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Introduction



List of all industry funding 
received for GE work (=GMOs)





All crops are “genetically 
modified”

Image from http://evolution.berkeley.edu/evolibrary/news/070201_corn



A gene sequence

http://www.bioinfo-cbs.org/igd/help.php



Word processing: a metaphor 
for genetic engineering

 Genes are sentences composed of letters
 Words don’t hurt us, only the way they are 

used
 Older techniques: Copy and paste



Genetic engineering is more 
precise than conventional 
breeding

https://www.youtube.com/watch?v=uzD4ASf_owk


Transgenes and cisgenes

http://www.biofortified.org/2013/08/cisgenesis-new-dawn-on-food-production/



Sweet potato, a naturally 
transgenic crop

Kyndt et al, 2015. PNAS 5844–5849

At least four 
bacterial genes



All land plants are naturally transgenic.



We are all naturally transgenic

“Between tens and hundreds of foreign 
genes are expressed in all the animals 
we surveyed, including humans.”



Word processing: a metaphor 
for genetic engineering

 Genes are sentences composed of letters
 Words don’t hurt us, only the way they are 

used
 Older techniques: Copy and paste

 Transgenes and cisgenes

 Latest techniques: modest edits
 Can emulate Nature



Genome editing (CRISPR)

Wine is made from grap juice.Wine is made from grape juice.Wine is made from grapem juice.Wine is made from grape juice.



Insulin from GE bacteria



GE vaccine

https://www.linkedin.com/pulse/8836206132291137010, via USA Today, July 2015

https://www.linkedin.com/pulse/8836206132291137010


Enzymes for cheese from GE 
yeast

http://arbl.cvmbs.colostate.edu/hbooks/pathphys/digestion/stomach/rennin.html

http://arbl.cvmbs.colostate.edu/hbooks/pathphys/digestion/stomach/rennin.html


Herbicide-tolerant crops



Glyphosate-tolerant corn

Simple, cheap, and effective



Glyphosate usage, 2011

http://water.usgs.gov/nawqa/pnsp/usage/maps/compound_listing.php

http://water.usgs.gov/nawqa/pnsp/usage/maps/compound_listing.php




Imidazolinone-resistant rice 
(nontransgenic)

Image from http://edu.basf.us/clearfield/

http://edu.basf.us/clearfield/


“Pesticide treadmill”

Glyphosate-tolerant 
marestail

Alternative herbicide 
program



Herbicide-resistant weeds

http://www.nature.com/news/case-studies-a-hard-look-at-gm-crops-1.12907







Bt crops





Insecticide use in U.S. corn

Fernandez-Cornejo, et al, Pesticide Use in U.S. Agriculture: 21 Selected Crops, 1960-2008, EIB-124, U.S. Department of Agriculture, 
Economic Research Service, May 2014



Poor analysis by the NY Times



https://www.youtube.com/w
atch?v=_LoKPldPopU
http://biotecnologiasi.tumblr.
com/post/134464391394/

https://www.youtube.com/watch?v=_LoKPldPopU
http://biotecnologiasi.tumblr.com/post/134464391394/


Bt corn

http://www.apsnet.org/publications/apsnetfeatures/Pages/InsectResistantCorn.aspx

http://www.apsnet.org/publications/apsnetfeatures/Pages/InsectResistantCorn.aspx


Fusarium
Fumonisins Aspergillus, Aflatoxins

Parrott, 2010. Genetically Modified Myths and Realities, New Biotechnology, p. 545+

Fumonisins: a risk factor for certain birth defects Rat livers injected with increasing 
doses of aflatoxin B1. Upper 
left=aflatoxin-free control. 
http://poisonousplants.ansci.cornell.edu/toxicagents/aflatoxi
n/aflatoxin.html



http://creativecommons.org/licens
es/publicdomain/



www.pnas.org/cgi/doi/10.1073/pnas.1317179111www.pnas.org/cgi/doi/10.1073/pnas.1317179111



Other traits



Papaya ring spot virus 
damage in Hawaii in 1994

http://www.agbioforum.org/v7n12/v7n12a07-gonsalves.htm



Transgenic papaya resistant to
papaya ringspot virus

https://twitter.com/Hec_Martinez/status/462766242693394432/photo/1

https://twitter.com/Hec_Martinez/status/462766242693394432/photo/1


Dangl et al, 2013. Pivoting the plant immune system from dissection to deployment. Science 341:746



