
Peggy G. Lemaux	


University of California, Berkeley	


http:/ucbiotech.org	


http://pmb.berkeley.edu/lemaux	





1. Background on genes, genetics and genetic  
engineering (aka biotechnology, GMOs) 

2. What engineered (GE) crops have been 
     commercialized? What’s in the pipeline? 

3. What is the regulatory structure for GE crops? 

4. What are some food safety and labeling issues 
     with GE foods? What about the environment? 



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 







Using a table of contents for the genes  
to perform marker assisted selection 

1700 books 
(or 1.7 million pages) 

...CTGACCTAATGCCGTA... 
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There are new ways to do breeding… 



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

Limited to diversity in crop and compatible relatives 



If a desired trait comes from an 
incompatible plant or other 

organism, 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) 

+ 



     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 

88% of 2010 acreage 

Source: ISAAA, 2011 

GE Soybean 

93% of 2013 acreage 
(Herbicide resistant: 93%) 

Source:  USDA-ERS, 2012 

GE Cotton 

90% of 2013 acreage 
(Insect Resistant: 8%    Herbicide tolerant: 15%   Stacked gene: 67% 

Source:  USDA-ERS, 2012 

GE Corn 

90% of 2013 acreage 
(Insect Resistant: 5%    Herbicide resistant: 14%   Stacked gene: 71%) 

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 

Number of 
different 

commercially 
available GE crops 

is limited 



Bt Crops - engineered for 
insect resistance using gene 

from naturally occurring 
bacterium 

Number of different 
traits available in GE 
crops is also limited 

Roundup 
Ready 
Soybean™  

Herbicide-tolerant - 
engineered with genes to 

tolerate herbicide 
application 



SOURCE: USDA-ERS. http://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us/recent-trends-in-ge-adoption.aspx#.UdxSxD6_cYo	





SOURCE: USDA-ERS. http://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us/recent-trends-in-ge-adoption.aspx#.UdxSxD6_cYo	





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



There are only a few  
genetically engineered, whole 

foods in the U.S market 

GE Sweet Corn GE Papaya (from Hawaii) 

≥77% of 2009 acreage 

Source: USDA, Hilo, HI, 9/2011 

GE Squash 

10% of 2004 acreage 

Source: ISAAA, 2004 



Despite the same limited crop and trait types 
as in U.S., worldwide acreage is increasing in 

20 developing, 8 developed countries 

Total worldwide area cultivated = 420 M Acres = areas of  
Texas + California + Nevada = 345 M acres 



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	





SOURCE: “Comment period opens on biotech potato”, Truth About Trade & Technology, 5/2/13 
http://www.truthabouttrade.org/2013/05/03/comment-period-opens-on-biotech-potato/ 

Low acrylamide, low sugar bruising resistance in 
potato engineered only with potato DNA – under 

consideration for deregulation by APHIS	





SOURCE: “Transgenic processing tomato also resists blossom end rot”, The Grower, 5/24/12 
http://www.thegrower.com/e-newsletters/fresh-from-the-field/Transgenic-processing-tomato-also-resists-blossom-end-rot-152327065.html 

About 80% of tomatoes under certain conditions suffer 
blossom end rot. Tomatoes engineered for high solids 

resist the disease	





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

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



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

Japanese scientists create blue rose 
with blue pigments from pansies 



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? 



APHIS Determines  
Nonregulated Status – 86 granted 

(8-11-2012)   

ü   Alfalfa – HT –removed, reinstated 
ü  Corn - HT, IR, AP 
ü  Cotton - HT, IR 
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 
     Rose - 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) 



SOURCE: “Appeals court rules biobeet challenge moot”, Capital Press, December 19, 2012	


http://www.capitalpress.com/newest/mp-biotech-sidebar-121712	



Once deregulated, U.S. Circuit Court denies 
revival of lawsuit aimed at preventing 
growers from planting GE sugar beets	





What Are Some of the Issues? 



•  Lack of 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 

What are some food safety issues? 



•  Transfer of engineered genes to non-GMO/
organic crops? 

