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Lesson Summary:  
Students will learn about genetic engineering and how it offers new approaches to the 
solutions of problems caused by an increasing world population, the increase in 
demand for food, energy and healthcare. It allows the production of scarce biological 
substances, new and better pharmaceuticals and more nutritious foods. It can provide 
new sources of energy through the production of biofuels (fuels produced by plant oils) 
and improve crop yields. Genetic engineering is another tool available to meet 
challenges in these areas. 
 
Objectives: Students will… 

• Understand the concept that some traits are dominant and others are recessive 
• Identify and understand genetic engineering and how it can benefit agriculture  
• Complete a worksheet to grasp a better understanding of this topic and concept 

 
Time Required: 40-50 minutes  
 
Background Information:  
 
While the study of genetics and biotechnology is complicated, there are many simple 
components that can be incorporated into the classroom. The following information can 
help you better understand the subject matter and relay this information to your 
students.  
 
What is biotechnology?  Biotechnology includes a number of technologies, which use 
living organisms (such as microbes, plants, fungi, or animals), to produce useful 
products, processes, and services. Production can be carried out by microorganisms 
such as yeast or bacteria or by chemicals produced from organisms, such as enzymes. 
The use of yeast in bread making is a form of biotechnology. The use of bacteria and 
molds in cheese making is another example of simple biotechnology. In the 1970s, a 
new type of biotechnology was developed: genetic engineering also known as 
recombinant DNA technology or transgenics. 
 
What is genetic engineering?  Genetic engineering is a process in which genetic 
material (DNA) is taken from one organism and inserted into the cells of another 
organism, often of a different species. Genetic engineering can also be a rearrangement 
of the location of genes. The new �altered� organism then makes new substances or 
performs new functions based on its new DNA. For example, the protein insulin, used in 
the treatment of diabetes, can now be produced in large quantities in a laboratory by 
genetically modified bacteria and yeast. Insulin was formerly extracted from the 
pancreas of pigs. 
 
What can genetic engineering do? It can improve the ability of an organism to do 
something it already does. For example, an adjustment in the amino acid balance in a 
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particular corn variety improves its storage ability. A genetically enhanced rice variety is 
resistant to Bacterial Blight due to the insertion of an Xa21 gene that increases its 
resistance to the disease-causing microbes.  It can suppress or stop an organism from 
doing something it already does. For example, the gene that codes for the softening of 
tomatoes is “turned-off” in a genetically modified tomato variety.  This allows the tomato 
to stay on the vine longer, producing more flavorful fruit that is firm enough to easily 
transport. It can make an organism do something new that it has never done before. For 
example, bacteria and yeast have been genetically modified to produce chymosin, an 
enzyme used to make the milk form curds in cheese production. A new genetically 
enhanced rice, called Golden Rice, has been modified to make beta-carotene, the 
precursor for Vitamin A. This advancement may end Vitamin A deficiency in children 
worldwide, one of the leading causes of blindness and other health problems. 
 
What is a gene?  A gene is a sequence of DNA, which serves as a blueprint for the 
production of proteins in all living things. Thousands of genes make up chromosomes. 
DNA is found in the nuclei of cells with the exception of bacteria and viruses. Bacteria 
have their DNA in nuclear areas called nucleoids; viruses have their DNA coiled up in 
the cytoplasm of cells.  
 
What is a protein?  Proteins are chains of amino acids that perform the necessary 
functions of living organisms. When a gene is expressed that means it is translated into 
protein. Proteins are essential chemicals for cell structure and activities such as 
reproduction, movement, and metabolism or defense (antibiotics). Some proteins 
perform specific functions themselves (such as insulin and muscle protein); others 
cause the production of cell components (such as enzyme proteins that assist in making 
carbohydrates and fats); and others are structural such as flagella and cilia. 
 
What are some examples of genetically modified products? 

• Human growth hormone, which is produced naturally in the pituitary gland, can 
now be produced through genetic engineering technology. There are now 84 
genetically engineered biopharmaceuticals approved for use in the United States 
or Europe. 

• A vaccine for wild animals that protects against the rabies virus. 
• Oil-eating bacteria that efficiently clean up oil and gasoline spills. 
• A genetically altered canola (rapeseed) plant, which produces healthier edible 

oils. 
• A tomato that delays the onset of softening and rotting. 
• Plants, such as cotton, that are resistant to herbicides allowing farmers to kill 

weeds without harming the crop. 
• Varieties of fruits and vegetables that can be altered to resist plant viruses. 
• A cheese that can be made using bacterial-fermented rennet (an enzyme 

formerly taken from calves stomachs). 
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• Plants that produce insecticidal proteins called Bt toxin thereby reducing the 
need for chemical pesticides. 

• Rice that produces beta-carotene, the precursor of Vitamin A, can be used to 
reduce blindness and other diseases. 

• It is estimated that in 1999, 57% of the soybeans, 38% of the cotton and 30% of 
the corn planted in the United States were modified by some form of 
biotechnology. 

