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0.1 ūžƈŸƄƀƏƀ

Ţ ŽπŹƃŴƈƉŹƈſ ƉſƇ şƅƃƀżƀƎώŹƉƀƁŶƇ ƁŹƀ ƉƎƃ ƈƒŻƌƆƅƃƎƃ ƉŽƌƃƀƁƓƃ ŹƂƂſƂƅƒƌſƈſƇ ƅżŶз
ŻſƈŽ ƈƉſƃ ŽώƋŴƃƀƈſ ŽƃƑƇ ώŽŻŴƂƅƊ ŹƆƀΌώƅƒ ŻŽƃŽƉƀƁƓƃ ƉƑπƎƃ ƁŹƀ ƊπƅƉƀΌŵώŽƃƎƃ Żƅƃƀз
żƀŹƁƓƃ πƆƅƏƑƃƉƎƃ, ƉƎƃ ƅπƅŷƎƃ ƅƀ ƂŽƀƉƅƊƆŻŷŽƇ żŽƃ ŵƌƅƊƃ πƆƅƈżƀƅƆƀƈƉŽŷ. ŦƀŹ ώŵΌƅżƅƇ
ŻƀŹ Ɖƅƃ ƁŹΌƅƆƀƈώƑ πƀΌŹƃƓƃ ƂŽƀƉƅƊƆŻƀƓƃ ŻƀŹ ƁŴπƅƀƅ ώſ ƌŹƆŹƁƉſƆƀƈώŵƃƅ Żƅƃŷżƀƅ ŽŷƃŹƀ
ſ żƀŹƂŽƒƁŹƃƈſ ƉƅƊ ŽƄŽƂƀƁƉƀƁƅƒ ƉƅƊ πŹƆŽƂΌƑƃƉƅƇ, ƈƊώπŽƆƀƂŹώźŹƃƅώŵƃƎƃ ƁŹƀ ƉƎƃ Żƅз
ƃƀżƀŹƁƓƃ żƀπƂŹƈƀŹƈώƓƃ.
ũƀ ŻƅƃƀżƀŹƁƅŷ żƀπƂŹƈƀŹƈώƅŷ żƀŹżƆŹώŹƉŷžƅƊƃ ŵƃŹƃ ƀżƀŹŷƉŽƆŹ ƈſώŹƃƉƀƁƑ ƆƑƂƅ ƈƉſƃ

ŽƄŵƂƀƄſ ƉƎƃ ŻƅƃƀżƀƎώŴƉƎƃ ƁŹƀ ƈƉſƃ πƆƅƈŹƆώƅŻŶ ƉƎƃ ŽƀżƓƃ ƈƉƀƇ ώŽƉŹźŹƂƂƑώŽƃŽƇ πŽƆƀз
źŹƂƂƅƃƉƀƁŵƇ ƈƊƃΌŶƁŽƇ. ŦŵƈƎ ŹƊƉƓƃ ƈƊƃƉŽƂŽŷƉŹƀ ſ Żŵƃƃſƈſ πƆƎƉŽƏƃƀƁƓƃ ƅƀƁƅŻŽƃŽƀƓƃ,
żſƂŹżŶ ώƅƆŷƎƃ πƅƊ ƋŵƆƅƊƃ ŽƄŽƂƀƁƉƀƁŶ ƈƊŻŻŵƃŽƀŹ ƁŹƀ ŽπƅώŵƃƎƇ ƁŴπƅƀƅ źŹΌώƑ ŹƂƂſз
ƂƅƊƌƀƁŶƇ зƁŹƀ πƀΌŹƃƑƃ żƅώƀƁŶƇз ƅώƅƀƑƉſƉŹƇ.
ŬƉŹ πƂŹŷƈƀŹ ƂƅƀπƑƃ ŹƊƉŶƇ ƉſƇ ΊƀπƂƎώŹƉƀƁŶƇ ŠƆŻŹƈŷŹƇ ŹƈƌƅƂſΌŶƁŹώŽ ώŽ Ɖſƃ ŹƃŴз

πƉƊƄſ ŽƃƑƇ ƊπƅƂƅŻƀƈƉƀƁƅƒ πƆƅŻƆŴώώŹƉƅƇ πƅƊ ƈƉƑƌƅ ŵƌŽƀ Ɖſ żƀŽƊƁƑƂƊƃƈſ ƉƅƊ ŽƃƉƅπƀз
ƈώƅƒ πƀΌŹƃƓƃ ŽƃżƅŽƀżƀƁƓƃ ŻƅƃƀżƀŹƁƓƃ żƀπƂŹƈƀŹƈώƓƃ ŻƀŹ ŵƃŹ ώƑƆƀƅ ƁŹƀ ƉſƇ πŽƆŹƀƉŵƆƎ
ŹƃŴƂƊƈſƇ ŹƊƉƓƃ. ŭƅ πƆƑŻƆŹώώŹ Pinda ŽƋŹƆώƑžŽƀ ŵƃŹ πƆƎƉƑƁƅƂƂƅ ƈƉƅ ƅπƅŷƅ ƈƊώώŽз
ƉŵƌƅƊƃ ƂƅŻƀƈώƀƁŴ ŽƃƉƅπƀƈώƅƒ ƈƊŻŻŽƃƀƁƓƃ ώƅƆŷƎƃ, ƈƉƅŷƌƀƈſƇ ƁŹƀ ƈƌſώŹƉƀƈώƅƒ żŽƃżƆƅз
ŻƆŴώώŹƉƅƇ. ŠπƀπƂŵƅƃ, ƉŹ ŹπƅƉŽƂŵƈώŹƉŹ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ ƀŽƆŹƆƌƅƒƃƉŹƀ ώŽ źŴƈſ ƉŹ
żŽżƅώŵƃŹ ŹπƅƈƉŴƈŽƎƃ πƅƊ πƆƅƁƒπƉƅƊƃ ŹπƑ ƉŹ ƋƊƂƅŻŽƃŽƉƀƁŴ żŵƃżƆŹ, ƈŽ ƈƊƃżƊŹƈώƑ
ώŽ Ɖſ ƈƒŻƁƆƀƈſ ŻƃƎƈƉƓƃ ƅƃƉƅƂƅŻƀƓƃ, ƑπƅƊ ŹƊƉƑ ŽŷƃŹƀ żƊƃŹƉƑ.
ŭŵƂƅƇ, ſ ŹƄƀƅπƀƈƉŷŹ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ ŽπƀźŽźŹƀƓΌſƁŽ ƒƈƉŽƆŹ ŹπƑ ŵƂŽŻƌƅ ƉƎƃ

ŹπƅƉŽƂŽƈώŴƉƎƃ ƉƅƊ ŻƀŹ πƆƎƉŽŜƃŽƇ ƁŹƀ ŻŽƃŽƉƀƁƅƒƇ ƉƑπƅƊƇ, ƉƎƃ ƅπƅŷƎƃ ƅƀ żƀπƂŹƈƀŹз
ƈώƅŷ ŶƉŹƃ Ŷżſ ŻƃƎƈƉƅŷ. ŬŽ ƑƂŽƇ ƉƀƇ πŽƆƀπƉƓƈŽƀƇ, ƉŹ żŽżƅώŵƃŹ πƅƊ πŹƆŴƌΌſƁŹƃ ŶƉŹƃ
ƈŽ πƂŶƆſ ƉŹƒƉƀƈſ ώŽ Ɖſ ƈƌŽƉƀƁŶ źƀźƂƀƅŻƆŹƋŷŹ.
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0.2 Abstract
The revolution of Genomics and modern sequencing methods led to the appearance

of a great number of genomic loci and putative gene products, whose functions have
not been determined. A method for inferring the likely functions of an uncharacterized
gene is the elucidation of its evolutionary past, including any gene duplications.
Gene duplications play a notably important role in the evolution of genomes and the

adaptation of species towards ever changing environmental conditions. They are responз
sible for the birth of protein families, which comprise molecules bearing evolutionary
relationship and therefore a degree of sequence зand possibly structuralз similarity.
So, in the terms of this final year thesis we developed a computer program, aiming

to facilitate the discovery of possible intraspecies gene duplications of a molecule and
their further analysis. The Pinda service applies a protocol, joining software for molecule
similarity search, alignment and dendrogram creation. Furthermore, its results are being
ranked, according to the distance data which are being derived from the phylogenetic
trees, combined with comparison of known ontologies, wherever that is possible.
Finally, the program's reliability has been confirmed, after validating its results against

proteins and genetic loci, whose duplications were already known. In every case, genз
erated data were in full accordance with relevant literature.
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ťžƍŵƄźƂƇ 1

ŠƂƊźżƐżŷ

1.1 ŭƋƓƎƇƉ žƈżźƊŸźƉ

ΩƇ ƈŶώŽƆŹ, ƈƒώƋƎƃŹ ώŽ ƑƈŹ ŻƃƎƆŷžƅƊώŽ, żŽƃ ƊπŶƆƌŽ ƅπƅƀƅżŶπƅƉŽ ƊπƅƂƅŻƀƈƉƀƁƑ
ŽƆŻŹƂŽŷƅ πƅƊ ΌŹ żƀŽƊƁƑƂƊƃŽ Ɖſ ƈƒŻƁƆƀƈſ ώƀŹƇ ŹƂƂſƂƅƊƌŷŹƇ ώŽ ŴƂƂŽƇ ƈƉƅ ŷżƀƅ ŽŷżƅƇ ŻƀŹ
Ɖƅƃ πƀΌŹƃƑ ŽƃƉƅπƀƈώƑ ŻŽŻƅƃƑƉƎƃ żƀπƂŹƈƀŹƈώƅƒ. ũ ŽƆŽƊƃſƉŶƇ ΌŹ ŵπƆŽπŽ ƃŹ ŽƃƉƅπŷƈŽƀ
πŹƆƑώƅƀŽƇ ŹƂƂſƂƅƊƌŷŽƇ (ώŵƈƎ ƁŴπƅƀƅƊ ŽƆŻŹƂŽŷƅƊ BLAST*), ƃŹ ƉƀƇ ƈƉƅƀƌŷƈŽƀ ώŽ ƁŴπƅƀƅ
ƁŹƉŴƂƂſƂƅ πƆƑŻƆŹώώŹ ƁŹƀ ƃŹ ƌƆſƈƀώƅπƅƀŶƈŽƀ Ɖſ ƈƉƅŷƌƀƈſ ŻƀŹ Ɖƅ ƈƌŽżƀŹƈώƑ żŽƃżƆƅз
ŻƆŴώώŹƉƅƇ. ŠƁƉƑƇ ŹƊƉƓƃ, ΌŹ ŵπƆŽπŽ ƃŹ ƁŹƉŹźŴƂŽƀ πƆƅƈπŴΌŽƀŹ ŻƀŹ Ɖſƃ ŹƃŴƂƊƈſ ƉſƇ
ƉƅπƅƂƅŻŷŹƇ ƉƅƊ żŵƃżƆƅƊ ƁŹƀ Ɖƅƃ ƊπƅƂƅŻƀƈώƑ ƁŴπƅƀƅƊ ŽπƀπŵżƅƊ źŽźŹƀƑƉſƉŹƇ ŻƀŹ ƉŹ
ƊπƅƍŶƋƀŹ ŻŽŻƅƃƑƉŹ żƀπƂŹƈƀŹƈώƅƒ. ŠŴƃ ώŴƂƀƈƉŹ ƉŹ ƉŽƂŽƊƉŹŷŹ źŶώŹƉŹ żŽƃ ŽŷƃŹƀ ŹƊƉƅз
ώŹƉƅπƅƀſώŵƃŹ, ŽŷƃŹƀ πƀΌŹƃƑ ſ ŹƃŴƂƊƈſ ƃŹ ŽώπŽƆƀŵƌŽƀ ƁŴπƅƀƅ źŹΌώƑ ƊπƅƁŽƀώŽƃƀƈώƅƒ.
ŬƉƑƌƅƇ ƂƅƀπƑƃ ƉſƇ ΊƀπƂƎώŹƉƀƁŶƇ ŠƆŻŹƈŷŹƇ ŹπƅƉŽƂŽŷ ſ ŹƃŴπƉƊƄſ ŽƃƑƇ ƋƀƂƀƁƅƒ πƆƅƇ Ɖƅ
ƌƆŶƈƉſ ŹƂƂŴ ƁŹƀ ŹƄƀƑπƀƈƉƅƊ ƊπƅƂƅŻƀƈƉƀƁƅƒ πƆƅŻƆŴώώŹƉƅƇ ŻƀŹ Ɖſƃ ŹƊƉƅώŹƉƅπƅŷſƈſ
Ƒƈƅ Ɖƅ żƊƃŹƉƑƃ πŽƆƀƈƈƑƉŽƆƅ ƉſƇ ƌƆƅƃƅźƑƆŹƇ ŹƊƉŶƇ żƀŹżƀƁŹƈŷŹƇ.
şƀŹ Ɖſƃ ŽπŷƉŽƊƄſ ƉƅƊ πŹƆŹπŴƃƎ ƈƉƑƌƅƊ żſώƀƅƊƆŻŶΌſƁŽ Ɖƅ żƀŹżƀƁƉƊŹƁƑ ƊπƅƂƅŻƀз

ƈƉƀƁƑ πƆƑŻƆŹώώŹ Pinda (Pipeline for Intraspecies Duplication Analysis). ΊƀŽƊƁƅƂƒƃŽƀ
Ɖſƃ ŹƃŴƂƊƈſ ώŽ Ɖſƃ ŹƊƉƅώŹƉƅπƅŷſƈſ ƉƎƃ ŹπŹƆŹŷƉſƉƎƃ żƀŹżƀƁŹƈƀƓƃ ŻƀŹ Ɖſƃ ŹƃŴƂƊƈſ
ƈƊŻŻŽƃƀƁƓƃ ŹƂƂſƂƅƊƌƀƓƃ ŽƃƑƇ ŽŷżƅƊƇ ƁŹƀ ƋƀƂƅżƅƄŽŷ ƃŹ ŹπƅƉŽƂŵƈŽƀ ώƀŹ żſώƅƋƀƂŶ πƂŹƉз
ƋƑƆώŹ ŻƀŹ Ɖſ żƀŹƂŽƒƁŹƃƈſ ŻŽŻƅƃƑƉƎƃ żƀπƂŹƈƀŹƈώƅƒ.
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1.2 şƇƅƂŽƂźƃƓƉ ΔƂπƄźƊƂźƊΐƓƉ ƃźƂ ΐƇƅƋŶƄź

Seen in the light of evolution, biology is,
perhaps, intellectually the most satisfying
and inspiring science. Without that light
it becomes a pile of sundry facts -- some
of them interesting or curious but making
no meaningful picture as a whole.

