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Sequencing projects
Human Genome Project (divided work among three labs)

Sanger Center – John Sulston (Brixton, UK)
Whitehead Institute – Eric Lander (Cambridge, MA)
WUSTL – Bob Waterston (St. Louis, MO)

Private Projects
Celera Genomics, a small company, with a lot of assets, 

and a recent interest in creating synthetic life, base-by-base.
Financing

Wellcome Trust, a private trust
US Government DOE/NIH (~$3*109)
Venture Capital, 1/10th of amount spent publicly (~$3*108)

Publishing
“Simultaneous” with Celera, sequence must be deposited in public
database of Nature/Science magazines.
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How to sequence in a couple easy 
steps, with a fat check book, and a 
taste for repetition

Eric Lander’s paper 
International Human Genome 
Sequencing Consortium. Initial 
sequencing and analysis of the 
human genome. Nature, 
15:860--921, 2001.
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More on HGP sequencing
Scaffold: The result of connecting contigs by linking information from 
paired-end reads from plasmids, paired-end reads from BACs, known 
messenger RNAs or other sources. The contigs in a scaffold are ordered 
and oriented with respect to one another.
BAC clone: Bacterial artifcial chromosome vector carrying a genomic
DNA insert, typically 100±200 kb. Most of the large-insert clones
sequenced in the project were BAC clones.
Fingerprint clone contigs: Contigs produced by joining clones inferred to 
overlap on the basis of their restriction digest fingerprints.
The BAC library is constructed by fragmenting the original genome and 
cloning it into large-fragment cloning vectors. The genomic DNA fragments 
in the BAC clones are then organized into a physical map (often with the aid 
of fingerprint scafolding). Individual BAC clones are then selected and 
sequenced by an automated process using the random shotgun method. 
After the BACs are sequenced, the sequences are assembled 
reconstructing the sequence of the genome.
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Assembly
James Kent (UC Santa Cruz) writes GigAssembler which assembles 
the highly fragmented BACs, ESTs, contigs after the sequencing 
freeze.  This algorithm uses “rafts” and “bridges” to group and merge 
pieces of assembly. (Kent WJ, Haussler D. Genome assembly of the
working draft of the human genome with GigAssembler. Genome 
Res. 2001 Sep;11(9):1541-8 )
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GigAssembler’s assembly 
process
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This computer shotgunned fragment 
assembly stuff wasn’t totally new, i.e. 
back at the ranch…

Gene Myers, at Colorado then Arizona 
CS Depts, had been quietly working on 
multiple fragment assembly throughout 
the late 80s (Kececioglu as well).  
Eventually he/his team got the job of 
writing the Celera Assembler, the 
pipeline for which is pictured at right. 
(Myers, E.W. et al. A Whole-Genome 
Assembly of Drosophila 2000. Science 
287: 2196-2204)
An early software package, UniFak 
(UNIX suite for fragment assembly)
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Eulerian superpath assembly
Find a path visiting every EDGE exactly once (vertices may be 
repeated): Eulerian path problem (Pevzner et al. PNAS August 14, 
2001 vol. 98 no. 17)

This is different from the classical method of overlap-layout-
consensus, which depends on the overlap graph.  Instead of 
keeping the pieces, or contigs, whole, they are cut up into smaller 
regular pieces, changing the Layout Problem to the Euler Path 
Problem.
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Euler path algorithm
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Celera’s paper used whole-genome 
shotgun, so dependent on HGP 
data, which used hierarchical 
shotgun assembly

Waterston, “On the sequencing of 
the human genome,” 3712–3716 
PNAS March 19, 2002 vol. 99 no. 
6.
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WGS vs. HGS cont.
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BLAST brute-force
Hash the nucleic acid w-mers.  Shift the frame.  Record all the 
matches.  Run some statistics (generate an E value).  Observe that 
setting word size w equal to the database length, it will never finish.
Only two bits for each letter, if there is a U or N, a random 
nucleotide is chosen (see the BLAST book).
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Bit-wise encoding explained



2003.11.13 Sequencing Presentation 14

End


	Brief overview of genome sequencing
	Sequencing projects
	How to sequence in a couple easy steps, with a fat check book, and a taste for repetition
	More on HGP sequencing
	Assembly
	GigAssembler’s assembly process
	This computer shotgunned fragment assembly stuff wasn’t totally new, i.e. back at the ranch…
	Eulerian superpath assembly
	Euler path algorithm
	Celera’s paper used whole-genome shotgun, so dependent on HGP data, which used hierarchical shotgun assembly
	WGS vs. HGS cont.
	BLAST brute-force
	Bit-wise encoding explained
	End

