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Polynomial-Time Algorithm for Sorting Genomes by Generalized Translocations

YIN Xiao ZHU Da-Ming

(School of Computer Science and Technology, Shandong University, Jinan 250101)

Abstract  Sorting genomes by translocations plays an important role in the research of genome
rearrangement. Translocation is a prevalent rearrangement event in the evolution of multi-chro-
mosomal species which exchanges ends between two chromosomes. Translocations include recip-
rocal translocations and non-reciprocal translocations. Translocation sorting problem asks to find
a shortest sequence of translocations to transform one genome into another. Several polynomial
algorithms have been presented, all of them only allowing reciprocal translocations. Thus they
can only be applied to a pair of genomes having the same set of chromosome ends. Such a restric-
tion can be removed if non-reciprocal translocations are also allowed. In this paper, the authors
study for the problem of sorting by generalized translocations, which allows both reciprocal and
non-reciprocal translocations, and present a polynomial-time algorithm for this problem, in which
the problem of sorting by generalized translocations is reduced in linear time to the problem of
sorting by reciprocal translocations. This algorithm confirms Ozery-Flato’s conjecture that sor-

ting by generalized translocations could be solved in polynomial time.
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Background

The sorting of genome rearrangement becomes an im-
portant research area of computational biology and bioinfor-
matics. It asks to compute a shortest sequence of rearrange-
ment operations that transforms one genome into another.
There are three classical genome rearrangement operations:
Reversal, Translocation and Transposition. This paper focus
on the problem of sorting signed genomes by translocations.
The result of this paper is a part of National Natural Science
Foundation of China project “Genome rearrangement and
comparison algorithms and complexity”. The project involves
computing the genome rearrangement distance between two
signed or unsigned genomes. The distance is viewed as a bet-
ter estimation of the affinity relations among species, and it is
helpful to guess the real biological evolution process.

For the problem of sorting unsigned genomes by recipro-
cal translocations, the authors proved it to be NP-hard in

2007 and presented a ratio— 1. 75 polynomial-time approxi-
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mation algorithm in 2006 and a ratio— 1. 5 approximation al-
gorithm in 2008. The problem of sorting signed genomes by
reciprocal translocations was first solved in O(»*) time. The
authors improved the algorithm so that the time complexity is

improved to O(»* logn) in 2000 and O(»*) in 2004. In 2006,

this algorithm is improved to O(n v/nlogn). Translocations
include reciprocal translocations and non-reciprocal transloca-
tions. All of those algorithms only allow reciprocal transloca-
tions. Thus they can only be applied to a pair of genomes
having the same set of chromosome ends. Such a restriction
can be removed if non-reciprocal translocations are also al-
lowed. This paper presents a polynomial-time algorithm for
sorting signed genomes by generalized translocations inclu-
ding reciprocal and non-reciprocal translocations, which con-
firms Ozery-Flato’ s conjecture that sorting by generalized

translocations could be solved in polynomial time.



