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What is

biotechnology?

One application of biotechnology is using

genetic engineering to create new

varieties, which depends on manipulating

the organism’s DNA

To some it means a

GMO (Genetically

Modified Organism?



Triticum aestivum

Modern bread variety

Triticum monococcum

Ancient variety

How have we created new

varieties in the past ?

Classical breeding involves mixing DNA of female cells from

one wheat variety with DNA from male cells of another…



This results in mixing the genetic

information of the two wheat plants?

What does the DNA look like?

Tweezers

Peeled tissue



CELLS



Cell Wall
Nucleus



Dividing cell

Chromosomes with 
 genetic information



Chromosome

Genes

Now what happens to all of the DNA and

genes when we cross two plants?



Made of chemical units represented by alphabetic letters

Genetic information in wheat genome

...CTGACCTAATGCCGTA...

1700 books

1000 pages each

1700 books

(or 1.7 million pages)



How can the genetic

information in the cells of the

wheat plant be modified to

create new varieties?



Random

retention of

information

from each

parent

1700 books

(or 1.7 million pages)
1700 books

(or 1.7 million pages)

1700 books

(or 1.7 million pages)

Hybridization or cross breeding of wheat

x



Yield Increase by year



1700 books

(or 1.7 million pages)

...CTGACCTAATGCCGTA...

Table of contents for genes in wheat

Used for

Marker-

Assisted

Breeding

Genomics

1

15

23

41

58

64

70

89



Marker

Assisted

Selection

for Leaf

Rust

Resistance

in Wheat
Plant Protection Science 39: 13-17



But there are other ways to

create new varieties using

the modern tools of genetics



1700 books

(or 1.7 million pages)

Genetic Engineering Methods

1700 books

(or 1.7 million pages)

One-half page

equivalent to a gene

Inserts

randomly

in

genome

Inserted

gene(s)

+



Creating less allergenic

wheat varieties through

genetic engineering
Li et al. 2009 Molecular Plant



Classical
Breeding

Uses plant machinery in

plant

 Uses plant machinery in

laboratory

Genetic
Engineeringcompared to

Gene exchange is

random involving entire

genome

Gene exchange is

specific, single or a few

genes

Only between closely related

or within species

Source of gene from any

organism



Growth chamber – Galena green

barley spikes

Exactly how do you perform genetic engineering
of crops, like barley, wheat, corn, rice, sorghum…













Finally you end up with an engineered plant, every

cell of which has the introduced gene(s) and the plant

has new characteristics.

Now what kind of new traits

would you like to introduce?



GE Canola
80% of 2006 acreage

SOURCE: NCFAP; USDA ERS

GE Corn
73% of 2007 acreage
(Insect Resistant: 25%    Herbicide resistant: 21%   Stacked gene: 15%)

1% of corn with Bt (ECB) + Bt (rootworm) + herbicide

GE Cotton
87% of 2007 acreage
(Insect Resistant: 18%    Herbicide resistant: 26%   Stacked gene: 39%)

GE Soybean
91% of 2007 acreage

(Herbicide resistant: 89%)

GE Alfalfa
<0.5% of 2005

acreage

GE Sugar beet
~50% of 2009 acreage

(Source: SF Chronicle, 9/22/09)



Bollgard CottonTMBollgard CottonTM

Engineered for insect resistance using

gene from naturally occurring bacterium

Mainly two traits have been
introduced into commercialized crops



Roundup Ready Soybean

Engineered with bacterial gene to tolerate herbicide application



Estimated over 75% of Processed

Foods in U.S. Have GE Ingredients



GE Papaya

GE Squash

Only a few whole foods
on the market are

genetically engineered

GE Sweet Corn



482,812 square

miles worldwide

in 2008 (equal to

combined areas of

CA, TX and NY) in

25 industrial and

developing

countries

But overalls there are 25 industrial and developing countries in order of acreage:

United States, Argentina, Brazil, Canada, India, China, Paraguay, South Africa, Uruguay,

Bolivia, Philippines, Australia, Mexico, Spain, Chile, Colombia, Honduras, Burkina Faso,

Czech Republic, Romania, Portugal, Germany, Poland, Slovakia, Egypt.

