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First Exam
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1. (15 points)

a. Draw the structure of the nucleotide monophosphate 5-Me cytosine.

b.  Draw the structure of the base analog azacytidine.

.  c.  Explain why this compound will restore expression to an epigenetically-silenced
MLH1 gene.  A cartoon will help.
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2.  (10 points)

People talk about a histone code to explain how chromatin is altered during replication, DNA
repair and transcription of genes.  Gene silencing in humans, Drosophila and S. pombe all
involve methylation of histone H3.

The silent copies of S.pombe mating type provide one well-studied example.  These genes are
normally unexpressed, but deletions of clr3, clr4 and swi6 all un-silence these regions as they
also do for genes inserted into the centromere region.

What are the functions of Clr3, Clr4 and Swi6 that contribute to silencing?
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3.  (15 points)

(You have a sample of DNA that is denatured and reannealed, yielding the following Cot curve:

    10-4     10-3    10-2    10-1     0       10       102

                              Cot

A.  You take another sample of denatured DNA and allow it to reanneal to a Cot of 10–4.  You
then pass this sample over a hydroxylapetite column that binds dsDNA and collect the fraction
that was bound.  You take the fraction that was bound and heat it up to 100 °C and then allow it
to reanneal.  Draw the Cot curve of this sample.

     10-4     10-3    10-2    10-1     0       10       102

                                Cot

B.  You then take this DNA and nick-translate it with fluorescently-labeled dNTPs.  What does
“nick translation” mean?  What did you do?
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C.  You the take the fluorescently labeled DNA and use it to hybridize to mouse chromosomes
(i.e  FISH).  Given the origin of the labeled DNA, what regions of the mouse chromosomes do
you expect will “light up”?
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4.  (15 points)  

The assigned paper about Cse4 paper used several genetic approaches to explore the function of
an essential gene.  One approach was to use plasmid shuffling to create conditional-lethal
mutations.

a.  What is plasmid shuffling?   Describe how one carries this out.

b.  Describe any method you might use to create either randomly-generated or specific in vitro-
generated mutations that could be tested by plasmid shuffling.  This does not have to be the
method used in the paper.  How would you introduce this mutation into yeast?
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5.  (15 points)

Enhancer trapping has led to the development of remarkable ways to turn specific genes on in a
subset of tissues, sometimes at one stage of development.

Imagine that you have a P element carrying an enhancer-less gene expressing GAL4 and another
P element that carries UASGAL::LacZ.  Each of these can be injected into embryos to get flies that
carry one or the other of these constructs, each also expressing some selectable marker so that
they can be followed in crosses.  How would you go about isolating an enhancer-trap line that
would limit expression to the eye of the fly?
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6.  (10 points)
You have a 10-kb circular piece of DNA.  You use an extract from Drosophila containing
histones and toposiomerases to assemble chromatin.  You purify the chromatin, then you add
high salt to displace the nucleosomes.  You run the deproteinized DNA on a chloroquine-
containing gel and see that it is supercoiled.

a.  Do you expect it to be negatively or positively supercoiled?  Why?

b.  Can you think of a test using a specific enzyme that could be used to confirm your
hypothesis?  What would you predict the result to be?
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7.  (20 points)

siRNA has rapidly become the impatient person’s way of knocking down if not knocking out
genes.  The method works best when one can introduce a continuously expressed siRNA in the
cells (or embryos) of interest.  Describe:

a.  How would you express siRNA in a cell as opposed to transforming it with RNA?

b.  What happens to the siRNA, that it results in the extinguishing of gene expression?  Name the
key components and describe how they work.

c.  It is possible in mammalian cells to do allele-specific siRNA, so that one could knock down
expression of a wild type gene but not at the same time a mutant or altered gene. How would you
do this, and how would you confirm that it worked?
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