
Topics of today:

Overview of studied models/problems

NP-hard problems:

1. Decomposing the cropped breakpoint graph of unsigned canonical genomes

2. DCJ median problem

3. DCJ double distance

4. DCJ distance of balanced genomes



Overview of models / computational problems - 1995-2020
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Cropped breakpoint graph of two unsigned canonical chromosomes

Each vertex of a cropped breakpoint graph has degree 0, 2 or 4:
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NP-hard problem:

decompose a cropped breakpoint graph into
the maximum number of edge-disjoint even

cycles alternating colors

) Inversion distance of unsigned
chromosomes is NP-hard

Corresponding breakpoint diagrams of signed canonical chromosomes:
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A1 = ( 1 5 3̄ 2̄ 4̄ 6 )
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Balanced bicolored graph decomposition (BGDec)

Each vertex of a balanced bicolored graph has degree 0, 2 or 4

The number of red and of blue edges inciding in each vertex is identicalw w
w w

w w
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Problem:

Entirely decompose a balanced bicolored graph
into the maximum number of edge-disjoint

alternating even cycles

+
NP-hard



DCJ median of three canonical genomes

Given three canonical genomes A, B, C, find another canonical genome M that minimizes the sum

ddcj(M,A) + ddcj(M,B) + ddcj(M,C)

Example:

Genomes

A = ( 1 5 3̄ 2̄ 4̄ 6 )

B = ( 1 3̄ 4 ) ( 2 5̄ 6 )

C = ( 1 2 3 4 5 6 )

Breakpoint graph of A, B and C
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Median candidate

M = A = ( 1 5 3̄ 2̄ 4̄ 6 )

ddcj(M,A) = 0

ddcj(M,B) = 6� 4 = 2

ddcj(M,C) = 6� 2 = 4



Reducing BGDec to the DCJ median of three canonical genomes
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DCJ double distance

DCJ double distance d2dcj(S,D) of sing-dup-canonical genomes S and D:

d2dcj(S,D) = ddcj(2·S,D)

Transforming 2·S and D into matched canonical genomes C1 and C2:

for each family f 2 F?, determine which occurrence of f in 2·S matches each occurrence of f in D

) Matched occurrences receive the same index in C1 and in C2

C : set of all possible pairs of matched canonical genomes obtained from duplicated genomes 2·S and D

ddcj(2·S,D) = min
(C1,C2)2C

{ddcj(C1,C2)}



Reducing BGDec to the DCJ double distance
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DCJ distance of balanced genomes

Balanced genomes A and B

8
>><

>>:

F? = F(A) = F(B)

G? = G(A) = G(B)

for each family f 2 F?, �(f ,A) = �(f ,B)

Transforming A and B into matched canonical genomes A‡ and B‡:

for each family f 2 F?, determine which occurrence of f in A matches each occurrence of f in B

) Matched occurrences receive the same index in A‡ and in B‡

The number of common genes between any pair of matched genomes A‡ and B‡ is n⇤ = |G?|

M : set of all possible pairs of matched canonical genomes obtained from balanced genomes A and B

DCJ distance of A and B:

ddcj(A,B) = min
(A‡,B‡)2M

{ddcj(A‡,B‡)}



Multi-relational graph MRG (A,B)

Example: A = [132131] and B = [231131]

········· ········· ········· ········· ·········

········· ········· ········· ········· ·········

r r r r r r r r r r r r1t
1

1h
1

3t
1

3h
1

2t
1

2h
1

1t
2

1h
2

3t
2

3h
2

1t
3

1h
3

r r r r r r r r r r r r
2h
1

2t
1

3h
1

3t
1

1h
2

1t
2

1t
1

1h
1

3t
2

3h
2

1t
3

1h
3

ddcj = 6 � 3 � 2
2 = 2

········· ········· ········· ········· ·········

········· ········· ········· ········· ·········

r r r r r r r r r r r r1t
1

1h
1

3t
1

3h
1

2t
1

2h
1

1t
2

1h
2

3t
2

3h
2

1t
3

1h
3

r r r r r r r r r r r r
2h
1

2t
1

3h
1

3t
1

1h
1

1t
1

1t
2

1h
2

3t
2

3h
2

1t
3

1h
3

ddcj = 6 � 4 � 2
2 = 2

··········· ··········· ··········· ··········· ···········

··········· ··········· ··········· ··········· ···········

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

H
H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H
H
H
H
H
H
H

⌘
⌘

⌘
⌘

⌘
⌘

⌘
⌘

⌘
⌘

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

⌘
⌘

⌘
⌘

⌘
⌘

⌘
⌘

⌘
⌘

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

⇢

⇢

⇢

⇢

⇢

⇢

⇢

⇢

⇢

⇢

⇢

⇢

⇢

⇢

⇢

⇢

r r r r r r r r r r r rA 1t 1h 3t 3h 2t 2h 1h 1t 3t 3h 1t 1h

r r r r r r r r r r r r
B 2h 2t 3h 3t 1h 1t 1t 1h 3t 3h 1t 1h



References

Multichromosomal median and halving problems under di↵erent genomic distances

(Eric Tannier, Chunfang Zheng and David Sanko↵)

BMC Bioinformatics volume 10, Article number: 120 (2009)

An Exact Algorithm to Compute the Double-Cut- and-Join Distance for Genomes with Duplicate Genes

(Mingfu Shao, Yu Lin, and Bernard M. E. Moret)

JCB, vol. 22, no. 5, pp 425–435 (2015)


