MBB 331 Problem Set 2 (Summer 2026)

1. You are working on cloning a gene of interest using the pGEX-2T vector, which contains BamHI and EcoRI sites within its multiple cloning site (MCS). The gene does not contain internal BamHI or EcoRI sites. The sequence of the gene is below, and the red section is the region of interest.
5'AATGCCGTCAGCCGATCTGAATGGCAATTTACGCAGCCAGCATGCTGGTAACTTGGGGTATAAAGCTTACCCATGGTATCGTAGTTAGATTGATTGTTAGGTTCTTAGGTTTAGGTTTCTGGTATTGGTTTAGGGTCTTTGATGCTATTAATTGTTTGGTTTTGATATATGGTTTATGTTTTAAGCCGGGTTTTGTCTGGGATGGTTCGTCTGATGTGCGCGGCGGATCCATGGCAATATAGCATACCCTCACAGCTAATAGCGTGCGGCG 3' 
a. Design a pair of PCR primers (21 nt of gene-specific sequence) that would allow you to amplify the region of interest and clone it in-frame into pGEX-2T. Include the appropriate restriction sites and extra bases at the 5' ends of the primers. 















b. Why must you include additional bases at the 5' end of the restriction site in the primers?








2. You want to determine whether a gene is present in a particular species’ genome. Give a three-step experimental strategy using molecular biology techniques (not PCR) to detect the gene, and briefly explain the rationale for each step.











3. You have just designed a pair of PCR primers to amplify a segment of DNA. The sequences are:

Forward primer: 5’-GCGGATCCATGGCAATTTA-3’
Reverse primer: 5’-GCAAGCTTTTAGCTGTGAG-3’

a. Circle or highlight the restriction enzyme recognition sites in these primers and name them.




b. Calculate the melting temperature (Tm) of each primer.




















c. What annealing temperature (Ta) would you use in PCR? 








4. You are given a circular plasmid of 6000 bp. It has one EcoRI site at position 1000 and two HindIII sites at positions 2000 and 5000.

a. Predict the sizes of fragments produced by:

    i. EcoRI digest only 

    ii. HindIII digest only 

    iii. EcoRI + HindIII double digest 

b. Sketch a gel showing the banding pattern for each digest.


5. You are characterizing a circular double-stranded genome of 10 kb. You begin your study by digesting the DNA to completion with three restriction endonucleases: EcoRI, HindIII and BamHI.  You do single digests and various combinations and separate the resulting restriction fragments by electrophoresis on an agarose gel. The fragment lengths obtained are shown below. Draw a restriction map of the viral chromosome from these data. 



Endonuclease		 	Length of fragments (kb)
EcoRI				6.9	 3.1			
HindIII			 	5.1 	4.4	0.5
BamHI			 	10.0
EcoRI + HindIII		 3.6	3.3	1.5	1.1 	0.5
EcoRI + BamHI		 5.1	3.1	1.8
HindIII +BamHI		 4.4	3.3	1.8	0.5
EcoRI + HindIII + BamHI	3.3	1.8 (strongly stained band)		1.5	1.1	0.5






		

    		
















