


1. Background on genes, genetics and genetic  
engineering  

2. What GE crops are commercialized? What’s in the 
    pipeline? 

3. What is the regulatory structure for GE crops? 

4. What are some food safety issues with GE foods? 



Or what makes an onion, an onion? 



Tissue peel 



CELLS 



Cell Wall 
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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 







1700 books 
(or 1.7 million pages) 

...CTGACCTAATGCCGTA... 

Table of contents for genes in wheat 

Used for 
Marker-
Assisted 
Selection 

Genomics 



Marker-assisted selection used to protect rice 
against bacterial blight and blast disease 

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 

Inserts 
randomly 
in genome 

Inserted 
gene(s) 

+ 



DNA 
construct 

Source of 
gene 

Put in soil 

Different 
hormones 
added 

Remove 
hormones 

Check for 
introduced 

 trait Herbicide 
tolerance 

Introduce DNA into 
totipotent cells 

Cells divide under 
selection 

Callus cells 
proliferate 



What Is Included in the Introduced DNA? 

Gene of interest Marker On switch 

Gene of interest: foreign gene you want to put into the plant 

Marker: Indicates which plants have the gene of interest; 
antibiotic resistance, sugar usage 

On switch: controls when and where gene product is made 

Off switch 

Off switch: turns off production of gene product 



     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 Canola 

85% of 2009 acreage 

SOURCE: NCFAP; USDA ERS 

GE Corn 

85% of 2009 acreage 
(Insect Resistant: 17%    Herbicide resistant: 22%   Stacked gene: 46%) 

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

GE Cotton 

88% of 2009 acreage 
(Insect Resistant: 17%    Herbicide tolerant: 23%   Stacked gene: 48% 

GE Soybean 

91% of 2009 acreage 
(Herbicide resistant: 89%) 

GE Alfalfa 

5% of 2006 acreage 
GE Sugar beet 

95% of 2009 acreage 
(Source: Capital Press, 2/8/10) 

Number of 
different 

commercially 
available GE crops 

is limited 



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 



Total worldwide area cultivated = Areas of  
Texas + California + Colorado + South Carolina 

Despite limited crop and trait types,  
worldwide acreage is increasing 



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



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. 



Salt-tolerant Tomatoes

SOURCE: Zeraim Gedera L.T.D., Israel 

Engineered Control 



SOURCE:  Meli, V.S., Ghosh, S., Prabha, T.N., Chakraborty, N., Chakraborty, S., and Datta, A. 2010. Enhancement of fruit shelf life by suppressing N-glycan processing enzymes. 
Proceedings of the National Academy of Sciences USA, doi/10.1073/pnas.0909329107.

Engineered tomatoes have ~30 
day extension of shelf life

“In a globalized economy, the control of fruit ripening is of 
strategic importance because excessive softening limits shelf life.”



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 opposed by 
U.S. Apple Association due to possible 

negative impacts on export market 



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 



SOURCE:  Naqvi et al. 2009. Transgenic multivitamin corn through biofortification of endosperm with three vitamins representing three distinct 
metabolic pathways. Proceedings of the National Academy of Sciences USA, doi: 10.1073/pnas.0901412106. 



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 





•  Field testing 
- Permits 
- Notifications 

•  Determination of 
 non-regulated 
status 

•  Food safety 

•  Feed safety 

•  Pesticidal plants 
- tolerance exemption 
- registrations 

•  Herbicide registration 



APHIS Determines  
Nonregulated Status – 75 granted   

     Alfalfa – HT -removed 
  Cotton - HT, IR 
  Corn - HT, IR, AP 
  Soybean - HT, PQ 
  Potato - IR, VR 
  Tomato  - PQ 
     Squash - VR 
  Canola – HT 

     Papaya - VR 
  Rice - HT 
     Rapeseed - HT, AP, PQ  
     Sugar beet - HT 
  Flax - HT 
     Chicorium - AP 
     Tobacco - PQ 

 Large-scale production 
 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? 



What are some food safety issues? 



What are some food safety issues? 



Modified food has essentially all characteristics of 
nonmodified food with respect to food and feed value 

except 

SOURCE: Safety of Genetically Engineered Foods: Aproaches to Assessing 
Unintended Health Effects 2004. Natl Acad Press 

for the introduced genetic material and the products made 
from it. These products are tested and analyzed separately.  

Regulators look at, for example, specificity and mode of 
action of protein, source of protein, stability during 

digestion and processing 



Substantial 



Substantial 



Polyphenol profile (mg/L) of juices freshly made from dessert apple cultivars determined by HPLC-DAD analysis  

SOURCE: Kahle et al. 2005. Polyphenol profiles of apple juice. Mol. Nutr. Food Res 49:797-806



SOURCE: Butelli, E., Titta, L., Giorgio, M., Mock, H., Matros, A., Peterek, S., Schijlen, E.G.W.M., Hall, R.D., Bovy, A.G., Luo, J. and Martin, C. 2008. Enrichment of 
tomato fruit with health-promoting anthocyanins by expression of select transcription factors. Nature Biotechnology, online first (doi:10.1038/nbt.1506) 

Engineering tomato to increase 
health-promoting compounds

Also engineered crops can have purposeful 
 nutritional alterations 



Golden Rice engineered to contain 
bioavailable pro-Vitamin A 

Original GR (2000) 
“Proof of Concept” 

Golden Rice 1 (2004) 
GR1 

Golden Rice 2 (2005) 
GR2 

Normal portion of Golden Rice 2 provides  
half of a child’s Vitamin A needs 



What are some food safety issues? 



Difficulties with food safety testing 
What to do and how to do it? 

“It is difficult if not impossible to test food safety of 
whole foods and feeds with animal tests.  Despite what 
non-experts commonly think, animal tests are not the 
gold standard.  Compositional analysis and toxicity 

testing of individual components is much more 
sensitive than whole foods testing.”      

