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LESSON TITLE  

Decoding DNA
Guiding Question: Why should we continue to explore? 

Ignite Curiosity
 ▪ Why would companies offer DNA fingerprinting to find out  
whom you are related to?

 ▪ Why should we care who our ancestors are or where they are from? 

 ▪ How can scientists discover which genes cause which traits? 

In this lesson, students will take the role of DNA researchers searching for 
the exact DNA sequence that causes a disease. In THINK, students will 
decompose the problem by brainstorming the steps that a scientist would use 
to pinpoint the exact DNA sequence. To clarify their thinking, they will develop 
an algorithm to define the steps. In SOLVE, they investigate further by  
comparing several given DNA “algorithms” that code for a specific protein  
(a gene) using the Align feature of BLAST, a web program that highlights the  
amino acid sequences that make up the proteins. Students learn how what  
appear to be very slight differences in DNA code produce very different genetic 
traits. Students also identify the relationship between many strains of DNA  
and understand how similar human DNA is to that of all other life on Earth.  
By translating the amino acid sequences, they produce the DNA sequence of  
the gene. Then, they change one of the algorithms slightly to produce a  
different gene sequence. In CREATE, students update their flowchart to 
demonstrate the “edit” they made to the initial DNA algorithm and the resulting 
gene. Finally, as an extension, students can build a computer-generated DNA 
model of their new gene (DNA sequence). By using the computational thinking 
strategy of developing algorithms, students will understand how computers  
can help us crack the code of our DNA and analyze the vast amounts of 
information hidden in our genes. They will also demonstrate a firsthand 
understanding of genetic mutations and the background role that DNA plays 
in all of our lives. Students then CONNECT, to careers in bioengineering and 
medicine to discover how gene sequencing affects everyone—not only those 
with genetic diseases—and connect to problems of tomorrow. 

Students will be able to:

 ▪ Decompose a complex problem into smaller steps,

 ▪ Create an algorithm that defines the stages to solve the problem, and

 ▪ Evaluate a computer-generated model of a unique DNA gene algorithm.
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http://www.uniprot.org/blast/
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Students will take the role of a DNA researcher searching for  
the exact DNA sequence that causes a disease.

1 Read the following scenario to students: 
 
How could thinking like computers help us find and fix errors in DNA before it causes harm?  
What if we could identify a disease before it starts to affect us? What if we could pinpoint the exact 
sequence of our DNA that causes the disease and “edit” it so that it doesn’t affect us? You will take  
the role of a DNA researcher searching for the exact DNA sequence that causes a disease. 

2 Students will decompose the problem by brainstorming the steps that scientists use to  
pinpoint the exact sequence of DNA. To define the steps, they will construct a flowchart and  
will return to the flowchart during Solve and Create to edit any steps that seem confusing. 

3 To begin, distribute the “DNA Is an Algorithm” Reading Passage. Give each student a stack  
of three sticky notes and have them write one fact from the reading on the back of each note.  
As students finish writing the facts, have them deliver sticky notes to a location in the room  
(teacher desk, chart paper, section on whiteboard, etc.). Because they wrote on the back of the  
sticky note, no one will be able to see their answer. Next, flip over each sticky note and read them 
aloud. Separate them into two piles: those that are original and those that are duplicates.
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Students will take the role of a DNA researcher searching for  
the exact DNA sequence that causes a disease.

1 Now, tell the students that they will begin work as a DNA researcher searching for the exact  
DNA sequence that causes a disease. Ask them: If the DNA sequence itself is the last step,  
what is the first step? What are the steps in between? 

2 Divide the students into groups and distribute the DNA Sequencing Flowchart student capture  
sheet (or share the flowchart electronically). Ask them to work with their group to fill in the  
steps as they make their predictions. 

