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THE SCIENCE BEHIND 

GENETICALLY MODIFIED ORGANISMS 
What are GMOs?  How do they work?  Why is this important? 

What is Genetic Engineering?  
Genetic Engineering (or GE) is a technique that alters the 
molecular or cell biology of an organism in a way that is not possible under natural conditions or 
processes1. It is also referred to as Genetic Modification (creating Genetically Modified Organisms 
(GMO)). The process involves identifying the genes in an organism that code for a particular trait, and 
inserting them into a second organism to provide it with that same characteristic. This can be done with 
genes from two closely related species (ones that would be able to breed naturally) like two wheat 
plants, in which case it is called cisgenic. Often, however, it is done using two organisms that aren’t 
closely related, like inserting fish or bacterium genes into a tomato, this is called transgenic.  

Humans have been altering plants to achieve desired characteristics for thousands of years. Through 
selective breeding humans have concentrated desirable characteristics using repeated crossing (or 
breeding) of organisms with these characteristics.  Corn, which is now the most widely cultivated grain 
in the world, began as a grass, teosinte, with a single small ear and only 3-5 kernels each2.  Humans 
chose the seeds from plants with bigger, starchier kernels, and crossed those. Over time, plants with 
larger ears were selected by people until the corn plants that we are now familiar with arose. Selective 
breeding uses characteristics already within a species, or a closely related species (cisgenes), which fit 
into the genome seamlessly. Genetic engineering is often said to be a faster version of selective 
breeding, the practice of humans selecting only individuals with desirable traits for reproduction, but as 
you’ll soon see, this isn’t always the case. 

The Scientific Process 
Genetic engineering involves extracting DNA from one organism and combining it with another 
organism’s DNA, giving new hereditary traits to the receiving organism. Imagine you’re a scientist 
looking to create tomatoes that are more resistant to the cold. You’ve found a fish species with genes 
for cold-resistance.  What’s next? 

• DNA is extracted from the donor cell (in this case the fish cell)3. 
• Restriction enzymes are used to cut the DNA, leaving “sticky ends” with unpaired bases which 

will later bind easily to new DNA. 
• A vector, or a vehicle, is needed to introduce the new DNA into the host cell.  This is usually a 

plasmid (bacterial DNA). The same restriction enzymes cut the plasmid, leaving matching bases 
to the Fish DNA.   

1 NOSB 
2 http://learn.genetics.utah.edu/content/selection/corn/  
3 http://www.greenfacts.org/en/gmo/2-genetically-modified-crops/2-genetic-engineering.htm#5 
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• Recombination: The fish DNA and the plasmid DNA bind at their “sticky ends,” and an enzyme, 
DNA ligase, seals the new DNA into the plasmid.   

Watch this short video for a visual aid to understand the scientific 
process behind genetic engineering: Video 1 

The bacterium (typically Agrobacterium tumefasciens, a soil 
bacterium) can then infect the tomato cells, transferring the fish 
genes4. Your tomato plant cell now has the cold-resistant genes!  

The cells then reproduce, eventually growing into a full genetically 
engineered plant. Plants are typically backcrossed with elite, high 
yield plants to create a high yield GE plant with the desired characteristics.  

We are able to extract genes with high precision, but inserting them is much less precise.  This means we 
can easily be inserting desired genes into the middle of other genes, effectively cutting off their ability to 
express their associated traits. Now, if we knew exactly which genes coded for which traits, this might 
not be such a problem.  The problem arises from the complexity of genomes.  A single gene does not 
typically code for a trait, it is instead a combination of genes that do this.5 6  

Other considerations 
Inconclusive results and a lack of data surrounding genetic engineering make this issue more complex.   
Consider health concerns: The public and scientists alike are concerned that GMOs are toxic or have 
allergenic effects, that they can lead to the uptake of GM genes through our digestive tracks, and that 
the use of antibiotic resistance marker genes can lead to further antibiotic resistant microbes.  The first 
two have not been substantiated, but the current lack of data does not necessarily mean that there are 
no health effects. Many studies in rats have suggested that there are serious concerns, but the results 
have not been repeatable. The effect that a new GMO will have on the health of people and the 
environment has not been seen, making their introduction into the environment inherently risky. 
Governing medical bodies suggest caution until scientific consensus is reached about potential long-
term effects. 

There are many topics related to GMOs worth exploring.  The above is simply a look at the science 
behind them and a quick exploration of the issues. For a more holistic understanding of this topic’s 
concerns and implications it would be worthwhile to look into environmental effects and social justice 
considerations such as patenting genes, monocropping, biodiversity, pesticide use, plant yields, bee 
populations, and support for local farmers.  

*Assumes students have a basic understanding of genes and DNA.  

**Matches PLOs for Science 9 and Biology 12 

4 http://www.fao.org/docrep/006/Y5160E/y5160e07.htm  
5 http://earthopensource.org/files/pdfs/GMO_Myths_and_Truths/GMO_Myths_and_Truths_1.3b.pdf 
6 http://www.emeraldinsight.com.ezproxy.library.ubc.ca/journals.htm?articleid=874093 

Another way this can be achieved is 
through using a “gene gun.” DNA, 
carried on microscopic particles of 
tungsten or gold (the vector), is 
“shot” directly into the cell nucleus 
where it integrates itself into one of 
the host cell’s chromosomes. 
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