatment with mutagenic chemical
and selection of progeny

Treatment with ionizing radiation
and selection of progeny

Interspecific (between species)
genetic cross

thods for crop improvement

)
= Interspecific protoplast (cell with no
cell wall) fusion

George

Bruening Transform the crop plant to

Plant Path . _
UG Davis introduce a synthetic gene




What genetic Can create | ok for
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25 generation selection for valued
traits of an annual crop

Vegetative propagation from an
orchard tree twig yielding good fruit

Ordinary genetic cross between
different lines of a species

Treatment with mutagenic chemical
and selection of progeny

Treatment with ionizing radiation
and selection of progeny

Interspecific (between species)
genetic cross X X X

Interspecific protoplast (cell with no
cell wall) fusion X X X

Bruening Transform the crop plant to
Plant Path . .
UC Davis introduce a synthetic gene




What genetic

modifications of Changes
plant

DNA

crop plants do
we take seriously?

Can create OK for
anew

: certified
species

organic

Regulated in

US

Canada

25 generation selection for valued
traits of an annual crop

Vegetative propagation from an
orchard tree twig yielding good fruit

Ordinary genetic cross between
different lines of a species

Treatment with mutagenic chemical
and selection of progeny

Treatment with ionizing radiation
and selection of progeny

Interspecific (between species)
genetic cross

Interspecific protoplast (cell with no
cell wall) fusion

Bruening Transform the crop plant to
Plant Path . .
UC Davis introduce a synthetic gene
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What genetic Can create | ok for

crop plants do DNA P organic | Regulated in
we take seriously? US Canada
25 generation selection for valued
traits of an annual crop X X X
Vegetative propagation from an
orchard tree twig yielding good fruit X X X
Ordinary genetic cross between
different lines of a species X X X
Treatment with mutagenic chemical
and selection of progeny X X X
Treatment with ionizing radiation
and selection of progeny X X X
Interspecific (between species)
genetic cross X X X X
Interspecific protoplast (cell with no
cell wall) fusion X X X X
George
Bruening Transform the crop plant to
Plant Path . .
UC Davis introduce a synthetic gene




What genetic Can create | ok for
modifications of Changes anew .artified
crop plants do plant " ‘species i -

PP . DNA organic /' Regulated in
we take seriously? US Canada

25 generation selection for valued
traits of an annual crop

X

Vegetative propagation from an
orchard tree twig yielding good fruit

Ordinary genetic cross between
different lines of a species

Treatment with mutagenic chemical
and selection of progeny
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genetic cross

Interspecific protoplast (cell with no
cell wall) fusion

X | XX | X[ X[ X]|X
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UC Davis introduce a synthetic gene

X | X[ X[ X | X[ X|X]|X
X | XX | X|[X[X]|X




What genetic
modifications of
crop plants do we
take seriously?

Can introduce
DNA from
taxonomically
Istant sources

Chan-
ges
plant
DNA
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Regulated in
US Canada

25 generation selection for valued
traits of an annual crop

Vegetative propagation from an
orchard tree twig yielding good fruit

Ordinary genetic cross between
different lines of a species

Treatment with mutagenic chemical
and selection of progeny

Treatment with ionizing radiation
and selection of progeny

Interspecific (between species)
genetic cross

Interspecific protoplast (cell with no
cell wall) fusion

George
Bruening
Plant Path

Transform the crop plant to X
UC Davis

introduce a synthetic gene

X

X | X | X[ X | X[ X]|X

X | X[ X | X | X|X|X|X
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Can Biotech and Organic Crops Coexist?

Don Cameron paints a rainbow of agricultural diversity on his
Terranova Ranch in Helm, Calif. He plants his 5,500 acres with biotech,
organic and conventional crops — yet goes to great lengths to keep
them separate. "We have to isolate crops because of possible pollen
drifts, regardless of being biotech, organic or conventional,” Cameron
says.