Theodosius Dobzhansky

ŦƀŹ ŹπƑ ƉƀƇ ƌƆƎώƅƈƎώƀƁŵƇ ώŽƉŹƂƂŹŻŵƇ ŽŷƃŹƀ ƅ ΊƀπƂŹƈƀŹƈώƑƇ (duplication), ƁŹƉŴ
Ɖƅƃ ƅπƅŷƅ żƀπƂŹƈƀŴžŽƉŹƀ ŵƃŹ ƉώŶώŹ ƉƅƊ ƌƆƎώƅƈƓώŹƉƅƇ. ΊƀπƂŹƈƀŹƈώƅŷ πƆƅƁƒπƉƅƊƃ
ƎƇ ƂŴΌſ ƁŹƉŴ Ɖƅƃ ƅώƑƂƅŻƅ ŹƃŹƈƊƃżƊŹƈώƑ, ƒƈƉŽƆŹ ŹπƑ ƈƊώźŴƃ ƆŽƉƆƅώŽƉŴΌŽƈſƇ Ŷ ƎƇ
ŹπƅƉŵƂŽƈώŹ żƀπƂŹƈƀŹƈώƅƒ ƅƂƑƁƂſƆƅƊ ƉƅƊ ƌƆƎώƅƈƓώŹƉƅƇ. ŭŹ żƀπƂŹƈƀŹƈώŵƃŹ ƉώŶз
ώŹƉŹ πƅƀƁŷƂƂƅƊƃ ƎƇ πƆƅƇ Ɖƅ ώŵŻŽΌƅƇ, ŽƃƓ ώπƅƆŽŷ ƃŹ źƆŷƈƁƅƃƉŹƀ ƈŽ żƀŹżƅƌƀƁŶ żƀŴƉŹƄſ
Ŷ ƈŽ ƉŽƂŽŷƎƇ ŹπƅώŹƁƆƊƈώŵƃŽƇ πŽƆƀƅƌŵƇ ƉƅƊ ƌƆƎώƅƈƓώŹƉƅƇ. řƉŹƃ ſ πŽƆƀƅƌŶ πƅƊ żƀз
πƂŹƈƀŴžŽƉŹƀ, πŽƆƀŵƌŽƀ ƉƅƊƂŴƌƀƈƉƅƃ ŵƃŹ Żƅƃŷżƀƅ, ƈƉƅ ƅπƅŷƅ ƁŹƀ ŽπƀƁŽƃƉƆƓƃŽƉŹƀ ſ ώŽƂŵƉſ,
ƉƑƉŽ ƌƆſƈƀώƅπƅƀŽŷƉŹƀ ƈƊƃſΌŵƈƉŽƆŹ ƅ ƑƆƅƇ "żƇƅƂŽƂźƃƓƉ ŽƂπƄźƊƂźƊΐƓƉ". şƅƃŷżƀŹ πƅƊ
πƆƅŵƆƌƅƃƉŹƀ ŹπƑ żƀπƂŹƈƀŹƈώƅƒƇ ƈƊƌƃŴ ŽώƋŹƃŷžƅƊƃ πŹƆƑώƅƀŹ ŹƂƂſƂƅƊƌŷŹ ƁŹƀ ƂŽƀƉƅƊƆз
ŻŷŹ, ώπƅƆƅƒƃ ƑώƎƇ πƀΌŹƃƓƇ ƃŹ ŽƁƋƆŴžƅƃƉŹƀ ƈŽ żƀŹƋƅƆŽƉƀƁƅƒƇ ƁƊƉƉŹƆƀƁƅƒƇ ƉƒπƅƊƇ Ŷ
ƈŽ żƀŹƋƅƆŽƉƀƁŵƇ ƌƆƅƃƀƁŵƇ πŽƆƀƑżƅƊƇ. ŭŵƉƅƀŹ ŻƅƃŷżƀŹ ƅƃƅώŴžƅƃƉŹƀ πŹƆŴƂƅŻŹ ƂƑŻƎ ƉſƇ
πŹƆŴƂƂſƂſƇ ŽƄŵƂƀƄŶƇ ƉƅƊƇ ŽƃƉƑƇ ƉƅƊ ŷżƀƅƊ ŻƅƃƀżƀƓώŹƉƅƇ ƁŹƀ ƈƊŻƁƆƅƉƅƒƃ πƅƂƊŻƅƃƀз
żƀŹƁŵƇ ƅƀƁƅŻŵƃŽƀŽƇ. ŝƃƉŷƈƉƅƀƌŹ, ƅώƑƂƅŻŹ ŻƅƃŷżƀŹ πƅƊ ŹπƅƁƂŷƃƅƊƃ ƂƑŻƎ ŽƀżƅŻŵƃŽƈſƇ
ƅƃƅώŴžƅƃƉŹƀ ƅƆΌƑƂƅŻŹ ƁŹƀ ƁŹƉŹƃŵώƅƃƉŹƀ ƈŽ żƀŹƋƅƆŽƉƀƁŴ Žŷżſ. ŦŽƉŴ ŹπƑ ŵƃŹ ƈƊώźŴƃ
ŻƅƃƀżƀŹƁƅƒ żƀπƂŹƈƀŹƈώƅƒ, Ɖƅ ŹƃƉŷŻƆŹƋƅ ΌŹ ŹƁƅƂƅƊΌŶƈŽƀ ώƀŹ ŹπƑ ƉƀƇ πŹƆŹƁŴƉƎ ŽƄŽз
ƂƀƁƉƀƁŵƇ πƅƆŽŷŽƇ. [1],[2],[3],[4],[5],[6],[7]

I. ΔƀΛƂƇƌƈżˌź ƏžƌŽƇżƇƅƂŽˌƇƌ
ŬƉƅ żŽƒƉŽƆƅ ŹƃƉŷŻƆŹƋƅ ƉƅƊ ŻƅƃƀżŷƅƊ ƁŹƉŴ ƁŹƃƑƃŹ żŽƃ ƊƋŷƈƉŹƉŹƀ ŽƄŽƂƀƁƉƀƁŶ πŷŽƈſ,

ŽƋƑƈƅƃ Ɖƅ πƆƓƉƅ πŹƆŹώŵƃŽƀ ƋƊƈƀƅƂƅŻƀƁƑ. ŬƊƃƉŽƂŽŷƉŹƀ ƂƅƀπƑƃ ŹƉŵƆώƅƃſ ƈƊƈƈƓƆŽƊƈſ
ώŽƉŹƂƂŹŻƓƃ ƌƎƆŷƇ Ɖſƃ ƒπŹƆƄſ πŷŽƈſƇ ŽπƀƂƅŻŶƇ, ƋŹƀƃƑώŽƃƅ πƅƊ ƅƃƅώŴžŽƉŹƀ ŻŽƃŽƉƀƁŶ
ŹπƑƁƂƀƈſ. ũƀ ώŽƉŹƂƂŴƄŽƀƇ πƅƂƒ πƀΌŹƃƑƃ ƃŹ ώŽƉŹƉƆŵƍƅƊƃ Ɖƅ ŵƃŹ ŹƃƉŷŻƆŹƋƅ ƈŽ ƍŽƊżƅз
Żƅƃŷżƀƅ, πƅƊ ŽŷƉŽ żŽƃ ŽƁƋƆŴžŽƉŹƀ, ŽŷƉŽ żŽƃ ŽπƀƉŽƂŽŷ ƁŴπƅƀŹ ƂŽƀƉƅƊƆŻŷŹ. ŠƃżŽƀƁƉƀƁŴ, ƅ
ƌƆƑƃƅƇ ώŽƉŹƉƆƅπŶƇ ŽƃƑƇ ŻƅƃƀżŷƅƊ ƈŽ ƍŽƊżƅŻƅƃŷżƀƅ ƒƈƉŽƆŹ ŹπƑ ŵƃŹ ŻƅƃƀżƀŹƁƑ żƀπƂŹз
ƈƀŹƈώƑ ŽƁƉƀώŴƉŹƀ ƈŽ πŽƆŷπƅƊ 4 ŽƁŹƉƅώώƒƆƀŹ ƌƆƑƃƀŹ. [1],[2],[7],[8]

II. ŭƌƅƋʷƈƀƊƀ ƋƀƉ ƄžƂƋƇƌƈżˌźƉ
ŬŽ ƁŴπƅƀŽƇ πŽƆƀπƉƓƈŽƀƇ, ſ ƒπŹƆƄſ ŽƃƑƇ ŽπƀπƂŵƅƃ ŻƅƃƀżŷƅƊ ώŽ Ɖſƃ ŷżƀŹ ƂŽƀƉƅƊƆз
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ŻŷŹ ŹπƅƉŽƂŽŷ ƈſώŹƃƉƀƁƑ ŽƄŽƂƀƁƉƀƁƑ πƂŽƅƃŵƁƉſώŹ, ƁŹΌƓƇ ŹƊƄŴƃƅƃƉŹƀ ƉŹ ŽπŷπŽżŹ ƉſƇ
ŹƃƉŷƈƉƅƀƌſƇ πƆƎƉŽŜƃſƇ Ŷ RNA. ŤŴƉƀ ƉŵƉƅƀƅ πŹƆŹƉſƆŽŷƉŹƀ ƁƊƆŷƎƇ ƈŽ ŻƅƃŷżƀŹ πƅƊ ŽƁз
ƋƆŴžƅƃƉŹƀ ƈŽ ƊƍſƂƑ źŹΌώƑ ƁŹƀ ƉƎƃ ƅπƅŷƎƃ ƉŹ πƆƅƏƑƃƉŹ ŹπŹƀƉƅƒƃƉŹƀ ƈƊƃŽƌƓƇ ƁŹƀ ƈŽ
ώŽŻŴƂŽƇ πƅƈƑƉſƉŽƇ, ƑπƎƇ ƉŹ rRNAs ƁŹƀ ƅƀ ƀƈƉƑƃŽƇ. [2],[7]

III. ťźƋźƅƇΛʷ ƄžƂƋƇƌƈżƂ˶ƅ ΛžƋźƆ˦ ƋƐƅ źƅƋƂżƈʘƍƐƅ (Subfunctionalization)
Ţ ƒπŹƆƄſ żƒƅ ŻƅƃƀżŷƎƃ ώŽ Ɖſƃ ŷżƀŹ ƂŽƀƉƅƊƆŻŷŹ ƈƉƅ ŻƅƃƀżŷƎώŹ ƈπŹƃŷƎƇ ώπƅƆŽŷ ƃŹ

ŽŷƃŹƀ ƈƉŹΌŽƆŶ, ŽƁƉƑƇ ŹπƑ ƉƀƇ πŽƆƀπƉƓƈŽƀƇ πƅƊ πƆƅŹƃŹƋŵƆΌſƁŹƃ. ŝƃƉŷΌŽƉŹ, ŻƅƃŷżƀŹ ώŽ
ώƀƁƆŵƇ żƀŹƋƅƆŵƇ ώŽƉŹƄƒ ƉƅƊƇ ƊπƅƈƉſƆŷžƅƃƉŹƀ πŽƆƀƈƈƑƉŽƆƅ ŹπƑ Ɖƅ ŻƅƃƀżŷƎώŹ, ώŵƈƎ
ƉƅƊ ƋŹƀƃƅώŵƃƅƊ ƉƅƊ Subfunctionalization. ŬŽ ŹƊƉŶ Ɖſƃ πŽƆŷπƉƎƈſ, ŽƋƑƈƅƃ Ɖƅ ŹƆƌƀƁƑ
Żƅƃŷżƀƅ ŽŷƌŽ πŹƆŹπŴƃƎ ŹπƑ ώŷŹ ƂŽƀƉƅƊƆŻŷŽƇ, ƉƑƉŽ ſ ŽπƀƂƅŻŶ ƅżſŻŽŷ ƈŽ ƁŹƉŹώŽƆƀƈώƑ
ƉƎƃ ƂŽƀƉƅƊƆŻƀƓƃ ƉƅƊ πƆƅŻƅƃƀƁƅƒ ƈƉŹ żƒƅ ŹƃƉŷŻƆŹƋŹ. ŪŹƆŴƂƂſƂŹ, ƈƌŽżƑƃ ŹώŵƈƎƇ ώŽƉŴ
Ɖƅ ŻŽŻƅƃƑƇ żƀπƂŹƈƀŹƈώƅƒ, ƁŹƉŴ ƁŹƃƑƃŹ πŹƆŹƉſƆƅƒƃƉŹƀ ώŽƉŹźƅƂŵƇ ƈƉŹ ŽπŷπŽżŹ ŵƁз
ƋƆŹƈſƇ ƉƎƃ żƒƅ ŻƅƃƀżŷƎƃ. [2],[7],[9]
ŖƃŹ ƌŹƆŹƁƉſƆƀƈƉƀƁƑ πŹƆŴżŽƀŻώŹ ŹπƅƉŽƂŽŷ ſ ƅƀƁƅŻŵƃŽƀŹ ƉƎƃ ŹзƁƆƊƈƉŹƂƂƀƃƓƃ ƉƅƊ

