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Background on genes, genetics and genetic  
modification (aka biotechnology, GMOs) 

What engineered (GM) crops have been 
     commercialized? What’s in the pipeline? 

What is regulatory structure for GE crops? 

What are some issues with GE crops?  



How are genes and chromosomes modified to 
create new plant varieties 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) 



1700 books 
(or 1.7 million pages) 

1700 books 
(or 1.7 million pages) 

Hybridization or cross-breeding of wheat 

x 

Random 
retention of 
~50% of  
information 
from each 
parent 

1700 books 
(or 1.7 million pages) 

What is the outcome 
of the cross?   



Yield increase by year 



There are new ways to do breeding… 
Using table of contents of genes for  

marker assisted selection 

1700 books 
(or 1.7 million pages) 

...CTGACCTAATGCCGTA... 

1

15

23

41

58

64

70

89

Increases 
speed of 
breeding 
process 

Genetic modification that  
is not GE or GMO  



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) 

+ 

Genetic modification  
that is GE and GMO  



What’s the Process?  
How Do You Prepare the Half Page of Information  

To Introduce into Plants? 

Gene of interest Marker On switch 

Gene of interest: gene of interest 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 



Gene gun 

Agro!

Cell!

Agro!

Cell!

Agro!

Cell!

Agro!

Cell!

Agro!

Cell!

Agrobacterium 

Both methods introduce DNA into 
genetic information in plant cells 

What’s the Process?  
How Do You Introduce the Half-page into Plants? 



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 



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	



Number of 
different traits in 

commercially 
available GE crops 
in U.S. is equally 

limited 



SOURCE: Fernandez-Cornejo, J., Wechsler, S., Livingston, M. and Mitchell, L. 2014. Genetically Engineered Crops 
in the United States. USDA Economic Research Service Report No. 162, February 2014. 	



Why do growers adopt the GE crops? 

Reasons vary from crop-to-crop but the predominant 
reason is to improve yield 



These GE crops lead to estimates that 75% of 
processed foods in U.S. have GE ingredients 



There are only a few whole, 
genetically engineered  foods 

in the U.S market 

GE Papaya 

GE Squash 

GE Sweet Corn 



2013 figures: 15.4 million farmers in 27 countries planted 
         433M acres (>3X size of California)  
        >90% were small acreage farmers 

Despite limited crop and trait types, worldwide acreage is 
increasing in 20 developing, 8 developed countries 



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: Western Farm Press, volume 26, number 16 

Australian researchers identify 
grape genes that provide resistance 

to powdery mildew	





Non-GM Desiree	



GM Desiree	



2013 AMIGA GM potato field study – Ireland	


Impact of vnt1.1 on P. infestans  resistance in the highly susceptible var. Desiree  	



www.amigaproject.eu 	


GM material developed in	


The DuRPh programme of	



Wageningen University	



Potato with gene from wild relative protects against 
late blight disease, cause of Irish potato famine  



SOURCE: “A Race to Save the Orange by Altering Its DNA”, New York Times, July 27, 2013.	


http://www.nytimes.com/2013/07/28/science/a-race-to-save-the-orange-by-altering-its-dna.html?pagewanted=all	



Engineered citrus or engineered insect: to save 
citrus industry from losses to greening diseases   



SOURCE: Dandekar, A.M., Gouran, H., Ibáñez, A.M., Uratsu, S.L., Agüero, C.B., McFarland, S., Borhani, Y., Feldstein, P.A., Bruening, G., Nascimento, R., Goulart, L.R., Pardington, 
P.E., Chaudhary, A., Norvell, M., Civerolo, E. and Gupta, G. 2012. An engineered innate immune defense protects grapevines from Pierce disease. PNAS 2012 109: 3721-3725; 

published ahead of print February 21, 2012, doi:10.1073/pnas.1116027109. 

