7.01xLaboratory #5 Answer Key

Library construction—Component visualization by agarose gel electrophoresis

A. Pouring a gel

B. Analyzing the results of the matings from Lab 4. 

Reminder: plates marked with a green line (very faint) are missing the following amino acids: methionine and lysine; plates marked with a black line are missing the following amino acids: methionine, lysine, and cysteine.

1. What do the green plates select for?

In order to grow on media lacking methionine and lysine, the strains need to be able to produce these amino acids. In other words, the green plates select for ability to make methionine and lysine.  Since the haploid strains we were mating were deficient in methionine (a) and lysine(α), the only way for anything to grow on the green plates would be if the mating was successful, and resulted in complementation of the two amino acid synthesis deficient phenotypes. 

2. What do the black plates select for?

Black plates select for successful matings (mathionine and lysine deficiency, see above) that also results in complementation of the cysteine defiency phenotype. 

3. Which matings were successful on the green plates?




All matings were successful on the green plates.

4. Which matings were successful on the black plates?

Individual results in the class varied, but most plates showed that all matings except 2&4 were successful.

5. What do the results tell us about mutant 1 and mutant 2? Are they mutant in cys3? Cys4? Another gene?



Mutant 2 is mutant in cys4, since it failed to complement cys4 deficiency. Both matings with cys3 mutant produced colonies that grew on cysteine dropout media. It is likely that the cys3 stock plate was contaminated by wild type yeast. Mating wild type yeast with any other yeast exhibiting recessive phenotype will result in diploids exhibiting wild type phenotype. 

C. Thought Question from Lab 4

Two patients meet in Dr. Garrod’s office who both suffer from the urine turning black when contacting air disease. They fall in love, get married, and have a child. The child does not have the black urine disease. What are the possible explanations? 


1. Most likely: The people carry mutations in different genes


2. One of the mutations reverts to a wild type function

3. The proteins produced bear complementary mutations that allow them to function together

4. Non-paternity (Mrs. Black Urine was unfaithful).

It turns out that this disease is called alkaptonuria and is caused by a mutation in only one gene so answer 1 is not possible.  Alkaptonuria is caused by mutations in a gene involved in the breakdown of phenylalanine.  However, mutations in other genes in the pathway can lead to albinism, tyrosinosis, and phenylketonuria (PKU).  PKU is a disease that leads to severe mental retardation, but can be prevented by avoiding the ingestion of phenylalanine.  Therefore all newborns are tested for this disease and some food products like soda will be labeled as containing phenylalanine.  

D. Setting up and running the gels

E. Technical issues about the gels
1. What is a gel?

A gel is a jelly-like matrix. Bigger objects have more trouble fitting through the matrix, and, therefore, travel slower through the gel.  

2. Why did we pour the gel in the cold room? 

To shorten the time it takes the gel to solidify. We could have poured it at the bench, but it would have taken longer for us to be able to use the gels.

3. Why does DNA move (“run”) through it?

DNA is negatively charged due to the phosphates in its backbone. When the electric current is applied, DNA moves toward the anode.

4. If you run two fragments of DNA on the same gel, and one travels farther than the other, what can you say about these fragments? 

The one that travels farther is shorter.

5. You run three fragments of DNA (#1, 2, and 3) on the same gel.  Fragment #1 travels farther than fragment #2, and fragment #3 travels twice as far as the fragment #1. Can you establish the sizes of the fragments #1 and 2 with respect to the size of fragment #3? 

No, because separation between fragments of DNA on the gel is linear towards the bottom of the gel and exponential towards the top. 

F. Library construction—the steps. 

1. What is a library?

A collection of DNA molecules, derived from restriction fragments that have been cloned in vectors, that includes all or part of the genetic material of an organism. 
2. What is a library used for?

We are talking about using a library to clone by complementation. There are other possible uses, such as cloning by hybridization—finding a vector that contains a fragment of the genome that is complementary to the nucleic acid probe. 

3. What is a common principle between complementation by mating that we did in Lab 4 and identification of a gene using genomic library?

In both cases we seek to create an organism that is diploid in the gene/genes of interest to determine whether the presence of the second copy of the gene would complement the deficiency. In complementation by mating, we create a diploid organism. In the course of cloning by complementation using a library we create a partial diploid—an organism diploid for the gene or genes carried by the particular vector that was taken up by the cell. 

4. What are the components that we have running on a gel now?

We are running a digest of yeast genomic DNA and a vector digest.  

5. What features should the vector we are using have?

Origin of replication, restriction site, and a selectable marker (for example, Kan resistance)

6. What are the next three steps in library creation? What is the goal of each step?

	Step 
	Goal

	Ligation


	To create closed vectors carrying a fragment of yeast genomic DNA each

	Transformation


	To introduce the vectors created in the previous step into a culture of yeast. The strain we choose should allow the use of selectable marker present on the vector. 

	Selection


	To find the yeast colonies resulting from taking up the vectors containing our gene of interest.


G. Gel results—expectations

1. If we split our transformed culture in two and plate one half on SC+Kan media, what would each colony on the plates represent?

Each colony would represent an original yeast cell that took up a vector from our library. 

2. On the gels that we have running, how many bands do you expect to see in the vector digest lanes? What does your answer depend on? 

We expect one band in the vector lane, corresponding to one restriction site in our original vector for our restriction enzyme of choice. If there was more than one cut site, there would be more than one band.  

3. How many cut sites for our restriction enzyme do you expect in the yeast genome? How many bands would that produce?

Many sites distributed randomly throughout the genome. In fact, so many sites that we should see a smear on the gel because we would not be able to distinguish individual bands. 

H. Staining the gels

I. Gel results—analysis

1. What did you see on your gels?

One band in the vector lane and a smear in the genomic DNA lane. 

2. What is the relationship of what you see on the gel to the hypothetical colonies on the SC+Kan plates?

Each hypothetical colony on the SC+Kan plates would represent one fragment from the genomic DNA lane that has been ligated into one copy of the digested vector and taken up by one cell in the original culture. 