Papaya ringspot virus in Hawalii

Aerial view of transgenic field trial in Puna
that was started in October 1995. The solid
block of green papaya trees are 'UH-
Rainbow' while the surrounding papaya trees
that are nearly dead are nontransgenic
papaya trees severely infected by PRSV.

The research was led by Professor Dennis
Gonsalves, a graduate of UC Davis

ff_Transgenic 'UH Rainbow ‘trees on the right
# «~ compared with rows of nontransgenic
1'% % - papaya (left in picure)

This was the world's first genetically
engineered fruit crop to be commercialized
ending the dramatic decline in papaya yield
by 50%, which started with the outbreak of
the disease in 1992. During the period from
1998 to 2001, after the resistant transgenic
varieties were introduced, papaya yields
were restored and the $47 million industry
was saved from virtual demise.




Asian pear improved by radiation breeding

“Gold Nijusseiki”
resistant to black
spot disease.

seiki”

suscep-
tible to | - |
black spot Institute of Radiation Breedinc
CK'Sp N \baraki-ken. JAPAN
disease

http://www.irb.affrc.go.jp/



Gamma Field
for radiation
breeding

100m
radius

89 TB(q
Co-60
source at
the center
Shielding
dike 8m

Institute of
Radiation Breeding
Ibaraki-ken, JAPA
http://lwww.irb.affrc.

go.jp/




Pear
radiation
bred
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http://www.irb
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In the interest of scientific accuracy
and the consumers right to know
should this product carry this label?




Vaccines expressed in plants

Express antigen proteins from disease-causing organisms into plants.
Eating the fruit or the extracted proteins can then induce antibodies just
like a vaccination, rendering the person immune to the disease.

The feasibility of this approach
has already been demonstrated.
Dr. Charles Arntzen of the
University of Arizona is actively
pursuing research to allow
children to be immunized against
debilitating diseases such as
hepatitis B, for example, by
eating extracts of a modified
banana processed locally with
minimal technical resources.




Ventria Bioscience

Ventria Bioscience has genetically modified rice to express
the human enzyme lysozyme and lactoferrin.

sLactoferrin and lysozyme are ingredients found in mothers'
milk, tears and saliva. The therapeutic value in these two
proteins is immense:

sLactoferrin has direct antibacterial properties and also
stimulates the Immune system,; it is thought to have a role In
protecting breast-fed babies from infections.

*Lysozyme damages bacterial cell walls and thereby
Inactivates the bacteria.




Ventria Bioscience

The claimed health and environmental risks of thece rice
varieties are negligible due to the fact that:

 rice Is self-pollinating, so genec< &< not readily
transferred from one plant (¢ @nother, and

 the newly introd:icea proteins are natural and completely
benign.

Acacemic reviews of planting, pollinating, harvesting and
management of plant-made pharmaceuticals shows the
ability to manage containment nearing 99.99%.




Biotech Flax With Increased Omega-3 Levels
Could Improve Human Health

Biotech flax with increased Omega-3 levels could improve
human health
Wednesday, November 3, 2004

Enhanced flax seeds could bring the benefits of fish oil to
vegetable-based cooking oils.

A team of researchers(1) led by Ernst Heinz from the
University of Hamburg in Germany has successfully
developed a genetically enhanced flax (or linseed) plant that
has boosted levels of healthful long chain polyunsaturated
omega-3 and omega-6 fatty acids that are believed to
reduce the risk of heart disease,(2) cancer,(3) Alzheimer's(4)
and many other diseases.

Enhanced flax seeds could bring the benefits of
fish oil to vegetable-based cooking olls.