“Nutritional and Safety Testing of Foods and Feeds Nutritionally Improved 
through Biotechnology”  2004. Comprehensive Reviews in Food Science and 
Food Safety, ILSI 



Example of type of 
animal safety tests 

conducted 



SOURCE: Flachowsky, G. 2007. Feeds from Genetically Engineered Plants - Results and Future Challenges. ISB News Report, March 2007, pp. 4-7. 

Experiments comparing first generation GE 
crops with comparable non-GE crops  



What are some food safety issues? 





Use Engineering to Reduce Toxins: 
Fumonisin Reduction with Bt-maize 

Modified from Drew L. Kershen 
University of Oklahoma 

SOURCE; Hammond, B. et al., (Feb. 2004), Lower fumonisin 
mycotoxin levels in the grain of Bt-corn grown in the United 
States in 2000-2002, J. Agric. Food Chem. 52: 1390-1397



•  Prior to commercialization tests indicated peas were harmless.  

•  Further tests found gene product made in peas slightly 
      different from that in kidney beans.  

•  New mice feeding tests revealed immune reaction. 

•  Further project development halted before commercial release. 

•  Animal safety tests needed to insure foods created – whether 
      GE or classically bred – are safe.   

Australian scientists created weevil-
resistant peas using gene from 

kidney beans 



Inadvertent Creation of Allergens and Toxins  

Is Toxin Creation Confined to GE 
Foods? 

No – naturally occurring toxins happen due to 
classical breeding efforts also, e.g., potato 

(glycoalkaloids) and celery (psoralens)



Allergy Creation Confined to GE Foods? 
Classically bred foods can 
cause allergy problems too –  

Example: Kiwi 

Long-term Food Safety Studies:  
Should They Be Done, How 
 and on What Foods? How long? 



Engineeering can be used 
to mitigate food allergies, 

like peanut, soy and 
wheat 



What are some food safety issues? 



November 14, 2002 

Biotech Firm Mishandled Corn in Iowa  

By Justin Gillis 

The biotechnology company that mishandled gene-altered corn in 
Nebraska did the same thing in Iowa, the government disclosed 
yesterday. Fearing that pollen from corn not approved for human 
consumption may have spread to nearby fields of ordinary corn, the 
U.S. Department of Agriculture ordered 155 acres of Iowa corn pulled 
up in September and incinerated.

Production of pharmaceuticals in edible crops 
 cause concern 



•  Planted soybeans in field previously used for transgenic corn. 

•  USDA APHIS discovered "volunteer" corn plants growing among 
soybeans; ProdiGene instructed to remove corn. 

•  Soybeans harvested before corn was removed, became mixed 
with 500,000 bushels of soybeans. 

•  Soybeans destroyed. ProdiGene ordered to pay $250,000 civil 
fines, reimbursement for lost crops, $1 million in regulatory fees. 



• Crop inspection 7 times; 5 in growing season,  
      2 after harvest 
• Field isolation distances increased 
• Dedicated farm equipment required 
• Permits required for industrial crops,  
      like pharm crops  

In part because of examples like Prodigene, 
USDA tightened rules on Pharm/Industrial Crops 



March 30, 2004

'Pharm crop' debate takes root in 
California Biotech

 By Paul Jacobs and Lisa M. Krieger
Mercury News

YUBA CITY - An experimental new form of rice, engineered to produce commercial 
quantities of prescription drugs, is placing California in the middle of a raging 
international dispute over the use of genetically modified crops. 

Sacramento-based Ventria Bioscience is seeking state approval to grow rice that can make 
two human proteins, normally found in breast milk and tears, for use in treating human 
illnesses. 

If it gets the necessary approvals, the decade-old company would become the first 
commercial producer of genetically engineered ``pharm crops.'' Scientists 

Zavaleta, N et al. 2007. J Ped Gastroenterol Nutrition 44:258-264 



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

But other products are in the 
pipeline – not necessarily in the U.S. 



SOURCE: Information Systems for Biotechnology News Report, July 2006, p. 2 
http://www.isb.vt.edu/news/2006/news06.jul.htm#jul0601



What are some food safety issues? 



Why Doesn’t FDA Have a Labeling 
Policy for GM Foods? 

Actually it does… 
Foods produced through biotechnology are subject to same 

      labeling laws as all other foods and food ingredients 

Govt-mandated label information relates to composition 
  or food attributes not agricultural or manufacturing practices 

GM food labeled if:  
 1. Different nutritional characteristics,  
 2. Genetic material from known allergenic source e.g., peanut, egg   
 3. Elevated levels of antinutritional or toxic cmpds  



SOURCE:  Fresh Trends 2002 (courtesy of Roberta Cook, UC Davis) 

Nutritional value  77.1% 
Country of origin  85.9% 
Chemicals used in production  90.7% 
Organically grown  86.0% 
Irradiated  77.8% 
Use of biotechnology  78.4% 
Use of waxes and/or coatings  84.5% 





But processed foods are 
different. Tomato sauce can 

contain  
8 or more different varieties – 
each would require tracking to 

assure accurate content 
information. 





…Kosher 

For which 
people pay 
premium 
prices 

Should 
everyone pay 
a premium 
price for GE- 
free foods if  
there are no 
food safety or 
nutritional 
differences? 



If there is demand, might 
another solution be to allow 
the creation of a specialty 

market for GE-free foods for 
which people pay a premium 
price and for which farmers 
are paid premium prices to 

grow them? 





Also in peer-reviewed articles: 
Lemaux P.G. Annual Review of Plant Biology 2008  

and  2009 and ANR Fact Sheets 2006 



•  Gene flow via pollen 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)? 

What are some environmental issues? 