‘Rainbow’ papaya (transgenic) 
surrounded by ‘Sunrise’ papaya

http://www.agbioforum.org/v7n12/v7n12a07-gonsalves.htm



R gene from pepper triggers 
disease resistance in tomato

Transgenic Resistance Confers Effective Field Level Control of 
Bacterial Spot Disease in Tomato, 2012, PlosOne



Potato late blight control with 
cisgene

Cv. Superior plus Rpi-blb1 from 
Solanum bulbocastanumCultivar Superior

Halterman et al, 2015. Biotech Potatoes in the 21st Century: 20 Years Since the First Biotech Potato. Am. J. Potato Res. DOI 
10.1007/s12230-015-9485-1



Rice blast

O.P. Sharma, Bugwood.org 

William M. Brown Jr., Bugwood.org 



Rice blast: native rice gene 
coupled with maize promotor

Transformants under the control of ubiquitin-1, a constitutive promotor from maize.  Mireia Bundo and Marıa Coca. Enhancing blast disease 
resistance by overexpression of the calcium-dependent protein kinase OsCPK4 in rice. Plant Biotechnology Journal (2015), pp. 1–11



Impact of viruses in African
cassava

Left: https://twitter.com/Pvincell/status/363999930349654016
Right: Tuber symptoms consist of dark brown necrotic areas within the tuber. (Leaf symptoms do not necessarily imply the presence of tuber 
symptoms.) Image copyright J. Legg

https://twitter.com/Pvincell/status/363999930349654016


Africa: Resistance to cassava
viruses

https://twitter.com/mark_lynas/status/362877275470962688/photo/1
US-AID and the Bill and Melinda Gates Foundation are funding cassava virus work

https://twitter.com/mark_lynas/status/362877275470962688/photo/1


Bedada et al, 2016. Drought tolerant tropical maize (Zea mays L.) developed through genetic transformation with isopentenyltransferase
gene. DOI: 10.5897/AJB2016.15228 



Bedada et al, 2016. Drought tolerant tropical maize (Zea mays L.) developed through genetic transformation with isopentenyltransferase
gene. DOI: 10.5897/AJB2016.15228 



Modest gene edits mimic Nature

Wang et al, 2014.  Simultaneous editing of three homoeoalleles in hexaploid bread wheat confers heritable resistance to powdery mildew. 
Nature Biotechology doi:10.1038/nbt.2969 



Issues and concerns



Food safety

Farmers want to produce safe food.



How many deaths have been 
attributed to GE crops?

What about illnesses?



Hundreds of millions of people
Over 100 billion animals

Not a single case of harm



Age-adjusted death rates:
USA, 1980–2014

National Vital Statistics Reports, http://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pd f

First GE grain crops 

http://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pd


Research papers on food and 
feed safety



https://www.geneticliteracyproject.org/2015/02/10/the-
original-frankenfoods/

Effective

Doesn’t 
represent 
scientific 
community

https://www.geneticliteracyproject.org/2015/02/10/the-original-frankenfoods/


U.S. National Academy of 
Science

“…no substantiated evidence that foods 
from GE crops were less safe than foods 
from non-GE crops”

http://www.nap.edu/23395

http://www.nap.edu/23395


National Science Academies of 
the European Union 

“…no validated evidence that GM crops 
have greater adverse impact on health 
and the environment than any other 
technology used in plant breeding.”

http://www.easac.eu/home/reports-and-statements/detail-view/article/planting-the.html

http://www.easac.eu/home/reports-and-statements/detail-view/article/planting-the.html


GE foods are as safe as other 
foods



http://www.campbellsoupcompany.com/

http://www.campbellsoupcompany.com/


Varied perspectives

 Social, not scientific, reasons
 Transparency
 Confidence in food supply

 Added cost
 Government mandate only for 

scientifically demonstrable risks



National Bioengineered Food
Disclosure Standard, 2016

 Supersedes state laws
 Requires disclosure of bioengineered 

ingredients within two years
 Multiple options

 Text labels
 Symbols
 Digital links (QR codes)



“Pesticide treadmill”

Glyphosate-tolerant 
marestail

Alternative herbicide 
program



Visualizing Consolidation in the Global Seed Industry, 1996–2008, 2009



Patents

 Corporate control of food supply
 Shutting down innovation



Patents: Not just for GMOs

One of these lettuce varieties is patented; 
all are non-GMO.

From: http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1002441

http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1002441


Harm to the environment?



