The EXEMPLAR BREAKPOINT DISTANCE
Is not approximable... at all
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Abstract : A promising and active field of comparative genomics consists in comparing two genomes by establishing a one-to-one correspondence (i.e., a matching) between their genes. This
correspondence is usually chosen in order to optimize a predefined measure. One such problem is the Exemplar Breakpoint Distance problem (or EBD, for short), which asks, given two genomes
modeled by signed sequences of characters, to keep and match exactly one occurrence of each character in the two genomes (a process called exemplarization), so as to minimize the number of
breakpoints of the resulting genomes. The gene which is kept is assumed to be the ancestral gene. Bryant [3] showed that EBD is NP-complete. In this paper, we close the study of the approximation of
EBD by showing that no approximation factor can be derived for EBD considering non-trivial genomes - i.e. genomes that contain duplicated genes.

Notations and problems
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The Exemplar Breakpoint Distance (EBD) Problem : The Zero Exemplar Breakpoint Distance (ZEBD) Problem :
Input : two genomes G1, G2 and an integer k Input : two genomes G1, G2
Question : is it possible to establish an exemplar matching of G1 and G2, such that the Question : is it possible to establish an exemplar matching of G1 and G2, such that the
breakpoint distance between the resulting genomes is at most k ? breakpoint distance between the resulting genomes is zero ?

Known results

Forany p,q = 1, we denote EBD(p,q) (resp. ZEBD(p,q)) the EBD (resp. ZEBD) problem in which occ(G 1)=p and occ(G2)=q.

On Exemplar Breakpoint Distance (EBD) : On Zero Exemplar Breakpoint Distance (ZEBD, EBD with k=0) :
- EBD(1,2) is NP-Complete [3] - ZEBD(3,3) is NP-Complete [4]
- EBD(1,2) is APX-Hard [2] - ZEBD(2,q9) is NP-Complete (g unbounded) [2]

- EBD(3,3) got no approximation algorithm [4]

Open problem : is ZEBD(2,q) NP-Complete for bounded q ?
Open problem : is EBD(2,2) approximable ? [2,4]

Our contributions

- ZEBD(2,2) is NP-Complete (reduction from 3-SAT), and hence EBD for non trivial genomes is not approximable at all.
- Two Fixed Parameter Tractable (FPT) algorithms for ZEBD :

1) Parameterized by the number m of genes families 2) Parameterized by genome’s span s
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By color-coding [1]

- A color for each gene family

- A vertex v € V for each pair of genes of the same family that carry the same sign
- For all {(i,j),(p,q)}<€V?, an edge from (i,j) to (p,q) if i<p and j<q

Looking for a colorful path w

Complexity: () (QO)
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- A vertex : a common subsequence between G 1 and G2
- An edge if the subsequences are compatible (no gene of the same family in common and
not overlapping)

Compute the common subsequences between segments of G 1 of size s and G2
Looking for a path in the DAG

Complexity: O (nQS 83)
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