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Genetic Databases

L MaSSive Growth of GenBank
= Growing exponentially:

Example: GenBank
contains approximately
4,654,000,000 bases in
5,355,000 sequence
records as off December
1999
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DNA Seguence Records
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>RTS2 RTS2 upstream seqguence, from-200 to -1

TCTGI TATAGTACATAT TATAGTACACCAATGTAAATCTGGT CCCEGET TACACAACACT T
TGTCCTGTACT TTGAAAACT GGAAAAACT CCGCTAGT TGAAAT TAATATCAAATGGAAAA
GTCAGTATCATCATTCTTTTCTTGACAAGT CCTAAAAAGAGCGAAAACACACGGGT TGTTT
GATTGTAGAAAATCACAGCG

>VEKL VEK1 upstream seguence, firom-200 to -1
TTCCAATCATAAACCATACCGT GGT YAT T TAGCCGEEEAAAAGAAGAAT GATGECGGCTA
AATTTCGGCGGCTAT TTCATTCAT TCAAGTATAAAAGCGAGACCT TTGACTAATTTTTTA
CTTGAGCTCCT TCTGGAGI GCTCTTGTACGT TTCAAATTT TATTAAGGACCAAATATACA
ACAGAAAGAAGAAGAGCGCEA

>NDJ 1 NDJ1 upstream sequence, from -200 to -1
ATAAAATCACTAAGACTAGCAACCACGI TTTGT TTTGTAGI TGAGAGTAATAGT TACAAA
TGGAAGATATATAT CCGI T TCGTACTCAGT GACGTACCGGEGECGTAGAAGT TGEGCGECTA
TTTGACAGATATATCAAAAATATTGTCATGAACTATACCATATACAACT TAGGATAAAA
ATACAGGTAGAAAAACTATA

Problem

Textual compression off DNA data is
difficult, 1.e., “standard” methods do not
seem to exploit the redundancies (if any)

inherent to DNA sequences

cfr. C.Nevill-Manning, I.H.Witten, “Protein is incompressible”, DCC99




Findings and Improvements

A third scheme (Off-line;) has been designed

Compression time has been improved using
a few “tuned” heuristics

Compression performance on a single DNA
seguences Is substantially better than other
generic textual compression methods

Compression performance approaches the
methods specifically designed for DNA
sequences

The best performance is in the compression
of families of DNA seguences
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Results on Families
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dataset at http://www.cs.purdue.edu/homes/stelo/off-line/



Overall Structure of Off-line

Off-line (string X)
repeat

= build an index T of the substrings w of the text X,
and collect f,, (count of non-overlapping occurrences)

choose Q substrings:s;,...,So In T which maximize the
gain function G

= substitute the occurrences of s, ...,Sq in X with
pointers

until no further compression of x can be obtained

Data Structures

= index T: min. augmented suffix tree
— construction O(n log?(n))

— annotation with the count of non-
overlapping occurrences O(n)

= text x stored in a balanced tree of
text fragments
— frequent deletions and string searches




Min. Augmented Suffix Tree

Off-line,
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Off-line,
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Off-line Comparison

Paper 2 Mto
time [min] time [min]

Off-line;

300 Mhz/128 MB machine running Solaris

Heuristics

= Queue - collect Q substrings from T
with “high utilization” potential

= Pruning — consider only substrings
of length < L

= “Standard” suffix tree — faster to
build but less accurate (i.e., counts
overlapping occurrences)




Size vs. lterations (m t 0)

Final size (Off-line3)

150

Iteration

Size vs. Iterations (paper 2)

/uf‘""v/“v”‘ /

W

Final size (Off-line3)

50 150

Iteration




Final Remarks

= Off-line appears to be a solid first
step to tackle the problem of
compression of genetic sequences

= Next: specialize Off-line for DNA
with “biologicall knowledge” (e.q.,
palindromic/approximate
occurrences)
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Complexity Hierarchy

o Optimal encoding for
general macro schemes

Optimal encoding for a
given dictionary

o Off-Line
encoding

®| 7-77 encoding
® | 7-78 encoding

Exponentia Polynomial Linear Time Complexity