ƋŹƁƅƒ. ŬŽ ŹƊƉŶƃ ŹƃŶƁƅƊƃ πƅƂƂŵƇ, ƈƊŻŻŽƃƀƁŵƇ ώŽƉŹƄƒ ƉƅƊƇ πƆƎƉŽŜƃŽƇ, ƅƀ ƅπƅŷŽƇ Ƌŵз
ƆƅƊƃ żƀŴƋƅƆƅƊƇ ώŽƉŹźƅƂƀƁƅƒƇ ƁŹƀ ƆƊΌώƀƈƉƀƁƅƒƇ ƆƑƂƅƊƇ, ŹƁƑώŹ ƁŹƀ ƈŽ πŽƆƀƅƌŵƇ ƉƅƊ
ƈƓώŹƉƅƇ ŽƁƉƑƇ ƉƅƊ ƋŹƁƅƒ. ŽƎƆŽŷƉŹƀ ƑƉƀ ƉŹ ώŵƂſ ƉſƇ ƅƀƁƅŻŵƃŽƀŹƇ πƆƅŵƁƊƍŹƃ ŹπƑ ŵƃŹ
πƆƅŻƅƃƀƁƑ Żƅƃŷżƀƅ, Ɖƅ ƅπƅŷƅ ŽŷƌŽ ŹπƅƁƉŶƈŽƀ żƀŹƁƆƀƉŵƇ ƂŽƀƉƅƊƆŻŷŽƇ πƅƊ ώƅƀƆŴƈƉſƁŹƃ
ƒƈƉŽƆŹ ŹπƑ ŵƃŹ ŻŽŻƅƃƑƇ żƀπƂŹƈƀŹƈώƅƒ. [7]

IV. ŠΛƍʘƅƂƊƀ ƅʯƐƅ ƄžƂƋƇƌƈżƂ˶ƅ (Neofunctionalization)
ŖƃŹ ŹπƑ ƉŹ ƈſώŹƃƉƀƁƑƉŽƆŹ ŹπƅƉŽƂŵƈώŹƉŹ ŽƃƑƇ ŻƅƃƀżƀŹƁƅƒ żƀπƂŹƈƀŹƈώƅƒ ŽŷƃŹƀ ſ

ŽώƋŴƃƀƈſ ƃŵƎƃ ƂŽƀƉƅƊƆŻƀƓƃ ŹπƑ Ɖƅ ŵƃŹ ŹƃƉŷŻƆŹƋƅ. ŬπŴƃƀŹ, ƁŴπƅƀŽƇ ώŽƉŹƂƂŹŻŵƇ ώπƅз
ƆŽŷ ƃŹ ƉƆƅπƅπƅƀŶƈƅƊƃ Ɖſ ƂŽƀƉƅƊƆŻŷŹ ƉƅƊ ŻƅƃƀżƀŹƁƅƒ πƆƅƏƑƃƉƅƇ, żŷƃƅƃƉŹƇ ƈƉƅƃ ƅƆŻŹз
ƃƀƈώƑ ŵƃŹ ŽƄŽƂƀƁƉƀƁƑ πƂŽƅƃŵƁƉſώŹ, ƅπƑƉŽ Ɖƅ Żƅƃŷżƀƅ πƆƅƅżŽƊƉƀƁŴ ŻŷƃŽƉŹƀ ŹπŹƆŹŷƉſƉƅ
ŻƀŹ Ɖƅƃ ƅƆŻŹƃƀƈώƑ. şƀŹ ƃŹ πƆŹŻώŹƉƅπƅƀſΌŽŷ ŹƊƉƑ, πƆƅƐπƅƉŷΌŽƉŹƀ ſ ƒπŹƆƄſ ώƀŹƇ πŽз
ƆƀƑżƅƊ ƅƊżŵƉŽƆſƇ ŽƄŵƂƀƄſƇ. [2],[7],[9],[10],[11]

ũƀ ŻƅƃƀżƀŹƁƅŷ żƀπƂŹƈƀŹƈώƅŷ żƀŹżƆŹώŹƉŷžƅƊƃ ƈſώŹŷƃƅƃƉŹ ƆƑƂƅ ƈƉſƃ ŽƄŵƂƀƄſ ƉƎƃ
ŻƅƃƀżƀƎώŴƉƎƃ, ƁŹΌƓƇ ŹƊƄŴƃƅƊƃ Ɖſƃ πƂŹƈƉƀƁƑƉſƉŴ ƉƅƊƇ, πŹƆŵƌƅƃƉŹƇ ŽπƀπƂŵƅƃ ŽƊƁŹƀз
ƆŷŽƇ ƈƉƅƊƇ ƅƆŻŹƃƀƈώƅƒƇ ŻƀŹ πƆƅƈŹƆώƅŻŶ ƈŽ ώŽƉŹźŹƂƂƑώŽƃŽƇ πŽƆƀźŹƂƂƅƃƉƀƁŵƇ ƈƊƃΌŶз
ƁŽƇ. ŠπŷƈſƇ, ƈƊώώŽƉŵƌƅƊƃ ƈƉſ ŻŵƃŽƈſ πƅƂƒπƂƅƁƎƃ ώƅƃƅπŹƉƀƓƃ ƆƒΌώƀƈſƇ, ŽƃƓ ŹƁƑώŹ
ŽƊΌƒƃƅƃƉŹƀ ŻƀŹ Ɖſƃ ŽώƋŴƃƀƈſ ŹπƅƁƂŽƀƈƉƀƁƓƃ ƌŹƆŹƁƉſƆƀƈƉƀƁƓƃ ƈƉŹ żƀŴƋƅƆŹ Žŷżſ ƅƆз
ŻŹƃƀƈώƓƃ. [2],[7]
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şƅƃƀżƀŹƁƅŷ żƀπƂŹƈƀŹƈώƅŷ ƁŹƀ ŽƀżƅŻŵƃŽƈſ. ŝπŽƀƁƑƃƀƈſ ώŵƈƎ ŽƄŽƂƀƁƉƀƁƓƃ żŵƃżƆƎƃ ŽƀżƓƃ
(ŹƆƀƈƉŽƆŴ) ƁŹƀ ŻƅƃƀżŷƎƃ (żŽƄƀŴ).
ŝƅźπźƈŵżžƋźƂ ŵƅžƌ źŽžŸźƉ źπƓ:

Barton,Nicholas H., Briggs,Derek E. G., Eisen,Jonathan A., Goldstein,David B., Patel,Nipam H. Evolution,
Cold Spring Harbor Laboratory Press, New York, United States of America, 2007, ƈŽƂ. 127

1.3 ŭƋƇŸƎƂƊƀ źƄƄƀƄƇƌƎƂƕƅ

ŭƅ πƆƓƉƅ źŶώŹ ŻƀŹ ƁŴΌŽ ŹƃŴƂƊƈſ ƈƊŻƁƆƀƉƀƁŶƇ ŻƅƃƀżƀƎώŹƉƀƁŶƇ ŽŷƃŹƀ ſ ƈƉƅŷƌƀƈſ ƉƎƃ
ŹƂƂſƂƅƊƌƀƓƃ, ŽŷƉŽ πƆƎƉŽƏƃƀƁƓƃ, ŽŷƉŽ ƃƅƊƁƂŽƅƉƀżƀƁƓƃ. ŝƊƉŵƇ πŹƆŹƉŷΌŽƃƉŹƀ ſ ώŷŹ ƁŴƉƎ
ŹπƑ Ɖſƃ ŴƂƂſ, ŽƃƓ ƅƀ ŽπƀώŵƆƅƊƇ ƌŹƆŹƁƉŶƆŽƇ ŹƃƉƀƈƉƅƀƌŷžƅƃƉŹƀ ώŽƉŹƄƒ ƉƅƊƇ. řώƅƀƅƀ ƁŹƀ з
Źƃ πƆƑƁŽƀƉŹƀ ŻƀŹ πƆƎƉŽŜƃŽƇз πŹƆŹπƂŶƈƀƅƀ ƌŹƆŹƁƉŶƆŽƇ ƉƅπƅΌŽƉƅƒƃƉŹƀ ƅ ŵƃŹƇ ƁŴƉƎ ŹπƑ
Ɖƅƃ ŴƂƂƅ, ŽƃƓ ŹƃƑώƅƀƅƀ ŽŷƉŽ ƉƅπƅΌŽƉƅƒƃƉŹƀ ƈƉſƃ ŷżƀŹ ƈƉŶƂſ ŽŷƉŽ ƈƉƅƀƌŷžƅƃƉŹƀ ώŽ ƁŽƃŴ.
ŭƅ ŹπƅƉŵƂŽƈώŹ ƉſƇ ƈƉƅŷƌƀƈſƇ ƁŹΌƅƆŷžŽƉŹƀ ŹπƑ Ɖƅ ƈƒƈƉſώŹ źŹΌώƅƃƑώſƈſƇ (scoring
system), ƁŹΌƓƇ ƁŹƀ ŹπƑ Ɖƅƃ Ɖƒπƅ ƉſƇ ƈƉƅŷƌƀƈſƇ πƅƊ ŽπƀƌŽƀƆŽŷ ƅ ŹƂŻƑƆƀΌώƅƇ. ũƀ żƒƅ
Ɖƒπƅƀ ƈƉƅŷƌƀƈſƇ ŽŷƃŹƀ ſ ƅƂƀƁŶ (global) ƁŹƀ ſ ƉƅπƀƁŶ (local). ŬƉſƃ πƆƓƉſ πŽƆŷπƉƎƈſ ƅ
ŹƂŻƑƆƀΌώƅƇ πƆƅƈπŹΌŽŷ ƃŹ ƈƉƅƀƌŷƈŽƀ Ƒƈƅ Ɖƅ żƊƃŹƉƑƃ πŽƆƀƈƈƑƉŽƆƅƊƇ ƌŹƆŹƁƉŶƆŽƇ ώŽƉŹƄƒ
ƉƎƃ ŹƂƂſƂƅƊƌƀƓƃ, ŽƃƓ ƈƉſ żŽƒƉŽƆſ żſώƀƅƊƆŻƅƒƃƉŹƀ ƃſƈŷżŽƇ ώŽ πŹƆƑώƅƀƅƊƇ ƌŹƆŹƁƉŶз
ƆŽƇ, ƅƀ ƅπƅŷŽƇ πŽƆƀźŴƂƂƅƃƉŹƀ ŹπƑ ƁŽƃŴ. [9],[12]
Ţ ƅώƅƀƑƉſƉŹ ƈŽ ŽπŷπŽżƅ ŹƂƂſƂƅƊƌŷŹƇ ΌŽƎƆŽŷƉŹƀ ƎƇ Ɖƅ ŹπƅƉŵƂŽƈώŹ ƂŽƀƉƅƊƆŻƀƁŶƇ,