Modified innate protection leads to less 
leaf scorching and xylem clogging of 

grapes due to Pierce’s disease 



Chestnuts engineered with wheat gene, which 
destroys toxic oxalic acid and prevents cankers 

http://www.newscientist.com/article/dn25644-american-chestnut-
set-for-...1#.U5u5mJRdVW8 	





SOURCE: “Chinese Researchers Stop Wheat Disease with Gene Editing”, MIT Technology Review, July 21, 2014	


http://www.technologyreview.com/news/529181/chinese-researchers-stop-wheat-disease-with-gene-editing/	



Advanced genome-editing techniques used to 
create wheat resistant to powdery mildew 



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/ 
         reilnstated 
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 
v  Rapeseed - HT, AP, PQ  
ü  Sugar beet - HT –removed/ 
         reilnstated 
v  Flax – HT 
v  Chicorium – AP 
v  Tobacco – PQ 
v  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) 



What Are Some Issues with GE Crops? 



•  What are some regulatory issues? 

•  Loss of efficacy of engineered trait? 

•  Property rights (gene patents)? 

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

•  Spread of pharmaceutical genes into crops? 

•  Loss of genetic diversity? 

What are some issues with GE crops? 



•  What are some regulatory issues? 

•  Loss of efficacy of engineered trait? 

•  Property rights (gene patents)? 

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

•  Spread of pharmaceutical genes into crops? 

•  Loss of genetic diversity? 

What are some issues with GE crops? 



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


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



COURTS CHALLENGE APHIS  
RR sugar beets deregulated then challenged.  
U.S. Circuit Court denies lawsuit to prevent 

growers from planting. Environmental Impact 
Statement published; deregulation reinstated 2012 

http://www.fas.org/sgp/crs/misc/R41395.pdf 	





SOURCE: “APHIS needs to bolster its monitoring of GMO tests”, Capital Press, 10/9/14	


http://www.capitalpress.com/Opinion/Editorials/20141009/aphis-needs-to-bolster-its-monitoring-of-gmo-tests	



APHIS’ OVERSIGHT QUESTIONED  
“Recent discoveries indicate that APHIS’ test 

plot safeguards are not reliable” 



SOURCE: “GMO experiments receive questionable oversight”, San Francisco Chronicle, September 8, 2014	


http://www.sfgate.com/default/article/GMO-experiments-receive-questionable-oversight-5740478.php#photo-3350249	



Applied Biotechnology grows 
GE corn with industrial/

pharmaceutical proteins in 
San Luis Obispo -  violating 
APHIS regulations - minimal 

to no retribution.  

RECENT EXAMPLE 



Obligate outcrosser - tall fescue  

No APHIS environmental review of GE tall fescue turfgrass 
because engineering did not involve use of plant pest or parts 

from plant pest 

OLD METHODS CHANGED TO AVOID 
USDA OVERSIGHT RULES 



SOURCE: “By ‘Editing’ Plant Genes, Companies Avoid Regulation?”, New York Times, January 1, 2015.. http://nyti.ms/1rGRA1q	



“Freedom from oversight could open 
opportunities for smaller companies and 

university breeders and for the 
modification of less common crops.” 

“Crops are being created…using techniques 
that…use new methods, like “genome 
editing”, that were not imagined when 

regulations were created.” 

NEW METHODS MAY AVOID REGULATORY RULES 



POSSIBLE EXAMPLE 

RNAi uses: modify oil content, increase lysine, reduce 
caffeine, create viral resistance  

Positive: GE plants produce novel RNAs rather than proteins.  
Negative: Safety concern that some RNAi’s are taken up by 

humans when they eat plants. 

New method: Use RNAi to initiate destruction of other 
RNA’s, which code for target proteins 



•  What are some regulatory issues? 

•  Loss of efficacy of engineered trait? 

•  Property rights (gene patents)? 

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

•  Spread of pharmaceutical genes into crops? 

•  Loss of genetic diversity? 

What are some issues with GE crops? 



Insect Resistance 
B.t. cotton and corn engineered for insect resistance with 

gene(s) from naturally occurring bacterium.  

