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Abstract
In this paper we prove a duality theorem leading to a polynomial time

algorithm for computing translocation distance for the case when the orientation
of the genes are known.

1. Introduction

We prove a duality theorem characterizing translocation distance for signed
data. This leads to polynomial algorithm which computes a shortest sequence of
translocations transforming one genome into another.

We restrict our discussion to the case when both prefix-prefix and
prefix-suffix reciprocal are allowed. |
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Fig. 1. Examples of translocations. Notice the cha nge in the directions of cliromo-

somal segments, Y5 and Vs, after prefix-suffix translocation.
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1. n is the number of genes in A.
2. N is the number of chromosomes. 74
3. Ca: the number of cycles in G
We construct the bicolored cycle graph G, of genome A as follows.
The vertex set V contains the pair of vertices x: and x;, for every gene in
A, i.e., V= {u :u is either x’ or x", x is a gene in A}.
Vertices « and v are connected by a black (solid) edge iff they are
neighbors in the A. :
Vertices u and v are connected by a gray (dot) edge iff they are
neighbors in the target genome.
Notice that x" and x" are not connected for any x and a pair of vertices
which are neighbor in both the genomes are connected by both, a black
and a gray edge.
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Fig. 3. Prefix-prefix translocations cotti ng black edges (u vy and (r ¥} affects the

cyele graph 74, (al For a proper translocation Ales]l = 1. (b} For an improper
translocation Aicsyl = 0. (¢j For a bad translocation Alecal——1.
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SP is an interval / within some chromosome of A such that
(1) there exists no edge (u,v) such that » e IN(J) and v IN(J) and
(ii) there is at least one long cycle (of size > 2) involving edges inside I.
A minimal subpermutation (minSP) is a SP not containing any other
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Fig. 4. Examples of subpermutations.
o

5. Let Ox=1 if the number of minSPs is odd and O, = 0 otherwise.
6. Letin=11f A has an even-isolation and i, = 0 otherwise.
Genome A has an even-isolation if
(1)  all the minSPs of A reside on a single chromosome,
(1) Saiseven and
(111) all the minSPs are contained within a single SP.
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{a) {b)
(al An example of evolution by translocations (bl cycle graph corresponding

to genomes at every stage of evolution with respect to the fixed target genome B.
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3. Algorithmfor Sorting by Translocations

Algorithm Trunslocation_Sort (A)
L. while A is not identical to the target genome

-
3.
4.
5
G
Step 1 :
Step 2 :

Step 3 :

Step 4 :

Step 5 :

if there is a proper translocation in A
sclect a valid proper translocation p (theorem 12)
else select a valid bad translocation p (theorem 13)

A+ A-p

endwhile

The cycle Ga can be constructed in O(n) time where 7 is the number of
genesin A.

A data structure to maintain the list of gray edges leading to proper
translocation and the list of minSPs can be initialized in O(n>). There
are atmost O(n) iterations.

A4

may require searching among atmost O(n) proper translocations since

every alternative choice of a proper translocation reduces the size of
new minSP created.

A
away to find a valid bad translocation in constant time.

the valid transloation in step5 involves updating the data structures
which can be done in atmost O(n?)

Therefore the overall running time of Translocation_Sort is O(n°).

O(n’)+O(n) * [O(n) + { O(1) or O(mY) } + O(n)] > O(r’)
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