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Exercise 1

(5 Points)

Recently, Kováč [1] introduced a series of simplifications for the solution to the breakpoint median problem, improving the complexity of the matching algorithm needed to solve it. Given the same weighted
graph used by Tannier et al [2, as we saw in the lecture], he proved that edges with weight 2 or 3 (from
adjacencies present in 2 or 3 of the input genomes) and also weight 3/2 (from telomeres in all 3 input
genomes) must be present in the optimal matching, so they can be chosen and the corresponding vertices
can be removed from the graph. Also, edges with weight 1, from 2 common telomeres, can also be chosen
in this way, because they are present in at least one median (but not in all). In the resulting graph, only
edges of weight 1 and 1/2 will be present, and edges with weight 0 can be ignored, making the problem
easier to solve (one reason is that the number of edges is now linear in the number of vertices; also, the
matching does not need to be perfect).
Now, given genomes A = {1t , 1h 2t , 2h 4t , 4h 3t , 3h }, B = {1t , 1h 3h , 3t 2h , 2t 4t , 4h } and C = {1t , 1h 2t , 2h 3h , 3t 4t , 4h },
(a) Draw the weighted matching graph of Tannier et al., omitting zero-weight edges.
(b) Choose the “high weight” edges as discussed above, and redraw the graph.
(c) Find a maximum weight matching in this graph, and the corresponding genome that is a breakpoint
median.
(d) Find the SCJ median of A, B and C.
(e) Comparing with the input genomes, what median do you think is a better representation of an
ancestral genome of A, B and C?
Exercise 2

(5 Points)

A well-known lower bound for the median of three genomes A, B and C for any distance d is given by
d(M, A) + d(M, B) + d(M, C) ≥


1
d(A, B) + d(A, C) + d(B, C)
2

(a) Prove this lower bound using the triangle inequality property:
d(X, Y ) ≤ d(X, W ) + d(W, Y ).
(b) In exercise (1), does the breakpoint median reaches the lower bound? How about the SCJ median?
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