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Bollgard CottonTMBollgard CottonTM

Engineered with a gene for a toxin specific for
certain types of insects from a naturally

occurring soil bacterium



Roundup Ready Soybean™

Engineered with a modified plant gene that
inactivates the herbicide and protects the plant

from herbicide damage



Adoption of GE crops worldwide:
250 million acres of GE crops

planted by more than 10 million
farmers



In 2006, 22 countries grew biotech crops,
11 developing and 11 industrialized

In order of acreage: USA, Argentina, Brazil,
Canada, India, China, Paraguay, South
Africa, Uruguay, Philippines, Australia,

Romania, Mexico, Spain, Colombia, France,
Iran, Honduras, Czech Republic, Portugal,

Germany, and Slovakia.



SOURCE: NCFAP; USDA

GE Corn
61% of 2006 acreage
(Insect Resistant: 25%    Herbicide resistant: 21%   Stacked gene: 15%)

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

GE Canola
80% of 2007 acreage

http://www.soyatech.com/canola_facts.htm

GE Cotton
83% of 2006 acreage
(Insect Resistant: 18%    Herbicide resistant: 26%   Stacked gene: 39%)

GE Soybean
89% of 2006 acreage

(Herbicide resistant: 89%)

GE Alfalfa
5% of 2006 acreage

Herbicide resistant: 5%

U.S. Adoption
of GE Crops



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



Second generation GE crops have stacked
traits – like corn engineered with three

traits…

SOURCE: FarmWeek, December 14, 2004
http://farmweek.ilfb.org/viewdocument.asp?did=7365&r=0.6485102&r=0.1302606&r=0.215542&r=0.4375116

And it is still B.t. and herbicide tolerance



SO IS THERE ANYTHING
ELSE IN THE PIPELINE?



Are these good or bad reasons to
genetically modify plants or animals?

SOURCE: Pew Initiative on Food and Biotechnology Sept. 2004

To produce beef with less fat 27% 32%

To reduce the need to use pesticides on crops 43% 12%

VERY
GOOD

VERY
BAD

To reduce the cost of fish, like salmon 21% 27%

To produce more affordable pharmaceutical drugs using plants 54%   8%

To produce more affordable pharmaceutical drugs using animals 23% 29%

To produce more affordable industrial compounds in plants  2% 17%

To create new types of grass that don’t need to be mowed as often 39% 22%

To create fruits and vegetables that last longer on the store shelves 27% 30%

To create peanuts that won’t cause allergic reactions 42% 15%

To expand our understanding of science and nature  46% 10%

To produce less expensive food to reduce hunger in world  52% 12%



Traits to Improve
Food and Feed



SOURCE: Diaz de la Garza, R.I., Jesse F. Gregory III, J.F. and Hanson, A.D. 2007. Proc Natl Acad Sci 104: 4218-4222.

Introduction of single bacterial gene
increases folate levels in tomato to levels

comparable to spinach



SOURCE: Rein, D. et al.,.2006.  J. Nutr. 136: 2331-2337.

Flavonoid-enriched GE tomato hasFlavonoid-enriched GE tomato has
lower levels of protein associated withlower levels of protein associated with

high risk of cardiovascular diseasehigh risk of cardiovascular disease



SOURCE: Paine et al., 2005. Nature Biotech 23:482-487

Beta-carotene-enriched Golden
Rice combats vitamin A

deficiency: uses corn and
bacterial genes



SOURCE: Baoxiu Qi, ISB News Report July 2004
http://www.isb.vt.edu/news/2004/news04.jul.html#jul0403

Production of omega-3
and omega-6 oils in

plants



Traits with
Medical

Applications…



Mitigating food allergies,
like peanut, soy and wheat,

by removing allergens



SOURCE: USDA APHIS March 27, 2007 Federal Register Notice

Tobacco engineered with antimicrobial
antibody to S. mutans fights tooth decay



SOURCE: March 2006, ISB News Report
http://www.isb.vt.edu/news/2006/news06.mar.htm#mar0601

Rice seed-based edible peptideRice seed-based edible peptide
vaccine for allergic diseases likevaccine for allergic diseases like

                 asthma, seasonal allergies                 asthma, seasonal allergies
            and             and atopicatopic dermatitis dermatitis



SOURCE: “Edible HIV vaccine breakthrough”, New Scientist, April 12, 2002. http://www.newscientist.com/article.ns?id=dn2161

Edible HIV vaccine inEdible HIV vaccine in
corn using surface proteincorn using surface protein
from monkey form of HIVfrom monkey form of HIV



“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 patient-
specific vaccines for

lymphoma in tobacco

Source: McCormick et al. 1999 PNAS 96:703-708;
Large Scale Biology, Inc.



SOURCE: http://sev.prnewswire.com/biotechnology/20070508/3406093en-1.html

Genetically engineered chicory to
produce anti-malarial artemisinin

treatment

DEVELOPING COUNTRY
APPLICATIONS



SOURCE: http://www.guardian.co.uk/science/story/0,,2100737,00.html
Nagai et al. 2007. Role of Peyer's patches in the induction of Helicobacter pylori-induced gastritis. Proceedings of the National Academy of

Sciences USA 104: 8971-8976.