żƅώƀƁŶƇ Ŷ ŽƄŽƂƀƁƉƀƁŶƇ ƈƌŵƈſƇ ώŽƉŹƄƒ ƉƎƃ ƈƊŻƁƆƀƃƑώŽƃƎƃ ŹƂƂſƂƅƊƌƀƓƃ. ŝƃƑώƅƀƅƀ ƌŹз
ƆŹƁƉŶƆŽƇ ƈŽ ώƀŹ ƈƉŶƂſ ŹƃŹπŹƆƀƈƉƅƒƃ ƋŹƀƃƑώŽƃŹ ƈſώŽƀŹƁƓƃ ώŽƉŹƂƂŴƄŽƎƃ, ŽƃƓ ƉŹ
ƁŽƃŴ ŹƃƉƀƁŹƉƅπƉƆŷžƅƊƃ ŻŽŻƅƃƑƉŹ ŽƀƈŹŻƎŻŶƇ Ŷ ŵƂƂŽƀƍſƇ ƁŹƉŹƂƅŷπƎƃ ƈŽ ƉƅƊƂŴƌƀƈƉƅƃ
ώŷŹ ŹπƑ ƉƀƇ ŹƂƂſƂƅƊƌŷŽƇ. ŭŹ ƉŽƂŽƊƉŹŷŹ ƅƃƅώŴžƅƃƉŹƀ Żƀ' ŹƊƉƑ Ɖƅ ƂƑŻƅ ƁŹƀ indels. ŝƃз
ƉŷΌŽƉŹ, πŹƆƑώƅƀƅƀ ƌŹƆŹƁƉŶƆŽƇ πƅƊ ƉƅπƅΌŽƉƅƒƃƉŹƀ ƈŽ ώƀŹ ƈƉŶƂſ ƋŵƆƅƊƃ ƅώƅƂƅŻŷŹ Όŵз
ƈſƇ (positional homology) ƈŽ ŽπŷπŽżƅ ƁŹƉŹƂƅŷπƎƃ. ŪŽƆƀƅƌŵƇ ƉſƇ ƈƉƅŷƌƀƈſƇ ώŽ ώŽŻŴƂſ
ƅώƅƀƑƉſƉŹ ŹƃŹżŽƀƁƃƒƅƊƃ ƊƍſƂƑ źŹΌώƑ ƈƊƃƉŶƆſƈſƇ ƉſƇ ŹƂƂſƂƅƊƌŷŹƇ, ŻŽŻƅƃƑƇ πƅƊ ώπƅз
ƆŽŷ ƃŹ ƊπƅżŽƀƁƃƒŽƀ żƅώƀƁŶ Ŷ ƂŽƀƉƅƊƆŻƀƁŶ ƈſώŹƃƉƀƁƑƉſƉŹ ŻƀŹ Ɖſ ƈƊŻƁŽƁƆƀώŵƃſ πŽƆƀƅƌŶ.
[9],[12],[13]
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ŤŹΌƓƇ ſ πƅƀƑƉſƉŹ ƉſƇ ƈƉƅŷƌƀƈſƇ ŽπſƆŽŴžŽƀ ŴώŽƈŹ ƉŹ ƋƊƂƅŻŽƃŽƉƀƁŴ żŵƃżƆŹ πƅƊ
ΌŹ πƆƅƁƒƍƅƊƃ, ŽŷƃŹƀ πƅƂƒ ƈſώŹƃƉƀƁŶ ſ ŹƄƀƅƂƑŻſƈſ ƉƎƃ ƈƉſƂƓƃ ƉſƇ. "ŤŹƁƅƈƉƅƀƌƀз
ƈώŵƃŽƇ" πŽƆƀƅƌŵƇ ƈƊƃſΌƓƇ żſώƀƅƊƆŻƅƒƃ "ΌƑƆƊźƅ" ƈƉſƃ ŹƃŴƂƊƈſ, Żƀ' ŹƊƉƑ ƁŹƀ ƈƊƌƃŴ
ŹƋŹƀƆƅƒƃƉŹƀ ƌŽƀƆƅƁŷƃſƉŹ (masking). ŝƊƉŶ ſ żƀŹżƀƁŹƈŷŹ ƑώƎƇ ŽώπŽƆƀŵƌŽƀ ƊπƅƁŽƀώŽƃƀз
ƁƑƉſƉŹ, ŽƃƓ żŽƃ ŽŷƃŹƀ ƁŹΌƑƂƅƊ πƆŹƁƉƀƁŶ ƈŽ ƈƉƅƀƌŷƈŽƀƇ ώŽŻŴƂſƇ ƁƂŷώŹƁŹƇ. ŝƃ ŹπƑ Ɖſƃ
ŴƂƂſ ŹπƅƆƆƀƋΌƅƒƃ ƑƂŽƇ ƅƀ ƈƉŶƂŽƇ πƅƊ πŽƆƀŵƌƅƊƃ ƁŽƃŴ, ƌŴƃŽƉŹƀ ƈſώŹƃƉƀƁƑ ƁƅώώŴƉƀ ƉſƇ
πƂſƆƅƋƅƆŷŹƇ, ƌƎƆŷƇ ƃŹ źŽƂƉƀƓƃƅƃƉŹƀ ƉŹ żŵƃżƆŹ πƅƊ πƆƅƁƒπƉƅƊƃ. ŦƀŹ ƈƒŻƌƆƅƃſ ŹƃƉƀз
ώŽƉƓπƀƈſ ŽƃŵƌŽƀ Ɖſƃ ŽƋŹƆώƅŻŶ πƆƅŻƆŹώώŴƉƎƃ πƅƊ ŹƄƀƅƂƅŻƅƒƃ Ɖſ ƈƉƅŷƌƀƈſ ƈŽ ŽπŷπŽżƅ
ƈƉŶƂſƇ, ώŵƈƎ żƀŹƋƑƆƎƃ ŹƂŻƅƆŷΌώƎƃ. [13]

A: ŪƆƀƃ ŽƋŹƆώƅƈƉŽŷ masking. B: ŦŽƉŴ Ɖſƃ ŽƋŹƆώƅŻŶ masking.
ŝƅźπźƈŵżžƋźƂ ŵƅžƌ źŽžŸźƉ źπƓ:

http://evolution-textbook.org/content/free/figures/ch27.html

1.4 ūƈƇŽƂƇƈƂƊΐƓƉ žƆžƄƂƃƋƂƃŷƉ źπƓƊƋźƊƀƉ
Ţ ŽƄŽƂƀƁƉƀƁŶ ŹπƑƈƉŹƈſ (d) ƊπƅƂƅŻŷžŽƉŹƀ ƎƇ ƅ ŹƆƀΌώƑƇ ƃƅƊƁƂŽƅƉƀżƀƁƓƃ Ŷ Źώƀƃƅз

ƄƀƁƓƃ ŹƃƉƀƁŹƉŹƈƉŴƈŽƎƃ ŹƃŴ ŻŽƃŽƉƀƁŶ Όŵƈſ ώŽƉŹƄƒ żƊƅ ƅώƑƂƅŻƎƃ ŹƂƂſƂƅƊƌƀƓƃ. ΩƇ
ώŵŻŽΌƅƇ, ŽŷƃŹƀ ƀżƀŹŷƉŽƆŹ ƈſώŹƃƉƀƁŶ ŻƀŹ Ɖſ ώŽƂŵƉſ ƉſƇ ώƅƆƀŹƁŶƇ ŽƄŵƂƀƄſƇ ƁŹƀ ƌƆſƈƀώƅз
πƅƀŽŷƉŹƀ ƈƉƅ ƈƌŽżƀŹƈώƑ ƋƊƂƅŻŽƃŽƉƀƁƓƃ żŵƃƉƆƎƃ ƁŹƀ ŻƅƃƀżƀŹƁƓƃ ƅƀƁƅŻŽƃŽƀƓƃ. ŠπƀπƂŵƅƃ,
ώŵƈƎ ƉſƇ ŽƄŽƂƀƁƉƀƁŶƇ ŹπƑƈƉŹƈſƇ ώπƅƆŽŷ ƃŹ żƀŽƆŽƊƃſΌŽŷ Ɖƅ ώƅƉŷźƅ ƁŹƀ ƅ ώſƌŹƃƀƈώƑƇ
ƉſƇ ώƅƆƀŹƁŶƇ ŽƄŵƂƀƄſƇ ƁŹƀ ƃŹ πƆƅƈżƀƅƆƀƈƉƅƒƃ πƆƅƈŽŻŻƀƈƉƀƁŴ ŻŽŻƅƃƑƉŹ żƀπƂŹƈƀŹƈώƅƒ
ŻƅƃƀżŷƎƃ/ŻƅƃƀżƀƎώŴƉƎƃ ƁŹƀ ŻŽŻƅƃƑƉŹ ŽƀżƅŻŵƃŽƈſƇ. şƀŹ Ɖſƃ ŽƁƉŷώſƈſ ƉſƇ ŽƄŽƂƀƁƉƀƁŶƇ
ŹπƑƈƉŹƈſƇ d ώŽƉŹƄƒ ŹƂƂſƂƅƊƌƀƓƃ DNA, ƌƆſƈƀώƅπƅƀƅƒƃƉŹƀ ƁƊƆŷƎƇ ƈƉƅƌŹƈƉƀƁŴ ŦŹƆз
ƁƅźƀŹƃŴ ώƅƃƉŵƂŹ. [12]
ŦƀŹ ƁƂŹƈƀƁŶ ώŵΌƅżƅƇ ŻƀŹ Ɖƅƃ πƆƅƈżƀƅƆƀƈώƑ ƉſƇ ŽƄŽƂƀƁƉƀƁŶƇ ŹπƑƁƂƀƈſƇ ώŽƉŹƄƒ żƒƅ

ƅώƑƂƅŻƎƃ πƆƎƉŽƏƃƓƃ ŽŷƃŹƀ ƅ ƊπƅƂƅŻƀƈώƑƇ ƉƅƊ ƂƑŻƅƊ żƀŹƋƅƆŽƉƀƁƓƃ ŹώƀƃƅƄŵƎƃ (p) ŹƃŴз
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ώŽƈŹ ƈƉƀƇ żƒƅ ŹƂƂſƂƅƊƌŷŽƇ, ŻƃƎƈƉŶ ƁŹƀ ƎƇ p-distance. ΩƈƉƑƈƅ ƅ p żŽƃ ŽŷƃŹƀ ŹƊƈƉſƆŴ
ŹƃŴƂƅŻƅƇ ώŽ Ɖƅ ƌƆƑƃƅ ŹπƑƁƂƀƈſƇ (t), ƁŹΌƓƇ πƅƂƂŹπƂŵƇ ŹώƀƃƅƄƀƁŵƇ ŹƃƉƀƁŹƉŹƈƉŴƈŽƀƇ
ώπƅƆƅƒƃ ƃŹ ƂŴźƅƊƃ ƌƓƆŹ ƈƉſƃ ŷżƀŹ Όŵƈſ. ŝƃƉŷΌŽƉŹ, ώƀŹ πƀƅ ŹƁƆƀźŶƇ ώŵΌƅżƅƇ źŹƈŷžŽз
ƉŹƀ ƈƉſ żƀŹżƀƁŹƈŷŹ Poisson, ƈƒώƋƎƃŹ ώŽ Ɖſƃ ƅπƅŷŹ ſ πƀΌŹƃƑƉſƉŹ ƃŹ ώſ ŻŷƃŽƀ ƁŹώŷŹ
ŹώƀƃƅƄƀƁŶ ŹƃƉƀƁŹƉŴƈƉŹƈſ ƈŽ żƀŴƈƉſώŹ t ƌƆƑƃƎƃ ƈŽ ώŷŹ Όŵƈſ ƉſƇ ŹƂƂſƂƅƊƌŷŹƇ ƀƈƅƒз
ƉŹƀ ώŽ e−ut, ƑπƅƊ u ƅ ŽƄŽƂƀƁƉƀƁƑƇ ƆƊΌώƑƇ. ŠπƅώŵƃƎƇ, ſ πƀΌŹƃƑƉſƉŹ ƁŹώŷŹƇ ŹώƀƃƅƄƀƁŶƇ
ŹƃƉƀƁŹƉŴƈƉŹƈſƇ ƈŽ ƁŹƃŵƃŹƃ ŹπƑ ƉƅƊƇ żƒƅ ƅώƑƂƅŻƅƊƇ ŻŽƃŽƉƀƁƅƒƇ ƉƑπƅƊƇ (q) ƀƈƅƒƉŹƀ
ώŽ e−2ut ƁŹƀ ώπƅƆŽŷ ƃŹ ŽƁƉƀώſΌŽŷ ŹπƑ Ɖſƃ ŽƄŷƈƎƈſ q = 1 − p. ΩƇ ƂƅŻƀƁŶ ƈƊƃŵƌŽƀŹ ƉƎƃ
πƆƅſŻƅƊώŵƃƎƃ, ƅ ŹƃŹώŽƃƑώŽƃƅƇ ŹƆƀΌώƑƇ ŹώƀƃƅƄƀƁƓƃ ŹƃƉƀƁŹƉŹƈƉŴƈŽƎƃ ŹƃŴ Όŵƈſ ƉƎƃ
żƒƅ ŹƂƂſƂƅƊƌƀƓƃ, żſƂŹżŶ ſ ŽƄŽƂƀƁƉƀƁŶ ŹπƑƈƉŹƈſ d = 2ut żŷƃŽƉŹƀ ŹπƑ Ɖſƃ ŽƄŷƈƎƈſ

d = −ln(1− p)d = −ln(1− p)d = −ln(1− p)

ŝƇ ƈſώŽƀƎΌŽŷ ŽżƓ ƑƉƀ ſ ŹπƑƈƉŹƈſ Poisson ŽŷƃŹƀ πƆƅƈŽŻŻƀƈƉƀƁŶ, ƁŹΌƓƇ ŹƃƉŷƈƉƆƅƋŽƇ ƁŹƀ
πŹƆŴƂƂſƂŽƇ ώŽƉŹƂƂŴƄŽƀƇ żŽ ƂŹώźŴƃƅƃƉŹƀ Ɗπ' Ƒƍƀƃ. ŪŹƆ' ƑƂŹ ŹƊƉŴ, ƉŹ ŹπƅƉŽƂŵƈώŹƉŹ
ŹƊƉƓƃ ƉƎƃ ώŽƉŹƂƂŴƄŽƎƃ ŽŷƃŹƀ ŻŽƃƀƁŴ ŹώŽƂſƉŵŹ, ŽƁƉƑƇ ƁŹƀ Źƃ ƅ p ŽŷƃŹƀ ώŽŻŴƂƅƇ. [12]

1.5 ŰƌƄƇżžƅžƋƂƃŵ ŽŶƅŽƈź
ũƀ ŽƄŽƂƀƁƉƀƁŵƇ ƈƌŵƈŽƀƇ ώŽƉŹƄƒ ŻƅƃƀżŷƎƃ ƈƊƃŶΌƎƇ πŹƆƅƊƈƀŴžƅƃƉŹƀ ώŽ ώƀŹ żŽƃżƆƅз

