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Sequence reconstruction
● Given the spectrum of observed k-mers, we can 

reconstruct the sequence
● Direct approach leads to the Hamiltionian path problem 

(NP-Complete)
● Small change in the k-mer representation leads to Eulerian 

path finding (Pevzner 2000)



  

A historical digression 
on DNA sequence assembly

● Human Genome 
project 
– Started in 1984,  

funding since 1990, 
finished in 2003

– ~$3 billion
– Results announced in 

2000 by the US 
president Clinton and 
UK prime minister Blair

● Celera genomics 
project
– Started later in 1996
– Budget ~$300 million 
– Aimed to 

commercialize 
genomic information

– Results announced 
jointly with HGP



  

HGP announcement

● First draft announced jointly by two competing consortia
● Brought fame to Craig Venter and Francis Collins, but 

prevented genome commercialization



  

Classical genome assembly (HGP)

● Oredrly process with restriction mapped 
fragments and scaffold assembly



  

Shotgun genome sequencing 
(Celera, E. Myers)



  

Take-home message from HGP

● Celera started later and could take advantage 
of much more computing power, therefore did 
not waste so much time on planning different 
stages of the process

● In this case the Moore’s law and computer 
scientists (E. Myers in particular) allowed for 
speeding up the process



  

Sequence asembly from short reads

VELVET assembler, Zerbino et al. 2008 



  

Simplification of deBruijn graph

● We can compress paths without forks

VELVET assembler, Zerbino et al. 2008 



  

Tips and bubble removal

VELVET assembler, Zerbino et al. 2008 



  

De novo assembly

● De novo assemblers (VELVET, Spades, etc.) are 
ressurecting the idea behind Sequencing by 
hybridization

● Even though there are limitations to their use 
(repetitive regions, k-mer length, memory 
constraints) they are very useful in contig 
creation from raw short reads

● Many heuristic improvements and specialized 
tools for specific applications 



  

Metagenomics

● Popularized by Craig Venter in Global Ocean 
Sampling expedition

● Shotgun sequencing of microbes from Sargasso sea
● Identified many novel gene sequences without 

attributing them to specific species
● Now very frequently done in other environments: soil, 

human skin, human intestine
● Helpful in finding new important enzymes (from soil 

around chemical waste facilities)
●  Identified some microbes that are relevant for human 

health



  

Venter et al. Science, 2004
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