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Controlling DNA 
Ethical guidelines for the use of DNA technology 

Author: Tara Cornelisse, Ph.D. Candidate, 
Environmental Studies, University of California 
Santa Cruz. 
 
Field-tested with: 11th-12th grade students in 
Advanced Placement Biology, Watsonville High School, 
Watsonville, CA (Fall, 2010). 
 

Module Type: Discussion, literature 
review, and debate  
Duration:  Four 2-h class sessions  
Key materials:  
• Student textbook: Campbell, N.A. & Reece, 

J. B. AP Biology, 8th Edition, Benjamin 
Cummings, San Francisco, 2007 

• Instructor reference text: Campbell & 
Reece, Biology, 6th Edition, 2002. 

• Lecture on gene control in eukaryotes 
(Campbell 2002, ch. 19) 

• Gene control worksheet copies for jigsaw 
activity!

• Lecture on DNA technology and genomics 
(Campbell 2002, ch. 20) 

• Ethical guideline worksheets!
• Access to computers!

Overview: Students learn about eukaryotic gene control and do a jigsaw 
activity in which they research and teach their peers. Students learn about and 
research different uses of DNA technology in agriculture, environmental sciences, 
medicine, and identification. They then create and present ethical guidelines for 
use of DNA technology and defend them to an “expert” panel and their peers. 
 

This project is an opportunity for students to learn: 
 

• There are different levels of gene control that affect the expressed trait 
• How to research and teach their peers about a scientific topic 
• How to research and formulate opinions on uses of biological technology 
• How to create ethical guidelines, as a group, for society as a whole 
• How to present and defend ethical guidelines to scientists and their peers 
 
  
  
 

 Concepts: DNA modification, chromatin, gene 
control, genetic engineering, ethics, DNA finger 
printing, cloning, genetically modified 
organisms 
 
Skills: Research a scientific topic, present 
both sides of an argument, and create ethical 
guidelines based on research. 
!

 Science Education Standards:   
National:    Science As Inquiry; Life Science; Science and Technology; Science in Personal and Social  
  Perspectives; History and Nature of Science 
California:  Biology-Life Sciences: 1. Cell Biology, 4. Genetics, 5. Biotechnology; Investigation and  
  Experimentation 
!
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Background for Teachers 
 

Ethical uses of DNA technology  

DNA technology is increasingly becoming integrated into our society for use in 
agriculture, environmental sciences, forensic sciences, and medicine. It is important 
that students are able to understand the mechanisms behind DNA technology so they 
can make scientifically informed, defensible ethical decisions about its uses. The gene-
control jigsaw activity in this module teaches students how to research a topic and 
present it to their peers. This module then challenges students, in groups, to research 
the larger, more controversial topic of DNA technology and allows them to use their 
new knowledge to create ethical guidelines that they must defend. 
 
Science Education Standards Addressed:   
This module focuses on eukaryotic gene control, DNA technology, learning how to 
research, form, and defend decisions, and addresses NSES standards A. Science As 
Inquiry (p.175-176); C. Life Science (p.181-185); E. Science and Technology (p.192-
193); F. Science in Personal and Social Perspectives (p.197-199); History and Nature of 
Science (p.200-201), as well as the following SCSCPS content standards: 

Biology-Life Sciences, 1. Cell Biology: The fundamental life processes of plants and 
animals depend on a variety of chemical reactions that occur in specialized areas of the 
organism’s cells.  
 c. Students know how prokaryotic cells, eukaryotic cells (including those from 
 plants and animals), and viruses differ in complexity and general structure 
 (p.51).  
 d. Students know the central dogma of molecular biology outlines the flow of 
 information from transcription of ribonucleic acid (RNA) in the nucleus to 
 translation of proteins on ribosomes in the cytoplasm (p.51).  
4. Genes are a set of instructions encoded in the DNA sequence of each organism that 
specify the sequence of amino acids in proteins characteristic of that organism.  

 c. Students know how mutations in the DNA sequence of a gene may or may 
not affect the expression of the gene or the sequence of amino acids in an 
encoded protein (p.53).  

 d. Students know specialization of cells in multicellular organisms is usually due 
 to different patterns of gene expression rather than to differences of the genes 
 themselves (p.53). 
5. The genetic composition of cells can be altered by incorporation of exogenous DNA 
into the cells. As a basis for understanding this concept: 

 c. Students know how genetic engineering (biotechnology) is used to produce 
 novel biomedical and agricultural products.  
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 d. Students know how basic DNA technology (restriction digestion by 
 endonucleases, gel electrophoresis, ligation, and transformation) is used to 
 construct recombinant DNA molecules (p.53).  

 e. Students know how exogenous DNA can be inserted into bacterial cells to 
 alter their genetic makeup and support expression of new protein products 
 (p.53). 