Teacher Note: Guide the students along the steps by asking these guiding questions: What is the defective 
protein? What are the amino acids that make up the defective protein? What is the messenger DNA sequence 
that codes for these amino acids? What is the defective gene sequence (DNA) that codes for the defective 
messenger DNA sequence? What would be the correct DNA sequence? What would be the correct amino  
acid sequence? What is the correct protein?
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Now that the students have created an algorithm of the steps  
to find the exact sequence, they will explore how computers  
can help with this process. 
In this activity, students will take two sample gene sequences as an example and compare them by using  
the Align feature of BLAST, a computer program that recognizes similarities in the genetic code, including 
sections that code for amino acids that combine to form proteins. They will use this information to  
understand how a random genetic mutation can result in a deficiency or disease and why it is useful  
to know the algorithms of amino acids that create genetic diseases.

Teacher Note: Explain to the students that to save space and produce a cleaner layout, the UniProt website 
and many scientific publications use a one-letter format to identify amino acids.

Teacher Note: In preparing for this lesson, be sure to work through the Thymosin Protein Study Worksheet  
so that you will be able to assist students with the steps.

1 First, ask students to work in pairs through the series of steps outlined on the Thymosin Protein  
Study Worksheet, using the Thymosin Protein Study Google Sheet to record their answers. 

2 Now, combine the pairs of students into groups and distribute a copy of the DNA Comparison Venn 
Diagrams student capture sheet to each group. Ask groups to complete the three-way and four-way 
Venn diagrams included to answer the following questions about their activity: Which is more similar: 
human, bovine, or mouse Thymosin beta-4? Or human, bovine, rat, or pig Thymosin beta-10? Which 
amino acids do they have in common? Are there any amino acids that are not present in all? 

3 Next, gather the class together for a group discussion. Ask: How do the Thymosin genes compare  
with the CFTR gene? Why do we need computers to analyze gene sequences?  
(we need computers to analyze such vast amounts of data)

http://www.uniprot.org/blast/
https://docs.google.com/spreadsheets/d/1YSItT1B1QbMgZb6XvcGIObjl1b_RHBSfVCGzZvCuQbM/edit?usp=sharing
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Extension: 
Students will use the new protein they created to construct a computer-generated three-dimensional  
model of their DNA sequence.

1 Ask students to reform the groups from Solve and look at the Thymosin Protein Study  
Google Sheet again. Tell them to find the base pairs of the new protein they created  
(Thymosin Variant 1). They will use the base pairs to construct a computer-generated  
three-dimensional representation of their DNA model. 

2 First, navigate to http://haddock.chem.uu.nl/dna, then click on the 3D DART Custom Build link  
(freely available without any login requirement). 

3 Enter the DNA sequence for Thymosin Variant 1 in the box Provide the nucleic acid sequence  
(5’->3’) under Step 1. 

4 Be sure to click the box Make PDB HADDOCK ready under Step 4. 

5 Navigate to the Rutgers page at http://w3dna.rutgers.edu/visualize/stack2img_next 

6 From the dropdown at the top of the page, choose Visualization for other structures and  
then choose Stacking diagram of base-pair steps and Continue. 

7 Under PDB file, choose Upload a .pdb file, and open the recent zip file on your computer to  
find the .pdb file (named dna1_fixed.pdb or similar) and upload it. Then, click next. 

8 Click Visualize at the bottom of the page. 

9 You will now be able to download an image of each base pair in your DNA model and  
see the way that the base pairs are attached. 
 
Check for understanding by asking students what they observe in their 3D model. Explain to students 
that they are now looking at a 3D representation of a genetic sequence that determines a trait.  

Summarize this lesson by having the groups use presentation software such as Google Slides to create a 
summary of what they have learned that includes media and text. Be sure that students include media  
or text that answers the following questions in their presentations:

 ▪ How did scientists solve the problem of identifying and understanding genetic diseases without computers?

 ▪ How did you identify this problem before using a computer?

 ▪ How did thinking like a computer help you with the steps to identify and understand the problem?

