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BIOTECHNOLOGY CURRICULUM 

 
Unit 1: What is Biotechnology 

 
OVERVIEW 

 
Summary 

Students will be introduced to the overarching concept of biotechnology. They will research various fields of                
biotechnology, including pharmaceutical biotechnology, agricultural biotechnology, genomics and        
proteomics, bioinformatics, food innovations, and medical biotechnology. They will look at the history of              
biotechnology and the advancements that have been made in the field, from artificial selection of seeds to                 
modern engineering. They will begin the laboratory component of the course with an investigation on an                
introductory biotechnology, for example, making cheese.  

 
Content to Be Learned 

● Defining biotechnology - what is it, what does it look like in today’s society. 
● Identify the domains of biotechnology and examples of products produced in each field. 
● Inventory and survey the laboratory tools of a biotechnician. 
● Describe examples bioengineered products. 
● Create a bioengineered product, such as cheese, using basic techniques of biotechnology. 

 
Practices 

● Planning and carrying out investigations. 
● Obtaining, evaluating, and communicating information. 

 
Crosscutting Concepts 

● Not applicable for this unit. 
 
Essential Questions 

● Historically, how has the field of biotechnology changed over the course of human existence?  
● What are examples of products produced using various biotechnologies?  

 
National Council for Agricultural Education Standards 
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Unit 2: Introduction to the Regulation of Biotechnology 
 

OVERVIEW 
 

Summary 
Students will investigate safe practices in the laboratory setting and those used in today’s industries. They                
will understand the importance of accurately following SOPs, and will get practice at writing them for                
various lab techniques. Students will learn to read and interpret SDS sheets, and MSDS sheets and will look                  
at their similarities and differences. They will understand the reasons for the transition from MSDS to SDS                 
and will apply the information in the sheets to safe laboratory practices. Finally, they will research how the                  
biotech industry is primarily regulated by three agencies; the FDA, the USDA and the EPA.  
  
Content to Be Learned 

● Read, write and comply with Standard Operating Procedures. 
● Read and interpret SDS and MSDS sheets for chemical and laboratory safety. 
● Understand how and why SDS and MSDS sheets are used in a laboratory setting. 
● Research FDA, USDA and EPA regulations and their influence on the biotech industry. 

 
Practices 

● Obtaining, evaluating, and communicating information. 
● Analyzing and interpreting data. 

 
Crosscutting Concepts 

● Not applicable to this unit. 
 
Essential Questions 

 
● What current regulations govern the biotech industry? 
● Why is compliance with standard operating procedures essential for a biotechnician? 
● What important information can be gained from SDS and MSDS sheets? 

 
National Council for Agricultural Education Standards 
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Unit 3:  The Raw Materials of Biotechnology 

 
OVERVIEW 

 
Summary 

Students will review important relevant content from Biology, including hierarchical organization, structure            
and function of macromolecules, and function subcellular structures. Students will practice their microscope             
skills while identifying microorganisms and their structures, focusing on microorganisms that are used             
regularly in the biotechnology industry. They will apply their knowledge of macromolecules to identify              
unknown substances.  

 
Content to Be Learned 

● The structure of DNA determines structures of proteins which carry out essential functions. 
● Systems of specialized cells help perform essential functions of life. 
● Prokaryote and eukaryote comparison and analysis. 
● Structure of cell membrane. 
● Ribosomes are the site of protein synthesis. 
● Each of the four classes of macromolecules have unique structures and characteristics.  
● Macromolecules can be identified by their unique characteristics.  

 
Practices 

● Develop and use models to show the hierarchical organization of interacting systems. 
● Construct an explanation based on evidence for how the structure of DNA creates the structure of 

proteins. 
 
Crosscutting Concepts 

● Systems and system models. 
● Energy and matter flow. 

 
Essential Questions 

● How does the structure of the cell membrane, and the need for cells to use diffusion to move molecules 
in and out of the cell, create constraints on the size of a cell? 

● How is energy transferred from light to sugar to ATP, using chloroplasts and mitochondria? 
 
 
Next Generation Science Standards 
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Unit 4: Introduction to DNA 
 

OVERVIEW 
  

Summary 
Students will learn about the structure of DNA and how that structure allows the molecule to be                 
self-replicating. They will practice extracting DNA from various sources, an essential step in many              
biotechnology experiments. They will learn about the features of bacterial and viral DNA and how the DNA                 
of those organisms differs from that of euaryotes. They will learn how scientists can manipulate DNA from                 
various sources. They will experiment will sterile technique and how to identify bacteria that have specific                
genetic traits using this technique. They will compare the different sources of genetic changes that lead to                 
variation among individuals of a species. Finally, students will understand and demonstrate how to cut up                
DNA using restriction enzymes and how DNA fingerprints can be formed from these fragments.  