Biodiversity on farms

“Planting of Bt varieties of crops tends to 
result in higher insect biodiversity 
than planting of similar varieties without 
the Bt trait that are treated with synthetic 
insecticides.”

National Academy of Sciences report, May 2016



Transgene flow

Trends in Biotechnology, June 2011, Vol. 29, No. 6



Transgene flow

 Risk of “global ruin”?  
 No
 Potential for some ecological impact?
 Yes



http://www.abc.net.au/news/2015-03-16/wa-farmers-describe-toll-of-cross-contamination-court-case/6320668

http://www.abc.net.au/news/2015-03-16/wa-farmers-describe-toll-of-cross-contamination-court-case/6320668


Farmer suicides in India

http://www.nature.com/news/case-studies-a-hard-look-at-gm-crops-1.12907



Use your voice



https://tdaynard.com/2016/12/10/the-pluses-and-minuses-what-genetically-engineered-ge-crops-mean-on-our-farm/



How to talk about GE crops

 “What are your top concerns?” 
 Practice active listening
 Empathize
 Acknowledge legitimate concerns

 Tell why you use GE crops
 Speak to values
 Be prepared to “punt”



Personalize the topic



Some resources





iStock Photos, used with permission
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Twenty Points of Broad Scientific Consensus on GE Crops 
Selected from an article1 by Dr. Pamela Ronald, University of California  

1. GE crops currently on the market are safe to eat. (See the European Commission Joint Research 
Centre, European Food Safety Authority, The American Medical Association, the National 
Academy of Sciences, and the World Health Organization) 

2. The processes of genetic engineering and conventional genetic modification pose similar risks 
of unintended consequences. 

3. The risks and benefits of new traits in crops depend upon the traits themselves and not the 
means of their introduction, whether through GE or conventional means. 

4. The planting of Bt cotton has reduced the use of sprayed insecticides. 
5. The planting of Bt corn in the US has benefited growers of non-GE corn. 
6. Planting of Bt cotton has enhanced yields in China and India. 
7. Planting of Bt cotton has reduced insecticide poisonings of farmers and their families.  
8. Adoption of Bt cotton enhances insect biodiversity.  
9. If not properly managed, overuse of Bt spray or Bt crops will lead to Bt resistant insects. 
10. Farmers need to deploy a crop diversity strategy and crop rotation to reduce the evolution of 

insect resistance. 
11. US farmers that plant BT crops are required to deploy a “refuge strategy”: creating refuges of 

crop plants that do not make Bt toxins. This promotes survival of susceptible insects and has 
helped to delay evolution of pest resistance to Bt crops. 

12. Global pest-monitoring data suggest that Bt crops have remained effective against most pests 
for more than a decade. 

13. Failure to provide adequate refuges appears to have hastened resistance of pink bollworm in 
India and western corn rootworm in the US to Bt. 

14. Effective methods for slowing the spread of insect resistance include crop rotation, 
intercropping and planting refuges of non-BT cotton and non-crop species. 

15. Planting of herbicide tolerant (HT) crops has reduced the environmental impact of herbicide 
use. This is because the reduced tillage associated with planting of HT crops has led to reduced 
soil erosion and reduced greenhouse gas emissions. 

16. The liberal use of glyphosate without proper management has spurred the evolution of weeds 
resistant to that herbicide. 

17. The evolution of herbicide resistant weeds is a problem for farmers who rely on a single 
herbicide. 

18. GE crops are just one of the many tools that can be used to enhance the sustainability of 
farms. 

19. Papaya genetically engineered for resistance to papaya ringspot virus has protected yields 
against significant losses from the virus and saved the Hawaiian papaya industry. 

20. Consumption of Golden Rice, within the normal diet of rice-dependent poor populations, 
could provide sufficient vitamin A to substantially reduce the 6,000 deaths caused every day 

