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Content of this course

How to reconstruct a
genome with sequencing
data?

What are the main
challenges?

Which solutions have
been proposed?

genome size: � 32 gigabases
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Content of this course

What is assembly?

What are the main problematics
to bear in mind when
conducting an assembly?

What are the current limits of
assembly?
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Assembly
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Accessing a genome

From www.genome.gov/genetics-glossary/acgt
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Reads are words from the genome
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Reads are shu�ed words from the genome
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Genome assembly task

Genome assembly
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Using read overlaps
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Genome sequencing: coverage
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Genome sequencing: coverage
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Genome sequencing: coverage
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Genome sequencing: coverage
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Genome sequencing: coverage
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Assemblyidea number 1: Select the longest overlaps
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Assembly idea number 1: assemble the longest overlaps
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Your time to shine!
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The Greedy solution
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The actual solution
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What happened?
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Do we expect many repeats?

Probability to have NO repeated word of size 31 in a 5 megabases
genome

From en.wikipedia.org/wiki/Birthday_problem
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The burden of assembly: genomic repeats

Amount of repeats larger than a given size inE. coli genome
15: 44,994

21: 1,169

31: 559

41: 323

51: 225

61: 192

Genomic repeats are NOT random events
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Greedy assemblers

Simple and e�cient scheme

Rely onlocal best choice (greedy)

May create errors because of local choices when there are repeats
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History from the last century
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Assemblyidea number 2: consider all overlaps
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Greedy solution
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One piece solution

Camille Marchet & Antoine Limasset A little tour of assembly methods 27 / 124



Multiple repeats
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First solution
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Second solution
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Parsimonious solution: do not assemble

Repeats lead to the fragmentation of the assembly
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Missing information also fragments the assembly
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Assemblyconcession number 1: output fragments
In the real world, assemblers often provide pieces of genomes rather
than complete ones
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Overlap graph prerequisite : all overlaps
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Overlap graph burden: number of reads

n(n � 1)=2 = O(n2) possible overlaps forn reads

Linear: 2X data 2X time
Quadratic: 2X data 4X time
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Overlap graph burden: number of reads

n(n � 1)=2 = O(n2) possible overlaps forn reads

# Reads # Overlaps
1000 499,500
10,000 50 million
100,000 5 billion
1 million 500 billion
10 million 50 trillion. . .

Most overlaps are too small to be considered...
The overlap computation is not linear
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Overlap graphs in a nutshell

Graphs of overlaps between the reads

Can provide a global solution for
assembly

Can be di�cult in real cases because it
requires a lot of computation (overlaps)

S. cerevisiae, D. melanogaster, human could be assembled using overlap
graphs approaches (Celera (Myers et al. 2000), SGA (Simpson & Durbin
2011), ...)
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Fast forward
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