ŽƀżŶ ώƅƆƋŶ, ŽŷƉŽ ώŽ ƆŷžŹ, ŽŷƉŽ ƌƎƆŷƇ. ΩƇ ƉƅπƅƂƅŻŷŹ ƉƅƊ żŵƃżƆƅƊ ƅƆŷžŽƉŹƀ Ɖƅ ώƅƉŷźƅ
żƀŹƁƂŹżƓƈŽƎƃ πƅƊ ŽώƋŹƃŷžŽƉŹƀ. Ţ ƌƆŶƈſ ώƅƆƀŹƁƓƃ żŽżƅώŵƃƎƃ ŻƀŹ Ɖƅ ƈƌŽżƀŹƈώƑ ƋƊз
ƂƅŻŽƃŽƉƀƁƓƃ żŵƃżƆƎƃ ƄŽƁƀƃŴŽƀ ŹπƑ ƉƅƊƇ CavalliзSforza ƁŹƀ Edwars (1967) ƁŹƀ ƉƅƊƇ
Fitch ƁŹƀ Margoliash (1967). şƀŹ Ɖſƃ ŽπƀƂƅŻŶ ƉſƇ πƀƅ πƀΌŹƃŶƇ ƉƅπƅƂƅŻŷŹƇ, ŵƌƅƊƃ ŹƃŹз
πƉƊƌΌŽŷ żƀŴƋƅƆŽƇ ώŵΌƅżƅƀ πƅƊ ƌƎƆŷžƅƃƉŹƀ ƈŽ 4 ƁŹƉſŻƅƆŷŽƇ: (1) ώŵΌƅżƅƀ ŹπƑƈƉŹƈſƇ, (2)
ώŵΌƅżƅƀ ƋŽƀżƎƂƑƉſƉŹƇ, (3) ώŵΌƅżƅƀ ώŵŻƀƈƉſƇ πƀΌŹƃƑƉſƉŹƇ ƁŹƀ (4) Bayesian ώŵΌƅżƅƀ. ũƀ
πƅƂƒπƂƅƁƅƀ ώŹΌſώŹƉƀƁƅŷ ƊπƅƂƅŻƀƈώƅŷ πƅƊ ŹπŹƀƉƅƒƃƉŹƀ ŻƀŹ ƉƀƇ żƒƅ ƉŽƂŽƊƉŹŷŽƇ ƁŹƉſз
ŻƅƆŷŽƇ ŽŷƃŹƀ ƀżƀŹŷƉŽƆŹ ŹπŹƀƉſƉƀƁƅŷ ƈŽ ƊπƅƂƅŻƀƈƉƀƁƅƒƇ πƑƆƅƊƇ, ƑώƎƇ ƉŹ ŹπƅƉŽƂŵƈώŹƉŹ
πƅƊ πŹƆŴŻƅƊƃ ΌŽƎƆƅƒƃƉŹƀ πƀƅ ŹƄƀƑπƀƈƉŹ. ΩƈƉƑƈƅ, ƈƉŹ πƂŹŷƈƀŹ ώƀŹƇ ŻŽƃƀƁŶƇ ŽƁƉŷώſз
ƈſƇ ƉƎƃ ŽƄŽƂƀƁƉƀƁƓƃ ƈƌŵƈŽƎƃ ώŽƉŹƄƒ ƈƊŻƁŽƁƆƀώŵƃƎƃ ŻŽƃŽƉƀƁƓƃ ƉƑπƎƃ, ŹƁƑώŹ ƁŹƀ ƅƀ
ώŵΌƅżƅƀ ŹπƑƈƉŹƈſƇ ƁƆŷƃƅƃƉŹƀ ƀƁŹƃƅπƅƀſƉƀƁƅŷ, ŽƀżƀƁŴ ƂƑŻƎ ƉƎƃ ƌŹώſƂƓƃ ŹπŹƀƉŶƈŽƎƃ
ƈŽ ƊπƅƂƅŻƀƈƉƀƁƅƒƇ πƑƆƅƊƇ. [12]
ŖƃŹƇ ŹƂŻƑƆƀΌώƅƇ πƅƊ ŹƃŶƁŽƀ ƈƉƀƇ ώŽΌƑżƅƊƇ ŹπƑƈƉŹƈſƇ ƁŹƀ ƌƆſƈƀώƅπƅƀŽŷƉŹƀ ŽƊƆŵƎƇ

ŽŷƃŹƀ ƅ ŹƂŻƑƆƀΌώƅƇ Neighbor з Joining. ΊſώƅƈƀŽƒΌſƁŽ Ɖƅ 1987 ŹπƑ ƉƅƊƇ Saitou ƁŹƀ Nei.
Ţ ώŵΌƅżƅƇ ŹƊƉŶ żŽƃ ŽƄŽƉŴžŽƀ ƑƂŽƇ ƉƀƇ πƀΌŹƃŵƇ ƉƅπƅƂƅŻŷŽƇ ŹƂƂŴ ƈŽ ƁŴΌŽ ƈƉŴżƀƅ ŽƋŹƆз
ώƑžŽƉŹƀ ſ ŹƆƌŶ ƉſƇ ŽƂŴƌƀƈƉſƇ ŽƄŵƂƀƄſƇ. ΊŽƃ πƆƅƐπƅΌŵƉŽƀ Ɖſƃ ƒπŹƆƄſ ŽƃƑƇ ώƅƆƀŹƁƅƒ
ƆƅƂƅŻƀƅƒ, ŹƂƂŴ ŹπŹƀƉŽŷ ƉŹ żŽżƅώŵƃŹ ƃŹ ƋŵƆƅƊƃ Ɖſƃ πƆƅƈΌŽƉƀƁŶ ƀżƀƑƉſƉŹ ŻƀŹ ƉŹ ώŶƁſ
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ƉƎƃ ƁƂŴżƎƃ. ŭƅ ŹπƅƉŵƂŽƈώŹ ŽŷƃŹƀ ŵƃŹ ƋƊƂƅŻŽƃŽƉƀƁƑ żŵƃżƆƅ ƌƎƆŷƇ ƆŷžŹ. [12],[14]

ůƊƂƅŻŽƃŽƉƀƁƑ żŵƃżƆƅ ƌƎƆŷƇ ƆŷžŹ ŻƀŹ 100 πƆƎƉŽƏƃƀƁŵƇ ŹƂƂſƂƅƊƌŷŽƇ ŻƅƃƀżŷƎƃ ƅƍŷƃſƇ ŹπƑ
żƀŴƋƅƆŹ Žŷżſ. ũ ŹƂŻƑƆƀΌώƅƇ πƅƊ ƌƆſƈƀώƅπƅƀŶΌſƁŽ ŽŷƃŹƀ ƅ Neighbor з Joining.

şƀŹ ƃŹ ŹƄƀƅƂƅŻſΌŽŷ ſ ƈƉŹƉƀƈƉƀƁŶ ƈſώŹƃƉƀƁƑƉſƉŹ ƉƅƊ ƋƊƂƅŻŽƃŽƉƀƁƅƒ żŵƃżƆƅƊ ŽƋŹƆз
ώƑžŽƉŹƀ ſ żƀŹżƀƁŹƈŷŹ bootstrapping.[15],[16] ΊſώƀƅƊƆŻƅƒƃƉŹƀ ƈƒƃƅƂŹ ώŽ ƉƊƌŹŷŹ ŽπƀƂƅŻŶ
ƈƉſƂƓƃ ŹπƑ Ɖƅ ŹƆƌƀƁƑ ƈƒƃƅƂƅ ƁŹƀ ŻƀŹ ƁŴΌŽ ƈƒƃƅƂƅ ƁŹƉŹƈƁŽƊŴžŽƉŹƀ ŵƃŹ ƃŵƅ żŵƃżƆƅ
ώŽ ƉƀƇ ŷżƀŽƇ ŹƁƆƀźƓƇ πŹƆŹώŵƉƆƅƊƇ ώŽ Ɖƅ ŹƆƌƀƁƑ. ŭƅ πƅƈƅƈƉƑ ŽπŹƃŽώƋŴƃƀƈſƇ ƉƅƊ ƁŴΌŽ
ƁƑώźƅƊ ƉƅƊ ŹƆƌƀƁƅƒ żŵƃżƆƅƊ ƈƉŹ ƃŵŹ żŵƃżƆŹ ŽŷƃŹƀ ſ ƉƀώŶ bootstrap ŻƀŹ Ɖƅƃ ƁƑώźƅ. ŠŴƃ
ſ ƉƀώŶ bootstrap ŽŷƃŹƀ ώŽŻŹƂƒƉŽƆſ ƉƅƊ 70ѭ, ƉƑƉŽ ƅ ƁƑώźƅƇ ŽŷƃŹƀ ƈƎƈƉƑƇ, ώŽ πƀΌŹƃƑƉſƉŹ
95ѭ. [9]
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Ţ żƀŹżƀƁŹƈŷŹ bootstrapping.
ŝƅźπźƈŵżžƋźƂ ŵƅžƌ źŽžŸźƉ źπƓ:

ťƇƊƊˌŽź,ŭƇƍˌź, ŜƀƅπƂžƆƅƋƅƆƀƁŵ: ΔƊƃŸƉƑƉžƉżƇ ƁŸƀ πƆƅƅπƉƀƁŴƇ,
ŠƃŽ˜ƊžƂƉ ŨʯƐƅ ŮžƎƅƇƄƇżƂ˶ƅ, ŝƁʷƅź, ŠƄƄʘŽź, 2008, ƊžƄ. 115
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1.6 ūƈƇżƈŵΐΐźƋź ƎźƈƋƇżƈŵƍƀƊƀƉ ƃźƂ źƄƄƀƄƇƔƎƀƊƀƉ żƇ-
ƅƂŽƂƐΐŵƋƐƅ

Ţ ŹƂƂſƂƅƒƌſƈſ ƉƅƊ ŹƃΌƆƓπƀƃƅƊ ŻƅƃƀżƀƎώŴƉƅƇ (Human Genome Poject) πƆƅƉŴΌſƁŽ
Ɖƅ 1986, ƄŽƁŷƃſƈŽ Ɖƅƃ ũƁƉƓźƆƀƅ ƉƅƊ 1990 ƁŹƀ ƅƂƅƁƂſƆƓΌſƁŽ πƂŶƆƎƇ Ɖƅ 2003. ŬƉƑƌƅƀ
ƉſƇ ŶƉŹƃ ſ ƉŹƊƉƅπƅŷſƈſ ƑƂƎƃ ƉƎƃ ŹƃΌƆƓπƀƃƎƃ ŻƅƃƀżŷƎƃ, ƅ πƆƅƈżƀƅƆƀƈώƑƇ ƉſƇ πƂŶƆƅƊƇ
ŹƂƂſƂƅƊƌŷŹƇ DNA, ſ ŹπƅΌŶƁŽƊƈſ ƁŹƀ ƅ ƌŽƀƆƀƈώƑƇ ƉƎƃ żŽżƅώŵƃƎƃ ƁŹƀ ƉŵƂƅƇ ſ żƀŹƌŽŷз
Ɔƀƈſ ƉƎƃ ſΌƀƁƓƃ ƁŹƀ ƁƅƀƃƎƃƀƁƓƃ žſƉſώŴƉƎƃ πƅƊ πƀΌŹƃƑƃ ƃŹ ŹƃŵƁƊπƉŹƃ. [3]
ŬŶώŽƆŹ, ŵƌƅƊƃ ŹƂƂſƂƅƊƌſΌŽŷ πƂŶƆƎƇ ƉŹ ŻƅƃƀżƀƓώŹƉŹ πƅƂƂƓƃ ƅƆŻŹƃƀƈώƓƃ, ŽƃƓ ƅ

ƆƊΌώƑƇ ƁŹƉŴΌŽƈſƇ ƃŵƎƃ ƈƊƃŽƌƓƇ ŹƊƄŴƃŽƉŹƀ. ŤŴπƅƀŹ πŹƆŹżŽŷŻώŹƉŹ ƉŵƉƅƀƎƃ ƅƆŻŹƃƀз
ƈώƓƃ ŽŷƃŹƀ ſ Escherichia coli, ƅ Saccharomyces cerevisiae, ſ Drosophila melanogaster ƁŹƀ ſ
Arabidopsis thaliana. ŬƉŹ πƂŹŷƈƀŹ ƉſƇ ώŽƂŵƉſƇ ƉſƇ żƅώŶƇ ƁŹƀ ƉſƇ ƂŽƀƉƅƊƆŻŷŹƇ ƉƎƃ ƃŵƎƃ
ŻƅƃƀżƀƎώŴƉƎƃ, ŽŷƃŹƀ ƌƆŶƈƀώſ ſ ƈƊŻƁƆƀƉƀƁŶ ŹƃŴƂƊƈſ ŻƅƃƀżŷƎƃ ŽƃƉƑƇ ƉƅƊ ŷżƀƅƊ ŽŷżƅƊƇ
ŻƀŹ Ɖƅƃ ŽƃƉƅπƀƈώƑ żƀπƂŹƈƀŹƈώŵƃƎƃ ŻƅƃƀżŷƎƃ, ƉŹ ƅπƅŷŹ ώπƅƆŽŷ ƃŹ ŵƌƅƊƃ πŹƆƑώƅƀŹ
ƂŽƀƉƅƊƆŻŷŹ. şƅƃŷżƀŹ πƅƊ πƆƅƁƒπƉƅƊƃ ŹπƑ ŻƅƃƀżƀŹƁƑ żƀπƂŹƈƀŹƈώƑ ƈƊƌƃŴ ƆƊΌώŷžƅƊƃ
Ɖſ ƂŽƀƉƅƊƆŻŷŹ ώƅƃƅπŹƉƀƓƃ ώŽ żƀŹƋƅƆŽƉƀƁƑ ƉƆƑπƅ Ŷ ŽƃŽƆŻƅπƅƀƅƒƃƉŹƀ ƈŽ żƀŹƋƅƆŽƉƀƁŵƇ
ƌƆƅƃƀƁŵƇ ƈƉƀŻώŵƇ ƊπƑ Ɖſƃ ŽώƋŴƃƀƈſ żƀŹƋƅƆŽƉƀƁƓƃ ŽƆŽΌƀƈώŴƉƎƃ. ŠπƅώŵƃƎƇ, ώŽƉŴ Ɖſƃ
зŵƈƉƎ ƁŹƀ ώŽƆƀƁŶз ŹƂƂſƂƅƒƌſƈſ ƃŵƎƃ ŻƅƃƀżƀƎώŴƉƎƃ, ώπƅƆŽŷ ƃŹ żƀŽƃŽƆŻſΌŽŷ ŵƂŽŻƌƅƇ ŻƀŹ
ŻŽŻƅƃƑƉŹ żƀπƂŹƈƀŹƈώƅƒ, ƓƈƉŽ ƃŹ ƁŹƉŹƃƅſΌƅƒƃ ƈƉŹżƀŹƁŴ ƅƀ πƅƂƒπƂƅƁŽƇ ƂŽƀƉƅƊƆŻŷŽƇ
ƉƎƃ ŹƃƉŷƈƉƅƀƌƎƃ ƅƆŻŹƃƀƈώƓƃ. [3]

