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What I want to communicate

What is my bias?

What are the major “transgenic crops” today?

How do we add to, or modify plant genes?
Will new technologies "replace” GMO plants?

What do we need to do next?

NOT ALL 6MOs ARE THE SAME!



I use GMO "technology” to put genes into
plants for basic research and discovery.

“"Mouse-eared cress”
(Arabidopsis thaliana)

Mustard family
(Brassicaceae)

Related to Canola, Broccoli,
Cauliflower, Cabbage

Research support: the National
Science Foundation, USDA, DOE,
National Institutes of Health



What is my bias?

» Use knowledge-based processes to understand
potential risks and rewards of new (and old)
technologies

> Protect the right for farmers to farm in
different sustainable ways (and make a living),
and for consumers to choose foods of their
preference

> Concern: Over-heated rhetoric and “Fake News"
obscures both the risks and rewards of GMOs.

— GMOs will double yields and solve all agricultural
problemsl!|

— GMOs will kill you, or at least make you sick, and
besides...it's MONSANTO (buy organic, GMO free) lll




What I want to communicate

What are the major “transgenic crops” today?



"Biotech” crops currently grown
Countries listed in order of number of acres

, apples, potatoes









The EU has authorized GM Food crops

Ll

EUROPEAN COMMISSION

European
Commission

European Commission > Food Safety » Plants > GMOs > New

s Home Page -_JD E; Follow us on Twitter

* Health

* Food

Genetically Modified Organisms

EU Reqgister of authonsed GMOs

Search the register for products containing GMOs e.qg. If you type 'cotton’, you will get a list of all products containing
cotton in their description..

This search covers the EU GMOs register (Regulation EC 1829/2003) and the products subject to EC decisions on
withdrawal from the market.

Keyword(s) : Registered / Withdrawn - All v

Category : maize v

Reset search Search

http://ec.europa.eu/food/dyna/gm_register/index_en.cfm/



"Biotech” crops currently grown
Countries listed in order of number of acres

, apples, potatoes

Note: There is currently NO
"6MO" rice, wheat, peanut



Major genes currently in
transgenic crops

» Herbicide tolerance (HT): Corn, soybean,
canola, cotton, sugar beet, alfalfa, others

"Roundup Ready”, and others
Gene: EPSP synthase, and others

» Insect Resistance (Bt): Corn, Cotton
“Bacillus thuringensis toxin"

Gene: Bt toxin (many types)












Adoption of Genetically Engineered
Corn in the US

Percent of Acres Planted



Adoption of Genetically Engineered
Cotton in the US

Percent of Acres Planted



What I want to communicate

How do we put genes into plants?



What is a GENE?

Let's start with DNA
and putting it in
context.



The four major Macromolecules of life:
(i.e. big stuff, e.qg. relative to an atom)

Nucleic acids: DNA-Deoxyribonucleic acid

RNA-Ribonucleic acid
Store and transmit information

Proteins: Made of Amino acids (20 kinds) -
Workhorses of our cells/bodies

LipidS: Store energy (fat),lots of other functions

Carbohydrates: Store energy, other stuff too



1953 - Defining the structure of DNA
James Watson and Francis Crick



A GENE is a section of DNA with a specific
sequence of "base pairs” that encodes the
information required to make a protein



DNA "Double Helix “Top" View

“Side"” View

\ "Base Pairs”




From DNA to Protein - The Central Dogma

/’

base pairs DNA
T (genotype)
RNA
amino acids
\s\p — —
Protein

l

Phenotype
(what we, or the plant looks like!)



How much DNA is in each plant cell?

DNA amount
Common hame Latin name Million "base pairs”

Wheat Triticum aestivum 15 966
Onion Allium cepa 15,290
Garden pea Fisum sativum 3,947
Cormn Zeaqa mays 2,252
Asparragus Asparagus officinalis 1,308
Tomato Lyecopersicum esculentum Q07
sugarbeet Beta vidgaris 758
Apple Malus X domestica T43
Common bean FPhaseolus vulgars 637
Cantaloupe Cucunus melo 454
Grape Vitis virafera 453




Plants and mammals, including humans, have on
average about 25,000 to 35,000 GENES,
i.e. Segments of DNA base pairs that specify
unique PROTEINS.