•  Development of herbicide-tolerant weeds or 
pesticide-resistant insects 

•  Spread of pharmaceutical genes into 
commercial crops? 

•  Loss of genetic diversity? 

•  Property rights (gene patents)? 

What are some environmental issues? 



•  Lack of 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 

What are some food safety issues? 



Example of type of 
animal safety tests 

conducted 



Claim that 
Monsanto’s 

RR corn 
causes 

tumors in 
rats	



But 
intermittently 

studies are 
published 

casting doubts 
on the safety 
of available 

GE foods, like 
this one 

published by 
French 

researcher in 
Sept. 2012 –  

Subsequently 
reviewed by 

European 
Food Safety 

Authority  and 
found to have 

no merit. 



SOURCE: Snell C, Bernheim A, Berge J-P, Kuntz M, Pascal G, Paris A, Ricroch AE. 2012. Assessment of the health impact of GM plant diets in long-term and multigenerational 
animal feeding trials: A literature review. Food and Chemical Toxicology 50: 1134-1148. 

Twelve long-term (>90d to 2yr) and twelve multigenerational (2 to 5 
generation) feeding trials of GE feed in animals  

Conclusion: Evidence showed that GE foods are nutritionally equivalent 
to non GE foods and can be safely consumed in food and feed 

 Metaanalysis review also from France, 
published earlier in same journal 

maize	

 triticale	



rice	



soy	



potato	





Anne Glover, the first European chief scientific adviser, 
appears to look at science and technology in a different 

light than many Europeans. 

July 24, 2012,  http://www.euractiv.com/node/514084  

“If we look at evidence from [more than] 15 years of growing and 
consuming GMO foods globally, then there is no substantiated case of 
any adverse impact on human health, animal health or environmental 
health, so that’s pretty robust evidence, and I would be confident in 
saying that there is no more risk in eating GMO food than eating 
conventionally farmed food…it has nothing to do with genetic 
engineering… I would argue that we use every technical possibility – 
not just GMOs – it requires every tool in our toolkit to deliver.” 



•  Lack of 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 

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 

No label needed if food essentially equivalent in 
safety, composition and nutrition 

GM food must be labeled if:  

 1. Different nutritional characteristics 
 2. Genetic material from known allergenic source e.g., peanut, egg   
 3. Elevated levels of antinutritional or toxic compounds  



Also, for whole fresh foods, there are existing PLU 
labels that indicate whether they are GE or organic 



SOURCE: Marchant, G.E., Cardineau, G.A. and Redick, T.P. 2010. Thwarting Consumer Choice: The Case against Mandatory 
Labeling for Genetically Modified Foods. American Entreprise Institute, p. 71. 

Other nations 
have specific, 

labeling laws for 
GE, although the 

rules and 
enforcement 

vary dramatically 
among countries, 

making 
international 
trade difficult 



SOURCE: “FSA survey: Majority of UK consumers back GM labelling”, Food Navigator, January 10, 2013. http://www.foodnavigator.com/content/view/print/728839	


Link to report: http://www.food.gov.uk/science/research/ssres/foodsafetyss/gm-labelling/#.UPXkHaHr7jm	



 
 

“ 
66% of UK consumers think GE 

food labeling is important… 
  

But only 2% actively look for GE 
content when buying foods” 

Do U.K. consumers act on labeling 
information? 

But only 2% actively look for GE 
content when buying foods 



In November 2012 California voted on a Proposition 
to require mandatory labeling of foods with GE 

ingredients and restrictions on the use of the term 
“natural” on food labels. 



SOURCE: “California voters rebuff labels on GMO foods”, Capital Press, November 8, 2012	


http://www.capitalpress.com/print/AP-CA-Prop-37-Food-labeling-110712	



After over $40M was spent convincing voters one 
way or the other, the proposition was defeated 

51.4% to 48.6% 



SOURCE: “GMO Food Fight: Round Two 2013”, Organic Bytes, Organic Consumers Association, January 3, 2013	


http://www.organicconsumers.org/bytes/ob361.htm	



Not likely in California, nor a 
number of other states, like 

Washington,  Oregon, 
Vermont… 

End of Story? 