 
Content to Be Learned 

● Structure and replication process of DNA. 
● Characteristics of eukaryotic, bacterial and viral DNA. 
● Recombinant DNA is the result of fragments from various sources merged together. 
● DNA fragments are created using restriction endonucleases at specific restriction sites. 
● DNA fragments can have blunt or sticky ends and those with sticky ends can be used in recombinant 

DNA. 
● Every organism creates a unique pattern of fragments called a DNA fingerprint. 
● DNA fingerprints can be used for diagnostic purposes, in forensic analysis, and many other 

applications. 
 
  Practices 

● Ask questions to clarify relationships between the role DNA and chromosomes in coding for traits. 
● Use models to show how restriction endonucleases create DNA fragments. 

 
Crosscutting Concepts 

● Cause and effect. 
 
Essential Questions 

● Using specific examples, how are the genomes of a eukaryote, a bacterium and a virus similar, yet 
unique? 

● How are restriction enzymes used to create recombinant DNA and DNA fingerprints? 
● What are some common applications of DNA fingerprints? 
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National Council for Agricultural Education Standards 
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Unit 5: Protein Structure and Function 
 

OVERVIEW 
 

Summary 
Students will compare the structures of DNA with RNA and create models of the process of protein                 
synthesis. They will then explore the various uses of proteins in a cell and the body, and specifically focus                   
on the numerous enzymes that direct cellular and physiological processes. They will create an investigation               
to test the effectiveness of an enzyme in various conditions.  

 
Content to Be Learned 

● DNA is chunked into segments called genes, which carries instructions for formation of proteins.  
● Protein synthesis;  transcription and translation. 
● Some segments of DNA are involved in regulatory or structural functions  
● Enzymes are a diverse category of protein with many functions. 
● Enzymes act as catalysts of biological reactions and use an induced fit to bond with a substrate.  

 
  Practices 

● Construct an explanation based on evidence for how the structure of DNA determines the structure 
of proteins. 

 
Crosscutting Concepts 

● Structure and function. 
 
Essential Questions 

● How does the structure of DNA determine the structure of proteins? 
● How does the structural organization of the chromosome allow for the expression of traits in an 

organism? 
● How do enzymes function in living systems? 
● What factors influence the effectiveness of an enzyme and how can those factors be manipulated to 

control the use of enzymes in a lab setting? 
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Unit 6: Following the Production of a  Biotechnology Product 
from Identification to Market 

 
OVERVIEW 

 
Summary 

Students will identify natural sources of potential biotechnology products. They will investigate how             
antibiotics can be harvested from natural sources like fungi. They will also be introduced to the basic                 
principles of genetic engineering and will see how bacteria can be transformed to produce a protein product                 
from another organism. Using the insulin production model as a foundation, they will research current               
genetic engineering practices being used to create biological based products. Students will continue to              
follow the insulin production model through to completion. They will track how raw products are purified                
and packaged for commercial use. They will also use willow bark and salicylic acid to simulate the                 
production of aspirin as a model for using naturally occurring sources of synthetic products. Finally, they                
will be exposed to good manufacturing practices and see how manufacturing regulations guide the              
production of biotechnology products and will practice the methodology that allows for the separation of a                
protein product from cell fragments for purification.  

 
Content to Be Learned 

● Sources of potential biotechnology products are found in nature and can include plant or animal 
species. 

● Naturally occurring compounds can be synthesized using biotech techniques. 
● Genetic engineering can be used to insert a gene that codes for a target compound into a model 

organism (typically bacteria) to then be synthesized. 
● Good manufacturing practices ensure that products are created uniformly and safely. 

 
 Practices 

● Ask questions, based on previous research, to determine what characteristics of a potential sources 
would make it a potential resource for a new biotechnology product. 

 
Crosscutting Concepts 

● Structure and function.  
 
Essential Questions 

● What characteristics of an organism make it a potential source of a new biotechnology product? 
● What are good manufacturing practices and how are they applied in a laboratory setting? 
● How are genes inserted into bacterial DNA? 
● What conditions are necessary to stimulate bacteria to produce a foreign product? 
● How can a protein product be separated from the cell that created it? 
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11 



 

Unit 7: Plant and Agriculture Biotechnology  
 

OVERVIEW 
  

Summary 
Students will begin with an overview of plant anatomy and reproduction. They will then explore the various methods                  
of plant propagation including separation and division, cuttings, layering, grafting and tissue culturing. The students               
will experiment with these techniques and by selecting plant species that could be cloned using each technique and                  
then perform those tasks. They will also be introduced to plant hormones and their control over plant growth and other                    
functions. They will experiment with plant growth and propagation under the influence of various hormones,               
including, but not limited to auxins and cytokinins. Finally, students will understand the role of bioengineering while                 
investigating how to optimize the efficiency of key enzymes that convert cellulose into biofuels.  

