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For more on these kinds of issues, 
consider this course 

Campus or ecampus versions 



Maize

Rice

Tomato

Aren’t most food crops already genetically 
engineered?  

Lettuce

Banana



Mutants are some 
of our best friends: 
Domestication of
Brassica oleracia

Wild
cabbage

Kale, 500 BC

Ornamental kale
Late 1900's

Cauliflower
1400's

Broccoli
Italy, 1500's

Cabbage, 100 AD

Kohlrabi
Germany, 100 AD

Brussel sprouts
Belgium, 1700's



Many plant varieties derived from 
induced mutations

Calrose 76 semi-dwarf rice

High oleic sunflower

Over 2,000 crop varieties derived 
from mutagenesis have been 
commercialized.

Rio Red grapefruit



Radical changes in domesticated animals:
All dogs derived from the wolf by breeding



Looks like this, a common public perception of genetic 
engineering
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Breeding continues and is accelerating 
in age of massive DNA sequencing



Yet GMOs, and only GMOs, have remained 
powerfully controversial for ~two decades



Recently passed Oregon bill motivated 
by anti-GMO activism at county level



Views are polarized



Genetic engineering looks like nuclear 
power



Broad values predict acceptance-rejection



My awakenings to the controversy
It goes far beyond science – I found that trusted 
environmentalist sources were not 



Tree Biotechnology Conference at Oxford in 
1999 - Vandalism against lignin modified 
trees to “welcome” conferees, Euro-press 
attacks





Roadmap for talk

• Orientation

– The context, definition of GE

• The good, bad, and the righteous

– Good: Status in world, a few examples, 
humanitarian promise

– Bad: Mismanagement, regulation, food toxicology, 
risk perception 

– Righteous: A la Jonathan Haidt – “Moral certainty” 
that polarize and impede collaborative solutions



See also his TED talks



A sense of scale
Libertarian: 
Free market, 
unfettered 
technology, 
anything goes

There is never enough regulation, 
biotech is opening a Pandora’s Box, 

go back to “nature,” all industrial scale 
farming is bad, patents are wrong, 

all GMOs are dangerous

The messy middle – complex 
tradeoffs, science not political 
regulations, case-by-case 
consideration, GMOs a valued 
tool among many others

But where much 
of the world is 
today



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 equated with GE or GM 
methods in public media



Regeneration 
of transgenic 

plants



Growth in the fieldPropagation of poplars in 
tissue culture

Then propagated normally (seeds, 
cuttings) and tested for health and new 
qualities, incorporated into breeding 
programs



GMOs = Conscious, directed, science 
based tinkering for those cases when 
natural or random variation will not 
suffice

* Key limiting factors to productivity

* Novel opportunities



The good



Meteoric rise of GMO crops in world –
Most rapidly adopted innovation in history of 
agriculture, grown on >10% arable land on planet



Four crops, and two types of traits 
dominate (insect and herbicide resistance) 



Major reports on GMO crops show very 
large positive impacts on economics, 
sustainability, in USA and worldwide



Herbicide tolerant plants promote 
conservation tillage – With its many 
environmental benefits thereof

Conservation Technology Information Center

•In 2002
• Used 306 million gallons less fuel
• $3.5B savings in sedimentation 

costs

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

runoff into water
•Often provides better wildlife 

habitat



~$70 billion in global value to 2010
The large majority to consumers, not farmers or 
seed companies



Its not all mega-crops
Virus-resistant papaya saved the Hawaiian 
industry in the mid-1990s / ~70% of papaya 
today

Courtesy of Denis Gonsalves, formerly of Cornell 
University

* Nobel prize 
winning RNAi -
“Immunization” 
via by 
implanting a 
viral gene in the 
papaya genome

* Great 
humanitarian 
potential, but 
controversy has 
put on hold in 
developing 
world

GMO, virus-resistant 
trees



Consumer nutrition applications will 
help to promote biotech acceptance?  

The developers, Monsanto 
and DuPont Pioneer, have 
manipulated the genes of 
the soybean to radically 
alter the composition of 
its oil to make it longer-
lasting, potentially 
healthier and free of trans 
fats. 



Biofortified plants are improving nutrition 
for many, and can do much more

The non-profit organization 
HarvestPlus focuses on the 
development of biofortified crops for 
the developing world, including a 
provitamin A enriched sweet potato 
that is currently being grown by half a 
million families. Other biofortification 
projects are underway to increase 
levels of protein, iron, zinc, 
antioxidants, and other beneficial 
components in food.Sources: HarvestPlus; CIMMYT

http://www.harvestplus.org/
http://www.flickr.com/photos/cimmyt/4685845446


Why use breeding and biotechnology for β-
carotene (pro-vitamin A) enrichment?
Deficiency is widespread, impacts severe, and decades 
of supplements are unable to overcome 

Vitamin A deficiency is estimated to affect approximately one third of children under the 
age of five around the world. It is estimated to claim the lives of 670,000 children under five 
annually. Approximately 250,000-500,000 children in developing countries become blind 
each year owing to vitamin A deficiency…. night blindness due to vitamin A deficiency is also 
high among pregnant women in many developing countries.  

Image sources: Petaholmes based on WHO data;

Young women suffering 
blindness due to Vit A 
deficiency

commons.wikimedia.org/wiki/File:Vitamin_A_deficiency.PNG
http://www.who.int/nutrition/publications/vitamin_a_pub/en/


Breeding and GMO methods 
can enhance plant nutritional 
quality

Vitamin A

Photo credit: Golden rice humanitarian board

β-carotene

The β-carotene 
enriched foods 

shown here have 
been produced 
using GM and 

non-GM 
approaches

http://goldenrice.org/


Golden Rice is the most prominent 
GMO biofortification product under 
development

β-carotene makes 
the rice look 

golden



The bad



Poor weed management has led to rapid 
development of herbicide tolerant weeds



Insect resistance is developing, but has 
been better managed

Analogous to antibiotics in medicine, continued benefits 
require careful management, and inputs of new genes/traits



Are declines in 
monarch 
butterflies--
associated with 
reduced 
milkweed 
populations--
due to improved 
weed control 
from herbicide 
tolerant crops?



Contracts 
rent seed --
but they 
also ban 
research:
“Shrink 
wrap” 
agreements



Widely differing regulations and uptake 
of GMOs create serious trade barriers 



Op-Ed in Oregonian
June 16, 2013

Regulatory presumption of hazard, trade 
barriers, stifle research and development

An agreed safe, well 
studied, extremely 
rare GMO contaminant 
nearly crippled Pacific 
Northwest trade in 
wheat

How to conduct field 
research given this 
risk?  

There must be a better 
way



Continued worry over safety of 
approved GMO food for human health  



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

Our full album of science based memes are in our facebook
page album HERE. Our manifesto on MemeWars is HERE
Let’s not allow moronic groups like Greenpeace to dominate the 
meme world with lies on important issues.

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


On “About” page:   Axis Mundi are a Rave-Rockstep ultra-party. Described as “a cross 
between System of a Down and the Prodigy”… just add “Brian Cox” and you’re about 
there. New album “Sci-curious” (released June 2013)



http://www.biofortified.org/2013/10/20-points-of-broad-scientific-consensus-on-ge-
crops/

http://www.biofortified.org/2013/10/20-points-of-broad-scientific-consensus-on-ge-crops/


Continued worry over safety of 
approved GMO food for human health  



From DeFrancesco 2013 –Nature 

Biotechnology 

“• Critics and proponents of genetically modified 
organisms (GMOs) alike agree that genetically 
modified foods have failed to produce any 
untoward health effects, and that the risk to 
human health from foods contaminated with 
pathogens is far greater than from GMOs. 
– The US Centers for Disease Control (CDC; Atlanta) 

reports that in 2012, there were 128,000 cases of 
food-borne illnesses leading to hospitalizations, with 
3,000 deaths (http://www.cdc.gov/
foodborneburden/index.html). 

• Contrast that with none reported for transgenic 
foods in their decades-long history in the food 
supply.”

http://www.cdc.gov/


How GMO food is tested for safety

• Is the new component, such as a new protein, 
likely to be toxic or allergenic?  
– High dose toxicology studies, rate of digestion in 

simulated stomach fluids, structural similarity

• Is the overall biochemistry, and natural toxins 
and allergens, changed beyond the normal 
range of variation among varieties, 
environments, stresses?

• Has their specific use in agriculture caused the 
levels of toxins and pesticide residues to be 
above safe levels? 



Why whole-food toxicology studies are 
not required – from DeFrancesco 2013

• “Most of the transgenic food that we currently eat (Roundup 
Ready soy, for example) is embedded in a variety of processed 
foods (at very low concentrations). 
– [And the transgenic components are also at very low levels, and 

known to not have acute or even moderate toxic effects from high 
dose studies, and coexist with numerous natural toxins with much 
stronger known toxic or allergenic effects]

• …measuring the effects of a complex foodstuff, in which a 
transgenic ingredient may be one of many components, in the 
milieu of a typical diet, is [thus] extremely challenging. Such 
effects are likely to be vanishingly small and obscured by 
numerous confounding variables.

• [But trust in agribusiness is very low, elevating the perception of 
risk…]
– It does not help that Monsanto leads the agribusiness sector in 

lobbying spending, according to OpenSecrets.com.”



Risk perception

• The controversy itself is complex, and creates 
confusion, and thus fear and discomfort

• Why accept any perceived risk if 
there are not large, direct benefits?
– Frankenpills vs. Frankenfood

• People accept large but familiar risks, and shun 
unknown, complex, imposed, and invisible risks
– GMO technology is complex, imposed, and invisible

– If something bad is put into food supply, it may cause 
long term or intergenerational harm, thus a “dread 
risk” 



The righteous



Corporate hyperbole?  





Left vs. right senses of justice, role for 
corporations, a major reason for outrage 
The Haidtian elephant that drives the presentation of 
biased science by lefty-green NGOs

• Profit vs. public good

• Socialist vs. capitalist

• Multinational vs. local

• Monsanto vs. small farmers

• Patents vs. open source

• Major reason for US vs. 
EU schism



Does organically certified crops have a 
special right to “purity”



Gene flow is ubiquitous in agriculture – with or 
without GMOs

“Genetic drift” (i.e., seed and pollen movement) does not 
entitle Monsanto to take over your farm – nor do they try to!  



Goals of organic system laudable, but is the 
righteousness warranted?  



Or that from the alternative remedy industry? 



Or from popular books, movies or  
“documentaries?”





“…genetically engineered crops—which are, in his 
view, such barely concealed poisons that he actually 
dressed his children in full hazmat gear before 
letting them enter a field of genetically modified 
corn...

…As Ferris Jabr pointed out in extremely thoughtful 
review in Scientific American, Seifert’s intellectual 
laziness is profound. “Instead of using his children 
like marionettes for ludicrous theatrics, Seifert 
could have, I don’t know, done some actual 
research,”… 

…Seifert’s message of fear and illiteracy has now 
been placed before millions of television viewers….

…By themselves, genetically engineered crops will 
not end hunger or improve health or bolster the 
economies of struggling countries. They won’t save 
the sight of millions or fortify their bones. But they 
will certainly help. First, though, we have to adopt 
reality as our principal narrative. For people like 
Jeremy Seifert, that may be too much to ask.”

http://www.newyorker.com/online/blogs/elements/2013/08/the-psychology-of-distrusting-gmos.html


Is labeling GMO food the right(eous) 
thing to do?  



For labeling proponents, it is clearly a means 
to limit, stigmatize, or remove GMOs from 
the marketplace





Once examined seriously, labeling does not 
look so appealing – issues include cost, 
choice, science & ethics

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



Major newspapers agree



“Activists in 
Washington are 
testing the 
proposition that 
selling the public on 
a bad idea is merely 
a matter of 
repetition……. 

they’ll do the state’s 
farmers little good 
by either supporting 
or tolerating an 
irrational labeling 
policy. “



Vote in Washington largely broke 
down along urban-rural divide



Is it righteous to protect the 
developing world from GMO crops?   



Intl Rice Research Inst:  In the 
Philippines, vitamin A deficiency 
affects approximately 1.7
million children (15.2%) aged 6 
months to 5 years. 

Subclinical vitamin A deficiency 
affects one out of every ten 
pregnant women.

Golden rice and the Philippines
Vitamin A deficiency is a serious problem among the 
poor there.  Field trials are underway to test, develop, 
and provide access to it for poor farmers



With funding and organization from European 
NGOs, field trials were vandalized in August 2013



You Tube of vandalism – from Philippines news

You Tube of vandalism: http://www.youtube.com/watch?feature=player_embedded&v=8DAoh1Xe6mI

http://www.youtube.com/watch?feature=player_embedded&v=8DAoh1Xe6mI


Video from IRRI on field trial vandalism: http://www.youtube.com/watch?v=uxa76CHDH5Y&feature=youtu.be

Statement from the International Rice 
Research Institute about the vandalism

http://www.youtube.com/watch?v=uxa76CHDH5Y&feature=youtu.be




Face the “wall of opposition” ?



Two big choices

• Unethical, irreversible, and unpredictable 
impacts on food safety and environment

– Stop it or regulate it to where it does not matter

• Studied and regulated smartly, it is an 
essential tool

– For helping people in dire need right now, and for 
managing a very scary future on this planet


