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Maize

Tomato

Pre-GMO:  Crop domestication is the 

basis of agriculture, enabled civilization

Lettuce

Broccoli

Banana



Radical changes in domesticated 

animals too:  All dogs derived from the 

wolf by non-GMO breeding



Non-GMO breeding continues and is 

accelerating in age of massive DNA 

sequencing



Genetic admixture is ubiquitous in 

agriculture – with or without GMOs



Genetic engineering defined

Traditional
plant breeding

x

Variety 
A

Variety B

Genetic
engineering

x

Asexual 
modification 
or insertion 

from any gene 
source



The GMO acronyms

GE (genetic engineering) = GM (genetic 

modification) = transgenic = asexual

modification and/or insertion of DNA

GMO = genetically modified organism

GEO = genetically engineered organism

The terms “biotechnology” or “modern 

biotechnology” often used interchangeably with 

GE or GM



Regeneration 
of GE
plants 

(poplar)



Growth in the fieldPropagation of poplars in 
tissue culture

Then propagated normally
Seeds or cuttings tested for health and new 
qualities, incorporated into breeding programs



GMO crops widespread, rapidly 

adopted
Grown on >10% arable land on planet, extensive

uptake in developing world

http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf

http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf


Four crops dominate, 

8 grown in USA

http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf

http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf


Two traits dominate

http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf

http://www.isaaa.org/resources/publications/briefs/46/pptslides/Brief46slides.pdf


Major reports on GMO crops show 

very large positive impacts on 

economics, sustainability, in USA 

and worldwide



Herbicide tolerant plants promote 

conservation tillage – With many 

environmental benefits thereof
Conservation Technology Information Center

•Lowers greenhouse gas emissions
•Improves soil organic matter
•Reduces erosion and fertilizer 

runoff into water
•Often provides better wildlife 

habitat

Global:  In 2012 reduced CO2 emissions by ~27 billion 
kg, equivalent to ~13 million cars off the road
http://www.isaaa.org/resources/publications/briefs/46/to
pfacts/default.asp

http://www.isaaa.org/resources/publications/briefs/46/topfacts/default.asp


Benefits provided by biotech crops, on 

a global scale: 1996-2012

• Increased crop production valued at US$116.9 
billion

• Conserved biodiversity (indirectly) by saving 123 

million hectares of land from 1996-2012 

• Helped alleviate poverty for >16.5 million small 
farmers and their families totaling >65 million 
people, who are some of the poorest in the 
world

http://www.isaaa.org/resources/publications/briefs/46/topfacts/default.asp

http://www.isaaa.org/resources/publications/briefs/46/topfacts/default.asp


There are legitimate science concerns 

that GMOs with pest management traits 

have not been managed well



Poor weed management has led to rapid 

development of herbicide-resistant weeds



Herbicide-resistant weeds are an old 

problem in agriculture, but exacerbated 

by GE herbicide tolerant crops

Accelerated by 
GE Roundup-
tolerant crops



The method has diverse applications

Many other crops and traits starting 

to be used, or in the pipeline for near 

term use



Virus-resistant papaya saved the 

Hawaiian industry in the mid-1990s / 

~80% of papaya today

Courtesy of Denis Gonsalves, formerly of Cornell 
University

•Nobel prize 
winning 
“immunization” 
in plants –
stimulates 
natural 
defenses

•Great 
humanitarian 
potential in 
developing 
world GMO, virus-resistant 

trees



Drought-tolerant maize – Planted on 

~150,000 acres – Also tested in Africa
Important tool given climate change, water 

shortages?



Purple GM tomatoes with increased 

antioxidants and rot resistance



Healthier soy oils: High oleic acid and 

omega-3

“It almost mirrors 
olive oil in terms of 
the composition of 
fatty acids.”



Healthier potato – reduced browning and 

acrylamide (↓waste, ↑safety)



Helping forests under threat by exotic 

pests

March 2014 issue - Scientific American



Vitamin enrichment for the poor – to 

help billions that are malnourished

http://www.commodityonline.com/news/dupont-reports-breakthrough-in-introducing-beta-carotene-in-sorghum-58036-3-58037.html

http://www.commodityonline.com/news/dupont-reports-breakthrough-in-introducing-beta-carotene-in-sorghum-58036-3-58037.html


Regulated at the federal level in the 

USA – three agencies based on the 

trait and prior laws

EPA - Environmental Protection Agency FDA - Food & Drug Administration

USDA – US Dept of Agriculture



• Of 129 GE crops commercialized in the US 

and 129 have had FDA consultation

• EPA and/or USDA also do evaluations for most 

types of crops

• Foreign regulatory bodies repeat and verify 

most safety assessments 

• Health Canada, FSANZ,  EFSA, Korea FDA, 

EFSA, Chinese Ministry of Agriculture, Japan 

Food Safety Commission 

By far the most carefully studied crops 

for safety – no question



Components of pre-market safety 

assessment 

• Characterization of inserted DNA and insertion 

sites

• Characterization and toxicology of newly 

introduced proteins

• Detailed composition analysis

• Optional whole food animal studies

• Search for unintended adverse effects such as 

introduction of toxins, anti-nutrients, introduction of 

an allergen or changes in allergenicity



http://www.axismundionline.com/blog/the-new-is-gm-food-
safe-meme/

Mainstream science strongly 

supports safety for humans

http://www.axismundionline.com/blog/the-new-is-gm-food-safe-meme/


Vermont labeling law passed – but in 

legal limbo amidst lawsuits



Recently passed Oregon bill motivated 

by anti-GMO activism at county level



Effort underway to 

standardize and prohibit 

“Balkanization” of GE label 

regulations throughout USA””

• American Bakers 

Association

• American 

Beverage 

Association

• American Farm 

Bureau Federation

• American Feed 

Industry 

Association

• American Frozen 

Food Institute

• American Seed 

Trade Association

• American Soybean 

Association

• American 

Sugarbeet

Growers…….