Industrial Mycology
The Beneficiary of Biotechnology
and Genetic Engineering

Industrial Enzymes
Food Enzymes

Pharmaceuticals




General transformation protocol

Transformation
Agrobacterium cwre Wash

gy N0CUlatE (Mins-hrs) mmp Co-cultivate (days)

Sterile protoplast
with dividing cells

Recovery of transgenic fungi 1
Transfer to Transfer to medium Transter to medium
fresh ¢m With bactericidal g WIth bactericidal
medium plus antibiotics plus antibiotics (days)
selective selective antibiotics

antibiotics (weeks)




Agro-transformed Monilinia fructicola
Expressing GFP




In 2004, the global demand for industrial enzymes was
approximately $2 billion with an annual growth rate of 5-10%.

The market for industrial enzymes is divided into the
following sectors:

- Technical Enzymes(detergent enzymes, enzymes for

- [ textile and leather manufacturing, enzymes for pulp and
& ~J paper processing, enzymes for gas and oil production
"3 etc.)

Food Enzymes(enzymes for starch processing,
sweetener production, baking, brewing, dairy products,
distilling, juice and wine making etc.)




Chymosin

His Phe-Met Lys

Chymosin causes a specific N I 1C

and rapid cleavage of the 98 105108 111

kappa-casein component of k-casein

the casein micelles. This

protein stabilizes the Chymosin
mlcelles_and afte_:r cleavage, His Phe Met Lys

the casein proteins N I | I IC
precipitate under the 98 105 106 111
influence of the calcium ions. para-k-casein glycomacropeptide

Originally obtained from stomachs of 3-4 wk old calves

Fungi produce chymosin but the fungal form leads to off flavors in the cheese
Chymosin from Endothia parasitica, causal agent of chestnut blight works fine but is
too aggressive

Cloned the bovine chymosin, transformed into E. parasitica did fine but not enough
yield

Transformed T. reesi with the bovine gene and obtained > 30 g/L of chymosin

Later Genencor transformed Aspergillus awamori to make a super producer.



Enzymes for detergents and personal care

Enzymes have contributed greatly to the development and improvement of modern household and industrial

detergents, the largest application area by far for enzymes today. They are effective at the moderate
temperature and pH values that characterize modern laundering conditions. In laundering,
dishwashing, and industrial and institutional (I1&I) cleaning they contribute to:

in general, a better cleaning performance

shorter washing times by quickly degrading dirt

reduced energy consumption by lowering wash temperatures

reduced water consumption through higher cleaning efficiency
minimal environmental impact because they are readily biodegradable
substances and make it possible to reduce pH levels in wash liquors
rejuvenating the condition of cotton fabric through the action of

cellulases on fibres.




Stone Washed Jeans Have Never Seen a Stone

The denim industry is driven by fashion trends. The various
cellulases available for modifying the surface of denim

aive fashion designers a pallet of possibilities to create new
shades and finishes. The combination of new looks, lower

costs, shorter treatment times and less solid waste has

made abrasion with enzymes the most widely used fading

process today. Incidentally, as the denim fabric is always
sized, the complete process also includes desizing of the

denim garment.

Sizing is the application of strarch or other gelatinous material to
fabric to protect it against mechanical damage during weaving or to

make it more resistant to staining. Paper is treated in a similar
manner.




Enzymes for denim finishing

The mode of action of cellulases is shown in Figure 3.
Denim garments are dyed with indigo, which adheres to
the surface of the yarn. The cellulase molecule binds to an
exposed fibril (bundles of fibrils make up a fibre) on the

surface of the yarn and hydrolyzes it, but leaves the interior
part of the cotton fibre in the yarn intact. When the
cellulases partly hydrolyze the surface of the fibre, the

indigo is partly removed and light areas are created.

Fig. 3. The mode of action of cellulases on denim.

Indiges layer
Cellulase action




The starch industry began using industrial enzymes at

an early date. Special types of syrup that could not be
produced using conventional chemical hydrolysis were the
first compounds made entirely by enzymatic processes.

