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I do not like the term GMO (genetically 

modified organisms) – because it is 

ambiguous as to what “modified” means 



I prefer the term genetic engineering 

(GE) as it means something specific   

• The USDA’s current definition of genetic engineering is 

“manipulation of an organism’s genes by introducing, 

eliminating or rearranging specific genes using the 

methods of modern molecular biology, particularly those 

techniques referred to as recombinant DNA (rDNA) 

techniques.” 

 

• Also known as genetically modified, GM, GMO, 

transgenic, bioengineered, biotech, made with modern 

biotechnology, frankenfood  
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http://www.usda.gov/wps/portal/usda/usdahome?contentid=BiotechnologyGlosary.xml&navid=AGRICULTURE


Since this is BIOTECH 101 University! 

           Let us review Genetics 101 



Dividing cell 

Chromosomes 

Stretched out, the DNA in each cell would be ~ 5 feet long 



It is estimated that, 

with a normal diet, 

humans consume 

between 0.1-1 

gram DNA/day 



Does everyone 

remember the  

Central Dogma of 

Molecular Biology? 



 The central dogma 
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RNA 



Promoter 

Terminator 

Protein 

RNA 

GENE 



Proteins are encoded by base pairs of DNA 

The genome is like an 

encyclopedia of protein recipes 

for a given species 

...CTGACCTAATGCCGTA... 

1700 books 

1000 pages each 

1700 books 

(or 1.7 million pages) 
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Triticum monococcum 

Ancient variety 
Triticum aestivum 

Modern bread variety 

How do traditional plant breeders create 
a new wheat – with better nutritional 
qualities –  using an ancient variety? 
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Random 

retention of 

information 

from each 

parent 

1700 books 

(or 1.7 million pages) 
1700 books 

(or 1.7 million pages) 

1700 books 

(or 1.7 million pages) 

Traditional breeders cross 

varieties to look for improved 

offspring 

x 
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Yield Increase by 
year in U.S. 
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1700 books 

(or 1.7 million pages) 

...CTGACCTAATGCCGTA... 

Genomics and the sequencing 

of genomes has enabled us to 

develop a “Table of Contents” 

Used for 

Marker-

Assisted 

Selection 

Genomics 

1

15

23

41

58

64

70

89

Van Eenennaam Biotech 101 3/28/14 



Marker-assisted selection used to protect rice 
against bacterial blight and blast disease 

Protection limited to diversity in crop 
and compatible relatives 
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But there are other ways to create new 
varieties using tools of genetics including 
radiation mutagenesis where plants are 

blasted with radiation to induce DNA damage 
and genetic mutations to look for desired 

trait, and rDNA techniques to bring in genetic 
variation from outside of species and even 

from species in another kingdom 
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The triplet code is universal across the different kingdoms and so genes will be 

translated into the same protein irrespective of which species that gene is in 



1700 books + ½ page 

(or 1.7 million + ½ pages) 

Genetic Engineering Methods 

1700 books 

(or 1.7 million pages) 

One-half page addition 

of desired gene 

(protein) 

Inserted 

gene(s) 

+ 
rDNA technology 
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 Classical    Genetic  
 Breeding        Engineering 

• Uses host machinery of 
recombination  

• Uses host machinery and 
rDNA techniques in lab. 

• Gene exchange is 
random involving whole 
genome 

• Gene exchange is specific 
involving single or a few 
genes 

• When/where gene 
expressed not controlled 
by breeder 

• When/where gene 
expressed controlled 
precisely by promoter 

• Source of gene primarily 
within genera  

• Includes techniques like 
radiation mutagenesis 

• Source of gene from any 
organism or kingdom 

• Is triggered solely by use 
of rDNA techniques 
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Roundup 

Ready 

Soybean

  
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Only rDNA-derived 

seed varieties have 

to go through 

regulatory approval 



Summary statements of leading 
science organizations regarding 
safety of genetic engineering 

 
 

• “No effects on human health have been shown as a result of the consumption of such 
foods by the general population in the countries where they have been 
approved.”(World Health Organization)  
 

• “No adverse health effects attributed to genetic engineering have been documented in 
the human population.” (National Academy of Sciences)  
 

• “The science is quite clear: crop improvement by the modern molecular techniques of 
biotechnology is safe.” (American Association for the Advancement of Science) 
 

• “There is no scientific justification for special labeling of bioengineered foods. 
Bioengineered foods have been consumed for close to 20 years, and during that time, 
no overt consequences on human health have been reported and/or substantiated in 
the peer-reviewed literature.” (American Medical Association) 
 

• “No scientific evidence associating GMOs with higher risks for the environment or for 
food and feed safety than conventional plants and organisms.” (European 
Commission) 
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Global Area of Genetically Engineered (GE) crops  

Million hectares (1996-2013) 

Source:  Clive James, 2012 ISAAA Brief 44-2012  http://www.isaaa.org  
Source:  Clive James, 2013 ISAAA Brief 46-2013 

http://www.isaaa.org/


Bt Crops – insect 
resistance using gene 
from naturally 
occurring bacterium 

Herbicide-tolerant –  
tolerate herbicide 
application 
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What crops are GE in US? 