Investigation and Experimentation, 1. Scientific progress is made by asking meaningful 
questions and conducting careful investigations. As a basis for understanding this 
concept and addressing content in the other four strands, students should develop their 
own questions and perform investigations. Students will:  
 a. Select and use appropriate tools and technology (such as computer-linked 
 probes, spreadsheets, and graphing calculators) to perform tests, collect data, 
 analyze relationships, and display data.  
 d. Formulate explanations by using logic and evidence (p.61).  
 l. Analyze situations and solve problems that require combining and applying 
 concepts from more than one area of science (p.61).  
 m. Investigate a science-based societal issue by researching the literature, 
 analyzing data, and communicating the findings. Examples of issues include 
 irradiation of food, cloning of animals by somatic cell nuclear transfer, choice of 
 energy sources, and land and water use decisions in California (p.61). 

 
NSES (http://www.nap.edu/catalog/4962.html)  
SCSCPS (http://www.cde.ca.gov/be/st/ss/documents/sciencestnd.pdf); 
 
From gene control to ethical uses of DNA technology 
This module is based on chapters 19 and 20 in the Campbell and Reece Biology 
textbook (Campbell and Reece 2002). Chapter 19 is on control in eukaryotic genomes 
and see “Lecture 1: Gene Control” for a prepared lecture on the contents of chapter 19. 
In summary, Ch. 19 discusses how eukaryotic organisms have a lot more DNA than 
prokaryotic organisms and that much of that DNA is non-coding. DNA needs to be 
packaged in order to fit in the cell’s nucleus because while the nucleus is only 10 
microns in diameter, the DNA in one cell can stretch out to 6 feet (3 meters)!. The first 
level of DNA packing occurs when DNA binds around histone proteins, forming beads 
on a string called nucleosomes. The entire packaged strand of DNA is called a 
chromatin, which is the building block of chromosomes. At the end of chromosomes 
are telomeres, a kind of cap that protects the DNA from degrading; and at the center 
of chromosomes are centromeres that separate sister chromatids during cell 
division. The expression of DNA can be controlled by modifying many of these 
chromosomal structures.  

Genes’ expression can also be controlled during DNA replication.  For example, when 
replicating, genes can be amplified many times over to create identical gene products. 
This can also lead to creation of similar gene products, like anti-bodies, that have one 
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constant region (always the same) and one variable region.  

How is the expression of this DNA regulated? This is where the students take over and 
become experts in a topic by learning about one of three types of gene control: 
chromatin modification, transcription initiation controls, and post-transcriptional 
controls. Each of these mechanisms is outlined in Ch. 19 of Campbell and Reece (2002), 
see the below jigsaw worksheets or what the students should cover in their research. 

 
The next segment of this module starts by introducing the students to the concepts in 
Ch. 20 of Campbell and Reece (2002), which is on DNA technology and genomics; see 
“Lecture 2: DNA Technology and Genomics” for a prepared lecture on the contents of 
that chapter. Genetic engineering is the direct manipulation of genes for “practical” 
purposes. When genes from two different sources are combined in vitro into the same 
molecule it is called recombinant DNA, such as the introduction of a desired gene into 
the DNA of a host to produce more of a desired protein. This is done by cloning. 
Cloning is made possible by restriction enzymes, which recognize and cut segments 
of DNA. This segment of DNA can then be inserted into bacteria or a eukaryotic cell for 
transcription, or be amplified using Polymerase Chain Reaction (PCR). The DNA 
product can then be visualized and compared or modified. This manipulation of DNA 
has led to DNA technologies that are used in agricultural, environmental, forensic, and 
medical sciences. In this part of the module, student groups will research and report on 
each of the aforementioned uses as well as form and defend ethical guidelines for the 
each of the uses. See the ethical guideline worksheets, below. 
 
