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Topics:

Genomes as gene orders or list of adjacencies

Family-annotated genomes, types of genomes

Large-scale rearrangements

Genome comparison problems: distance, double distance, median, halving
Breakpoint model / Single-cut-or-join (SCJ) model

Relational diagram of two genomes

Double-cut-and-join (DCJ) model

Inversion model

DCJ-indel model

NP-hard problems and ILP
10.1 DCJ distance of balanced genomes
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10.2 DCJ-indel distance of natural genomes
10.3 DClJ-indel distance of family-free genomes
11. Inferring gene families via family-free rearrangements

12. SCJ Small parsimony



Topics of today - Introduction:

1. Genomes as gene orders or list of adjacencies

2. Family-annotated genomes, types of genomes

w

. Large-scale rearrangements

~

. Breakpoint distance, breakpoint double distance



Each chromosome is a DNA molecule

The DNA molecule is a chain of oriented base pairs (bp)

YRS

Reverse complement:
AGCTG <« CAGCT

(two complementary anti-parallel strands, linear or circular)



Linear chromosomes as marker orders

Marker: oriented DNA fragment (lies on one of the two complementary anti-parallel DNA strands)

DNA breakpoints: between markers
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\l/ A chromosome is represented by its marker order

D > (G D> < G

[ Al AR] APl AM] ]

Set of markers: Q(A) = { A[l] , A[2] ) A[3] 1 A[4'] }
Set of adjacencies: F(A) = { A[l]hAp]h , A[z]tAB]t , A[3]hA[4]h }
Set of telomeres: @(A) = { A[].]t , A[4]t }



Linear chromosomes as marker orders

Marker: oriented DNA fragment (lies on one of the two complementary anti-parallel DNA strands)

DNA breakpoints: between markers
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\l/ A chromosome is represented by its marker order \l/
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Set of markers: Q(A) = { A[l] ' A[2] ) A[3] ' A[4'] }
Set of adjacencies: F(A) = { A[l]hA[Z]h , A[Z]tA[3]f , A[3]hA[4]h }
Set of telomeres: @(A) = { A[l]t , A[4]t }



Circular chromosomes as marker orders
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Set of markers:  G(B) ={ B[1], B[2], B[3], B[4] }

Set of adjacencies: (B) = { ‘B[1]!B[2]*, B[2]"B[3]*, B[3]"B[4]*, B[4]"B[1]" }



Family annotated genome

A Al AR AD Al ABl Al AT
Af: 1 2 3 4 1 4 5
Set of families: FANHY={1, 2, 3, 4, 5 }



Types of genomes

» Unichromosomal x multichromosomal
» Linear, circular, mixed

» Concerning the gene content:

1. Singular genome Gf: each family occurs exactly once

2. Duplicated genome G: each family occurs exactly twice

3. Perfectly duplicated or doubled genome G : each adjacency or telomere occurs exactly twice

4. Natural genome: no restriction on the number of occurrences of families




Large-scale genome rearrangements
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Large-scale genome rearrangements
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translocation (inter-chromosomal)
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Large-scale genome rearrangements
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translocation (inter-chromosomal)
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fusion (change # of chromosomes)
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Large-scale genome rearrangements
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translocation (inter-chromosomal)
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(intra-chromosomal) inversion
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Large-scale genome rearrangements

—C e— — —> C om— —
translocation (inter-chromosomal)
—— (— (— D> <
fusion (change # of chromosomes)
— CO—C —— < SE——
(intra-chromosomal) inversion
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(change # of genes) deletion
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Comparison of genomes

I > C G N> —>

i compute a distance measure
between two genomes
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Types of genome pairs

Pair of singular genomes:
each family occurs at most once in each genome

AT

Pair of balanced genomes:
each family occurs the same number of times in each genome




Types of genome pairs

Pair of singular genomes: Pair of canonical genomes:
each family occurs at most once in each genome singular and balanced

LT >SN

Pair of balanced genomes:
each family occurs the same number of times in each genome




Types of genome pairs

Pair of singular genomes: Pair of canonical genomes:
each family occurs at most once in each genome singular and balanced

LT >SN

Pair of balanced genomes:
each family occurs the same number of times in each genome

Pair of natural genomes:
no restriction on the number of occurrences of families




Resolving ambiguous families with a maximal matching



Canonical genomes: common adjacency X breakpoint
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Canonical genomes: common adjacency X breakpoint
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Canonical genomes: common adjacency X breakpoint
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Breakpoint distance of canonical genomes
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Obtaining doubled genomes from a singular genome

Given a singular genome G, let 2 - Gf be the set of doubled genomes
obtained by duplicating each adjacency and each telomere of Gé.

Examples:

AL={[213]} = 2-Al={ { 213 [213] } }
Bf ={(213)} = 2-Bf={ { (213) (213) }, { (213213) } }

Cl={( (3)} = 2.¢ci={{ (@ @ (
(
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Breakpoint double distance

Given a singular genome A/ and a duplicated genome B,
the breakpoint double distance is defined as:

ng(Afv Bi) = Ag:gi;Ag dBP(Af vBi)

Ex: Af =[213] and B =[3
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Quiz

Given genomes Af = (1234) [154532], Bf =[12345] and Cf =[21] [435].

1 Which of the following statements are true? 3 What is the breakpoint distance of ]Bé and (Cé?

A Genome A is linear. A 15
B Genome A is multichromosomal. B 2
C Genome Af is duplicated. C 25
D Genome Af is doubled. D 3
2 How many families occur in genome Af? 4 What is the breakpoint double distance of Af and Bf?
A 4 A 4
B 5 B 4.2
C 55 C 45
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