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Bioinformatics
“Central Dogma” of Molecular Biology Proteins and Evolution Sequence Alignment Algorithms and Statistics
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Sequence Comparison Dynamic Programming Algorithms:
Needleman-Wunsch [Needleman & Wunsch, 1970]
Smith-Waterman [Smith & Waterman, 1981]
Smith-Waterman with gaps [Gotoh, 1982]

FASTA [Pearson & Lipman, 1988]
BLAST [Altschul et al., 1990]

Transcription

Replication

Statistical Significance:
Distribution of Smith-Waterman scores [Karlin & Altschul 1990]
Distribution of n SW scores [Karlin & Altschul 1993]
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v Empirical distribution for gapped scores [Altschul & Gish 1996]
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Data Avalanche Paradigm Shift

Yesterday Old Sequence Analysis Paradigm New Sequence Analysis Paradigm:
Genomics and Comparative Genomics
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Record new experimentally derived sequence

Compare to known sequences in database DATABASE OF KNiow

Determine statistical significance of comparison scores
Deduce biological and evolutionary relationships
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Genome Challenges

« Computation grows quadratically with data volume -

ATAATGAATCTTTACGATCTTITA SN o :
- . « Current parallel implementations scale poorl
g . « Heuristic methods are faster but less sensitive P P poorly
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Solution: Break the Data Bottleneck Data Transmitted
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Genomes and Proteomes N
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Organism Year Genome Size | Proteome Size Camhisite 60
Completed _(Base Pairs) (# of Proteins)
1995 ~588,000 480| 50
1997 ~4,600,000 4.289) @4-1C
1998 86,000,000 14 300 Data 40 ompression
st 2000 ~137,000,000, ~13,5( B New Method
H(’“] D'\p\;; ~2000 _ ~3,100,000,000 ~30,000-60. UUO 30 B Old Method
}fcomplele microbial genomes (87 in progress) 20
Many new microbial genomes every year Computer
Many other higher organisms’ genomes being sequenced 10
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Runaway Growth k Computers 2 4 9 16 25 36 49 64
M-+(N/k) Data/CPU (M%N)/k Work/CPU (M+N)~K Data/CPU #of CPUs
Growth of GenBank (kXM)+N Total Data MxN Total Work (M+N)X+k Total Data
Advance.s in svequencvmg technology Old VS. NeW
Exponentially increasing data volume 7
GenBank: 8.6 billion nucleotides (Jun 2000) é H Data = Work <@l Data << Work -- “Square” tasks minimize data/computation
9.5 billion nucleotides (Aug 2000) £ H
Data growing faster than computer speeds: % ® Data expansion takes as long as or longer than comparison operations Data ion relatively il ive - compression becomes worthwhile
- Data volume doubles every 12 b E; L R R N R .
months K Entire library required everywhere simultaneously (Poor NFS server...) <G Tasks self-contained, compact, independent - exquisitely parallel
- Moore’s Law: 18-month doubling
time o Parallelism constrained to number of machines not starved for data <@ parallelism constrained only by the available number of machines
ESEEERE Paves the way for Massively Parallel Computation
Source: Htp:/ww.nctinim.nih.gov Ability to take advantage of more processors encourages use of more sensitive, computationally demanding techniques
Implementation & Results
Test Platform: Parabon Frontier Scalability Future Directions
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«Further Smith-Waterman optimizations
b «Investigation of novel methods for estimating statistical significance
“ i i d )
Determine never to be idle. G Z/ Task 1200 7 +Other methods (BLAST, FASTA, HMMs, GeneWise, etc.)
:\lo persnlm_ W'Ifl r;]ave OCCanIOH l é =1 i 8 b «Data compression
0 complain of the want o g% > . .
time, who never loses any. 58 ™ pl tation of DNA-protein and DNA-DNA comparisons
It is wonderful nternet & = E j/ «Large-scale structure-structure comparison
— = " ;.
how much may Client _ s £3 o «Large-scale sequence-structure threading/comparison
lazlev;iaor;ea éf"\]Ne are (Lva) = Task Results °g / «Human Genome vs. GenBank scale searches
4 o l Job Results 1 P i{ ) 3000 «Java 1.3 JVM for Provider Compute Engine (Faster than C!)
- Thomas Jefferson, May 5, 1787 = «Other projects (e.g. Maximum Likelihood Tree Searches)
esult Code & Data Task Providers o
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