
Peggy G. Lemaux!
University of California, Berkeley!
http://ucbiotech.org!
http://pmb.berkeley.edu/profile/plemaux#a1!



1. Background on genes, genetics, genetic  
engineering  

2. What GE crops are commercialized? In the 
    pipeline? 

3. What is the regulatory structure for GE crops? 

4. What are food safety issues with GE foods? 

5. What are environmental issues with GE crops? 

What will be covered? 



Or what makes an onion, an onion? 
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How are the genes and chromosomes 
manipulated to create a new plant variety by 

classical breeding? 

Triticum monococcum���
Ancient variety 

Triticum aestivum	


Modern bread variety 



Chemical units represented by alphabetic letters 

Information in the wheat genome 

...CTGACCTAATGCCGTA... 

1700 books 
1000 pages each 

1700 books 
(or 1.7 million pages) 



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 
in U.S. 







1700 books 
(or 1.7 million pages) 

...CTGACCTAATGCCGTA... 

Table of contents for genes in wheat 
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Marker-assisted selection used to protect rice 
against bacterial blight and blast disease 



SOURCE: "New Potatoes Withstand Destructive Wireworms", Agricultural Research Service, 9/20/11. 
http://www.ars.usda.gov/is/AR/archive/sep11/wireworms0911.htm 

Marker-assisted selection used to protect 
potatoes  against wireworms, but… 

Protection limited to diversity in crop and 
compatible relatives 



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 

Inserted 
gene(s) 

Inserts 
randomly 
in genome 

+ 



     Classical      Genetic  
     Breeding         compared to   Engineering 

Uses plant machinery in plant Uses plant machinery in laboratory Uses plant machinery in plant Uses plant machinery in laboratory 

Gene exchange is random 
involving whole genome 

Gene exchange is specific 
involving single or few genes 

When/where gene expressed 
not controlled by breeder 

When/where gene expressed 
controlled precisely 

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

Source of gene from any 
organism 



GE Papaya 

≥77% of 2009 acreage 
from Hawaii 

Source: USDA, Hilo, HI, 9/2011 

GE Squash 

10% of 2004 acreage 

Source: ISAAA, 2004 

GE Canola 

88% of 2010 acreage 

Source: ISAAA, 2011 

GE Soybean 

93% of 2012 acreage 
(Herbicide resistant: 93%) 

Source:  USDA-ERS, 2012 

GE Cotton 

94% of 2012 acreage 
(Insect Resistant: 14%    Herbicide tolerant: 17%   Stacked gene: 63% 

Source:  USDA-ERS, 2012 

GE Corn 

88% of 2012 acreage 
(Insect Resistant: 15%    Herbicide resistant: 21%   Stacked gene: 52%) 

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

Source:  USDA-ERS, 2012 

GE Sugarbeet 

96% of 2010 acreage 

Source: ISAAA, 2011 

GE Alfalfa 

20% of 2012 acreage 

Source: Dan Putnam, UC ANR, 2013 



Types of GE Crops Leads To Estimates that 75% of 
Processed Foods in U.S. Have GE Ingredients 



SOURCE: http://www.ers.usda.gov/Data/BiotechCrops/	



Number of 
different traits in 

commercially 
available GE crops 
in U.S. is equally 

limited 

UPDATE	
  



Despite limited crop and trait types,  
worldwide acreage is increasing 

Total worldwide area cultivated = Areas of  
Texas + California + Colorado + Louisiana 



GE Papaya 

GE Squash 

There are a few whole, 
genetically engineered  
foods in the U.S market 

GE Sweet Corn 



WHAT’S IN THE  
PIPELINE? 



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

Field Trials Conducted in California with 
Grape Root Stocks Engineered for 

Resistance to Fanleaf Virus!



SOURCE: Western Farm Press, volume 26, number 16 

Australian researchers identify 
grape genes that provide resistance 

to powdery mildew	





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 



Yields in rice and maize increase 
under water-limiting conditions!

SOURCE: Castiglioni, P. et al. 2008. Bacterial RNA Chaperones Confer Abiotic Stress Tolerance in Plants and Improved Grain 
Yield in Maize under Water-Limited Conditions. Plant Physiology 147: 446-455. 



