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Motivation

• Outlook on DNA Sequencing

• From $500,000 to...

• $50

• From 3 months to...

• < 1hr



Motivation

• Explosion of information

• 750 Megabytes

• 2 bits * 3x109 base pairs = 6x109bits

• 100 million sequences and,

99 billion base pairs in GenBank

• Numbers will skyrocket as costs drop





Opportunity

• Inevitable Trends

• Genetic engineering will increasingly 
become a computing problem

• Storage and analysis of data will occur in 
a fully distributed manner



Fundamental Problem
Limitations of today’s representation/analysis techniques 

• The inability to efficiently represent, 
manipulate, and analyze statistically 
significant samples of biological data 
within reasonable hardware limitations.

• Primary limiting factors:

• memory

• bandwidth



Steps to a Solution
“Nature is a tinkerer, not an inventor” – François Jacob 

• Evolution is inherently incremental

• An organism’s DNA is related to that of 
it’s ancestors

• Estimate: Only 0.05% of the genetic code 
of unrelated people differ



Approach
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Straw Man Implementation
Dynamic Programming

[1] Dynamic Programming, Needleman-Wunsch

Alignment



Implementation

[2] Durbin et al.



Implementation

[1] Dynamic Programming, Needleman-Wunsch

Valid Alignments



Implementation 2.0

• Objective: Cluster the occurrence of gaps

• Approach: Penalize more for opening gap, 
and less for subsequent gaps

• Solution:

• Use three matrices instead of one

• Maintain state across gaps to coalesce 
them into “gap segments”



Implementation 2.0
State Machine Equations

[2] Durbin et al.
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Current Ambitions

• Considering applicability to distributed 
filesystems

• LBFS, Mazieres. Summer project.

• Implement support of compression 
across n sequences rather than just two.

• Test on larger scale sequence sets and 
measure performance
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