Scientists create rice
with cholera vaccine



SOURCE: Golovkin, M., Spitsin, S., Andrianov, V., Smirnov, Y., Xiao, Y., Pogrebnyak, N., Markley, K., Brodzik, R., Gleba, Y., Isaacs, S.N. and Hilary Koprowski, H. 2007. Smallpox
subunit vaccine produced in planta confers protection in mice. Proceedings of the National Academy of Sciences USA 104: 6864–6869.

In planta vaccine
confers protection to

smallpox in mice



SOURCE: Alvarez et al. 2006. Vaccine, 24: 2477-2490.

Subunit vaccine
against pneumonic

and bubonic plague,
produced in tomato

orally immunogenic in
mice



Traits to
Improve

Resistance
to Pests



SOURCE: Song et al., 2003. PNAS 100:9128-9133; “Potatoes with
improved resistance to late blight”, BASF Plant Science, 5/24/06

Potatoes engineered for resistance
to late blight



Tomato Mi gene protects against
root knot nematode

SOURCE:  Milligan et al., 1998. Plant Cell 10: 1307-1320.

Genetically
engineered Wild type



SOURCE: Bouquet et al., 2003. ISHS Acta Horticulturae 603

GE grape root stocks engineered forGE grape root stocks engineered for
protection against protection against fanleaffanleaf virus: virus:
field tested in northern Francefield tested in northern France



Plum trees genetically engineeredPlum trees genetically engineered
for resistance to plum poxfor resistance to plum pox

SOURCE: Information Systems for Biotechnology, June 2006. APHIS petition
(http://www.aphis.usda.gov/brs/aphisdocs/04_26401p.pdf ); image courtesy of

http://www.forestryimages.org



Traits to
Improve

Agronomic
Performance



SOURCE:  Los  Banos, Philippines, April 2, 2000, AFP

“Maize gene involved in photosynthesis

boosts rice yields by 35%”

Maize gene involved
in photosynthesis

introduced into  rice
boosts yields by 35%

SOURCE: Ku et al., 2001. Novartis Found Symp. 236:100-110



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



Traits to
Improve

Tolerance to
Environmental

Stresses…



Drought tolerant wheat
(using DREB1A gene)

SOURCES: Haake et al., 2002; http://www.cimmyt.org/english/webp/support/news/dreb.htm



Gene coding for certain protective compounds can

improve frost and drought tolerance of canola

Gene coding for certain protective compounds can

improve frost and drought tolerance of canola
SOURCE: Thomashow et al. (2000) Science 288:2308-2309.

Frost and drought tolerant
canola using gene for protective

compounds

Source: Thomashow (2000) Science 288:2308



SOURCE:  Zhang and Blumwald 2001. Nature Biotechnology 19: 765-768

CONTROL GENETICALLY ENGINEERED

Salt-tolerant
tomatoes



Traits to
Improve the

Environment…



SOURCE: Golovan SP et al., 2006. Nature Biotechnol. 19:741-745

Enviropig™ causes less phosphorus
pollution to reduce environmental

impact to lakes and estuaries



Yellow poplar engineered to
remediate ionic and

methylmercury pollution

SOURCE: Rugh et al., 1998. Nature Biotechnol 16:925-928



SOURCE: Fierobe et al. 2005. J. Biol. Chem. 280:16325-16334.

Genetically engineered bacteriaGenetically engineered bacteria
used to improve breakdown ofused to improve breakdown of

global waste paper glutglobal waste paper glut



Other
Applications



SOURCE: http://www.physorg.com/new3581.html

Japanese scientists
create blue rose from

blue pigments in pansies



Delayed senescence
Moonshadow™ carnation

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



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 watering,Slow-Mow grass addresses watering,
maintenance and weed problemsmaintenance and weed problems



Spider silk-like proteins
produced in transgenic plants

SOURCE: Janaki Krishna ISB Report May 2006



SOURCE: http://cnews.canoe.ca/CNEWS/Science/2006/05/07/1568701-cp.html 2006

Engineering plants that
turn color used to detect
presence of landmines







SOURCE: Wall Steet Journal Online/Harris Interactive Healthcare
2006. http://www.harrisinteractive.com/news/newsletters

DNA – What is it?

A virus

The genetic code for living cells*

Don’t know
11%

29%

0%

0%

60%

 Only slightly over half of Americans (60%) know that DNA is the genetic code for
living cells. One out of ten Americans (11%) had no idea at all what DNA is.

Other

An organization

Unaided

* Correct response

Based on everything you know, what is DNA?  Would it be: 



• 40% of respondents falsely thought that tomatoes
genetically modified with genes from catfish would taste
"fishy";

• 52% wrongly thought that genetically modified foods are
created using radiation to create genetic mutations;

• 31% mistakenly believed that eating genetically modified
fruit could modify a person's genes;

SOURCE: “Public Perceptions of Genetically Modified Foods: A National Study of American Knowledge and Opinion” – Oct. 2003.
Food Policy Institute, Rutgers University

• 43% falsely asserted that ordinary tomatoes don't contain
genes, only those that are genetically modified have genes