SOURCE: Wu, L., Bhaskar, P.B., Busse, J.S., Zhang, R., Bethke, P.C. and and Jiang, J. 2011. Developing Cold-Chipping Potato Varieties by 
Silencing the Vacuolar Invertase Gene. Crop Science 51: 981-990. 

Downregulation of single gene in potato 
reduces levels of acrylamide, a potential 

carcinogen and known neurotoxin	





SOURCE:” Stop Genetically Engineered Apples!”, Organic Consumers Association, 3/24/11. 
 http://www.organicconsumers.org/bytes/ob269.htm#SEC3 

Non-browning GE apple will be 
marketed in U.S. and labeled as 

genetically modified by Okanagan 
Specialty Fruits 



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



Tear-free onion developed 
by turning off tear-
inducing enzyme 



Engineered Pea Seeds Protect 
Chickens against Parasitic Coccidiosis!

SOURCE: "Engineered pea seeds protect against parasites", BioMed Central, 9/10/09, http://www.eurekalert.org/pub_releases/2009-09/bc-eps090909.php 
Zimmermann, J., Saalbach, I., Jahn, D., Giersberg, M., Haehnel, S., Wedel, J., Macek, J., Zoufal, K., Glunder, G., Falkenburg, D. and Kiprijanov, S.M. 2009. Antibody expressing 

pea seeds as fodder for prevention of gastrointestinal parasitic infections in chickens. BMC Biotechnology, in press. 



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

Japanese scientists create blue rose 
with blue pigments from pansies 



Delayed senescence 
Moonshadow™ carnation 

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, 
maintenance and weed problems 



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 
 

•! Feed safety 

•! Pesticidal plants 
-!tolerance 
exemption 
-!registrations 
 

•! Herbicide 
registration 

Plant pest? Danger to people? Risk to environment? 



USDA APHIS Determines  
Nonregulated Status – 75 granted   

ü  Alfalfa – HT –removed/ 
        reinstated 
ü  Cotton - HT, IR 
ü  Corn - HT, IR, AP 
ü  Soybean - HT, PQ 
v  Potato - IR, VR 
v  Tomato  - PQ 
     Squash - VR 
ü  Canola – HT 
 

     Papaya - VR 
v  Rice - HT 
     Rapeseed - HT, AP, PQ  
ü  Sugar beet - HT 
v  Flax - HT 
     Chicorium - AP 
     Tobacco - PQ 
 

ü Large-scale production 
v Not on market   
 

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

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



What Are Some of the Issues? 



• Changes in nutritional content 

•!No peer-reviewed food safety tests  

•!Creation of allergens or activation of toxins 

•!Pharma crops contaminating food supply 

•!Labeling 

•!Gene flow from food to intestinal bacteria 
increasing antibiotic resistance 

First, what are some food safety issues? 



•!Gene flow to generate 
superweeds  (herbicide tolerance to wild/

weedy species) 

•!Transfer of transgenes to organic crops? 

•!Spread of pharmaceutical genes into 
commercial crops? 

•!Loss of genetic diversity? 

•!Property rights (gene patents)? 

Now to some environmental issues? 



Want to ask 
questions? 

Follow these 
easy steps in 

Biotech 
information 
section of 

http://
ucbiotech.org   



Go to Issues and Responses section on drop-down 
menu from Biotechnology Information section. Chose 
a category to see what issues are there or type your 

question in search by phrase . Hit search. 



Responses to the issue you raised will appear and you can 
click on the Response that best addresses your question. 



Response to the issue you raised will appear with links to the 
scientific literature. If that doesn t answer your question, go back 

to the responses and choose another. 



Literature cited will appear with links when possible to the articles 
so that you can see them yourselves. 

Now on to the topic at hand… 



Educational resources available on 
ucbiotech.org 



Educational 
Resources section 
has information on 

games, displays, 
teaching tools and 

afterschool curricula 
with details on how 

to access the 
materials for free. 



Middle school 
curriculum for 4-H 
and afterschool on 

genetics and 
diversity 





Middle school 
curriculum for 4-H 
and afterschool on 
diseases, detection 

and microbes 



Lessons help 
students solve a 

disease mystery in 
the backyard using 

modern genetic tools 
to identify the culprit  



Middle school 
curriculum on plant 

biology for the mixed 
classroom of sighted 

and sight-limited 
students 


