
Storage, Bandwith and Sequence Alignment

Lou Shaoke

Department of Molecular Biophysics and Biochemistry

loushaoke@gmail.com

June 2, 2015

Lou Shaoke (Yale University) P2 CostSeq June 2, 2015 1 / 11



Task list

Outline

The computational component of sequencing and importance of scalable storage and
search technologies. How does the analysis component scale? Alignment algorithms
(BLAT, BWA, etc)? How is the di↵erential scaling related to the rise of cloud computing
and other changes to computing paradigms?

JZ and SKL think about:
-Storage and bandwidth graph -Peta store vs. giga store -PCAWG dataset size and
theoretical download time $/year invested into pharma pipelines
Alignment algorithm improvement1

-NW
-FASTA
-BLAST
-BLAT
-BWA
comparison to tree building

1Heng Li and Nils Homer. “A survey of sequence alignment algorithms for next-generation sequencing.” In:
Briefings in bioinformatics 11.5 (Sept. 2010), pp. 473–83. issn: 1477-4054. doi: 10.1093/bib/bbq015. url:
http://bib.oxfordjournals.org/content/11/5/473.full.
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http://dx.doi.org/10.1093/bib/bbq015
http://bib.oxfordjournals.org/content/11/5/473.full


Disk cost

Hard disk cost(http://www.jcmit.com/diskprice.htm)

Price reduce 1013 in 60 Years, around 0.6 (or half) each year. It makes possible for cloud
storage.
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Bandwidth

Broadband community annual report 2014:

Now the bandwidth is around 200Mbps, varies in di↵erent nations (FCC 4th report).
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Bandwidth

Bandwidth is one of the big hurdles (data organization and retrieval, human resources,
Budin-Ljøsne et al. 2014):
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PCAWG

Estimation to download/upload data to AWS Virginia
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Sequence alignment

NW, SW, FASTA and BLAST: once upon a BLAST (Filion n.d.) and A survey of
sequence alignment algorithms for next-generation sequencing (Li and Homer 2010).

Name Year Algorithm attrib Reference

Needleman-Wunsch 1970 DP pairwise alignment Needleman and Wunsch 1970

Smith-Waterman 1981 DP pairwise alignment Smith and Waterman 1981

FASTA 1985 Heuristic word database search Lipman and Pearson 1985

BLAST 1990 K-mer database search Altschul et al. 1990

BLAT 2002 K-mer database search, NGS Kent 2002

BWA 2009 BWT NGS Li and Durbin 2009

The most important feature for tools in NGS era is the use of auxiliary structure:
hash-table, su�x array, FM-index, BWT and compressed su�x array et cetera.
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Data management portal/pipeline: biomart, ucsc genome brower, Galaxy and seqware et cetera.



Alignment comparison
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Figure like this?
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