And, outside government, 
others are addressing the 

issue of labeling. 



SOURCE: “Judge asks FDA if GMO foods can be 'natural'”, Capital Press, July 17, 2013	


http://www.capitalpress.com/content/mp-GMO-natural-label-071713	



And there might be restrictions on not 
only labeling with regard to genetically 

engineered ingredients but also with 
regard to using the term “natural”. 



SOURCE: “Major Grocer to Label Fodos With Gene-Modified Content”, New York Times, 3/8/13 
http://www.nytimes.com/2013/03/09/business/grocery-chain-to-require-labels-for-genetically-modified-food.html?ref=opinion&_r=0 

By 2018, all 
products in U.S. and 

Canadian stores 
must be labeled to 
indicate whether 

they contain 
genetically modified 
organisms (GMOs) 

A variety of companies are 
becoming involved in different 

ways in GMO labeling. 



SOURCE: “Biotech apples inflame debate”, Capital Press, December 20, 2012	


http://www.capitalpress.com/orewash/djw-GMOapples-w-art-121912	



Okanagen Specialty Fruits has decided 
to voluntarily label their GE apples.  



SOURCE: “GMO Labeling Bill Voted Down In Senate”, Huffington Post, 5/22/13 
http://www.huffingtonpost.com/2013/05/23/gmo-labeling-bill-genetically-modified-

food_n_3325972.html 

And now the labeling issue has 
moved to the national stage…via 

numerous proposed bills and 
amendments 

If a decision at the national level is not made – in 
some way or another – there will be a potpourri of 

state labeling bills that will make interstate 
commerce very problematic- similar to existing 

issues with international trade.  



Consider that 75% of U.S. processed foods have GE 
ingredients. If mandatory labeling laws were enacted, 
either manufacturers would have to find alternatives to 
the GE ingredients – which might be difficult – or the 

vast majority of processed foods would be labeled that 
they “contain” or “may contain genetically engineered 

ingredients” 

While the  fresh food aisle would change little, the 
majority of foods in the processed food aisle would 

contain  “warning labels” about GE ingredients. 

Consider the following… 



SOURCE: “Governor Vows to End Prop. 65 'Shakedown’ Suits”, KQED, 5/8/13 
www.kqed.org/news/story/2013/05/08/120535/governor_vows_to_end_prop_65_shakedown_suits?category=science 

•  Prop 65 originally passed to protect citizens of CA from toxic 
substances 

•  Often well-meaning and effective, it resulted in frivolous lawsuits.  
Example: lawsuit against banks for not posting Prop 65 warnings on 
ATM machines as users might smoke nearby and “contaminate” 
people using ATM   

•   Prop 65 warning signs so prevalent that signage has become 
meaningless 

•  Could be similar with signage for GE foods: label indicating “may 
contain genetically engineered ingredient” would become so 
common it could become meaningless and ignored 



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? 

Might another solution be… 



Now to some environmental issues? 

•  Transfer of engineered genes to non-GMO/
organic crops? 

•  Development of herbicide-tolerant weeds or 
pesticide-resistant insects 

•  Spread of pharmaceutical genes into 
commercial crops? 

•  Loss of genetic diversity? 

•  Property rights (gene patents)? 



What are some environmental issues? 

•  Transfer of engineered genes to non-GMO/
organic crops? 

•  Development of herbicide-tolerant weeds or 
pesticide-resistant insects 

•  Spread of pharmaceutical genes into 
commercial crops? 

•  Loss of genetic diversity? 

•  Property rights (gene patents)? 



Can Organic Agriculture 
Coexist with GE Crops?  



   What is Co-existence  
•  Development of best management practices to minimize 

adventitious presence of unwanted material  
•  Effectively enable different production systems to co-exist to 

ensure sustainability and viability of all production systems  
•  General concept of co-existence is well established in California 

with conventional, organic and IPM systems working together  

One of the most divisive issues regarding coexistence is 
idea that a choice must be made between EITHER 

“organic agriculture” OR “GMOs”


As long as these issues are polarized into “all is permitted” or 
“nothing is permitted”, rational discussion is impossible. 
Dualism (right versus wrong) – jeopardizes compromise	





Capital Press, September 16, 2005 

This is not the first time coexistence 
between conventional and organic 

agriculture has been an issue. 