1.7 Gene Ontology Project

ŭƅ Gene Ontology Project ƄŽƁŷƃſƈŽ Ɖƅ 1998 ŹπƑ ώƀŹ ƅώŴżŹ ŽƆŽƊƃſƉƓƃ πƅƊ ώŽƂŽз
ƉƅƒƈŽ Ɖƅ ŻƅƃƀżŷƎώŹ ƉſƇ Drosophila melanogaster, ƉƅƊ Mus musculus ƁŹƀ ƉƅƊ Saccharomyces
cerevisiae. ŬƉſƃ πƅƆŽŷŹ πƆƅƈƉŵΌſƁŹƃ ŹƆƁŽƉŵƇ źŴƈŽƀƇ żŽżƅώŵƃƎƃ ŻƀŹ ƁŴΌŽ ƅƆŻŹƃƀƈώƑ з
ώƅƃƉŵƂƅ, ƈƊƃŽƀƈƋŵƆƅƃƉŹƇ ƈƉſƃ ŹƃŴπƉƊƄſ ƉƅƊ ŪƆƅŻƆŴώώŹƉƅƇ. [17]
ŝπƅƉŽƂŽŷ ŵƃŹ ƂŽƄƀƁƑ ƑƆƎƃ, ƅƀ ƅπƅŷƅƀ ƁŹƉſŻƅƆƀƅπƅƀƅƒƃƉŹƀ ƈŽ ƉƆŽƀƇ ώſ ŽπƀƁŹƂƊз

πƉƑώŽƃŽƇ ƅώŴżŽƇ: (1) ŦƅƆƀŹƁŶ ťŽƀƉƅƊƆŻŷŹ (MF), (2) ŞƀƅƂƅŻƀƁŶ ΊƀŹżƀƁŹƈŷŹ (BP) ƁŹƀ
(3) ŤƊƉƉŹƆƀƁƑ ΊƀŹώŵƆƀƈώŹ (CC). ŤŴΌŽ ƅƃƉƅƂƅŻŷŹ żƀŹΌŵƉŽƀ ŵƃŹ ŹƂƋŹƆƀΌώſƉƀƁƑ ŹƃŹŻƃƎз
ƆƀƈƉƀƁƑ ƁŹƀ πŽƆƀŻƆŴƋŽƀ ŵƃŹ ƈƊŻƁŽƁƆƀώŵƃƅ ƌŹƆŹƁƉſƆƀƈƉƀƁƑ ŽƃƑƇ ŻƅƃƀżŷƅƊ Ŷ ŽƃƑƇ Żƅƃƀз
żƀŹƁƅƒ πƆƅƏƑƃƉƅƇ. ŭŹ żŽżƅώŵƃŹ ƉƎƃ ƅƃƉƅƂƅŻƀƓƃ πƆƅŵƆƌƅƃƉŹƀ зƁƊƆŷƎƇ ŹƊƉƑώŹƉŹ ƁŹƀ
ƌƎƆŷƇ ŽπƀώŵƂŽƀŹз ŽŷƉŽ ŹπƑ Ɖſƃ ŽπƀƈƉſώƅƃƀƁŶ źƀźƂƀƅŻƆŹƋŷŹ, ŽŷƉŽ ŹπƑ ƁŴπƅƀŹ źŴƈſ żŽз
żƅώŵƃƎƃ, ŽŷƉŽ ŹπƑ ƊπƅƂƅŻƀƈƉƀƁŵƇ ŽƃżŽŷƄŽƀƇ. ũ ŹƆƀΌώƑƇ ƉƎƃ ƅƃƉƅƂƅŻƀƓƃ Ɖƅ 2000 ŵƋƉŹƃŽ
ώƑƂƀƇ ƉƀƇ 5.000, ŽƃƓ Ɖƅ 2010 ƄŽπŵƆŹƈŽ ƉƀƇ 20.000. ŭƅ πƆƑŻƆŹώώŹ GO ώπƅƆŽŷ ƃŹ ƌƆſз
ƈƀώƅπƅƀſΌŽŷ ŻƀŹ Ɖƅƃ ŽƃƉƅπƀƈώƑ ŻƅƃƀżŷƎƃ ώŽ πŹƆƑώƅƀŽƇ ƂŽƀƉƅƊƆŻŷŽƇ ώŵƈŹ ƈƉƅƃ ŷżƀƅ Ŷ
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ƁŹƀ ώŽƉŹƄƒ żƀŹƋƅƆŽƉƀƁƓƃ ƅƆŻŹƃƀƈώƓƃ, πŹƆŵƌƅƃƉŹƇ ŵƉƈƀ ƉƀƇ ŹπŹƆŹŷƉſƉŽƇ πƂſƆƅƋƅƆŷŽƇ
ŻƀŹ Ɖſƃ ŵƃŹƆƄſ ώƀŹƇ ƋƊƂƅŻŽƃŽƉƀƁŶƇ ŹƃŴƂƊƈſƇ. [17],[18]

ŖƃŹ πŹƆŴżŽƀŻώŹ ƅƆŻŴƃƎƈſƇ ƉƎƃ ƅƃƉƅƂƅŻƀƓƃ ώŽƉŹƄƒ ƉƅƊƇ.
ŝƅźπźƈŵżžƋźƂ ŵƅžƌ źŽžŸźƉ źπƓ:

du Plessis,Luis, Škunca,Nives, Dessimoz,Christophe,
The what, where, how and why of gene ontology—a primer for bioinformaticians,

Briefings in Bioinformatics, 2011; 12(6), ƊžƄ. 723-735
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ťžƍŵƄźƂƇ 2

ŧŶƁƇŽƇƉ žπŸƄƌƊƀƉ

şƀŹ Ɖƅƃ ŽπƀƉƊƌŶ ƁŹƀ ŻƆŶŻƅƆƅ πƆƅƈżƀƅƆƀƈώƑ ŻƅƃƀżŷƎƃ πƅƊ πƆƅƁƒπƉƅƊƃ ŹπƑ Żƅƃƀз
żƀŹƁƑ żƀπƂŹƈƀŹƈώƑ ώŵƈŹ ƈŽ ŵƃŹ ŽŷżƅƇ, ŹπƅƋŹƈŷƈƉſƁŽ ſ żſώƀƅƊƆŻŷŹ ƉƅƊ Pinda. ŝπƅз
ƉŽƂŽŷƉŹƀ ƁƊƆŷƎƇ ŹπƑ ƉƆŷŹ ƊπƅπƆƅŻƆŴώώŹƉŹ, ƅ πſŻŹŷƅƇ ƁƓżƀƁŹƇ ƉƎƃ ƅπƅŷƎƃ ŽŷƃŹƀ
ŻƆŹώώŵƃƅƇ ƈƉƀƇ ŻƂƓƈƈŽƇ πƆƅŻƆŹώώŹƉƀƈώƅƒ Perl, JavaScript ƁŹƀ R.

2.1 şƄƕƊƊžƉ ūƈƇżƈźΐΐźƋƂƊΐƇƔ

I simultaneously believe that languages are wonderful
and awful. You have to hold both of those. Ugly
things can be beautiful. And beautiful can get ugly
very fast. You know, take Lisp. You know, it's the
most beautiful language in the world. At least up
until Haskell came along. But, you know, every
program in Lisp is just ugly. I don't figure how
that works.

Larry Wall

2.1.1 Perl

Ţ ŻƂƓƈƈŹ πƆƅŻƆŹώώŹƉƀƈώƅƒ Perl żſώƀƅƊƆŻŶΌſƁŽ Ɖƅ 1987 ŹπƑ Ɖƅ ŻƂƎƈƈƅƂƑŻƅ,
ƈƊŻŻƆŹƋŵŹ ƁŹƀ πƆƅŻƆŹώώŹƉƀƈƉŶ, Larry Wall. Ţ Perl ŽŷƃŹƀ ώƀŹ ƀƈƌƊƆŶ, ƊƍſƂƅƒ Žπƀπŵз
żƅƊ ŻƂƓƈƈŹ πƆƅŻƆŹώώŹƉƀƈώƅƒ πƅƊ ƁŹƉŹƉŴƈƈŽƉŹƀ ƈƉƀƇ żƀŽƆώſƃŽƒƈƀώŽƇ (interpreted).
ŝƃŶƁŽƀ ƈƉƅ ŠƂŽƒΌŽƆƅ ťƅŻƀƈώƀƁƑ ƊπƑ Ɖſƃ ŴżŽƀŹ GPL, ƊƂƅπƅƀŶΌſƁŽ ώŽ Ɖſ ŻƂƓƈƈŹ πƆƅз
ŻƆŹώώŹƉƀƈώƅƒ C ƁŹƀ ώπƅƆŽŷ ƃŹ ƌƆſƈƀώƅπƅƀſΌŽŷ ƈŽ żƀŴƋƅƆŽƇ πƂŹƉƋƑƆώŽƇ ƂƅŻƀƈώƀƁƅƒ.
řπƎƇ ƈŽ ƁŴΌŽ żƀŽƆώſƃŽƒƈƀώſ ŻƂƓƈƈŹ, ƉŹ πƆƅŻƆŴώώŹƉŹ πƅƊ ŻƆŴƋƅƃƉŹƀ ƈƉſƃ Perl ƊƈƉŽз
Ɔƅƒƃ ƈſώŹƃƉƀƁŴ ƈŽ ƉŹƌƒƉſƉŹ ŽƁƉŵƂŽƈſƇ ƈŽ ƈƌŵƈſ ώŽ ŹƂŻƑƆƀΌώƅƊƇ πƅƊ ƊƂƅπƅƀƅƒƃƉŹƀ
ƈŽ ƁŴπƅƀŹ ώŽƉŹŻƂƎƉƉŷƈƀώſ (compiled) ŻƂƓƈƈŹ, ƑπƎƇ ſ C. ŠƀżƀƁŴ ƑƉŹƃ πƆƑƁŽƀƉŹƀ ŻƀŹ
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ώŹΌſώŹƉƀƁƅƒƇ ƊπƅƂƅŻƀƈώƅƒƇ, ſ ƊƂƅπƅŷſƈſ ƈŽ C ώπƅƆŽŷ ƃŹ ŽŷƃŹƀ ŹƁƑώŹ ƁŹƀ 65 ƋƅƆŵƇ
ƉŹƌƒƉŽƆſ, ƈŽ ƈƌŵƈſ ώŽ Ɖſƃ ŹƃƉŷƈƉƅƀƌſ ƊƂƅπƅŷſƈſ ƈŽ Perl![19] ΩƈƉƑƈƅ, ſ Perl ƌƆſƈƀώƅз
πƅƀŽŷƉŹƀ ƁŹƉŴ ƁƑƆƅƃ ƈŽ żƀŴƋƅƆŽƇ ŽƋŹƆώƅŻŵƇ ƌŽƀƆƀƈώƅƒ ŹƂƂſƂƅƊƌƀƓƃ ƈƉſ ŞƀƅπƂſƆƅз
ƋƅƆƀƁŶ, ƂƑŻƎ ƉƎƃ żƀŽƊƁƅƂƒƃƈŽƎƃ πƅƊ πƆƅƈƋŵƆŽƀ ƈƉƅ ƌŽƀƆƀƈώƑ ƁŽƀώŵƃƅƊ ƁŹƀ ŽƀżƀƁŴ
ƉƎƃ ƁŹƃƅƃƀƁƓƃ ŽƁƋƆŴƈŽƎƃ (regular expressions). ŠπƀπƂŵƅƃ, ŵƃŹ ώŽŻŴƂƅ πƂŽƅƃŵƁƉſώŹ
πƅƊ ƋŵƆŽƀ ſ Perl Ƒƈƅƃ ŹƋƅƆŴ Ɖſ ŞƀƅπƂſƆƅƋƅƆƀƁŶ ŽŷƃŹƀ ſ BioPerl, ώƀŹ ƈƊƂƂƅŻŶ Ɖώſз
ώŴƉƎƃ ƁƓżƀƁŹ (modules) ƈƌŽƉƀƁƓƃ ώŽ ŞƀƅπƂſƆƅƋƅƆƀƁŶ, ŻŽŻƅƃƑƇ πƅƊ żƀŽƊƁƅƂƒƃŽƀ Ɖſ
ƈƊŻŻƆŹƋŶ ŹƃƉŷƈƉƅƀƌƎƃ πƆƅŻƆŹώώŴƉƎƃ. Ţ BioPerl ŽŷƃŹƀ ŵƃŹ ŽƃŽƆŻƑ project, żƀŹƉŷΌŽз
ƉŹƀ ƊπƑ Ɖſƃ ŽƂŽƒΌŽƆſ ŴżŽƀŹ GPL ƁŹƀ żƀŹżƆŹώŴƉƀƈŽ ƈſώŹŷƃƅƃƉŹ ƆƑƂƅ ƈƉƅ ŪƆƑŻƆŹώώŹ
ŰŹƆƉƅŻƆŴƋſƈſƇ ƉƅƊ ŝƃΌƆƓπƀƃƅƊ şƅƃƀżƀƓώŹƉƅƇ. [20]

