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Exercise 1 (Breakpoint double distance) (6 pts)

Consider the following pairs of sing-dup-canonical genomes:
1. S=(312)and D= [123312]
2. S=(312) and D =[312321]

For each of the given pairs:

e Compute the breakpoint double distance d2,(S, D);

e Describe the doubled genome 2-S and give a matching of the genes of 2-S and D.

Exercise 2 (SCJ/breakpoint median) (5 pts)
1. Given three canonical genomes C; = [12345], C, = [12354] and C3 = [23145]:

(a) Compute a general SCJ median Mgey of Cy, C, and Cs.
(b) Is there another SCJ median of Cy, C, and Cj that is distinct from Mge;?
(Justify your answer by giving a distinct median or explaining why it does not exist.)
(c) Is Mgc; also a breakpoint median of Cy, Cy and C3?
If no: Compute a breakpoint median of C;, C, and Cs.

If yes: Is there another breakpoint median of C;, C, and Cz that is distinct from Mgcs?
(Justify your answer by giving a distinct median or explaining why it does not exist.)

2. Give an example showing that the general algorithm for computing the SCJ median of three cano-
nical genomes C;, C, and Cz does not necessarily compute a breakpoint median of C;, C, and Cj;.
(Hint: it is enough to consider canonical genomes with three genes.)

Exercise 3 (Breakpoint median) (6 pts)

1. Given three canonical linear genomes LL;, L, and L3, let M be the general breakpoint median of
L4, L, and L3z. Let M be a genome obtained by breaking, for each circular chromosome of M,
one adjacency with smallest weight into two telomeres. Give an example showing that the obtained
M, is not necessarily a linear breakpoint median of Ly, L, and L. (Hint: it is enough to consider
canonical genomes with four genes.)

2. Can you design an exact polynomial time algorithm to compute the linear breakpoint median of
three canonical linear genomes? Justify your answer by describing the algorithm or explaining why
it cannot be designed.

3. Can the algorithm for computing the general breakpoint median of k = 3 genomes be generalized
for computing the general breakpoint median of k > 3 genomes? Justify your answer by describing
the generalized algorithm or explaining why it cannot be generalized.

Exercise 4 (SCJ guided halving) (3 pts)

The SCJ Double-Guided Halving is the following problem:

Given a duplicated genome D and two canonical genomes C; and C,, find a canonical genome H which
minimizes the sum d2.,(H, D) + dse, (H, C1) 4 dge,(H, Cy).

Describe an algorithm to solve this problem.
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