Using Comparative Genomics to Explore the Genetic Code

STUDENT WORKSHEET
About these activities:

By completing this set of activities you will revise and learn a number of the key knowledge areas assessed in the Unit 4 exam. You will notice a number of words highlighted (bold) throughout the Power Point presentation. You should prepare a glossary of these terms which are provided on the final page of this worksheet.
Key Knowledge covered in these activities:
Unit 4 AOS1 Outcome 1

· Molecular genetics:

· Genome, gene expression; genes as units of inheritance

· Principal events in transcription and translation

· Variation: mutations
Unit 4 AOS1 Outcome 2

· Evolutionary relationships: conservation of genes; genome phylogeny

The Power Point Presentation:
Work progressively through the Power Point presentation. This indicates topics for class discussion and the activities you will complete in pairs. Answer the questions in your worksheet as you progress through the Power Point presentation.
QUESTIONS FROM THE POWER POINT PRESENTATION
1. Name the two influenza virus antigens and explain how these proteins affect whether we become ill or not when infected by influenza.

2. What is reassortment? Draw a flow chart to show how this occurs to change influenza virus.

3. What are the consequences for disease if the N and/or H antigens of the influenza virus:

a)  Show little genetic variation or change (genetic shift)?

b) Have a large amount of genetic variation or change (genetic drift)?

4. Look at slide 14 in the Power Point presentation to help you work out the origin of the flu viruses in (a) to (d)

	Influenza strain
	Animal
	Country
	Year
	H antigen type
	N antigen type

	A_Johannesburg_97_H1N1
	
	
	
	
	

	B_England_69_H3N2
	
	
	
	
	

	A_Thailand_04_H5N1
	
	
	
	
	

	A_Duck_Thailand_04_H5N1
	
	
	
	
	


5. Is the genetic material for the influenza virus DNA or RNA?

6. How many genes code for making an influenza virus?

7. What is gene sequencing and how can it be used to monitor the types of flu circulating in the world?

8. Look at the N gene from the killer strain of influenza that caused the Spanish Flu in 1918. The nucleotide sequence has been translated and the amino acids are written above each triplet.

a) How many nucleotides are there? Don’t count, the number is given at the end.

b) How many amino acids are there (include the start and stop amino acids)? Don’t count, use maths to work this out.

c) Read the caption to find out what the circled amino acids represent. 

d) If the active site is in one region on the NA protein, how do the amino acids involved in the active site come to be close together? You may need to ask your teacher for help with this one.

e) The amino acids that make up the signal peptide are underlined. What is the purpose of a signal peptide? Do a web search to look this up.

f) What do the boxed amino acids represent? Explain.

9. How do the nucleotides in DNA and RNA differ?

10. In humans, RNA polymerase makes mRNA molecules using DNA as a template. In the influenza virus, name the genetic material that is the template for this process?
11. How many Codons (RNA) or Triplets (DNA) are there that can code for amino acids?

12. How many different amino acids are available for protein synthesis? 

13. The genetic code is degenerate. What does this mean (you can answer this after completing the following activity)? Use examples in your answer
CRACKING THE FLU CODE – STUDENT ACTIVITY
Use the results of your sequence alignment to answer the following questons:
Looking at your sequence alignment, use the genetic code to translate the first 30 amino acids for each of these sequences.  
DON’T PANIC!

You do not need to do this for each strain as most of the nucleotides are conserved (that is, they are the same in each gene).  

Conserved nucleotides are shown in blue with an * below.  

Some nucleotides do vary. These are the nucleotides shown in black.  
Hint:  Use the sequence alignment on your student worksheet to translate the first 30 amino acids.

Rule off and number each triplet and use the code (click genetic code button above) to translate each one.  

Share the job with a friend.  
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Sequence alignment

Consensus key (see documentation for details)
* - single, fully conserved residue

CLUSTAL W (1.81) multiple sequence alignment

A Victoria 72_HN2 ATGAATCCARATCAAAAGATAATAACAATTGGCICIGICICT
A Memphis_72_H3N2 -ATGARTCCARATCAAAAGATAATRACAATTGGCTCTGTICTCT
A_Tokyo_73_H3N2 -ATGARTCCARATCAAAAGATAATRACAATTGGGTCTGTCTCT
A_HongKong_68_H3N2 -ATGARTCCARATCAAAAGATAATRACAATTGGCTCTGTICTCT
A_England_69_H3N2 ATGAATCCARATCAARAGATAATAACAATTGGCICIGICICT
A Texas_77_HaN2 A TGAATCCARATCAAAAGATAATAACAATTGGTICTGICICT
A_HongKong_99_H3N2 GCAARAGCAGGAGTGARARTGAATCCARATCARARGATARTRACGATTGECTCTGTTTCT