To date minimal insect resistance has occurred 



Recent study  showed that combining 
natural enemies, like the lady beetle, 

with Bt crops delays resistance 
development in pests" 

SOURCE: Liu, X., Chen, M., Collins, H.L., Onstad, D.W., Roush, R.T., Zhang, Q., Earle, E.D. and Shelton, A.M. 
2014. Natural Enemies Delay Insect Resistance to Bt Crops.  PLoS ONE 9(3): e90366. doi:10.1371/journal.pone.0090366.	



Addition of natural enemy delays pest resistance 



In late 90’s negative impact of Bt corn pollen on monarchs 
was raised. After much research, effects were minimal, but… 



SOURCE: “Groups seek glyphosate limits to protect butterflies”, Capital Press, September 3, 2014	


http://www.capitalpress.com/Nation_World/Nation/20140903/groups-seek-glyphosate-limits-to-protect-butterflies	



…Impact of RoundUp on monarchs 
resurfaces due to impact on milkweed –
exclusive feedstock for butterfly larvae 



SOURCE: Gassmann, A.J., , Petzold-Maxwell, J.L., Clifton, E.H., Dunbar, M.W, Hoffmann, A.M., Ingber, D.A. and Keweshan, R.S. 2014. Field-evolved resistance by western corn root 
worm to multiple Bacillus thuringiensis toxins in transgenic maize. Proceedings of the National Academy of Sciences USA, DOI: www.pnas.org/cgi/doi/10.1073/pnas.1317179111.	



Although Bt corn aimed at lepidopteran  
pests lasted with little resistance over 15 
years, Bt corn targeted at rootworm beetles 
resulted in relatively rapid development of resistance  



 Revised EPA Insect Resistance Management 
                              Plan:  
Monsanto agrees to changes in registration of 

corn rootworm products:  
•  Conduct grower education programs 
•  Encourage crop rotation  
•  Monitor insect susceptibility  
•  Provide reports to EPA 

SOURCE: "EPA's Mitigation Actions to Address Concerns Related to Single-Trait Cry3Bb1 Products", Docket EPA-HQ-OPP-2011-0922, Regulations.gov, 1/17/13 
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2011-0922-0038 

Causing changes in EPA’s Resistance Management Plan 



SOURCE: Brookes, G. 2012. Genetically Engineered Crops: Environmental Impacts 1996-2009. ISB Report, January 2012, pp. 1-5 
Brookes, G. and Barfoot, P. 2011. Global impact of biotech crops: Environmental effects 1996-2009. GM Crops 2: 34-49 

Environmental impact associated with herbicide 
and insecticide use as measured by the EIQ 

indicator fell by 17.1% 

Herbicide Tolerance 

But was there a 
consequence? 



“When any single herbicide mechanism of action is	


used repeatedly without alternative management tactics, 

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 



Amaranthus	
  palmeri	
  
Palmer	
  Amaranth	
  

Amaranthus	
  tuberculatus	
  (syn.	
  rudis)	
  
Tall	
  Waterhemp	
  

Kochia	
  scoparia	
  
Kochia	
  

Ambrosia	
  artemisiifolia	
  
Common	
  Ragweed	
  

Conyza	
  bonariensis	
  
Hairy	
  Fleabane	
  

Eleusine	
  indica	
  
Goosegrass	
  

Ambrosia	
  trifida	
  
Giant	
  Ragweed	
  

Conyza	
  canadensis	
  
Horseweed	
  

Lolium	
  rigidum	
  
Rigid	
  Ryegrass	
  

Poa	
  annua	
  
Annual	
  Bluegrass	
  

Sorghum	
  halepense	
  
Johnsongrass	
  

Lolium	
  mulAflorum	
  
Italian	
  Ryegrass	
  

Glyphosate- Resistant Weeds – USA ���
December 13, 2010 – adapted from: www.weedscience.org 	



K.	
  Neil	
  Harker	
  
AAFC	
  -­‐	
  Lacombe,	
  AB	
  

Glyphosate-resistant weeds due to mutation, gene flow, weed 
shift – exacerbated when same herbicide is used repeatedly 

Didn’t we already learn this? 