Most are in

the U.S.,

Argentina and

Brazil

Are GE crops being grown?



WHAT’S IN THE
PIPELINE?



SOURCE: http://archives.foodsafety.ksu.edu/agnet/2007/4-2007/agnet_april_10.htm#story0

Arcadia Biosciences develops canola

that uses 50% less nitrogen fertilizer



SOURCE: Rivero, R.M., Kojima, M., Gepstein, A., Sakakibara, H., Mittler, R., Gepstein, S. and Blumwald, E. 2007. Delayed leaf senescence induces extreme

drought tolerance in a flowering plant. Proceedings of the National Academy of Sciences USA 104: 19631-19636.

Drought tolerant plants grow

vigorously after prolonged drought



SOURCE: http://www.democratandchronicle.com/apps/pbcs.dll/article?AID=/20080806/BUSINESS/808060336/1001

FieldField Trials Conducted in California Trials Conducted in California
with Grape Root Stocks Engineeredwith Grape Root Stocks Engineered

for Resistance to for Resistance to FanleafFanleaf Virus Virus



SOURCE: Niederberger et al., 2004. Vaccination with genetically engineered

allergens prevents progression of allergic disease. PNAS early edition (August 13,

2004)

Genetically engineered pollen

reduces allergy symptoms



SOURCE: “Engineering a mow-less lawn”, New York Times, 4/22/06

http://www.nytimes.com/2006/04/22/business/22offline.html?_r=1&oref=slogin

Slow-Mow grass addresses water,Slow-Mow grass addresses water,

maintenance and weed problemsmaintenance and weed problems



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

Japanese scientists create blue

rose with blue pigments from

pansies



“Production of specific vaccines
for lymphoma in tobacco”

“Production of specific vaccines
for lymphoma in tobacco”

SOURCE: PNAS 96:70 3-708, McCormick, et al.

Production of individual-specific

vaccines for lymphoma
McCormick PNAS  96: 706-708



SOURCE: Doty, S.L., James, C.A., Moore, A.L., Vajzovic, A., Singleton, G.L., Ma, C., Khan, Z., Xi, G., Kang, J.W., Park, J.Y., Meilan, R., Strauss, S.H.,

Wilkerson, J.,  Farin, F. and Strand. S.E. 2007. Enhanced phytoremediation of volatile environmental pollutants with transgenic trees. Proceedings of the

National Academy of Sciences USA 104:16816-16821.

Engineered poplar removes environmental

pollutants through roots and air

Removal of carbon

tetrachloride



Photo courtesy of  Michael Barnes, Senior Writer, University  of California Office of the Presi dent

Green algae have a switch that can change
metabolic processes and produce hydrogen gas -

potentially providing a renewable, clean fuel source

ENERGY FARMS

Green algae can produce

hydrogen gas – potentially

providing renewable, clean fuel



WHAT EDUCATIONAL

RESOURCES ARE AVAILABLE ON

THESE TOPICS AND WHERE CAN

THEY BE FOUND?









30-minute, Peer-reviewed Videos

 “Genetic Engineering in California Agriculture”: where and why

GE crops and animals are being used in California.

“Animal Biotechnology”: addresses biomedical and agricultural
applications of animal biotech, history, controversy











Presence of transgenes can be

detected with commercial test

kits.







Two-part
series in
Annual

Review of
Plant Biology

Food and food
safety issues

Environmental
and

socioeconomic
issues



VISIT ucbiotech.org TO SEE WHAT

EDUCATIONAL RESOURCES YOU

CAN USE IN YOUR CLASSROOM.
CONTACT BARBARA balonso@berkeley.edu OR

PEGGY lemauxpg@berkeley.edu