2.1.2 JavaScript

Ţ ŻƂƓƈƈŹ πƆƅŻƆŹώώŹƉƀƈώƅƒ JavaScript żſώƀƅƊƆŻŶΌſƁŽ ŹπƑ Ɖƅƃ πƆƅŻƆŹώώŹƉƀƈƉŶ
Brendan Eich Ɖƅ 1995. ŪƆƅŵƁƊƍŽ ŹπƑ Ɖſ ƈƊƃŽƆŻŹƈŷŹ ƉſƇ Netscape Communications
Corporation, ƈƉſƃ ƅπƅŷŹ ŽƆŻŹžƑƉŹƃ ƅ Eich, ƁŹƀ ƉſƇ Sun Microsystems, Inc. Ţ JavaScript
ŽŷƃŹƀ ώƀŹ żƀŽƆώſƃŽƒƈƀώſ ŻƂƓƈƈŹ πƆƅŻƆŹώώŹƉƀƈώƅƒ ƁŹƀ ƌƆſƈƀώƅπƅƀŽŷƉŹƀ ƁƊƆŷƎƇ ŻƀŹ
Ɖſƃ πŹƆŹŻƎŻŶ żƊƃŹώƀƁƅƒ πŽƆƀŽƌƅώŵƃƅƊ ƈŽ ƀƈƉƅƈŽƂŷżŽƇ, ώŵƈƎ ŽƁƉŵƂŽƈſƇ ƁƓżƀƁŹ ƈƉſƃ
πƂŽƊƆŴ ƉƅƊ πŽƂŴƉſ (client-side scripting). ŠπƅώŵƃƎƇ, ŵƃŹƇ ƁƓżƀƁŹƇ ŻƆŹώώŵƃƅƇ ƈŽ
JavaScript ώπƅƆŽŷ ƃŹ ŽƁƉŽƂŽƈƉŽŷ ŹƃŽƄŹƆƉŶƉƎƇ πƂŹƉƋƑƆώŹƇ ƂƅŻƀƈώƀƁƅƒ, ƈƉſ ƈƊƃƉƆƀз
πƉƀƁŶ πƂŽƀƅƍſƋŷŹ ƉƎƃ ƋƊƂƂƅώŽƉƆſƉƓƃ ƀƈƉƅƒ. [21]

2.1.3 R

Ţ R żſώƀƅƊƆŻŶΌſƁŽ Ɖƅ 1993 ŹπƑ ƉƅƊƇ Ross Ihaka ƁŹƀ Robert Gentleman ƈƉƅ ŪŹз
ƃŽπƀƈƉŶώƀƅ Auckland ƉſƇ ŧŵŹƇ šſƂŹƃżŷŹƇ, ŽƃƓ ƈƊƃŽƌŷžŽƀ ƃŹ ŹƃŹπƉƒƈƈŽƉŹƀ ŹƁƑώŹ ƁŹƀ
ƈŶώŽƆŹ ŹπƑ Ɖſƃ R Development Core Team. ŠŷƃŹƀ ƉŹƊƉƑƌƆƅƃŹ ώƀŹ ƀƈƌƊƆŶ ƁŹƀ ŽƊŵƂƀƁƉſ
ŻƂƓƈƈŹ πƆƅŻƆŹώώŹƉƀƈώƅƒ, ŹƂƂŴ ƁŹƀ ŵƃŹ πŽƆƀźŴƂƂƅƃ ŻƀŹ ƈƉŹƉƀƈƉƀƁŵƇ ŹƃŹƂƒƈŽƀƇ ƁŹƀ
ŻƆŹƋƀƁŴ. ŝƃŶƁŽƀ ƈƉƅ ŠƂŽƒΌŽƆƅ ťƅŻƀƈώƀƁƑ ƊπƑ Ɖſƃ ŴżŽƀŹ GPL ƁŹƀ ƅ πſŻŹŷƅƇ ƁƓżƀз
ƁŹƇ ƉƅƊ πŽƆƀźŴƂƂƅƃƉƑƇ ƉſƇ ŽŷƃŹƀ ŻƆŹώώŵƃƅƇ ƈŽ C, Fortran ƁŹƀ R. ŖƃŹ πƂŽƅƃŵƁƉſώŹ
ƉſƇ ŻƂƓƈƈŹƇ ŽŷƃŹƀ ſ πƂſΌƓƆŹ ŵƉƅƀώƎƃ πŹƁŵƉƎƃ ŻƀŹ żƀŴƋƅƆŹ Žŷżſ ŹƃŹƂƒƈŽƎƃ, ƈƊώπŽз
ƆƀƂŹώźŹƃƅώŵƃƎƃ ƁŹƀ ŹƃŹƂƒƈŽƎƃ ŠƄŵƂƀƄſƇ ƁŹƀ ũƀƁƅƂƅŻŷŹƇ, ƅƀ ƅπƅŷŽƇ πŹƆŵƌƅƃƉŹƀ ŹπƑ
πŹƁŵƉŹ ƑπƎƇ ƉŹ ape (Analysis of Phylogenetics and Evolution) ƁŹƀ ade4 (Analyses des
DonnΣes Ecologiques: mΣthodes Exploratoires et Euclidiennes en sciences de l'Environnement).
ŔƂƂŹ πƂŽƅƃŽƁƉŶώŹƉŴ ƉſƇ ŹπƅƉŽƂƅƒƃ ſ żƊƃŹƉƑƉſƉŹ ŹπƅΌŶƁŽƊƈſƇ ƁŹƀ ƉŹƌƒƉŹƉƅƊ ƌŽƀз
Ɔƀƈώƅƒ ώŽŻŴƂƅƊ ƑŻƁƅƊ żŽżƅώŵƃƎƃ, ŹƂƂŴ ƁŹƀ ƅ ŽƒƁƅƂƅƇ ƈƌŽżƀŹƈώƑƇ żƀŹŻƆŹώώŴƉƎƃ
ƊƍſƂŶƇ πƅƀƑƉſƉŹƇ. [22],[23],[24]
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2.2 Common Gateway Interface
řƈƅƃ ŹƋƅƆŴ Ɖƅƃ Ɖƒπƅ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ, ŽπƀƂŵƌΌſƁŽ Ɖƅ ώƅƃƉŵƂƅ πŽƂŴƉſ з ŽƄƊπſз

ƆŽƉſƉŶ (client-server), ƅπƑƉŽ ΌŹ ŽƁƉŽƂŽŷƉŹƀ ƌƆſƈƀώƅπƅƀƓƃƉŹƇ ƉƅƊƇ ƊπƅƂƅŻƀƈƉƀƁƅƒƇ πƑз
ƆƅƊƇ ƉƅƊ ŽƄƊπſƆŽƉſƉŶ, ŹπŹƂƂŴƈƈƅƃƉŹƇ Ɖƅƃ ƉŽƂƀƁƑ ƌƆŶƈƉſ ŹπƑ Ɖſƃ ŹƃŴŻƁſ ŻƀŹ ƀƈƌƊƆƑ
hardware Ŷ ƉƀƇ żƊƈƁƅƂŷŽƇ ŽŻƁŹƉŴƈƉŹƈſƇ ƁŹƀ ƈƊƃƉŶƆſƈſƇ. şƀŹ Ɖſ żƀŹźŷźŹƈſ πƂſƆƅƋƅз
ƆƀƓƃ ώŽƉŹƄƒ ƉſƇ ŽƋŹƆώƅŻŶƇ ƁŹƀ ƉƅƊ ŽƄƊπſƆŽƉſƉŶ, ŽπƀƂŵƌΌſƁŽ Ɖƅ πƆƑƉƊπƅ żƀŽπŹƋŶƇ
CGI, Ɖƅ ƅπƅŷƅ ƊπƅƈƉſƆŷžŽƀ żƊƃŹώƀƁƑ πŽƆƀŽƌƑώŽƃƅ ƁŹƀ ŽŷƃŹƀ ŵƃŹƇ ŽƒƁƅƂƅƇ ƁŹƀ ƁƅƀƃƑƇ
ƉƆƑπƅƇ ŻƀŹ ŵƃŹƃ ŽƄƊπſƆŽƉſƉŶ ƃŹ πŽƆŴƈŽƀ Ɖſƃ ŹŷƉſƈſ ŽƃƑƇ ƌƆŶƈƉſ ƈŽ ƁŴπƅƀƅ πƆƑŻƆŹώώŹ
ƁŹƀ ƃŹ ƉƅƊ ŽπƀƈƉƆŵƍŽƀ ƉŹ żŽżƅώŵƃŹ πƅƊ πƆƅƁƒπƉƅƊƃ. ŖƉƈƀ, ƅ ƌƆŶƈƉſƇ ƉƅƊ πƆƅŻƆŴώз
ώŹƉƅƇ ΌŹ żƒƃŹƉŹƀ ώŵƈƎ ŽƃƑƇ ƋƊƂƂƅώŽƉƆſƉŶ ƀƈƉƅƒ (π.ƌ Mozilla Firefox, Google Chrome,
Midori) ƃŹ ŽƀƈŹŻŴŻŽƀ ƉŹ żŽżƅώŵƃŹ ƉƅƊ ƈƉƅ πƆƑŻƆŹώώŹ, ŹπƑ Ɖƅ ƅπƅŷƅ ΌŹ ƂŴźŽƀ ƁŹƀ ƉŹ
ŹπƅƉŽƂŵƈώŹƉŹ. ŭƅ ŻŽŻƅƃƑƇ ŹƊƉƑ żƀŹƈƋŹƂŷžŽƀ ƁŹƀ Ɖſ ƋƅƆſƉƑƉſƉŹ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ,
ŹƋƅƒ ώπƅƆŽŷ ƃŹ ƌƆſƈƀώƅπƅƀſΌŽŷ ŹπƑ πƅƀƁŷƂŹ ƂŽƀƉƅƊƆŻƀƁŴ ƈƊƈƉŶώŹƉŹ ώŵƈƎ ƈƌŽżƑƃ
ƅπƅƀƅƊżŶπƅƉŽ ƋƊƂƂƅώŽƉƆſƉŶ, πŹƆŹƁŴώπƉƅƃƉŹƇ żƀŴƋƅƆŹ πƆƅźƂŶώŹƉŹ ƈƊώźŹƉƑƉſƉŹƇ.
[20]
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2.3 ΔƂŵżƈźΐΐź ŬƇŷƉ

2.4 ūžƈƂżƈźƍŷ ƋƇƌ źƄżƇƈŸƁΐƇƌ Pinda

2.4.1 ťźƋźƎƕƈƀƊƀ źƄƄƀƄƇƌƎŸźƉ
ŪŽƆƃƓƃƉŹƇ ƈƉƅƃ ƉƆƑπƅ ƂŽƀƉƅƊƆŻŷŹƇ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ, Ɖƅ Pinda ŹƆƌƀƁŴ żŵƌŽƉŹƀ

Ɖſƃ πƂŶƆſ ƃƅƊƁƂŽƅƉƀżƀƁŶ Ŷ πƆƎƉŽƏƃƀƁŶ ŹƂƂſƂƅƊƌŷŹ ƉƅƊ ŻƅƃƀżŷƅƊ Ŷ ƉƅƊ ŻŽƃŽƉƀƁƅƒ ƉƑπƅƊ
ŻŽƃƀƁƑƉŽƆŹ, ώŵƈƎ ώƀŹƇ ƋƑƆώŹƇ HTML.
ŬƉſ ƈƊƃŵƌŽƀŹ, ŻƀŹ πƆƎƉŽƏƃƀƁŵƇ ŹƂƂſƂƅƊƌŷŽƇ Ɖƅ Pinda ŽƁƉŽƂŽŷ BLASTP[25] ŽƃŹƃƉŷƅƃ