 
Content to Be Learned 

● Photosynthesis transforms light energy into stored chemical energy. 
● The plant body is organized into tissues and organs, each with specific functions. 
● Plants produce hormones, which influence all aspects of growth and development, and can be used in a 

laboratory to clone and grow plants. 
● Plant propagation can be performed in nature and in a lab, using various techniques. 
● Soil composition and nutrient availability both influence plant growth and development. 
● Biofuels are an emerging area of biotechnology and can be synthesized in a lab using extracts from 

common organisms. 
 
  Practices 

● Engaging in argument from evidence. 
● Constructing explanations and designing solutions. 

 
Crosscutting Concepts 

● Energy and matter. 
● System and system models. 
● Cause and effect. 
● Stability and change. 

 
Essential Questions 

● How do the various plant hormones influence growth and development? 
● When selecting a propagation technique for a specific plant, what factors influence which technique 

might be the most successful at producing new organisms? 
● When analyzing the various propagation techniques from a cost-benefit standpoint, what are the pros 

and cons of each method? 
● Under what conditions can enzymes that produce biofuels be optimized?  What experiments can be 

performed to test these conditions? 
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Next Generation Science Standards 
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Unit 8: Biotechnology in Medicine 

 
OVERVIEW 

 
Summary 

Students will explore how biotechnology can be used in diagnosis of diseases, genetic conditions and immunities.                
They will map how communicable diseases are spread and perform ELISA to determine the extent of the spread of an                    
infection and will use the data from this procedure to determine patient zero. Students will also research how new                   
drugs are developed and use microarrays to screen for potentially useful drugs and for genetic diseases which can then                   
be treated by these drugs. Finally, the students will learn about how vaccines were discovered and developed, and how                   
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biotechnology is used in creating current vaccines from antibodies and antigens.  
 
Content to Be Learned 

● Diseases can be passed on through various transmission pathways, and a patient zero can be detected 
by analyzing the spread of the disease. 

● Microarrays can be used to measure the expression levels of genes. 
● Microarrays use hybridization of DNA sequences to probe for specific segments of DNA and can be 

used to detect genetic diseases. 
● The immune system produces antibodies in response to foreign particles, that are specific to that 

molecule and are kept in memory cells if there is a subsequent exposure to the molecule.  
● Koch’s postulates are criteria developed to explain the relationship between microbes and disease. 

 
  Practices 

● Developing and using models. 
● Use mathematics and computational thinking. 
● Planning and carrying out investigations. 
● Analyzing and interpreting data. 
● Constructing explanations and designing solutions. 

 
Crosscutting Concepts 

● System and system models. 
● Cause and effect. 
● Structure and function. 

 
Essential Questions 

● How can ELSIA be used to determine the spread of an infectious disease? 
● How can Koch’s postulates be used to explain the relationship between microbes and disease, and how 

have the original postulates been refined in recent years? 
● What is the process by which new drugs are created, screened and tested? 

 
National Council for Agricultural Education Standards 

 

 

 
Unit 9: Ethics in Genetic Engineering 

 
OVERVIEW 

 
Summary 

Students will finish the course by investigating a topic of their choice and present a debate on the merits and ethics of                      
that topic. Topics include, but are not limited to, the use of gene therapy for treatment of diseases and medical                    
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conditions, the use of stem cells for scientific research, the creation and use of genetically modified organisms, or the                   
labeling of GMOs in food and other products. Students will begin by learning about the structure of a debate and agree                     
upon the rules by which they will debate their topic. They will then research their topic and pick sides that they will                      
argue. They will prepare arguments, counterarguments and rebuttals. Finally, the students will present their argument               
in a written and/or oral manner for their classmates to then reflect, respond and discuss. 

 
Content to Be Learned 

● A proper debate presents a topic in a balanced, and researched manner.  It typically consists of 
introductions, cross examinations, rebuttals and closing arguments.  The affirmative and negative sides 
alternate. 

● Gene therapy is a technique wherein DNA is inserted into damaged cells to stimulate a change in the 
function of those cells. 

● Stem cells are totipotent or pluripotent and have the genetic ability to differentiate into any other cell 
type of the organism.  Stem cells can be found in embryos, umbilical cords and bone marrow of 
vertebrate animals and in meristems of plants. 

● Genetically modified organisms refer to any organism which has had its DNA modified in some 
fashion.  This could be do to artificial selection, or, more current technology is used to modify the 
organism in a laboratory setting. 

 
  Practices 

● Engaging in argument from evidence. 
● Constructing explanations and designing solutions. 

 
Crosscutting Concepts 

● Energy and matter. 
● System and system models. 
● Stability and change. 
● Cause and effect. 
● Scale, proportion, and quantity. 

 
Essential Questions 

● How do values impact decisions? 
● Can a person effectively defend both sides of a controversial topic? 
● How do the needs of a society balance out the needs of an individual? 
● Why are effective argumentation skills essential to success in any career? 
● How do people effectively use persuasion to get what they want? 

 
National Council for Agricultural Education Standards 

 

16 