A Victoria 72_HN2 CTCACCATTGCAACAATATGCTICCICATGCAGATTECCATCCTGETAACTACTGTAACA
A Memphis_72_H3N2 CTCACCATTGCARCAATATGCTTCCTCATGCAGATTGCCATCCTGETAACTACTGTARCA
A_Tokyo_73_H3N2 CTCACCATTGCARCAATATGCTTCCTCATGCAGATTGCCATCCTGETAACTACTGTAACA
A_HongKong_68_H3N2 CTCACCATTGCARCAGTATGCTTCCTCATGCAGATTGCCATCCTGETAACTACTGTAACA
A_England_69_H3N2 CTCACCATTGCARCAGTATGCTTCCTCATGCAGATTGCCATCCTGETAACTACTGTAACA
A Texas_77_HaN2 CICACCATTGCAACAATATGCTICCICATGCARATTGCCATCCTGETAACTACTGTAACA
A_HongKong_99_H3N2 CTCACCATTGCCACAATATGCTTCCTTATGCAARTTGCCATCCTTGTAACTACTGTARCA

A Victoria 72_HN2 TIGCATTTCAAGCAATATGAGTGCEACTCCCCCGCGAACAACCAASTARTECCATETEAR
A Memphis_72_H3N2 TTGCATTTCARGCAATATGAGTGCGACTCCCCCGCGAACAACCAAGTARTGCCGTGTGAR
A_Tokyo_73_H3N2 TIGCATTTCARGCAATATGAATGCGACTCCCCCCCGAACAACCAAGTARTGCCGTGTGAR
A_HongKong_68_H3N2 TIGCATTTTARGCAATATGAGTGCGACTCCCCCGCGAGCARCCAAGTARTGCCGTGTGAR
A_England_69_H3N2 TIGCATTTCAGGCAATATGAGTGCGACTCCCCCGCGAACAACCAAGTARTGCCGTGTGAR
A Texas_77_HaN2 TIGCATTTCAAGCAATATGAGTGCEACTCCCCCGCARACAACCAACTARTECCATETEAR





	Triplet Number
	Code 
(may be more than one if not conserved)
	Amino Acid (may be more than one)
	Triplet Number
	Code 
(may be more than one if not conserved)
	Amino Acid (may be more than one)

	1
	ATG
	M
	16
	
	

	2
	
	
	17
	
	

	3
	
	
	18
	
	

	4
	
	
	19
	
	

	5
	
	
	20
	
	

	6
	
	
	21
	
	

	7
	
	
	22
	
	

	8
	
	
	23
	
	

	9
	ACA or ACG
	T
	24
	
	

	10
	
	
	25
	
	

	11
	
	
	26
	
	

	12
	
	
	27
	
	

	13
	
	
	28
	
	

	14
	
	
	29
	
	

	15
	
	
	30
	
	


1. Have the nucleotides that are not conserved (different in one or more strains) resulted in a different amino acid being added to the growing peptide chain during translation? Use examples in your answer.
When you look at the genetic code, you can see that a number of different triplets can code for the same amino acid.
This is why we say the genetic code is degenerate.

2. Looking at the changes in these triplets, which nucleotide in the triplet is most likely to be altered, the first, second or third? Use examples in your answer.
3. Using this information, 

a) What can you propose about the likelihood or occurrence of mutation events in DNA?

b) Why are the strains with the third triplet mutated more likely to replicate than those with the first and second triplet mutated?

4. What can you infer about the 1999 strain compared to the others?
The NA gene is highly conserved between viral strains, especially the active site.  If the amino acid sequence in the peptide is altered too significantly, then the protein shape changes and it can no longer function to cut the virus particle from the host cell membrane.  As a result, the virus can no longer spread to infect new host cells.

5. Would you expect to see the same level of sequence conservation in non-coding DNA (introns or intergenic regions)?


 INVESTIGATING MUTATIONS 
Scroll through your multiple alignment of H3N2, H1N1 and H5N1 influenza A viral sub-strains to answer the following questions: 

1. Can you identify an area where there has been an insertion event in the H1N1 virus compared with the other viral strains? Explain. 
HINT: Look for dashes (---) in non-conserved areas of the sequence

2. Can you identify an area where there has been a deletion event in the H1N1 virus compared with the other viral strains? Explain.

3. Do some of the viral strains appear to be more related than others when you look at sequence conservation by:
a) Looking at the insertion and deletion events

b) Looking at the Point Mutations 
Check your theory by making an unrooted tree using this multiple alignment.  This will let you see which sequences are more closely related (more conserved).  
GLOSSARY

	TERM
	DEFINITION
	TERM
	DEFINITION

	RNA Polymerase
	
	Genetic Code
	

	Transcription
	
	Protein primary structure
	

	Ribosome
	
	Protein secondary structure
	

	Endonuclease
	
	Epidemic
	

	Primer
	
	Pandemic
	

	Transcriptase
	
	DNA alignment
	

	Translation
	
	Conserved gene sequence
	

	mRNA
	
	Substitution mutation
	

	tRNA
	
	Deletion mutation
	

	Triplet
	
	Insertion mutation
	

	Codon
	
	Inversion mutation
	

	Anticodon
	
	Missense mutation
	

	Amino Acid
	
	Nonsense mutation
	

	Polypeptide
	
	Frameshift mutation
	

	Sense DNA
	
	Phylogenetic tree
	


LISTEN TO THE NEXT PART OF THE TEACHER PRESENTATION AND THEN RETURN TO STUDENT INSTRUCTIONS TO RUN YOUR NEXT ALIGNMENT





RETURN TO STUDENT INSTRUCTIONS TO CONSTRUCT A PHYLOGENETIC TREE
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