ƉſƇ SwissProt ƁŹƀ ŹπƑ ƉŹ ŹπƅƉŽƂŵƈώŹƉŴ ƉƅƊ żſώƀƅƊƆŻŽŷ ώƀŹ ƂŷƈƉŹ ƅƆŻŹƃƀƈώƓƃ πƅƊ
πŽƆƀŵƌƅƊƃ Ɖſƃ ŷżƀŹ Ŷ πƅƂƒ ƁƅƃƉƀƃŵƇ ŹƂƂſƂƅƊƌŷŽƇ. ŝƃ ƊπŴƆƌŽƀ żŶƂƎƈſ ƅƆŻŹƃƀƈώƅƒ ώŵƈƎ
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ώƅƆƋŶƇ FASTA, ƉƑƉŽ Ɖƅ πƆƑŻƆŹώώŹ πƆƅƉŽŷƃŽƀ Ɖƅƃ ŹƃƉŷƈƉƅƀƌƅ ƅƆŻŹƃƀƈώƑ ƈƉƅ ƌƆŶƈƉſ,
ŹƋŶƃƅƃƉŴƇ ƉƅƊ ƎƈƉƑƈƅ Ɖſ żƊƃŹƉƑƉſƉŹ ƃŹ ŽπƀźŽźŹƀƓƈŽƀ Ŷ ƃŹ ƁŴƃŽƀ ƁŴπƅƀŹ ŴƂƂſ Žπƀз
ƂƅŻŶ ƅƆŻŹƃƀƈώƅƒ. Ţ πŹƆŹπŴƃƎ żƀŹżƀƁŹƈŷŹ ŹπƅƈƁƅπŽŷ ƈƉƅƃ πŽƆƀƅƆƀƈώƑ ƈƋŹƂώŴƉƎƃ
πƅƊ ώπƅƆŽŷ ƃŹ πƆƅƁƂſΌƅƒƃ ŹπƑ ŹƂƂſƂƅƊƌŷŽƇ πƅƊ ŽŷƃŹƀ ƑώƅƀŽƇ ώŽƉŹƄƒ ŽƀżƓƃ Ŷ żƀŹƋŵз
ƆƅƊƃ πƅƂƒ ƂŷŻƅ. ũ ƌƆŶƈƉſƇ πƆŹŻώŹƉƅπƅƀŽŷ Ɖſƃ ƉŽƂƀƁŶ ŽπƀƂƅŻŶ ƉƅƊ ŽŷżƅƊƇ, ŽƃƉƑƇ ƉƅƊ
ƅπƅŷƅƊ ΌŹ ŹƃŹžſƉſΌƅƒƃ ŻƅƃƀżƀŹƁƅŷ żƀπƂŹƈƀŹƈώƅŷ. ũƀ źŴƈŽƀƇ żŽżƅώŵƃƎƃ πƅƊ ώπƅƆƅƒƃ
ƃŹ ŽπƀƂŽŻƅƒƃ ŻƀŹ Ɖſƃ ŹƃŴƂƊƈſ ŽŷƃŹƀ ŽŷƉŽ ſ SwissзProt ŹπƑ ώƑƃſ ƉſƇ, ŽŷƉŽ ſ SwissзProt
ƁŹƀ ſ TrEMBL, ƅƀ ƅπƅŷŽƇ ώŹžŷ ƈƊƃƀƈƉƅƒƃ Ɖſƃ UniProt.[26] ŮπŴƆƌƅƊƃ ŽπŷƈſƇ ƅƀ ŽπƀƂƅŻŵƇ
ŻƀŹ ŹπŽƃŽƆŻƅπƅŷſƈſ ƉſƇ żƀŹżƀƁŹƈŷŹƇ filtering πŽƆƀƅƌƓƃ ƌŹώſƂŶƇ πƅƂƊπƂƅƁƑƉſƉŹƇ ƁŹƀ
ŹπŽƃŽƆŻƅπƅŷſƈſ ƉſƇ żƀŹżƀƁŹƈŷŹƇ masking ƉſƇ ƈƉƅŷƌƀƈſƇ.
ŠƃŹƂƂŹƁƉƀƁŴ, Źƃ ſ ŹƂƂſƂƅƊƌŷŹ ŽŷƃŹƀ ƃƅƊƁƂŽƅƉƀżƀƁŶ ƁŹƀ ƂƑŻƎ ŵƂƂŽƀƍſƇ ƊπƅƂƅŻƀƈƉƀз

ƁƓƃ πƑƆƎƃ, ƁŹƂŽŷƉŹƀ ƅ ƌƆŶƈƉſƇ ƃŹ żſƂƓƈŽƀ Ɖƅƃ ƅƆŻŹƃƀƈώƑ з πſŻŶ, ƌƎƆŷƇ ƃŹ πŹƆŵƌƅƃз
ƉŹƀ πƆƅƉŴƈŽƀƇ ŹπƑ Ɖƅ πƆƑŻƆŹώώŹ. Ţ źŴƈſ żŽżƅώŵƃƎƃ πƅƊ ΌŹ ƌƆſƈƀώƅπƅƀſΌŽŷ ƈƉſƃ
ŹƃŴƂƊƈſ ŽŷƃŹƀ ſ nt (GENBANK/EMBL/DDBJ + RefSeq), ŽƃƓ żŷƃŽƉŹƀ ƁŹƀ ſ ŽπƀƂƅŻŶ
ŹπŽƃŽƆŻƅπƅŷſƈſƇ ƉſƇ żƀŹżƀƁŹƈŷŹƇ filtering πŽƆƀƅƌƓƃ ƌŹώſƂŶƇ πƅƂƊπƂƅƁƑƉſƉŹƇ.
Ţ żƀŹżƀƁŹƈŷŹ ƊπƅźƅƂŶƇ ƉſƇ ŹƂƂſƂƅƊƌŷŹƇ ƅƂƅƁƂſƆƓƃŽƉŹƀ ώŽ Ɖƅ πƆƑŻƆŹώώŹ ƃŹ ŹƃŹз

ƁƅƀƃƓƃŽƀ ƈƉƅ ƌƆŶƈƉſ Ɖſ ƈŽƀƆŴ πƆƅƉŽƆŹƀƑƉſƉŹƇ ƉſƇ ŽƆŻŹƈŷŹƇ ƉƅƊ ƁŹƀ Ɖƅƃ ŽƁƉƀώƓώŽƃƅ
ƌƆƑƃƅ ƅƂƅƁƂŶƆƎƈŶƇ ƉſƇ.

2.4.2 ŠƔƈžƊƀ ƊƌżżžƅƂƃƕƅ źƄƄƀƄƇƌƎƂƕƅ

ŝƁƅƂƅƒΌƎƇ, ŽƋƑƈƅƃ ſ ŹƆƌƀƁŶ ŹƂƂſƂƅƊƌŷŹ ŽŷƃŹƀ πƆƎƉŽƏƃƀƁŶ, żƀŽƃŽƆŻŽŷƉŹƀ PSIзBLAST,
ƉŹ ŹπƅƉŽƂŵƈώŹƉŹ ƉƅƊ ƅπƅŷƅƊ ƋƀƂƉƆŴƆƅƃƉŹƀ ƎƇ πƆƅƇ Ɖƅƃ ƅƆŻŹƃƀƈώƑ з ŽŷżƅƇ ŽπƀƂƅŻŶƇ. ũ
ƂƑŻƅƇ πƅƊ ŽπƀƂŵƌΌſƁŽ Ɖƅ PSIзBLAST ŵƃŹƃƉƀ ƉƎƃ ŴƂƂƎƃ ώƅƆƋƓƃ ƉƅƊ ŹƂŻƅƆŷΌώƅƊ BLAST
ŽŷƃŹƀ Ɖƅ ŻŽŻƅƃƑƇ ƑƉƀ ώπƅƆŽŷ ƃŹ ŽƃƉƅπŷƈŽƀ ŹπƅώŹƁƆƊƈώŵƃƅƊƇ ŽƄŽƂƀƁƉƀƁŴ ƈƊŻŻŽƃŽŷƇ ŻƀŹ
Ɖſƃ ŹƂƂſƂƅƊƌŷŹ πƅƊ żƑΌſƁŽ. ŦŽƉŴ Ɖſƃ πƆƓƉſ ŵƆŽƊƃŹ ƈƉƀƇ źŴƈŽƀƇ żŽżƅώŵƃƎƃ, ƈƌſώŹз
ƉŷžŽƉŹƀ ŵƃŹ ώƅƉŷźƅ ŹπƑ ƉŹ ŹπƅƉŽƂŵƈώŹƉŹ πƅƊ πƆƅƁƒπƉƅƊƃ, Ɖƅ ƅπƅŷƅ ƌƆſƈƀώƅπƅƀŽŷƉŹƀ
ŻƀŹ Ɖſƃ πƆƅƈΌŶƁſ πŽƆƀƈƈƑƉŽƆƎƃ ŹπƅƉŽƂŽƈώŴƉƎƃ, ώŵƌƆƀ ƉŹ żŽżƅώŵƃŹ ƃŹ ƈƊŻƁƂŷƃƅƊƃ
ƌƎƆŷƇ πŽƆŹƀƉŵƆƎ ŹƂƂŹŻŵƇ Ŷ ώŵƌƆƀ ŵƃŹ ώŵŻƀƈƉƅ ƑƆƀƅ 50 ƁƒƁƂƎƃ. [25]
ŬƉſƃ πŽƆŷπƉƎƈſ ƃƅƊƁƂŽƅƉƀżƀƁƓƃ ŹƂƂſƂƅƊƌƀƓƃ, ŽƁƉŽƂŽŷƉŹƀ BLASTN[28] ƁŹƀ ƉŹ Źπƅз

ƉŽƂŵƈώŹƉŹ ŹƊƉƅƒ ƋƀƂƉƆŴƆƅƃƉŹƀ, ƑπƎƇ πŹƆŹπŴƃƎ.

2.4.3 ŭƋƇŸƎƂƊƀ ƃźƂ ƊƎžŽƂźƊΐƓƉ ŽžƅŽƈƇżƈŵΐΐźƋƇƉ

ŝƁƅƂƅƊΌŽŷ πƅƂƂŹπƂŶ ƈƉƅŷƌƀƈſ ƉƎƃ ŹƂƂſƂƅƊƌƀƓƃ πƅƊ πƆƅƁƒπƉƅƊƃ ώŽ ƉŹ πƆƅŻƆŴώз
ώŹƉŹ Clustal Omega[29] Ŷ Kalign2[30] ŻƀŹ πƆƎƉŽŜƃŽƇ Ŷ DNA ŹƃƉŷƈƉƅƀƌŹ. ŠπƀπƂŵƅƃ, ƈƉſƃ
πŽƆŷπƉƎƈſ ƉƎƃ πƆƎƉŽƏƃƓƃ ƁŹƀ ŽƋƑƈƅƃ ƉŹ ŹπƅƉŽƂŵƈώŹƉŹ ŽŷƃŹƀ ƁŴƉƎ ƉƎƃ 150, ƌƆſƈƀз
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ώƅπƅƀŽŷƉŹƀ Ɖƅ πƆƑŻƆŹώώŹ ZORRO[31] ŻƀŹ Ɖſƃ ŹƄƀƅƂƑŻſƈſ ƉƎƃ ƈƉſƂƓƃ ƉſƇ ƈƉƅŷƌƀƈſƇ.
ŬŽ ƁŴΌŽ ƈƉŶƂſ ƉſƇ ƈƉƅŷƌƀƈſƇ ŹπƅżŷżŽƉŹƀ ŵƃŹ ƈƁƅƆ ŹπƑ 0 ŵƎƇ 10. ŬƉŶƂŽƇ ώŽ ƈƁƅƆ
0.4 Ŷ ƌŹώſƂƑƉŽƆƅ ŹπƅƆƆŷπƉƅƃƉŹƀ ŹπƑ Ɖſ ƈƉƅŷƌƀƈſ, ƓƈƉŽ ƃŹ źŽƂƉƀƎΌŽŷ ſ ŹƁƆŷźŽƀŹ ƉƅƊ
ŽπƀƁŽŷώŽƃƅƊ żŽƃżƆƅŻƆŴώώŹƉƅƇ, ƌƎƆŷƇ Ɖſƃ ŹπƓƂŽƀŹ ƈſώŹƃƉƀƁŶƇ πƂſƆƅƋƅƆŷŹƇ.
ŖπŽƉŹƀ ƅ ƈƌŽżƀŹƈώƑƇ Neighbor Joining[14] ΊŵƃżƆƅƊ ƁŹƀ bootstrapping[9],[15],[16] 1000

ŽπŹƃŹƂŶƍŽƎƃ ώŽ Ɖƅ ClustalW[32]. ũ ŹƆƀΌώƑƇ ƉƎƃ ŽπŹƃŹƂŶƍŽƎƃ ŽŷƃŹƀ ƈƌŽƉƀƁŴ ώŽŻŴƂƅƇ,
ƓƈƉŽ ſ ƉƅπƅƂƅŻŷŹ ƉƅƊ żŵƃżƆƅƊ ƃŹ ƋŵƆŽƀ ŹƆƁŽƉŴ ώŽŻŴƂſ ƈƉŹƉƀƈƉƀƁŶ źŽźŹƀƑƉſƉŹ. ŭƅ
żŵƃƉƆƅ ŹπŽƀƁƅƃŷžŽƉŹƀ ŹπƑ Ɖƅ Pinda.R ώŵƈƎ ƉƅƊ πŹƁŵƉƅƊ ape[23].

2.4.4 ůπƇƄƇżƂƊΐƓƉ ŠπƂπŶŽƇƌ ŞžŻźƂƓƋƀƋźƉ

şƀŹ ƃŹ ŹƄƀƅƂƅŻſΌŽŷ ſ πƀΌŹƃƑƉſƉŹ ƃŹ ƊπŴƆƌŽƀ ƑƃƉƎƇ ƈƌŵƈſ żƀπƂŹƈƀŹƈώƅƒ ώŽƉŹƄƒ
ƉſƇ ŹƆƌƀƁŶƇ ŹƂƂſƂƅƊƌŷŹƇ ƁