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Agenda
• Take home messages
• Making a GMO or gene edit
• Some impacts
• Public controversy / skepticism
• Take home messages



Take-home messages - 1
• Nearly all our food is highly genetically modified, 

the old way
• GMO or gene editing is a method with many 

possible uses and impacts
• The method has been so intensely regulated and 

excluded from markets that the tech is greatly 
limited in most of the world

• It has many rich opponents who benefit from the 
limitation/stigma, due to ideology and $$
– Organic, environmental, alternative health, 

geopolitical, federal regulatory bureaucracies



Take-home messages - 2
• Regulations and patents make it very costly to 

use, causing consolidation to a few multinationals  
and thus added social resistance

• Conventional breeding is growing ever more 
powerful due to the genomic, computation, AI  
revolutions
– Providing work arounds to GMOs

• A few pest/weed control traits are in wide use in 
several parts of the world and the USA, with large 
beneficial impacts but also the usual large-scale 
management problems



Maize

Rice

Tomato

Lettuce

Banana

These are highly genetically modified 
but not GMO



Many plant varieties derived from 
induced mutations – not GMO

Calrose 76 semi-dwarf rice

High oleic sunflower

Over 3,000 crop varieties 
derived from mutagenesis 
have been commercialized

Rio Red grapefruit



Domesticated animals are radically 
modified – not GMO



GE/GMO refers to a method of breeding, 
not particular kinds of products

Traditional
plant breeding

x

Variety 
A

Variety 
B

Genetic
engineering 
or gene-editing

x
Asexual 

modification 
or insertion 

from any 
gene source

Back to 
breeders for 
integration & 

testing

Strings of beads represent 
genes on chromosomes



What it looks like

Young GE cottonwoods 
starting out their new life 
and “trying on new genes” 



Gene editing

• A gene you insert to 
change other genes 
in the genome

• Gives highly specific, 
efficient modification 
of native genes

• CRISPR the main 
method out there

• Works well 
everywhere!   



Teacher kits easy to find



A gene-edited crop on the market: 
Soybean with increased oleic acid
• Its soy oil with properties of olive oil!  
• Benefits to consumer and producer

– Consumer-centric trait: Reduced saturated
 fats, no trans fats – same basic properties 
as olive oil!

– Producer-centric trait: Improved shelf-life 
without need for hydrogenation

• Not labeled as GMO (“bioengineered”) in 
the USA as there is no DNA above the 5% 
threshold
– But due to FDA rules is labeled as being 

nutritionally distinct from normal soy oil





First generation herbicide and insect 
resistant crops rapidly adopted by 
farmers, in developed and developing 
world 



Herbicide and pest resistance traits 
dominate worldwide, increasingly 
“stacked” in trait-combinations



Four crops dominate, 
8+ GMO crops in USA



Adoption rates around the world 
mostly low, highly variable



Claims of large environmental benefits

https://www.tandfonline.com/doi/full/10.1080/21645698.2017.1309490 for details/updates

https://www.tandfonline.com/doi/full/10.1080/21645698.2017.1309490


Insect-resistant crops with huge
impact on economics and 
sustainability

Pray et al., 2002.  Plant J. 31:423-430
Photo: entomologytoday.org Dominic Reisig

Non-GMO vs. insect resistant Bt cotton without pesticide use



http://www.isaaa.org/resources/publications/briefs/47/download/isaaa-brief-47-2014.pdf

Insect resistant eggplant a great 
success in Bangladesh, illegal plantings 
in India

BiotechNon-Biotech



But, insect resistance to BT also growing
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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



GMO crops have accelerated development 
of herbicide-resistant weeds
And motivated development of new kinds of herbicide 
tolerant crops



Roundup-tolerant bentgrass escape in 
Oregon

http://www.oregonlive.com/business/index.ssf/2017/01/grass_
seed_industry_fearful_ab.html http://www.oregonlive.com/business/index.ssf/2017/01/post_248.html



Breeding is based on diversity 
Many genes, species, 
hybrids, clones, traits, uses, 
environments, markets – 
stark contrast to GMOs 
with few genes of major effect

University of Kentucky wheat variety trials

OSU wheat variety trials



Modern plant breeders use 
advanced genome and imaging 
technology

Omics = large-scale

DNA genotyping for 
indirect breeding



Phenomics: Lab and field scale imaging 
and analysis



GMOs one of the 
“fake news - fake 
science” issues
It’s hard to tell 
what science is 
saying amidst all 
the noise

28



“GMO” has taken 
on a social stigma 
that has nothing 
to do with science,  
environment, or 
food safety



Greenpeace the environmental anti-
GMO leader: Top scientists try to counter



Extensive consolidation, chemical 
industry control of seeds not popular



http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society/

Pew Survey on views of controversial 
science issues - 2015



http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society/

GMOs the largest 
scientist-public 
gap, 51%, of any 
issue surveyed
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