AND 20 MORE



Should GMO-crop derived food have a 

mandatory label, vs. the common 

voluntary non-GMO labels (organic, 

non-GMO)?  



Pros vs. cons of mandatory GMO labels

• Pro viewpoints
• Right to know 

• Tool to track problems

• Ethics (keep animal DNA out of food of vegetarians)

• Many other countries are doing it

• Restrict - stigmatize – increase costs of using 

GMOs

Adapted from:  http://www.ext.colostate.edu/pubs/foodnut/09371.html

http://www.ext.colostate.edu/pubs/foodnut/09371.html


Pros vs. cons of mandatory GMO labels

• Con viewpoints
• Already intensively regulated/scrutinized already by US 

government, far more than conventionally bred crops

• We have a labeling law already in place (FDA) for changes 

that matter (“material” changes to nutrition, safety, whether 

positive or negative)

• Organic already GMO-free and widely available to 

consumers who wish to choose non-GMO for any reason

Adapted from:  http://www.ext.colostate.edu/pubs/foodnut/09371.html

http://www.ext.colostate.edu/pubs/foodnut/09371.html


Pros vs. cons of mandatory GMO labels

• Con viewpoints
• A prominent and mandatory label has been shown in 

scientific studies to mislead/scare/stigmatize consumers 

(viewed as warning label)

• Labeling increases cost of food for all consumers (estimates 

vary, but some estimates are very high). This is unethical 

because it hits the poor hardest

• Reduces choice  by loss of GMO products, as has been 

observed in Europe (food system cannot infrastructure 

cannot support GMO and non-GMO options for most foods, 

and companies often avoid stigma to their brand label so 

don’t use GMO)

Adapted from:  http://www.ext.colostate.edu/pubs/foodnut/09371.html

http://www.ext.colostate.edu/pubs/foodnut/09371.html


Those who fund and write labeling 

ballot measures are interested in 

removing GMO technology



The largest organization of scientists 

in the USA and the world – AAAS –

does not support labels

“Legally mandating such a label can only serve 
to mislead and falsely alarm consumers”



The Oregonian editorial board, and 

those of most other mainstream  

news organizations, have not 

supported labeling measures



What is a GMO at an LA farmers 

market

• http://www.youtube.com/watch?v=EzEr23XJwFY

http://www.youtube.com/watch?v=EzEr23XJwFY




Arguments for measure 92 

GMOs are increasing use of toxic 

pesticides 

• Herbicide-resistant weeds have increased 

due to use of herbicide tolerant GMO crops

BUT

• Total herbicide toxicity appears to have 

decreased or remained the same 

• Low- and no-till agriculture has increased 

due to these GMO crops, with many 

environmental benefits

• Reduced greenhouse gas release and soil 

erosion; increased soil carbon and wildlife habitat 



Arguments against measure 92 

Its about method, not content of food

• It stigmatizes one method of genetic 

modification among many – when there is 

clear scientific consensus that its “product 

not process” that matters

• USA National Academy of Sciences: “There is no 

evidence that unique hazards exist either in the 

use of rDNA techniques or in the movement of 

genes between unrelated organisms.”

• Clearly safer products, such as more healthy 

corn and potato, will be “warning labeled” too



Arguments against measure 92

It is of no value for making health 

decisions

• It does not account for different types or 

amounts or activities of GMO materials in 

food

• It requires labels on GMO gene & protein-

free materials – like oils and sugars

• Much of the food we eat is exempted from 

any sort of labeling (e.g., restaurants, 

cafeterias, meats)



Arguments against measure 92 

We have reliable, standardized, 

national GMO-free choices

• Organic food is now common and cannot be 

made with GMO ingredients

• The GMO-free label is rapidly growing, and 

is more rigorous for those with concerns 

(e.g., meats from GMO-fed animals are 

excluded)

• The costs are not imposed on others, they 

are borne by those with strong 

concerns



Arguments against measure 92 

The cost of food will be increased, 

disproportionately hurting the poor

• Main costs are segregation, tracking, and 
compliance inspection, not printing

• Recent studies from Cornell University and the 
Washington Academy of Sciences suggest it may 
be hundreds-$$ per family
• Oregon administrative cost alone in millions/yr

• The stigma of the prominent label is likely to 
prompt many producers to use higher priced, non-
GMO ingredients – raising food prices
• Ben and Jerry’s now trying – 5-20% (Wall St. Journal)

• Reduced choice?  Companies likely to discontinue 
many products just for Oregon



Arguments against measure 92 

Investments in consumer education by 

labeling should start with issues of 

highest consumer and health concern

http://www.foodinsight.org/sites/default/files/FINAL%20Full%20Report_IFIC%202014%20Food%20Tech%20Survey.pdf



Arguments against measure 92 

The stigma and cost will impede future 

biotechnology innovations, against 

American’s interests

• Regardless of benefits, it will be risky for 

companies to produce products with a 

marketplace stigma and added cost

• Investment in R & D will decline

• New crops in the commercial pipeline with 

clear benefits may be abandoned, and new 

innovations left on the shelf



http://www.foodinsight.org/sites/default/files/FINAL%20Full%20Report_IFIC%202014%20Food%20Tech%20Survey.pdf

Poll: A majority of Americans wish to 

purchase products of biotechnology


