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Introduction. This internship consists in studying, under an algorithmic viewpoint, a new class of
problems that are concerned with genome rearrangements. It will cover two main activities, that may be
interleaved:

1. a broad complexity study of these problems: polynomiality, NP-hardness, in/approximability,
fixed-parameterized tractability, integer linear programming

2. a campaign of tests on different types of simulated data: implementation of some of the designed
algorithms, analysis of their execution time and accuracy of the results, possible feedback to the
model

Genome Rearrangements. Genome rearrangements problems are motivated by the study of evolution
in biology, and can be mathematically modeled as follows: given a permutation π = π1 π2 . . . πn
containing n elements and a set S of rearrangements operations that affect a permutation, find a shortest
sequence of rearrangements from S that turn π into the identity In = 1 2 . . . n. For example, suppose S
contains only one operation called reversal: a reversal takes a contiguous sequence of elements from π,
reverses it, and reincorporates it at the same location (example: a b c d e→ a d c b e). If π = 2 3 5 1 4,
then any shortest sequence of reversals from π to I5 takes 3 reversals, and a possible solution is as
follows:

2 3 5 1 4

2 3 4 1 5

4 3 2 1 5

1 2 3 4 5

A very wide literature exists about the algorithmic aspects of genome rearrangements, as many vari-
ants exist depending mainly on the input genomes (signed or unsigned permutations, see e.g. [5, 2]) and
on the set S of allowed operations. See for instance [4] for a book survey.

The GR+IS model. Here, we want to incorporate a further ingredient to the problem. The idea is
to take into account not only the order of the elements (as before), but also the distance between them
(or intergenic sizes). Thus the input is now a permutation π = π1 π2 . . . πn together with a set Sin =
{s0, s1, s2 . . . sn−1, sn} of intergenic sizes, where for any 1 ≤ i ≤ n−1, si is the number of nucleotides
that lie between πi and πi+1 (s0 and sn being the number of nucleotides respectively to the left and
right of π). On the other hand, the identity In is also given with Sout = {s′0, s′1, s′2 . . . s′n}, and we have∑n

i=0 si =
∑n

i=0 s
′
i.



Now, a rearrangement (for example, a reversal between πa and πb) will still reverse everything be-
tween πa and πb (both included), but will also cut the intergenic regions of length sa−1 (to the left of πa)
and sb (to the right of πb), and recompose two new intergenic regions of sizes σa−1 and σb, such that
σa−1 + σb = sa−1 + sb.

sa−1 πa . . . πb
sb → σa−1 πb . . . πa

σb

This new GR+IS model (for “rearrangements plus intergenic sizes”) aims at better modeling the
evolutionary events that take place in real life. However, results in the GR+IS model will in general be
different from those in the classical genome rearrangements model. For instance, if π = 2 3 5 1 4 with
Sin = {0, 10, 10, 10, 10, 0} and I5 = 1 2 3 4 5 with Sout = {0, 20, 0, 0, 20, 0}, this would now require
strictly more than 3 reversals.

In other words, a new complexity study is required if one wants to understand this new GR+IS model,
and be able to provide algorithmic answers/tools for it. Nevertheless, it is possible to build on previous
knowledge about the “classical” genome rearrangements model. This internship will thus consist in
studying the GR+IS model for different kinds of rearrangements, namely:

• reversals

• short reversals and short transpositions

• Double-Cut and Join (or DCJ) [6] – in this case, some results by our group have already been
published [1, 3]

As mentioned in the introduction, the internship will consist in studying these problems under an
algorithmic viewpoint. Note that since this GR+IS model is new, several (if not many) new results can
be expected. On the way, several algorithms will be designed. Thus experiments will be run on some of
them, on different type of (simulated) data, in order to test their execution time and their accuracy.
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