BIOL 3104: Molecular Genetics 
Assignment #1: Primer Design 

1. What is the name of your target gene? (0.5 mark) MRE 11

2. What are your primer sequences? Write in a 5’-3’ direction and indicate which one is the forward primer and which one is the reverse primer (1 marks)
Forward: 5’ – atggactatcctgatccag – 3’
Reverse: 5’ – ctattttcttttcttagcaag – 3’

3. What are the melting temperatures of your primers?  Show your calculations (1 marks) 


4. When creating primers it is important to check for potential hairpin loops, primer dimers and false priming sites as each can result in low gene amplification.  Define the meaning of each of these terms.  (1.5 marks)
Hairpin loops: Occurs when a single strand of DNA folds back on itself and the nucleotide bases hybridize, which forms a loop. 
Primer Dimers: Primers attach to each other, DNA polymerize amplifies them and they compete for PCR reagents. 
False Priming Sites: More than one site which could be complimentary to the primer, causing the primer to bind in the wrong location. 

5. List and explain the significance of each reagent you would use in a PCR reaction (3 marks)
Taq polymerase: synthesizes new strand
Primers: Attach to the DNA template at the initiation site. 
Template: Original strand of DNA including segment to be replicated. 
dNTP’s: Nucleotide bases which will be added by Taq to create amplicons. 
Buffer: provides suitable chemical environment.
Cofactor : Promotes Taq activity. 

6. Draw an approximate PCR program for your primers, indicate what is happening  and the approximate temperature and length of each step  (hint - set the annealing temperature 5°C below your calculated Tm from Question 2) (3 marks)




 






BIOL 3104: Molecular Genetics 
Assignment #2: Proteins


7. What is the name of your target gene? (0.5 mark) 

MRE 11

8. What is the function of the protein encoded by your gene? (0.5 marks)

The protein encoded by the MRE 11 gene is called DNA repair protein MRE11. It forms a complex with RAD50.  It is involved in DNA double strand break repair. The protein possesses single-strand endonuclease activity and ATP-dependent double-strand-specific exonuclease activity. This protein provides ATP-dependent control of the gene by unwinding and/or repositioning DNA ends into the genes active site.

9. Name 3 proteins that interact with your protein and name the method used to detect each interaction. Use references. (4 marks) 

1) SSK22 – Detected by anti taq coimmunoprecipitation, Ho et al. (2002) Systematic identification of protein complexes in Saccharomyces cerevisiae by mass spectrometry, Nature (0028-0836).
2) SSA2 –Detected by  tandem affinity purification,  Ho et al. (2002) Systematic identification of protein complexes in Saccharomyces cerevisiae by mass spectrometry, Nature (0028-0836).
3) TSC13 – Detected by tandem affinity purification, Ho et al. (2002) Systematic identification of protein complexes in Saccharomyces cerevisiae by mass spectrometry, Nature (0028-0836).

10. Name the human ortholog of your protein and the percent identity. (1 mark)

Double stranded break repair protein MRE11A  with 40% identity. 

11. What is the function of the human ortholog? (0.5 marks) 

This protein is a component of the MRN complex, whose role is central to double stranded break repair. This protein is also involved in DNA recombination, maintenance of telomere integrity and meiosis. The protein possesses single-strand endonuclease activity and double-strand-specific 3'-5' exonuclease activity, which are provided by the gene MRE11A. This protein may be also be required to bind DNA ends and hold them in close proximity. Also, DNA damage signaling via activation of the ATM kinase. In telomeres the MRN complex may modulate t-loop formation.



12. Name 3 proteins that interact with the human ortholog and name the method used to detect each interaction. Use References (4 marks) 

1) SIRT1 – Detected by anti bait coimmunoprecipitation, Kobayashi et al. (2002), NBS1 localizes to gamma-H2AX foci through interaction with the FHA/BRCT domain. Current Biology (0960-9822)
2) MDC1 – Detected by coimmunoprecipitation, Kobayashi et al. (2002), NBS1 localizes to gamma-H2AX foci through interaction with the FHA/BRCT domain. Current Biology (0960-9822)
3) USP11 – Detected by anti taq coimmunoprecipitation, Kobayashi et al. (2002), NBS1 localizes to gamma-H2AX foci through interaction with the FHA/BRCT domain. Current Biology (0960-9822)


 
          














  Bioinformatics Assignment 3
Chemical Genomics 

1.                                                     Grouping of Genes Based on Function 
	Function
	Number of Genes 
	FDR (p-value) 

	Cell Cycle
	22
	8.07*10-4

	Protein Phosphorylation
	10
	3.54*10-3

	Ribosomes
	10
	9.16*10-2

	Cell Wall 
	8
	4.6*10-2







1. Further Division of Cell Cycle Genes into 3 different Groups, including the Genes which overlap. 
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1. The drug to which these genes show sensitivity has a mode of activity which affects cell cycle. Namely, cell cycle regulation, and cell division. 

1. An experiment could be designed in which the genes which relate to all three functions (CDC 20, BFA1, BUB 1-3, SGO 1) are silenced in healthy cells and their life cycles are observed. We would expect that if our hypothesis is accurate and that these genes do indeed relate to the functions we have indicated, some processes related to cell cycle would be inhibited. 

1. Colchicine prevents spindle assembly and therefore inhibits mitosis. 

Docetaxel reversibly binds to microtubules and strengthens the bond, preventing separation, and therefore cell division. 