90% of all corn planted in U.S. was GE in 2013 
90% of all cotton planted in U.S. was GE in 2013 
93% of all soybeans planted in U.S. was GE in 2013 
95% of all sugar beet planted in U.S. was GE in 2013  
90% of all alfalfa seeds sold in US were GE in 2013 
Also canola, papaya, some squash, melons and sweetcorn 

 
 

NON-GE FEEDSTUFFS  CURRENTLY INCLUDE  
• Wheat    
• Sorghum  
• Oats 
 

• Rice 
• Millett 
• Barley 
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Genetically engineered citrus greening 

(also called huanglongbing or HLB)-

resistant citrus trees – research lead 

by public-sector researcher  

(Texas A&M) 



SOURCE: Wu, L., Bhaskar, P.B., Busse, J.S., Zhang, R., Bethke, P.C. and and Jiang, J. 2011. Developing 

Cold-Chipping Potato Varieties by Silencing the Vacuolar Invertase Gene. Crop Science 51: 981-990. 

Engineering Innate GE potato 

to reduce levels of acrylamide, 

a potential carcinogen and 

known neurotoxin, developed  

by J. R. Simplot, Idaho 



Non-browning “Artic” GE apple, 

developed by Okanagan Specialty 

Fruits in Canada 



rDNA  

gene construct 

GE or transgenic animal 

embryo 

Research 

- disease 

models 

Biomedical 
- pharmaceuticals 

- xenotransplantation 

 

 

Agriculture 
- none on 

market to date 

 

Industrial 
- spider silk 
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http://www.ars.usda.gov/is/graphics/photos/jan01/k9314-2.htm


GloFish™ 
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FDA statement on Glofish 
(exercised “enforcement discretion”) 

“Because tropical aquarium fish are not used for 

food purposes, they pose no threat to the food 

supply. There is no evidence that these 

genetically engineered zebra danio fish pose 

any more threat to the environment than their 

unmodified counterparts which have long been 

widely sold in the United States. In the absence 

of a clear risk to the public health, the FDA finds 

no reason to regulate these particular fish.” 

December 9, 2003 
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 February 2009, First GE Animal Product   www.gtc-bio.com  

 

The first product from a transgenic farm 
animal to become a registered drug in 
2009 was Antithrombin III from GTC-
Biotherapeutics, USA, produced in the 
mammary gland of transgenic goats for 
heparin resistant patients to prevent 
blood clots 
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http://www.gtc-bio.com/
http://www.gtc-bio.com/
http://www.gtc-bio.com/


Fast growing salmon 
The founder female was generated in 1989 – 25 years ago 

Nature Biotechnology 10:176 – 181. 1992  

Van Eenennaam Biotech 101 3/28/14 



How was the AquAdvantage 

salmon made? 
 

 

rDNA 
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rDNA vaccines  
rBST 

GMO feed 

GE rennet, and 
other food 
processing aids 

GMO food & 
ingredients  

Currently 
no GM 
animals 
in market 

Where is GE used in Animal Agriculture? 
 

GE products are used in animal feed, vaccines (chickens, pigs, horses, 
dogs, cats), pharmaceuticals, food processing aids, and food 
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• GE refer to organisms produced using rDNA techniques 

• GE organisms are used to make medicines (e.g. insulin), 
food processing aids (e.g. rennet to clot cheese), vitamins 
(e.g. riboflavin), vaccines (e.g. canine distemper), and GE 

crops for a limited number of species; no GE food animals   

• To date no unique food safety concerns have been 

associated with the current applications of GE organisms 

despite intensive regulatory scrutiny and 20 years of data  

• Adoption of GE crops has been rapid and extensive 

• Agricultural applications of GE are more controversial 
than industrial and medical applications  

Summary 
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Want to ask 
questions? 

Follow these 
easy steps in 

Biotech 
information 
section of 

http://ucbiotech.org   
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http://ucbiotech.org


Go to Issues and Responses section on drop-
down menu from Biotechnology Information 
section. Chose category to see the issues or 
type your question in “search by phrase”. Hit 

search. 
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Responses to the issue you raised will appear and 
you can click on the Response that best addresses 

your question. 
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Response to the issue you raised will appear with links to 
the scientific literature. If that doesn’t answer your 

question, go back to the responses and choose another. 



Literature cited will appear with links when possible to the 
articles so that you can see them yourselves. 



Thanks for inviting me 
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