A clicker-based case study that untangles student thinking about the processes in the central dogma. 
– Supporting File 6

Supporting File 6. Example extensions (worksheets and homework questions) that can be used along with the activity. 

Example Worksheet A: This worksheet was designed to use along with clicker-based case study activity in class. Blank templates follow the key.

Stop Codon Activity Worksheet Key
This worksheet is designed to expand on the concepts introduced in the homework and in class.  You must turn in this sheet at the start of the next class to obtain credit


[image: Macintosh HD:Users:Sandii:Dropbox:Biol1107:1107-Su15:Powerpoints:Pictures:DMD.png]The table below contains the following nucleotide changes found when comparing the DNA sequence from Elijah and Liam. Use you knowledge to learn about mutations and determine which change is the most likely cause of Liam’s disease.

	Change
	Elijah
	Liam
	Location

	1
	A
	G
	Promoter

	2
	UCU
	UCA
	Exon 19

	3
	CAA
	UAA
	Exon 52

	4
	C
	T
	Intron

	5
	GAU
	GAG
	Exon 53




1) Looking only at the location of the changes, which one would be least likely to cause Liam’s disease? Explain why?

Change #4 would be least likely, based on this information it will be spliced out, so unless it impacts a splice site there will be no effect. 

2) Nucleotide changes in the promoter region of a gene can sometimes cause disease.
What are some of the ways a change in this location could impact the expression of a gene?
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A change in this location can either enhance or suppress gene regulation or have no impact at all, not all differences will result in down regulation.  
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3) The DNA changes in 2, 3 and 5 are in protein-coding region of the gene. In the table below:
a) Identify the original amino acid coded for at that location (Elijah).
b) Identify the amino acid produced by the altered gene in Liam. 
c) What is the name given to of this type change?

	
	Elijah
	Liam
	Type of Change

	Change #2
	Serine (UCU)
	Serine (UCA)
	Silent

	Change #3
	Glutamine (CAA)
	STOP (UAA)
	Nonsense

	Change #5
	Aspartate (GAU)
	Glutamate (GAG)
	Missense


				

4) What would happen to the primary structure of the protein if one nucleotide were deleted from the protein-coding region of the DNA sequence? What is the name of this type of change?

This change is a type of frameshift mutation.  It would change the reading frame of the gene, likely changing all the amino acids encoded by nucleotides following the mutation. 


5) What is the consequence of the introduction of a premature stop codon on:


a) DNA replication? There is no consequence.


b) Transcription? There is no consequence.


c) Translation? The resulting protein would be truncated because translation would stop when it encountered the premature stop codon. 



6) Based on your answers above, which nucleotide change is the most likely cause of Liam’s disease?

Nucleotide change #3 would be most likely to cause the disease because the resulting protein would have fewer amino acids and may not be functional. 




Stop Codon Activity Worksheet TEMPLATE

This worksheet is designed to expand on the concepts introduced in the homework and in class.  You must turn in this sheet at the start of the next class to obtain credit


[image: Macintosh HD:Users:Sandii:Dropbox:Biol1107:1107-Su15:Powerpoints:Pictures:DMD.png]The table below contains the following nucleotide changes found when comparing the DNA sequence from Elijah and Liam. Use you knowledge to learn about mutations and determine which change is the most likely cause of Liam’s disease.

	Change
	Elijah
	Liam
	Location

	1
	A
	G
	Promoter

	2
	UCU
	UCA
	Exon 19

	3
	CAA
	UAA
	Exon 52

	4
	C
	T
	Intron

	5
	GAU
	GAG
	Exon 53




1) Looking only at the location of the changes, which one would be least likely to cause Liam’s disease? Explain why?








2) Nucleotide changes in the promoter region of a gene can sometimes cause disease.
What are some of the ways a change in this location could impact the expression of a gene?






3) The DNA changes in 2, 3 and 5 are in protein-coding region of the gene. In the table below:
d) Identify the original amino acid coded for at that location (Elijah).
e) Identify the amino acid produced by the altered gene in Liam. 
f) What is the name given to of this type change?

