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The Human Genome

Source: National Center for Biotechnology Information (NCBI), USA
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A Bacterial Genome

Source: Science, 05 Sep 1997: Vol. 277, Issue 5331, pp. 1453-1462
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Genome elements

Adjacencies: {ah, bh}, {bt , ct}; telomeres: at , ch
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Representing genomes as matrices

Adjacencies: {ah, bh}, {bt , ct}; telomeres: at , ch

at
ah
bt
bh
ct
ch



1 0 0 0 0 0
0 0 0 1 0 0
0 0 0 0 1 0
0 1 0 0 0 0
0 0 1 0 0 0
0 0 0 0 0 1


Properties

0-1 matrices, satisfy A = At = A−1

even dimension
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Distance

Distance between two genome matrices is the rank of their difference

d(A,B) = r(A− B)

Properties

r(A + B) ≤ r(A) + r(B)

Hence, d(A,C ) ≤ d(A,B) + d(B,C )

d(A,B) = 0 if and only if A = B

d(A,B) = d(B,A)
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Genome Rearrangements
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Matrix Median Problem

Useful for ancestor reconstruction

?

Definition

Given three input genome matrices A, B, and C , find matrix M
minimizing d(M,A) + d(M,B) + d(M,C ).

Polynomial? NP-hard? Nobody knows.
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Median may not be genomic

0 1 0 0

1 0 0 0

0 0 0 1

0 0 1 0




0 0 0 1

0 0 1 0

0 1 0 0

1 0 0 0




0 0 1 0

0 0 0 1

1 0 0 0

0 1 0 0




−0.5 0.5 0.5 0.5

0.5 −0.5 0.5 0.5

0.5 0.5 −0.5 0.5

0.5 0.5 0.5 −0.5




Need a way to go back from matrices to genomes
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From matrices back to genomes



0.2 0.8 −0.5 0 0 0.4 0 −0.1
−0.4 0 0 0 0 −0.3 0 0.6
0.3 0 0.5 0.2 0 0 0 0.3
0 0 0 0 0 1 0 0

0.1 0 0 −0.1 0.1 0.4 0.2 0.7
0 0 0 1 0 0 0 0
−0.3 0 0 −0.5 0.1 0 −0.4 0.1

0 −0.8 0.2 0 0 0.8 0.2 0.3





0 1 0 0 0 0 0 0
1 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1
0 0 0 1 0 0 0 0
0 0 0 0 0 0 1 0
0 0 0 0 1 0 0 0



Assign weight |aij |+ |aji | to edge ij

Take a maximum weight matching as your solution

A genome is a matching of gene extremities
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What we know

Lower bound for median score

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

2
≤ d(A,M) + d(B,M) + d(C ,M)

O(n3) Approximation algorithm
J.P.P.Zanetti, P.Biller, J.Meidanis, Bull Math Biol (2016) 78: 786

O(n2) For special cases
L. Chindelevich, J. Meidanis, RECOMB-CG Workshop, Oct. 2017

Close to twice DCJ distance
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Relationship with Double Cut-and-Join (DCJ)
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What we want

Fast, exact algorithm for genomes (if possible)

Fast, exact algorithm for matrices + better ways of going from
matrices to genomes

Tests with mammals, bacteria, plants, etc.

Try minimax matrices

minimize max{d(A,M), d(B,M), d(C ,M)}

Determine all sorting scenarios (done for DCJ)

Extension for gene deletions and insertions (done for DCJ)

Extension for duplicated genes (done for DCJ)

Determine complexity: polynomial or NP-hard?

Get this presentation:

http://www.ic.unicamp.br/~meidanis/research/rear/
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