 ▪ Did you correctly identify the needed steps on the DNA Sequencing Flowchart?  
Do you need to edit any of the steps?

 ▪ How is a computer essential for continuing to search for the exact DNA sequence that causes a disease?

 ▪ How can random DNA mutations create different genetic traits?

 ▪ How is there so much genetic diversity among species? 

1 10

http://haddock.chem.uu.nl/dna
http://w3dna.rutgers.edu/visualize/stack2img_next
https://docs.google.com/presentation/u/0/
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How does this  
connect to students?

How does this  
connect to careers?

How does this 
connect to our world?

Students probably know, or 
know about, someone with 
a genetic disease. They may 
wonder what their future would 
be like if they had such a 
disease or if someone in their 
family had a genetic disease. 
Could there ever be a cure? 
How could this happen? They 
should already have some 
basic knowledge of DNA. What 
does DNA do? By the end of 
this lesson, students will have 
answers to these questions and 
concrete ideas of how DNA, 
proteins, and amino acids work 
every day inside their bodies. 
Students will also have more 
concrete knowledge of how 
computers make tedious  
tasks easier and understand  
the power of thinking like  
a computer.

DNA/Scientific Researchers 
investigate genetic diseases to 
find treatments and cures.

Genetic Counselors help 
patients understand their risk 
of developing genetic diseases. 

Doctors and other Medical 
Professionals work with 
specialists like Genetic 
Counselors to to develop 
treatment plans for patients 
who have genetic disorders. 

Health Educators  
and Community  
Health Professionals  
share information about  
genetic diseases with  
at-risk populations.

Why should students be concerned 
or aware of the content in this 
activity as a global citizen?

Computers seem omnipresent in our 
lives, and most students at this age 
cannot image life without a computer. 
But how do computers work? How could 
the 1s and 0s translate to everyday 
life? What kinds of tasks can computers 
make easier? How can we break down 
a complicated task like a computer 
can? And how can working in pairs and 
teams make tasks like this easier?

DNA printing, one form of genetic 
engineering, has become an affordable 
technology in recent years. While 
this offers scientists lots of new 
opportunities to fight disease, it also 
raises some concerns. With the rapid 
printing of DNA comes the fear that 
more errors, or mutations might be 
introduced into the genome. While 
some of these errors might result  
in positive traits, it could also  
prove harmful.

By the end of this lesson, students will 
have learned many specific things about 
DNA and genetic research. They also 
will have experienced the benefit of 
working in teams and breaking down 
tasks into steps, both of which make 
any daily task or job easier. 

Select one of the strategies listed below to help students  
answer these questions: 

 ▪ How do this problem and solution connect to me?

 ▪ How do this problem and solution connect to real-world careers?

 ▪ How do this problem and solution connect to our world? 

1 Write the three questions on PowerPoint or flip chart slides and invite students to share out responses.

2 Display pieces of chart paper around the room, each with one question written on it.  
Ask students to write down their ideas related to the questions on each sheet.

3 Assign one of the questions to three different student groups to brainstorm or research, and  
then share out responses.

4 Invite students to write down responses to each question on a sticky note, and collect them to  
create an affinity diagram of ideas.

http://www.npr.org/sections/health-shots/2015/05/07/404460240/dna-printing-a-big-boon-to-research-but-some-raise-concerns
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Science and Engineering 
Practices Disciplinary Core Ideas Crosscutting Concepts

Constructing Explanations 
and Designing Solutions 
Constructing explanations and 
designing solutions in 6–8 
builds on K–5 experiences 
and progresses to include 
constructing explanations and 
designing solutions supported 
by multiple sources of evidence 
consistent with scientific ideas, 
principles, and theories.

 ▪ Construct an explanation 
that includes qualitative or 
quantitative relationships 
between variables that 
describe phenomena.

LS4.B: Natural Selection

 ▪ Natural selection leads to 
the predominance of certain 
traits in a population, and 
the suppression of others.