                                                            
1 Points listed are from: http://www.biofortified.org/2013/10/20-points-of-broad-scientific-consensus-on-ge-
crops/ 

http://ec.europa.eu/dgs/jrc/downloads/jrc_reference_report_2008_11_healthstrategy_gmos.pdf
http://ec.europa.eu/dgs/jrc/downloads/jrc_reference_report_2008_11_healthstrategy_gmos.pdf
http://www.efsa.europa.eu/en/efsajournal/pub/2910.htm
https://gmopundit.blogspot.com/2012/06/american-medical-association-opposes.html
http://www.nap.edu/openbook.php?isbn=0309092094
http://www.nap.edu/openbook.php?isbn=0309092094
http://www.who.int/foodsafety/publications/biotech/20questions/en/
http://www.nap.edu/openbook.php?record_id=10977&page=64
http://www.nap.edu/openbook.php?isbn=0309092094
http://www.nature.com/nature/journal/vaop/ncurrent/full/nature11153.html
http://www.sciencemag.org/content/330/6001/222.abstract
http://www.nature.com/nature/journal/vaop/ncurrent/full/nature11153.html
http://www.pnas.org/content/early/2012/06/25/1203647109
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-313X.2002.01401.x/full
http://www.nature.com/nature/journal/vaop/ncurrent/full/nature11153.html
http://www.nature.com/nbt/journal/v26/n2/abs/nbt1382.html
http://www.nap.edu/openbook.php?record_id=12804
http://www.nap.edu/openbook.php?record_id=12804
http://www.nap.edu/openbook.php?record_id=12804
http://www.nature.com/nbt/journal/v31/n6/full/nbt.2597.html?WT.ec_id=NBT-201306
http://www.nature.com/nbt/journal/v31/n6/full/nbt.2597.html?WT.ec_id=NBT-201306
http://www.nature.com/nbt/journal/v31/n6/full/nbt.2597.html?WT.ec_id=NBT-201306
http://www.nature.com/nbt/journal/v31/n6/full/nbt.2597.html?WT.ec_id=NBT-201306
http://www.nature.com/nbt/journal/v31/n6/full/nbt.2597.html?WT.ec_id=NBT-201306
http://www.nature.com/nbt/journal/v26/n2/abs/nbt1382.html
http://www.wssajournals.org/doi/abs/10.1614/WT-08-038.1
http://www.nature.com/news/case-studies-a-hard-look-at-gm-crops-1.12907
http://www.nature.com/news/case-studies-a-hard-look-at-gm-crops-1.12907
http://www.nap.edu/openbook.php?record_id=12804
http://www.nap.edu/openbook.php?record_id=12804
http://www.nap.edu/openbook.php?record_id=12804
http://www.nap.edu/openbook.php?record_id=12804
http://www.springerprotocols.com/Abstract/doi/10.1385/1-59259-966-4:197
http://www.goldenrice.org/
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/


by vitamin A deficiency and save the sight of several hundred thousand people per year in a 
cost efficient manner. 

 
 
Other resources 

• The Science of GMOs, Purdue University, 
https://ag.purdue.edu/GMOs/pages/scienceofgmos.aspx#.WEwkqVw42rk  

• Genetically Engineered Crops, Emerging Opportunities, PPA-47, 
http://www2.ca.uky.edu/agcomm/pubs/PPA/PPA47/PPA47.pdf  

• Free online video-based curriculum on genetically engineered crops (GMOs), 
http://www2.ca.uky.edu/anr/Biotech/biotech.htm   

• Crop Hybridization and Genetic Engineering: An Illustration Using Playing Cards 
https://www.youtube.com/watch?v=uzD4ASf_owk  

• Follow me on Twitter, @pvincell  
• Talking Biotech podcasts, http://www.talkingbiotechpodcast.com/  
• Genetically Engineered Crops, Experiences and Prospects, 2016, , by the National Academy of 

Sciences.  
o Full report at https://www.nap.edu/catalog/23395/genetically-engineered-crops-

experiences-and-prospects 
o List of Findings and Recommendations at http://nas-sites.org/ge-

crops/files/2016/05/All-Findings-and-Recommendations.pdf  

http://www.sciencedirect.com/science/article/pii/S0305750X0700191X
http://www.sciencedirect.com/science/article/pii/S0305750X0700191X
https://ag.purdue.edu/GMOs/pages/scienceofgmos.aspx#.WEwkqVw42rk
http://www2.ca.uky.edu/agcomm/pubs/PPA/PPA47/PPA47.pdf
http://www2.ca.uky.edu/anr/Biotech/biotech.htm
https://www.youtube.com/watch?v=uzD4ASf_owk
http://www.talkingbiotechpodcast.com/
https://www.nap.edu/catalog/23395/genetically-engineered-crops-experiences-and-prospects
https://www.nap.edu/catalog/23395/genetically-engineered-crops-experiences-and-prospects
http://nas-sites.org/ge-crops/files/2016/05/All-Findings-and-Recommendations.pdf
http://nas-sites.org/ge-crops/files/2016/05/All-Findings-and-Recommendations.pdf
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