Title: Introduction to DNA Structures with Python
Authors: Amanda Schantz 
Name/grade level of course: AP Computer Science Principles (10th - 12th grade)
Lesson Length: 50 - 70 minutes
Concepts and key vocabulary defined: 
· DNA - Deoxyribonucleic Acid - contains the information that determines inherited characteristics 
· Nitrogen bases in DNA - adenine, guanine, cytosine, thymine
· 
Objective(s): 
· SWBAT analyze a program IOT predict the outcome.
· SWBAT construct the top strand, the bottom strand (i.e. the complement) and the reverse complement of DNA IOT develop a basic understanding of DNA structure. 
· SWBAT compose a program IOT present their understanding of DNA and the Python language. 
Common Core Standards: 
·  
Materials List and Advanced Preparations: 
· Activity handout (see attached) 
· Scissors 
· DNA Structure Diagram (see attached)
· Python Codes activity handout (see attached)
ADD: program rubric (elaboration), example codes with comments (python codes activity)

	ENGAGEMENT/
MOTIVATION
(building background)
	
	Time: 10 - 15 minutes

	What the Teacher will do
	Probing/Eliciting Questions
	Student Responses and Misconceptions

	Show the DNA Structure Video: 
https://www.youtube.com/watch?v=C1CRrtkWwu0

Optional: Have students take notes on what they see in the video. 

After the video, have a small discussion about important information they will need for the activity. 

You will want to briefly explain 5’ to 3’ and 3’ to 5’. Recall that the orientation is such because of the understood phosphate backbone (i.e. when writing DNA sequences, we only write the nitrogen bonds with the understanding that the phosphate backbone is there). 

*See below for the suggested photo to reference when introducing/discussing DNA structure*

In addition, the beginning part of this video (up to 2:40) does a really good job of explaining the antiparallel orientation of DNA. 
https://www.youtube.com/watch?v=i9XSjOGGNOY

	How many bases are there?
 
What are the bases? 



How is DNA written? 
(Note: Here is where you want to go over orientation of DNA: 
Top strand is 5’ to 3’
Bottom strand is known as the complement and is written 3’ to 5’ if matched to the top strand
Reverse complement is the bottom strand/complement written 5’ to 3’, which is useful for other instances in biology)

	4

Nitrogen bases
Adenine, guanine, cytosine, thymine

I don’t know?
By base pairs


	Separate students into small groups (suggested 2 - 3 students). 

Provide each student with an activity handout and a pair of scissors.

Note: To save time, you may want to cut the activity handout in advance. Then you can just provide each group with their pack of square bases. 

	
	

	Have students work with their partner(s) to: 

1) Create as many nitrogen base pairs as they can (there are 36 squares, so there should be 18 pairs)
2) Create the top strand of a DNA sequence
3) Determine the bottom strand/complement of their DNA sequence from part 2
4) Determine the reverse complement of their DNA sequence from part 2

	How many nitrogen base pairs do you have? 

What DNA sequence did you create? 



What is its complement? 



What is the reverse complement? 
	18


Answers will vary because of student choice. 
E.g. ATACGGAT

Answers will vary because of student choice. 
E.g. TATGCCTA

Answers will vary because of student choice. 
E.g. ATCCGTAT




	EXPLORATION/PRESENTATION
/PRACTICE/APPLICATION
(meaningful activities, language and content objectives, comprehensible input, strategies, interaction, feedback)
	
	Time: 15 - 20 minutes

	What the Teacher will do
	Probing/Eliciting Questions
	Student Responses and Misconceptions

	Provide the student groups with the Python code handout. 

Direct students to read/interpret the codes - one at a time, one line at a time. Encourage them to write comment statements, record differences between the programs, and predict the output if the program was run. 

Note: It’s VERY important to remind students that they need not know everything, but they should definitely try. Taking a guess is much better than leaving things blank. 

	 
	



	EXPLANATION/PRESENTATION
(included language and content objectives, comprehensible input, strategies, interaction, feedback)
	
	Time:  10 - 15 minutes

	What the Teacher will do
	Probing/Eliciting Questions
	Student Responses and Misconceptions

	It’s time to lead the students through a discussion about the decoding activity. 