Cause and Effect

 ▪ Phenomena may have more 
than one cause, and some 
cause and effect relationships 
in systems can only be 
described using probability.

NEXT GENERATION SCIENCE STANDARDS

National Standards

COMMON CORE STATE STANDARDS CONNECTIONS
 
Key Ideas and Details: 
CCSS.ELA-LITERACY.RST.6-8.3 Follow precisely a multistep procedure when carrying out experiments,  
taking measurements, or performing technical tasks.

Integration of Knowledge and Ideas: 
CCSS.ELA-LITERACY.RST.6-8.7 Integrate quantitative or technical information expressed in words in a text 
with a version of that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table).

CCSS.ELA-LITERACY.RST.6-8.9 Compare and contrast the information gained from experiments, simulations, 
video, or multimedia sources with that gained from reading a text on the same topic.

K-12 COMPUTER SCIENCE FRAMEWORK 
 
Practice 2. Collaborating Around Computing Collaborative computing is the process of performing a 
computational task by working in pairs and on teams. Because it involves asking for the contributions and feedback 
of others, effective collaboration can lead to better outcomes than working independently. Collaboration requires 
individuals to navigate and incorporate diverse perspectives, conflicting ideas, disparate skills, and distinct 
personalities. Students should use collaborative tools to effectively work together and to create complex artifacts.
 
Practice 3. Recognizing and Defining Computational Problems The ability to recognize appropriate and 
worthwhile opportunities to apply computation is a skill that develops over time and is central to computing.  
Solving a problem with a computational approach requires defining the problem, breaking it down into parts,  
and evaluating each part to determine whether a computational solution is appropriate.

http://www.corestandards.org/ELA-Literacy/RST/6-8/3/
http://www.corestandards.org/ELA-Literacy/RST/6-8/7/
http://www.corestandards.org/ELA-Literacy/RST/6-8/9/
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DNA is an Algorithm

Have you seen advertisements for DNA tests from websites or on television? These tests interpret patterns 
in our DNA to tell us many things about our ancestry—what regions of the world we originate from, what 
individuals we might be related to, and more. But, how can we figure these things out just by taking a  
swab of saliva from the inside of our cheek and sending that to a lab?

Scientists knew about genetic diseases before they knew about DNA. As seen in this image of  
Queen Victoria’s children and grandchildren, pedigrees were the first linkage of heredity and disease.  
Pedigrees like this were how scientists studied inherited diseases before they discovered DNA:

 
 
 
 

 

DNA is like a map, tracing human evolution throughout time. DNA often mutates, forming new arrangements 
of genes that lead to new traits. That’s why some of us have blue eyes, attached earlobes, curly hair, and 
so on. All of those traits began as genetic mutations. Through the process of natural selection, humans with 
advantageous traits were better able to reproduce and pass those traits on to their offspring. Sometimes, DNA 
mutates in harmful ways. This is how diseases like cystic fibrosis, sickle cell anemia, and hemophilia originate. 
Some illnesses, such as Tay-Sachs disease, affect some ethnicities of people more than others. By researching 
the patterns and sequences that form the common threads of our DNA, scientists can learn how to isolate the 
mutations that cause these diseases and may eventually learn how to cure them.

DNA is much like algorithms built from computer code. It’s the set of instructions that tells cells how  
they should be built. Computer code uses binary language to create programs. Binary language is  
made up of two numbers—0 and 1. DNA is made up of four amino acid building blocks—adenine (A),  
thymine (T), cytosine (C), and guanine (G). Just like when you combine the 0s and 1s of binary code  
to make a wide world of computer programs, you can combine A, T, C, and G in billions of ways to  
create genetic variations. When we learn the algorithms of diseases like Tay-Sachs, Huntington’s  
disease, and many others, we have the tools to develop a cure.

