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Agenda
• Setting the stage for “the fuss”
• The science
• Some recent research



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



GMOs one of the 
“fake news - fake 
science” issues
It’s hard to tell 
what science is 
saying amidst all 
the noise
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There are numerous myths that are 
rampant and recycled in media



And many more…



Much pseudo-science: “Half of all 
children will be Autistic by 2025 due to 
Roundup warns MIT scientist”



Food 
Evolution 
movie 
debunks 
the “data” 
of the 
extreme 
anti-GMO
left



Some scientists try to change 
perception of GMOs



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



2018 - Unease with GMO safety 
growing?



GMO is a victim of social forces far 
beyond its scientific domain
• “It is accurate to say that many of the real ethical 

issues [of GMOs in agriculture] have little to do 
with the use of transgenic technologies”  
(Burkardt et al. 2005, Agricultural Ethics, CAST)



As with any environmental technology 
in today’s world, the science of 
benefits, tradeoffs, and harms is 
complex – No silver bullets
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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 method (genetic engineering) 
defined: Asexual genetic modification

Traditional
plant breeding

x

Variety 
A

Variety 
B

Genetic
engineering

x
Asexual 

modification 
or insertion 
from any 

gene source



What is GE
• Direct modification of 

DNA
– Vs. indirect modification 

in breeding
• Asexually modified, 

usually in somatic cells
– Then regenerated into 

whole organisms, 
usually starting in Petri 
dishes



Overview 
of steps to 
create 
a GE plant



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



Four crops dominate, 
8+ in USA



Adoption by 28 countries, but rates 
highly variable due to social stigma
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Global “meta-analysis” of early impacts: 
2014

“147 original studies were included.”
“On average, GM technology adoption has reduced 
chemical pesticide use by 37%, increased crop 
yields by 22%, and increased farmer profits by 
68%.”



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

At edges:  Insect resistant eggplant a 
great success in Bangldesh, illegal 
plantings in India in news

BiotechNon-Biotech



Insect pest resistance 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



The original clean fields – HR cotton



Not an uncommon sight now



Damage from growing use of dicamba
resistant crops – due to chemical’s 
volatility



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



“Innate” potato – Reduced browning and 
more – only native potato genes

One hour after cutting – Control vs. Innate

Two days after cutting – Control vs. Innate



Diverse pipeline of biofortification products 
= enhancement of critical vitamins or 
nutrients – nearly out there

More than half of the human population suffers from malnutrition!



Forest health a major and growing 
concern



American chestnut was 
an iconic, widespread 
keystone forest tree in 
the USA 

It was extirpated as a 
forest tree by Chestnut 
Blight



1912 photo of blight in NY



American Chestnut restoration – genomics and 
genetic engineering

March 2014 issue - Scientific American

Most effective
gene is oxalate oxidase 
from wheat – OK?



Gene editing

• = Specific, efficient 
modification of 
native genes

• CRISPR the main 
method out there

• Works well 
everywhere!   



Gene editing technology a big 
science deal



A big deal for crops ?   
Ability to modify native genes efficiently  -- The 
theoretical becomes practical

“CRISPR/Cas9 is a game-changing technology that is poised to 
revolutionize basic research and plant breeding.”



Science journalist Carl 
Zimmer explains CRISPR 
DNA editing in 90 seconds

https://youtu.be/ZImVkl8QTW8

https://youtu.be/ZImVkl8QTW8


Sandman CRISPR !

https://youtu.be/k99bMtg4zRk

https://youtu.be/k99bMtg4zRk


Overview 
of gene 
edit 
machinery
____
Two parts:  
Nuclease 
and guide 
RNAs to 
direct it in 
genome



Soybean with increased oleic acid
• Its soy oil with properties of olive oil!  
• Two brands, two gene-edit methods, 

to knock-out fatty acid desaturase 
genes
– Calyxt used TALENS
– DowDupont used CRISPR/Cas9

• Benefits to consumer and producer
– Consumer-centric trait: Reduced saturated fats, 

no trans fats
– Producer-centric trait: Improved shelf-life 

without need for hydrogenation



CRISPR- modified grapefruit resistant to 
citrus canker



Reduced gluten wheat by mutation of 
dozens of genes

60-85% reduction in gluten content



Multiplex CRISPR
62 genes targeted in pig



Hornless cattle by gene editing
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PhD thesis project, 
in part, by Estefania 
Elorriaga



Why use CRISPR as a tool for containment 
of exotic and GMO/GE trees?  
• Social, regulatory, ecological concerns –

especially with trees, invasive plants
• Gene mutation/deletion the strongest and 

most stable form of genetic containment
• Examined in greenhouse for growth rate 

and flowering/sterility – flowering field 
trials costly, slow, controversial



LEAFY gene target for bisexual sterility:  
Strong mutants appear to have no 
flowers

Parcy et al. 2002; Moyroud et al. 2010

Snapdragon         Arabidopsis             Petunia 

lfy mutants

Wild type



CRISPR pipeline

Construct Transformation and regeneration

PCR and gel analysis       Sequencing of targets, alignment, and phenotyping
(allele specific)



Early flowering FT-eucalypts to speed 
floral phenotyping

Pollen grains

style



High knock-out mutation rate  



sgRNA locations, example mutations



Wild-type vs. knockout stages



LEAFY a 
central gene 
in complex 
pathway to 
flowering



LEAFY itself is 
upregulated in 
knockout 
“floral” buds



Summary view of floral shoot 
development in knockouts vs. wild-type

Control CRISPR

Control

CRISPR
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Vegetative growth and morphology in 
non-FT trees in greenhouse unaffected by 
knock-out

Other traits studied include chlorophyll 
density, leaf area, and leaf specific 
weight



Summary
• Distinctive social and “fake news” dimension of 

GMOs -- impede public understanding and rational 
uses

• Genetics key to economics and sustainability amidst 
growing population and climate crisis – GMOs one 
more, but a large, genetic tool when society allows it
– A very few examples from ag and forestry were shown

• Severe market restrictions and regulations are major 
obstacles to research and application in USA and 
many other countries – with great life and 
environment-harming consequences now and in the 
future
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