SOURCE: Capital Press, January 5, 2012 
http://www.capitalpress.com/print/mp-other-biotech-sidebar-010612 

New herbicides tolerances introduced to address problem, 
including tolerance to 2,4-D, one component of Agent 

Orange. AO was 50:50 mixture of 2,4-D and defoliant, 2,4,5-T, 
which was contaminated with dioxin.  



SOURCE: “Creating a Genetic Firewall”, Los Angeles Times, January 21, 2015	


http://www.latimes.com/science/sciencenow/la-sci-sn-gmo-escape-20150121-story.html	



“Synthetic amino acids may allow scientists 
to create "genetic firewalls" that prevent 

GMO crops or animals from escaping and 
causing environmental damage"     

NEW METHODS MAY AVOID GENE FLOW 



•  What are some regulatory issues? 

•  Loss of efficacy of engineered trait? 

•  Property rights (gene patents)? 

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

•  Spread of pharmaceutical genes into crops? 

•  Loss of genetic diversity? 

What are some issues with GE crops? 

So, Are GE Crops an IPM Benefit or Barrier?  

There certainly are issues. And arguments 
can be made for both possible benefits and 

possible barriers.  But in the end it will 
depend on how wisely we manage them. 



Where to 
get more 

information 
on the 
issues? 



“It’s easy to see why uncertainty breeds fear. When we face a 
possible threat but we can’t detect it with our senses, or when it’s 

complicated and we don’t understand it, or when science still hasn’t 
answered all questions about the risk, we don’t know what we need 
to know to protect ourselves. We feel powerless, which makes us 

feel more afraid.” 
“GMOs qualify in all three categories of uncertainty.” 

SOURCE: “Risky Business”, Cosmos Magazine, February 2014. http://alpha.cosmosmagazine.com/society/risky-business. 	


Cited on PBS Nova website, http://www.pbs.org/wgbh/nova/next/body/what-we-talk-about-when-we-talk-about-gmos/ 	



But in the end, consumers make decisions on what they 
buy so their opinion matters 



•  What are some regulatory issues? 

•  Loss of efficacy of engineered trait? 

•  Property rights (gene patents)? 

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

•  Spread of pharmaceutical genes into crops? 

•  Loss of genetic diversity? 

What are some issues with GE crops? 



SOURCE: Capital Press, December 18, 2009 

Companies have created today’s commercial GE 
crops and control most key intellectual property. 

This makes it hard for small companies or academics 
to play meaningful roles in addressing agricultural 

challenges with GE 



SOURCE: Capital Press, March 19, 2010 

Among companies there is a lot of competition 
with just a few companies jockeying for  

position, which may or may not be good for 
agriculture. 



•  Efficacy of engineered trait? 

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

•  Loss of genetic diversity? 

•  Property rights (gene patents)? 

•  Spread of pharmaceutical genes into 
commercial crops? 

What are some environmental issues? 



Can Organic Agriculture 
Coexist with GE Crops?  



Capital Press, September 16, 2005 

Is this the first time coexistence between 
organic and conventional agriculture has arisen? 



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 GE content 



•  Efficacy of engineered trait? 

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

•  Spread of pharmaceutical genes into 
commercial crops? 

•  Loss of genetic diversity? 

•  Property rights (gene patents)? 

What are some environmental issues? 



•  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. 

Production of pharmaceuticals in edible crops 
 caused concern because of transgenic corn  

contaminating  subsequent soy crop –  
resulting in fines over $1M 



• 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 

California company growing pharma rice with 
two genes to speed recovery from childhood 

diarrhea moved field production to Kansas away 
from rice-growing area. 



SOURCE: “GMO experiments receive questionable oversight”, San Francisco Chronicle, September 8, 2014	


http://www.sfgate.com/default/article/GMO-experiments-receive-questionable-oversight-5740478.php#photo-3350249	



“Applied Biotechnology 
growing genetically 

engineered corn 
producing industrial and 
pharmaceutical proteins 

in fields… found to violate 
government regulations 

with minimal to no 
retribution. Company 
president involved in 

earlier similar violations 
with another company 

called Prodigene.” 



Want to ask 
questions? 
You can do 
this in the 

Biotech 
information 
section of 

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. 