How you go about this is your choice and it should be made based on your students. However, we suggest either going one program at a time. In addition, we suggest going line by line before discussing the overall purpose of the program. 

	What do you notice about this line? 




What do you think is the significance of this line of code? 


What do you think is the purpose of this program? 


Does anyone have an idea of another way to write this? 


Does anyone have any thoughts or ideas they’d like to share?

Is there anything you’d like further explained? 

	Operators
Nested if-else statements
For loops
Variable definitions
etc. 

Original dna strand
Variable declaration
Etc. 

Make biology easier
Find the reverse complement
Return the data to the screen

Use comments to explain code
Print data to the screen differently


*Overall answers will definitely vary*




	ELABORATION/EXTENSION
(relate to real/their world)
	
	Time:  15 - 20 minutes

	What the Teacher will do
	Probing/Eliciting Questions
	Student Responses and Misconceptions

	Remind students that there are different number systems, such as binary, hexadecimal, and octal. Although we are all most familiar with the decimal number system, it’s important to understand how to use other number systems. 

Here you are going to assign the students with a peer-programming task. Before you do, be sure to go over what number system they’re working with and encourage them to develop a pseudocode prior to starting their program. 

The task is to create a Python program to take in a DNA strand and convert it from it’s letter sequence to a number sequence. Encourage students to add their own “twist” to it (i.e. extra purposes).  
(see example code below)

Optional: Require students to require user input, use a for loop, etc. 

*Note: You may need to remind students to work together and make sure each of them is participating. 

You should be monitoring students, checking in with the groups, and answering questions as needed. 

	How many nitrogen bases are there? 

So, what number system are we working with?

How do we know it’s base 4? 








	4


Base 4


4 bases so each represents one of 0, 1, 2, and 3. 
(e.g. A = 0, G = 1, T = 2, C = 3)



	EVALUATION/ASSESSMENT 
(REVIEW) 
(review objectives and vocabulary, assess learning)
	
	Time:  Throughout the Lesson

	What the Teacher will do
	Probing/Eliciting Questions
	Student Responses and Misconceptions

	Listen to student conversations and their responses during class discussions. 

	 
	

	Collect and run their written programs. 

	

	







Activity Handout: Cut out the squares below. 
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Photo to use when introducing/discussing DNA structure: 


[image: ]























Name(s): ______________________________________________________________________

Read and interpret the following Python codes. Be sure to add comment statements and predict the output if the program was to be run. Note, the programs are similar, as they are directly related, but there are small differences between them. 

Program 1: 
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Program 2: 
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Program 3: 
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Example Student Program: 

[image: ]
image3.png
dnastrand = "ATCGTTAGCA"

reversecomplement

or base in dnastrand:
if pase = "av
complement = "I"
c1if base = "
complement
c1if base = "
complement
else:
complement

reversecomplement = complement + reversecomplement

print (dnastrand)
print (reversecomplement)

or index in range(len(dnastrand)):
print (dnastrand[index], reversecomplement[index])




image4.png
dnastrand = input ("Type a DNA sequence using capial letters:

reversecomplement =

for base in dnastran
if pase = "A":
complement
c1if base = "
complement
c1if base = "
complement =
else:
complement

reversecomplement = complement + reversecomplement

print (dnastrand)
print (reversecomplement)

£or index in range (len(dnastrand)):
rint (dnastrandlindex]. reversecomplement findexl)




image1.png
na = input("Enter your DNA sequence using captial
dnanumstrand = "

fox base in dna:

if pase = 'A':
num = 10"
c1:if base = 'G'
num = 110
c1if base = 'T'
num = 20

else:
num = 130

dnanumstrand = dnanumstrand + num

letters:

print ("Your DNA sequence in base 4 is: ", dnanumstrand)
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image2.png
dnastrand = "ATCGTTAGCA"

reversecomplement

for base in dnastrand:
if pase = "av
complement
c1if base = "
complement
c1:if base = "T7:
complement = "A"

else:
complement =

reversecomplement = complement + reversecomplement

orint (anastrand)
rint (reversecomplement)