When we send a swab of our DNA to these companies, they put the swab through a computer program  
that reads the algorithm of our DNA and tells us what genes we have. When we know what genes we  
have and where our ancestors are from, we can better predict our future health and understand our  
risk of developing genetic diseases.
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DNA Sequencing Flowchart
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DNA Comparison Venn Diagrams
Four-Way Venn Diagram: Compare human, bovine, rat, and pig Thymosin beta-10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Three-Way Venn Diagram: Compare human, bovine, and mouse Thymosin beta-4.
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Thymosin Protein Study Worksheet

1 First, download the Thymosin Protein Study Google Sheet template.  

2 Next, using the UniProt website, research the human proteins Thymosin beta-10 (P63313) and 
Thymosin beta-4 (P62328) by typing Thymosin in the search box at the very top of the page. 

3 Click on the entries for Thymosin Beta-10 and Thymosin Beta-4? What does Thymosin beta-10 do? 
What does Thymosin beta-4 do? Record the protein function in the second column. 

4 Select the box next to the first three entries: Homo sapiens (Human), bovine, and mouse  
Thymosin beta-4. Also scroll down and select bovine, human, pig, and rat Thymosin  
beta-10 and choose “Add to Basket.” 
 
 
 
 
 
 
 
 
 
 
 
 

5 Open the basket screen at the top right, then click the box at the top left of the basket  
screen that will select all entries and choose “Align.” 
 
 
 
 
 
 
 
 
 
 

6 Once the alignment is complete, select the “Similarity” box under Amino Acid Properties.  
This will highlight the amino acid sequences that are the same in each gene. 

7 Record each protein identifier and protein name and the entire amino acid sequence for  
each in the appropriate column of the Thymosin Protein Study Google sheet. 

8 Now, using the amino acid one letter code table, translate the sequence to determine  
which amino acids the gene sequence codes for. The first few have been completed for you. 

https://docs.google.com/spreadsheets/d/1YSItT1B1QbMgZb6XvcGIObjl1b_RHBSfVCGzZvCuQbM/edit?usp=sharing
http://www.uniprot.org/
http://www.fao.org/docrep/004/Y2775E/y2775e0e.htm


   page 12Copyright © 2017 Discovery Education. All rights reserved. Discovery Education is a Division of Discovery Communications, LLC.

Find more easy-to-implement resources to integrate computational thinking practices into your classroom by visiting ignitemyfutureinschool.org

Record this information in a new column on the Thymosin Protein Study Google sheet.  
Use the text color feature to color code the same amino acids the same color. 
 
Now, you will need to translate the amino acid algorithm.  
Use the Amino Acid to mRNA translation table. 
 
Record the messenger RNA code information on the Thymosin Protein Google sheet. 
 
Almost done. Wow, this has been kind of an exhausting process, hasn’t it? You need to  
translate the messenger RNA one more time to find the DNA gene sequence. Remember that  
in the DNA code, A matches with T instead of U and C matches with G. Are you finding that  
you have to make some choices in your code when an amino acid can code for more than  
one set of letters? That’s okay, just make a choice and try not to make any mutations! 
 
Record the DNA code information on the Thymosin Protein Google Sheet. 
 
Now, you will create a new protein! Simply change one of the amino acid algorithms slightly.  
You should give the new protein a unique name such as Thymosin Variant 1 and enter it on  
the Thymosin Protein Study Google sheet, along with its genetic algorithm. 
 
How does the new amino acid sequence compare with the previous Thymosin proteins?  
Which amino acids will be the same, and which ones will be different? 
 
Return to the UniProt website and use the purple Supporting Data box at the bottom to search 
“diseases.” When the search box opens, type in CFTR in the search box. (CFTR is the gene that  
causes the genetic disease cystic fibrosis.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The last column on the right lists “length.” What do you think length refers to?  
Why do we need computers to analyze gene sequences?

1 10

1 11

1 12

1 13

1 14

1 15

1 16

1 17

1 9

http://www.science.oregonstate.edu/genbio/otherresources/aminoacidtranslation.htm
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