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

Model C.anonical D_ouble Halving Gmdfad Median B_alanced
distance distance Halving distance
Break Multi mixed/circular P P P P P NP?
oint Multi linear P P NP NP NP NP?
P Uni linear/circular P (open) (NP) (NP) NP NP
Multi mixed P P P P P ?
scJ Multi linear P P P P P ?
(Multi circular - initial and target) (P) (P) (P) (P) (P) ©)
(Uni linear/circular - initial and target) (P) (open)  (open)  (open)  (open) )
Multi mixed/circular P NP P NP NP NP (iLp)
DCJ Restricted multi linear P open open NP? NP? NP?
Uni linear/circular (Inversion) P open P NP? NP NP?
Strict multi linear (Inv/Trsl/Fus/Fis) P open open NP? NP? NP?
Model Singular Natural  Family-free
genomes genomes genomes
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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:

Unsigned canonical circular
chromosomes

A=(153246)

B=(123456)
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A1 =(153246) Ar=(153246)

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
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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 identical

Problem:

Entirely decompose a balanced bicolored graph
into the maximum number of edge-disjoint
alternating even cycles
4
NP-hard



DCJ median of three canonical genomes

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

des (M, A) + dpes (M, B) + dpey (M, C)

Example:

Genomes Breakpoint graph of A, B and C Median candidate

A=(15324%6)

dpey (M, A) =0
dpcs (M, B) =6 — 4 =2
dpes(M,C) =6 -2 =14

‘IB:(1§4) (256)‘

‘(C:(123456) ‘




Reducing BGDEC to the DCJ median of three canonical genomes




DCJ double distance

DCJ double distance d%c‘](S,]D)) of sing-dup-canonical genomes S and D:

d%CJ(Sv D) = dpes(2-S, D)

Transforming 2-S and D into matched canonical genomes C; and Cs:
for each family f € F,, determine which occurrence of f in 2-S matches each occurrence of f in D

= Matched occurrences receive the same index in C; and in Cy

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

dpas(2-S, D) = i dpes(Ct, C
uu( ) (C1%I2r)]€¢{ DCJ( 1 2)}



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

Fio = F(A) = F(B)
Balanced genomes A and B ¢ G, = G(A) = G(B)
for each family f € Fi, ®(f,A) = &(f,B)

Transforming A and B into matched canonical genomes A* and B¥:
for each family f € 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 Bt 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:

docs(A,B) = min  {dpcs(AF, BF)}
(At BH)em



Multi-relational graph MRG(A, B)

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