	
	Elijah
	Liam
	Type of Change

	Change #2
	
	
	

	Change #3
	
	
	

	Change #5
	
	
	


				

4) What would happen to the primary structure of the protein if one nucleotide were deleted from the protein-coding region of the DNA sequence? What is the name of this type of change?

. 


5) What is the consequence of the introduction of a premature stop codon on:

a) DNA replication?



b) Transcription? 



c) Translation? 




6) Based on your answers above, which nucleotide change is the most likely cause of Liam’s disease?




Example Worksheet B: This worksheet was designed to introduce the case study and related concepts in classrooms that do not use clickers. 

Muscular Dystrophy Case Study 
The Case 
The Disease: Muscular Dystrophy (MD) is a group of diseases that cause progressive weakness and loss of muscle mass. In MD, abnormal genes (mutations) interfere with the production of proteins needed to form healthy muscle. There are many different kinds of MD. Symptoms of the most common variety begin in childhood, primarily in boys. Other types do not surface until adulthood. Some people who have MD will eventually lose the ability to walk. Some may have trouble breathing or swallowing. There is no cure for MD, but medications and therapy can help manage symptoms and slow the course of the disease.

The Genetic Cause: Mutations in the gene for dystrophin cause MD.  Normally, muscles are made up of bundles of fibers and a group of interdependent proteins along the membrane surrounding each fiber helps to keep muscle cells working properly. Dystrophin is one of the proteins involved in this process. When the amino acid sequence of dystrophin is changed due to a mutation, muscles do not function properly and the result can be MD.

Your Task: Suppose you are a genetic researcher. You are working with DNA samples from two brothers.  Liam has MD, but his brother Elijah does not. The sequence of Elijah’s gene is shown below. You have identified 5 differences in the dystrophin gene as indicated in the grey boxes.  Your task is to predict which of the five mutations in Liam’s DNA is most likely to cause MD.      

Note 1: This does not represent the actual gene for dystrophin– this is a modified model that simplifies the case study. 

[bookmark: _GoBack]Note 2: You should assume that a protein product is made for Liam. 



[image: ]                         




Muscular Dystrophy Case Study 

Instructions
Record your answers on the Muscular Dystrophy Case Study Worksheet. 

Step 1: Determine the sequence of the final mRNA product that will be transcribed from Elijah’s gene and record this on the worksheet in the space provided. 

Step 2: Determine the amino acid sequence of the protein product made from Elijah’s gene and record this on the worksheet in the space provided.

Step 3: Determine how each mutation in Liam’s gene will affect the protein synthesized from the gene. 

Step 4: Based on the information from steps 1-3, complete Table 1 on the MD Case Study Worksheet. 
· In column 2, indicate if the mutation (1-5) is the likely to be the cause of MD (Y=yes, N=no). 
· In column 3, explain your reasoning.  Be sure to include a description of how the mutation would affect the protein synthesized from Liam’s gene. 

Step 5: Once you have identified the mutation that is most likely responsible for causing MD, complete Table 2. Explain how the mutation will specifically affect the processes of DNA replication, DNA transcription into RNA, and translation. 



Muscular Dystrophy Case Study Worksheet KEY

What is the sequence of the final mRNA product that will be transcribed from Elijah’s gene? 

CAAGAUGUACUUUGCGACAAGAGAGGAUCCCAUCUGUGCGACUUGAACG

What is the amino acid sequence of the protein product made from Elijah’s gene? 

Met-Tyr-Phe-Ala-Thr-Arg-Glu-Asp-Pro-Ile-Cys-Ala-Thr
 

Table 1. 
	Mutation
Number
	Y or N
	Explain your reasoning. Indicate what the effect of the mutation would be on the protein synthesized from Liam’s gene.

	1
	N
	This change is in the promoter region.  It could potentially affect transcription initiation, but since it states in the case that we should assume a protein product is synthesized, we must also assume that transcription occurred.  This nucleotide is not in the final mRNA transcript and therefore will not affect the protein sequence.

