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Problem Set 0

Due Tuesday, September 5th
This homework is intended to be a self-administered placement quiz, to help you (and me)

determine if you have the background for the course.

• You may use textbooks, your own class notes from previous courses, and material you find
on the internet. Please include a list of the reference materials you used when you hand in
your assignment.

• You may not refer to previous homework assignments and/or solution sets from the core
courses from prior years.

• You may not discuss this assignment with anyone other than Dannie Durand.

Please provide hand-written answers to all questions. On each question, give your reasoning and
show all intermediate steps leading to your solution. Attach additional pages, if needed. Return
this assignment in class September 5, 2017.

Reference materials:
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1. Below you see a hypothetical stretch of genomic DNA that contains a protein coding sequence
interrupted by an intron, shown in lower case. All letters shown in lower case case are part
of the intron, not just the x’s.

CTAAG ATGGT GCTAA Ggu xxxxxxxxxxxxxxxxxxxxx agG CCTAG TTAAC TCAAT
1 6 11 16 17 23 28

(a) Assume that the first start codon you see as you scan from left to right is the beginning
of the open reading frame. Draw a box around the start and stop codons of this open
reading frame.

(b) What is the peptide encoded by this open reading frame?
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(c) Write down all codons that can result from a single base-pair replacement in the third
codon. For each codon, give the amino acid that it encodes.

(d) What is the probability that a single base change in this codon results in a substitution
of the associated amino acid for a different amino acid?

(e) Suppose that an “A” is inserted between positions 14 and 15. How will the protein
sequence be changed?
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2. Cystic fibrosis, a genetic lung disease, is caused by a rare, recessive autosomal allele (Cftr). A
phenotypically normal man whose father had cystic fibrosis marries a phenotypically normal
woman from outside the family, and the couple consider having a child.

(a) What are the possible genotypes of the husband? Of the husband’s father? Of the wife?
(Use the symbol “a” for the mutant and “A” for the normal or wild type allele. )

(b) Given this information, what is the chance that the couple’s first child will have cystic
fibrosis, if the frequency in the population of heterozygotes is 1 in 50? Assume that no
new mutations occur.

(c) If the first child does have cystic fibrosis, what is the probability that the second child
will be normal?

(d) If the first child has cystic fibrosis, and the couple has 6 more children, what is the
probability that 4 of those 6 will be normal?

(e) If the first child has cystic fibrosis, and the couple has 6 more children, what is the
probability that at most 1 of the 6 will have cystic fibrosis?
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3. Maple Syrup Urine Disease (MSUD) is an autosomal recessive disease characterized by the
inability to metabolize leucine, isoleucine and valine1. When these amino acids build up to
toxic levels, brain injury occurs resulting in mental retardation and seizures. If infants with
MSUD are identified early via genetic screening, the impact of the disease can be lessened
through proper diet.

The incidence of MSUD is roughly 1 in 100,000 individuals worldwide. Genetic tests have
a false positive rate of roughly 0.15. Assuming that the false negative rate is zero, what is
the probability that a randomly selected person who tests positive, actually has the disease?
(Hint: use Bayes’ theorem)

1The disorder is so called because a derivative of isoleucine has a characteristic sweet smell.
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4. Algorithms X and Y have worst case running times no greater than 150N ·
√
N and N2,

respectively, where N is the number of inputs.

(a) Which algorithm has better asymptotic running time, X or Y ?

(b) For which values of N would you choose algorithm X over algorithm Y ? (You may give
an algebraic or graphical answer.)
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5. Suppose you have n bacteria and a single virus in a Petri dish. In the first generation, the
virus kills one bacterium and doubles in number. The remaining bacteria also double in
number, resulting in 2n− 2 bacteria and two viruses. In the next generation, each virus kills
one bacterium and then reproduces itself, resulting in a total of four viruses. The remaining
bacteria divide, yielding 4n− 8 bacteria. This pattern is repeated in subsequent generations.

(a) Let B(t) and V (t) be the number of bacteria and of viruses in the Petri dish at generation
t. Write down recurrence relations giving B(t) and V (t) in terms of B(t−1) and V (t−1).

(b) Solve your recurrence relation. Give expressions for B(t) and V (t) in terms of n and t,
assuming the initial state occurs at t = 0.

(c) How many generations will it take for the viruses to eradicate the bacteria? Give your
answer in terms of n.
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6. In each of the following questions, let T be a rooted tree, in which every internal node has
exactly k children. Note that if T has L leaves, then the number of nodes in T is

kL− 1

k − 1
.

(a) Suppose that T has 176 edges when k = 4. How many leaves does T have?

(b) Can T have 144 nodes when k = 5? Why or why not?

(c) Three k-ary trees have 10, 25, and 43 leaves, respectively. The value of k is greater than
2 and is the same for all trees. What is k?
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7. Let G be a clique with n nodes and let T be a spanning tree for G that was generated by a
depth-first traversal of G.

Suppose the number of edges in G exceeds the number of edges in T by 15. What is n?

8. Let G be a clique with n nodes and let Td and Tb be spanning tree resulting from, respectively,
a depth-first traversal and a breadth-first traversal of G.

Suppose the height of Td and the height of Tb differ by 22. What is n?