A plant “disease” called "Crown Gall”

Caused by infection with a bacterium
named “Agrobacterium”
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A plant “disease” called "Crown Gall”

Caused by infection with a bacterium
named “Agrobacterium”

bacterial cell
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Cell, Vol. 11, 263-271, June 1877, Copyright €@ 1977 by MIT

Stable Incorporation of Plasmid DNA into Higher
Plant Celis: the Molecular Basis of Crown Gall

Tumorigenesis

Mary-Dell Chilton,* Martin H. Drummond,* Donald
J. Merlo,* Daniela Sciaky,* Alice L. Montoya,*
Milton P. Gordont and Eugene W. Nester*
"Department of Microbiology and Immunology and
tDepartment of Biochemistry,

University of Washington,

Seattle, Washington 98195

Summary

Evidence is presented that crown gall tumors are
caused by the incorporation of part of a virulence
plasmid carried by the inciting bacterium, Agro-
bacterium tumefaciens. The rate of reassociation
of iabeied piasmid DNA was siighiiy acceierated
in the presence of tobacco crown gall tumor DNA,
but not normal tobacco DNA. Treatment of tumor
DNA with DNAase abolished the acceleration. To
determine whether all plasmid sequences are
represented in tumor DNA, the labeled plasmid
DNA was separated into specific fragments after
digestion with restriction endonuclease Sma |I.

DNA homology studies have demonstrated that in
some instances, the large virulence plasmids of
different A. tumefaciens strains are only distantly
related to one another (Currier and Nester, 1976a).
Fingerprinting of plasmid restriction endonuclease
digests confirms this conclusion (Sciaky, 1977). If
all virulence genes are closely related, they must
therefore constitute only a minor fraction of the
plasmid genome. Only a few genetic markers have
thus far been found to reside on virulence plas-
mids.

Several kinds of evidence suggest that A. tumefa-
ciens, in transforming normal plant cells, confers
new heritable traits on the tumor cells by DNA
transfer. First, tumor tissue stably exhibits altered
growth requirements in the absence of the inciting
bacterium. The tumor cells grow in vitro in the
absence of viable bacteria on agar lacking auxin
and cytokinin hormones, a medium on which nor-
mal olant tissue is unabis to oraw Hormone inde-
priviens s wvarzis s icdotnitadv oy cutrza tumor
tissue. Acquisition of new genetic information from
tha hactarinim cotild avalain thie haritakla aldaras



How does Agrobacterium make “tumors"?

Small piece of
DNA is injected

by the
bacterium into
the plant cell
a Crown
— < Gall
O
™ Agrobacterium Plant

Cell



Agrobacterium can move genes into
plants that the bacteria use to grow,
So.....

We can use Agrobacterium to put any gene
info plants.



Putting a GENE of choice into plants using
Agrobacterium was first achieved in 1983



Proc. Natl Acad. Sci. USA
et acdsivss o Vol. 80, pp. 4503-4507, August 1983

Geneties Genetics

Expression of bacterial genes in plant cells
(plant protoplasts /transformation /foreign DNA /antibiotic resistance /selectable markers)

RoBERT T. FRALEY, STEPHEN G. ROGERS, ROBERT B. HORSCH, PATRICIA R. SANDERS, JEFFERY 5. FLICK,
STEVEN P. ADaMs, MICHAEL L. BITTNER, LESLIE A. BRanD, CynTHIA L. FINK, JOYCE S. FRy,

GERALD R. GALLUPPI, SARAH B. GOLDBERG, NANCY L. HOFFMANN, AND SHERRY C. Woo
Monsanto Company, 800 North Lindbergh Boulevard, St. Louis, Missouri 63167
Communicated by Howard A. Schneiderman, April 25, 1983

Monsanto Company, 800 North Lindbergh Boulevard, St. Louis, Missouri 63167
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