How might a GE crop be a co-existence  
issue for an organic farmer? 



…What Genetic Modification Input 
Methods Are PERMITTED?  

(§ 205.2 National Organic Program) 	



•   they “...include the use of traditional 
breeding, conjugation, fermentation, 
hybridization, in vitro fertilization, or tissue 
culture.” 

F.J. Chip Sundstrom CCIA  



•  “A variety of methods…are not considered 
compatible with organic production.  Such 
methods include cell fusion, micro- and macro- 
encapsulation, & recombinant DNA technology 
(including gene deletion, gene doubling, 
introducing a foreign gene, & changing the 
positions of genes when achieved by 
recombinant DNA technology).” 

F.J. Chip Sundstrom CCIA  

…And What Genetic Modification Input 
Methods Are PROHIBITED?  

(§ 205.2 National Organic Program)  

Are There Tolerances for GE in 
Organic Products? 



   GMOs: At the present time there are no 
specified tolerances for GMOs in organic 
products. Organic products are not 
‘guaranteed’ GMO-free, although some 
organic farmers sign contracts guaranteeing 
GMO-free   

   Pesticides: “When residue testing detects 
prohibited substances at levels that are 
greater than 5% of the EPA’s tolerance for 
the specific pesticide residue detected…the 
agricultural product must not be sold or 
labeled, or represented as organically 
produced.” 

There are tolerances for pesticides but not 
for GM content 



What are some environmental issues? 

•  Transfer of engineered genes to non-GMO/
organic crops? 

•  Development of herbicide-tolerant weeds or 
pesticide-resistant insects 

•  Spread of pharmaceutical genes into 
commercial crops? 

•  Loss of genetic diversity? 

•  Property rights (gene patents)? 



SOURCE: Capital Press, December 18, 2009 

Companies have taken the lead in creating today’s 
commercial GE crops and control most of the key 
intellectual property, making it difficult for small 

companies or the academic sector to play a 
meaningful role in addressing agricultural challenges 

with genetic engineering. 



SOURCE: Capital Press, March 19, 2010 

But, among companies there is a lot of 
competition with just a few companies 

jockeying for a position. This may or may not 
be good for agriculture. 



SOURCE: “Supreme Court Supports Monsanto in Seed-Replication Case”, New York Times, 5/13/13 
http://www.nytimes.com/2013/05/14/business/monsanto-victorious-in-genetic-seed-case.html 

Recent U.S. Supreme Court had an  important 
impact on how patents will play out in the U.S. 

Justices rendered unanimous decision indicating 
that patent exhaustion does not permit a farmer to 

reproduce patented seeds through planting and 
harvesting without patent holder's permission 

If this decision had gone the other way, the patent 
landscape would have changed dramatically. 



•  Transfer of engineered genes to non-GMO/
organic crops? 

•  Development of herbicide-tolerant weeds or 
pesticide-resistant insects 

•  Spread of pharmaceutical genes into 
commercial crops? 

•  Loss of genetic diversity? 

•  Property rights (gene patents)? 

What are some environmental issues? 



“When any single herbicide mechanism of action is	


used repeatedly without alternative management tactics, 	



however, selection pressure becomes intense for plants that 
are tolerant or resistant to that herbicide.”	



“There is now a large and growing threat to soil 
conservation gains because of the dire need…	



to manage these resistant weeds…”	



SOURCE: Council for Agricultural Science and Technology (CAST). 2012. Herbicide-resistant Weeds Threaten Soil Conservation Gains: Finding a Balance for Soil and Farm 
Sustainability. Issue Paper 49. CAST, Ames, Iowa. http://bit.ly/w0AXOq 
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Glyphosate- Resistant Weeds – USA ���
December 13, 2010 – adapted from: www.weedscience.org 	
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Where to get 
more 

information 
on the 
issues? 



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

and  2009 and ANR Fact Sheets 2006 