Common Student Misconceptions:   
This module really challenges students to take ownership of the material and to form 
opinions on controversial uses of biotechnology. Students may find themselves 
changing their previous opinions on uses of DNA technology after conducting the 
research required in this module. Be careful to make sure the students do not make the 
defense of their ethical guidelines about one hot topic, such as abortion, usage of 
embryonic stem cells, or human cloning. Remind them to research a variety of uses 
under their topic and make sure they discuss them all during the formation and defense 
of their ethical guidelines. If arguments over ethical issues arise, remind the students to 
continue researching the issue in terms of the best available science.  
 

Project Description  
Materials: 
• Student textbook: Campbell, N.A. & Reece, J. B. AP Biology, 8th Edition, Benjamin 

Cummings, San Francisco, 2007 
• Instructor reference text: Campbell & Reece, Biology, 6th Edition, 2002. 
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• Lecture on gene control in eukaryotes (Campbell 2002, ch. 19) 
• Gene control worksheet copies for jigsaw activity	  
• Lecture on DNA technology and genomics (Campbell 2002, ch. 20) 
• Ethical guideline worksheets	  
• Access to computers	  
• Panel of “experts,” which could be scientists or other teachers	  

 
Preparation:  

• To prepare for this module, read chapters 19-20 in Campbell and Reece (2002). 
• Download the attached lectures, Lecture 1: Gene Control and Lecture 2: DNA 

Technology and Genomics 
• Add or delete any pertinent information to the lectures that you would like to 

cover, such as videos showing the processes described.  
• Make copies of all of the worksheets. 
• Gather people for the “expert” panel. 

 
Timeline:  
45 minutes Lecture on Ch. 19, eukaryotic gene control, provide first starting point for 

inquiry 
10 minutes Students break into groups and get jigsaw worksheet (see below) 
60 minutes Jigsaw activity 
60 minutes Lecture on Ch. 20, DNA technology and genomics 
15 minutes Provide second starting point for inquiry (see below), break students into 

groups, assign each group a topic, and give each group their respective 
worksheet (see below) 

2-3 hours Research and presentation and guideline preparation time  
60 minutes Topic and ethical guidelines presentation and defense (15 minutes/group) 

 
Procedure:  
First, give the lecture on Control in Eukaryotic Genomes, drawing on the contents of 
chapter 19 in Campbell and Reece (2002). You can explain the jigsaw activity using 
your last slide, or just explain verbally what the class is going to do next.  
 
Jigsaw Activity:  Break the students up into groups of three. Explain that each 
student in each group is going to become an “expert” in one type of gene control. 
Assign each student in a group a different topic--chromatin modification, transcription 
initiation controls, or post-transcriptional controls—and hand out the respective 
worksheet (see below). Then, explain that the groups are now going to break up and all 
of the “chromatin modification” experts are going to get together to research their 
topic. The same goes for the transcription initiation controls and post-transcriptional 
controls experts. Explain to the students that they have 30 minutes to research their 
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topic with their fellow experts and that after 30 minutes they will get back with their 
groups and be responsible for teaching their other group members about their topic. 
Once the first 30 minutes of research time is up, have the initial groups get back 
together and give each expert 10 minutes (or more) to explain their method of gene 
control to their group members. While the students are explaining what they learned, 
make sure they touch on the key components of their gene control method (see 
worksheets below). This breaking up of groups and then coming back together is the 
basis of a “jigsaw” activity.   
 
Next, lecture on DNA technology and genomics, using Chapter 20 in Campbell and 
Reece (2002). Again, you can explain the ethical guideline inquiry activity on your last 
slide, or you can explain it verbally; also see the last slide of Lecture 2: DNA Technology 
and Genomics and the ethical guidelines worksheet.  
 