	2
	N
	This changes the codon UUU to UUC.  Both code for Phe so this is a silent mutation.  Neither the amino acid sequence or protein structure are changed.

	3
	Y
	GAG codes for Glu. The mutation changes the codon to UAG, a STOP codon.  Translation will stop here and the protein will be several amino acids shorter than it should be. This will have a dramatic affect on the structure and likely the function of the protein.

	4
	N
	This nucleotide is in the intron.  The intron will not be part of the mature mRNA so this change will likely have no effect on the amino acid sequence or protein structure.

	5
	N
	#3 is most likely the responsible mutation since it results in a STOP codon.  The rest of the mRNA will not be translated substitution #5 will not have an effect.

Partial Credit: GCG codes for Ala.  The mutation changes the codon to GGG, which codes for Gly. Both Ala and Gly are small non-polar amino acids so this is a conservative substitution.




Table 2. 
	DNA Synthesis
	No effect.  DNA synthesis is not impacted by the mutation.  The mutation will simply be copied during the replication process. DNA synthesis does not stop at STOP codons.  Termination of DNA synthesis occurs when the replication bubble reaches the end of a linear chromosome or when two replication bubbles traveling toward each meet.

	Transcription
	No effect.  The mutation will be transcribed.  Transcription does not stop at STOP codons.  Termination typically occurs when a hairpin structure is formed caused the polymerase to stop

	Translation
	The mutation leads to premature termination.  There is a new STOP codon upstream of the normal STOP codon.  Translation will stop when the ribosome reaches this new STOP codon.





Muscular Dystrophy Case Study Worksheet TEMPLATE

What is the sequence of the mature mRNA product that will be transcribed from Elijah’s gene? 




What is the amino acid sequence of the protein product made from Elijah’s gene? 





Table 1. 
	Mutation
Number
	Y or N
	Explain your reasoning. Indicate what the effect of the mutation would be on the protein synthesized from Liam’s gene.

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	




 Table 2. 
	DNA Synthesis
	

	Transcription
	

	Translation
	





Sample Assessment Questions

The correct answers are indicated in blue text.  

1.  A mutation in the DNA changes an adenine to a guanine. This adenine was the A in the AUG of a start codon for a gene. What process or processes would this mutation impact?

A)  Initiation of both transcription and translation
B) Only initiation of transcription
C) Only initiation of translation
D) Neither initiation of transcription nor translation


2.  An intron contains the termination codon UAA. Does this termination codon interrupt the coding of the protein made from this gene? 

A) Yes, because there is no tRNA to bind the stop codon so translation stops at this codon.
B) Yes, because release factors bind to the ribosome when a stop codon occupies the A site.
C) No, because the stop codon in the intron will be spliced out of the mRNA prior to translation.
D) No, because stopping translation requires three stop codons, one for each site in the ribosome.

3.  (NOTE-This question requires a codon table)
Here is the sequence around the translation initiation codon (AUG) of a human mRNA: 
5’----AAGGGAUGGAACCUAGC....----3’
You have isolated a mutant version of the gene encoding this mRNA that contains a frameshift mutation.  A one base pair insertion (base pair is underlined) occurs after the start codon (AUG). This change generates the mRNA shown below: 
5’----AAGGGAUGGAAACCUAGC....----3’

This mutation will cause a premature stop in:
A) Replication only
B) Transcription only  
C) Translation only
D) Transcription and translation
E) Replication, transcription, and translation 
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EXON intron EXON

5'-acgcggtctatattagctcaCAAGATGTACTTTGCGACAAGAGAGgtaagtcttgtccagGATCCCATCTGTGCGACTTGAACG (terminator)-3"

3'-tgcgccagatataatcgagtGTTCTACATGAAACGCTGTTCTCTC cattcagaacaggt cCCTAGGGTAGACACGCTGAACTTGC (terminator)-5"
» » » » » »
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