Many valuable products are derived from starch. There has
been heavy investment into enzyme research in this field
and intensive development work on application processes.
Reaction efficiency, specific action, the ability to work
under mild conditions and a high degree of purification
and standardization all make enzymes ideal catalysts for
the starch industry. The moderate temperatures and pH
values used for the reactions mean that few by-products

affecting flavour and colour are formed. Furthermore,
enzyme reactions are easily controlled and can be stopped

when the desired degree of starch conversion is reached.

The first enzyme preparation for the food industry was glucoamylase in the 1960s
and was a real turning point. This resulted in a rapid movement of the industry
from processing starch by acid hydrolysis to enzymatic hydrolysis providing
greater yields, a clearer product and easier crystallization. Even bigger was the
introduction of glucose isomerase which made the industrial production of high
fructose sugar possible and a multi-billion dollar industry in the US..



IMPROVEMENT IN BAKING
THROUGH ENZYMES

For decades, enzymes such as malt and fungal alpha-

ENZYME EFFECT

Amylase Maximizes the fermentation process
to obtain an even crumb structure and

a high loaf volume.

Maltogenic Improves shelf life.
alpha-amylase

amylases have been used in breadmaking. Rapid advances

Glucose oxidase  Oxidizes free sulphydryl groups in
gluten to make weak doughs stronger
and more elastic.

in biotechnology have made a number of exciting new

enzymes available for the baking industry. The importance
Dough conditioning by producing
more uniform, smaller crumb cells
and a silkier texture and whiter

crumb colour.

of enzymes is likely to increase as consumers demand more
natural products free of chemical additives. For example,

Lipoxygenase Bleaching and strengthening dough.

enzymes can be used to replace potassium bromate, a
chemical additive that has been prohibited in a number
of countries.

Xylanase Dough conditioning. Easier dough
handling and improved crumb

structure,

Protease Weakens the gluten to provide the
plastic properties required in doughs
for biscuits.

Fig. 11. Glucose oxidase and fungal amylase
(right-hand loaf) were used to replace bromate in
Marraquetta (South American bread).

Ingredients --
Potassium bromate
Chemical Formula: KBrO3

Synonyms

Bromated flour,

Bromic acid, potassium salt

Description

White crystals or powder.

Uses

Potassium bromate is used as a flour improver, where
it strengthens the dough, allowing higher rising. It is an
oxidizing agent, and under the right conditions, will be
completely used up in the baking bread. However, if
too much is used, or the bread is not cooked long
enough or at a high enough temperature, then a
residual amount will remain.

Potassium bromate has been banned in several
countries as a carcinogen.

Trinl 6043_06
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LOOK INSIDE!™
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METAGENOMICS

Fact: more than 99% of microbes cannot be cultured.

This limits our understanding of community ecology and
its impact on pathogens and plants occupying the same
space

Culture independent methods are now emerging to
analyze DNA extracted directly from environmental sites.

Jo Handelsman, 2004.
Metagenomics:

Prsnseeprsssemel Recent advances in shotgun sequencing and

LSS CUEUEA computational methods for genome assembly enable
Microbiology and

Molecular Biology glimpses in the life of the uncultured and consider their
Reviews. 599,655 effect on plants and pathogens
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Craig Venter
and

the Sargasso
Sea

Using the whole genome shotgun sequencing and high
performance computing developed to sequence the human
genome, Venter’'s team discovered at least 1,800 new
species, including150 new bacteria and more than 1.2
million new genes among 1 billion nucleotides of
sequenced DNA from the Sargasso Sea.

A single gram of sediment on the ocean floor contains 1
billion organisms, says one of the field's pioneers,
biologist Norman R. Pace, University of Colorado

Complexity of microbes in soil : 1 gram of soil can contain
10,000 species unknown to science, 99.9% unculturable. Jo
Handelsman, University of Wisconsin.

Even human intestines--an environment most people
consider pretty familiar--are home to perhaps 10,000
kinds of microbes. Your E. coli are not alone!