 
How can genetic engineering benefit agriculture?  With increasing food and fiber needs 
around the world and the loss of farmland to urbanization, farmers must constantly find 
ways to increase yields. As farmers continue to look for renewable and safe ways to 
control pests and fertilize plants, geneticists continue their research to assist agriculture. 
 
Disease resistant plants are being developed through genetic modification. For 
example, mungbeans, a staple in Asia, can now be grown without the use of pesticides. 
Strawberry plants have been genetically altered to be resistant to root pests and fungi. 
The papaya industry in Hawaii was saved by a single gene insertion for viral coat 
protein. The papaya plants are now resistant to the papaya mosaic virus. 
Herbicide tolerant cotton has been developed through genetic engineering. The 
herbicide bromoxynil is degraded in the cotton plant. This allows the cotton field to be 
sprayed with bromoxynil to kill weeds without affecting the cotton plant itself. Roundup® 
resistant cotton has also been developed. These methods of weed control are very 
efficient and greatly reduce the total amount of herbicide used on cotton while 
increasing the yield of cotton per acre. 
 
Genetic engineering is helping farmers diversify their crops. For example, ethanol 
produced from plant oils such as canola and soybeans can be used as a fuel, and 
starches genetically added to potatoes can be used to produce biodegradable plastics. 
Uses such as these also reduce the nation’s dependence on fossil fuels. 
 
Materials:  

• Worksheet, Appendix I., one for each student 
• Each student will need a writing utensil  
• Board or paper to write notes, terms, bullet points, during discussion 
• Marker, chalk, etc.  

 
Procedures:  

1. Review the concepts of traits with the students. Refer to background information. 
Use student volunteers to illustrate a specific trait such as hair color or eye color. 
Have the class guess what trait is being shown. Discuss that expressed traits are 
called phenotypes and the genes that make them up are called genotypes. 
Discuss the difference between single gene traits and multiple gene traits. 
Provide some agricultural examples. 
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2. Tell students: A farmer’s success depends greatly on the expression of the 

desired traits. Some agricultural dominant and recessive single gene traits are… 
• Russet and red potato skins are dominant over white potato skin. 
• Red tomato skin is dominant over yellow tomato skin. 
• Tomato stems either break off completely (non-jointed) or leave a small green 

stem when picked from the plant (jointed). The jointed variety is dominant over 
the non-jointed variety. The non-jointed variety has been selectively bred into 
processing tomatoes so mechanical harvesters only pick the portion of the plant 
that will be shipped to processing plants. 

• In cattle, no horns is dominant over horns. 
• Yellow kerneled corn is dominant over white kerneled corn. 
 

a. Ask students if they can think of other examples. Share them with the class 
and write them on the board.  

 
3. Share any other pertinent information from the background info section with your 

students. Write terms on the board and have a class discussion.  
 
4. Write this on the board: “Genes are bits of DNA that control the traits of all living 

organisms, animals, plants, bacteria, viruses, etc.” Make a two-sided list of the 
similarities and differences that can be found in corn. (For example, all corn 
kernels have a seed coat but the thickness of the seed coat varies. Popping corn 
has thick seed coats to retain moisture. Sweet corn, you eat off a cob, has a thin 
seed coat so it is tender.) 
 

a. Draw the two sided list on the board/paper and have students raise their 
hands to share ideas and write them down for class to see.  

 
5. Hand out the worksheet, one to each student. Have them work individually on it 

during class or in groups/partners.   
 
 
Assessment: Review Appendix I. Worksheet with class  
 
Lesson Adapted From: http://learnaboutag.org/resources/lesson/z_genes.pdf 
 
Supporting Materials: Worksheet, Appendix I.  
 
References/Resources: http://learnaboutag.org/resources/lesson/z_genes.pdf 
 

http://learnaboutag.org/resources/lesson/z_genes.pdf
http://learnaboutag.org/resources/lesson/z_genes.pdf
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Appendix I. Worksheet  
Name_____________________________________ Date_____________________ 
 
 

(1) Think of at least three genetic traits a farmer may want his/her corn crop to have.  
List them below.  

 
 
 
 
 
 
 
 
 
 
 

(2) Think of at least three genetic traits a corn farmer may want to avoid. List them 
below.  

 
 
 
 
 
 
 
 
 
 
 
 

(3) Suppose a virus infected a tomato field in Yolo County and most of the tomato 
plants died. The few that survived had a trait that allowed them to fight off the 
virus. Suppose the seeds from the surviving ripened tomatoes were planted the 
following year. Assume that the rainfall, temperature levels, and other climatic 
factors remained the same.  

 
If the same virus infested the new tomato plants the following year, what do you 
think would happen?  
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(4) What do you think would happen if a different virus infested the field? 
 
 
 
 
 
 
 
 
 
 
 
 
 

(5) What do you think would happen if all the tomatoes had exactly the same traits 
and a killer virus infected the field? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(6) How does having many different traits within a population help that population 
survive?  