Ethical Guidelines Inquiry Activity: Again, break the students up into groups so 
that there are 3-4 groups, depending on class size, and assign each group one of the 
following topics: agricultural, environmental science, forensic/identity, or medical uses 
of DNA technology. If there are three groups, you can put the agriculture and 
environmental uses of DNA technology together, if there are four groups, you can 
separate those topics. Hand out the respective worksheets (below) and read aloud or 
have the students read the instructions on the worksheet. Lead a discussion about how 
ethical guidelines are rules, standards or principles based on societal morals or laws 
that govern how DNA technology should be used in different situations. Do not give 
them too much direction, but tell them that they must address the points included on 
the worksheet. Allow the next 2-3 hours of class time for student groups to research 
their topics and prepare both a presentation of the topic as well as their ethical 
guidelines. The next hour of class, have the student groups present their topic and their 
ethical guidelines for use of the relevant DNA technology in their assigned field. Allow 
the class to ask them questions about their ethical guidelines. If available, bring in 
scientists or other teachers to be the government panel, or assign students, and have 
this panel ask tough questions that require the students to defend the ethical guidelines 
they chose. 
 

Starting Point For Inquiry:   
The starting point for inquiry on this activity is that while there are many important uses 
of DNA technology in society today, many of the ethics surrounding its use are hotly 
debated. For example, should we create a DNA database of all human beings to help us 
solve crimes? Should we genetically modify cows to give us more beef per animal? 
Should we be able to diagnose diseases from the womb? Determining ethical guidelines 
for the use of DNA technology is a current and important problem, but we need to 
understand how it is really used in order to make decisions. To provide the basis of 
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inquiry for this module, the following language is employed on the attached student 
worksheets: 
	  
Task: You are a biologist on a government committee charged with researching and 
recommending guidelines for the ethical use of DNA technology in [environmental, 
agricultural, forensic, or medical sciences]. The government needs your help to come 
up with ethical guidelines for use of DNA technology in environmental and agricultural 
sciences. Specifically, they need: 

• Positive uses of DNA technology 
• Potential negative uses, if any 
• Your recommendations for ethical guidelines 

Prepare a presentation with background information on your topic, examples to explain 
the concepts clearly, the controversial issues, and your guideline recommendations. All 
group members should participate in the presentation. 
 
Question Generation (and/or Design/Refinement):  
If students are struggling with formation of ethical guidelines, have them research and 
prepare points of contention for use of DNA technology in each of their topics. You may 
also give them examples of ethical guidelines from the web, or generate your own. 
Some examples from the implementation of this module are: No human cloning under 
any circumstances; Genetically modified organisms should only be created to advance 
human health and never for entertainment (like glow in the dark fish); Suspects in 
murder cases must provide a DNA sample for the investigation; All genetically modified 
foods and organisms must be labeled. 
 
Assessment Methods:   
Recommended approaches to assessment include: 

• Check to make sure students cover all the points included on the jigsaw worksheet 
when they teach their peers. 

• Participation in the jigsaw activity 
• Creation of a thorough presentation on their topic of DNA technology that covers 

all the points listed on the worksheet. 
• Participation in the presentation of the topic and ethical guidelines 
• Ability to answer questions about and defend their ethical guidelines 

 
Worksheets  	  
Please see two sets of worksheets for this module.  One set is for the jigsaw activity.  
Each page is for a different group topic or area of expertise. The other set gives groups 
instructions for the ethical guideline activity, and again, each of the three pages is 
directed to the three different research groups.  In this version, the agriculture and 
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environmental science uses of DNA technology are given to one group, but those topics 
could be broken up. 
 
Lecture 
See below for the two Power Point lectures designed to guide students through these 
concepts in thumbnail version.  Click here to download a full size version.   

 
Reference List 
This module was designed to be taught as a complement to a high school textbook: 
Biology, 8th AP Edition, by Neil A. Campbell and Jane Reece.  San Francisco: Benjamin 
Cummings/Pearson Publishing (2007). 
 
Images in the Power Points are reproduced for SCWIBLES’ use in the classroom and 
presentation on this website with the permission of the publishers.  SCWIBLES would 
like to thank the authors and the publishers for their work: 
	  
Campbell, N.A. & Reece, J. B. (2002). Biology, 6th Edition, Benjamin Cummings, San 
Francisco.  (Chapter 19: pp 355, 358, 361; Chapter 20: 376-378, 382, 384, 385, 390). 
 
Cooper, Geoffrey M. (2000).  The Cell, A Molecular Approach, 2nd edition. Boston 
University. Sunderland (MA): Sinauer Associates; p 222. 
 
Gilbert, Scott F.  (2000).  Developmental Biology, 6th edition. Swarthmore College. 
Sunderland (MA): Sinauer Associates; p 130. 
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