« TECHNOLOGICAL ADVANCES,

, » CHALLENGING QUESTIONS,

o RESEARCH INTRIGUE,

« THE ONGOING NEED TO MITIGATE
DISEASE

« CONVERGE INTO OPPORTUNITIES IN
EDUCATION AND OUTREACH
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POINTS TO PONDER

EDUCATION AND OUTREACH

Never more exciting interactive biology

Never more probing research tools to
capture the interest and resolve from
geeks to agriculturists

Never a greater need to intrigue the young anc
communicate effectively with the established




GRADUATE EDUCATION

How to maintain the core components of
the discipline to train field-effective plant
pathologists and field-aware basic
research oriented students?

CORE COURSES: Disease oriented and
Education ¢ reflective of the underlying biology: from cells
Outreach : to communities

voters
Career

SPECIALIZED COURSES: Enabling the depth
of understanding required in the face of the
explosion in technologies. from omics to
diagnosis to engineering to modeling.

How to attract the brightest, the most curious, and the most passionate?




UNDERGRADUATE TEACHING OPTIONS IN
PLANT BIOLOGY TARGETING NON-
TRADITIONAL AUDIENCES

How can we weave plant biology awareness, as a
fascinating and challenging area of interactive
interorganismal biology, into the general biology
curricula? “Leave no student unaware”

SCIENCE AND SOCIETY AT UC DAVIS
Headquartered in the Department of Plant Pathology

Genetics and Society Drs. Cook, Ronald, & Epstein
Mushrooms, Molds and Society Drs. Gordon & Rizzo
Genetics and Social Issues Dr. Epstein

Feeding the Planet Drs. Bostock, Bruening, & Davis
Concepts, Mechanisms, and impacts of Plant Disease
Drs. Gordon & Bostock




Partnership for Plant Genomics Education
UC Davis, Department of Plant Pathology

Target; high school teachers and students and
even their parents

DIRECTOR
David Gilchrist

University of California Davis

530 752-6514 1
530 754-4410 (fax) "y
dggilchrist@ucdavis.edu
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EDUCATION COORDINATOR
Barbara Soots

AVERCANRVER COLEGE

530 754-4410 (fax)
besoots@ucdavis.edu
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Interactive software illustrates
hoy_v genomics information is
used to advance agricultural
Diotechnology and impact
diseases

Explores issues related to
denetically modified crops;
disease, mycotoxins, food
safety, nutrition, environment,
and-agriculture in developing
countries
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Educational Materials
- Blotecnnology. In tne Classroom:™

LABORATORY KIT LOAN PROGRAM

Provides training,
eguipment, and
consumables
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Ongoing education and

peer networking $23 K per kit

¢ Funded by the Genentech Foundation
for Biomedical Research
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Teacher Training

Intensive week-long programs
open to teachers nationwide
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Communication Is not'the easlest

i vl

| “ Although humans make sounds with their mouths and

occasionally look at each other, there is no solid evidence
that they actually communicate among themselves”
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CropBiotech Net is the home of the Global Knowledge Center on
Crop Biotechnology (KC). KC is the information sharing initiative of
ISAAA, a not-for-profit organization that delivers the benefits of new
agricultural biotechnologies to farmers in developing countries for

ISAAA'S Glabal poverty alleviation.
Networicof
Bioteehnelo ay We believe that a transparent, science-based debate is essential for
Information Ce - ters maximizing the potential benefits of crop biotechnology for global

food security and environmental conservation, and also for assessing
potential risks of specific biotech applications. Therefore, the KC’s
mission is to collect and distribute authoritative and well-documented
information on all aspects of crop biotechnology, to facilitate sound
(click image to view details) decision-making processes relating to the safe use of biotech crops.

Scientific quality, rather than ideology, is our main criterion for
selecting information.

The KC initiative also aims to build capacity in national programs by establishing a global network of Biotechnology
Information Centers (BICs), with nodes in Asia, Africa and Latin America.



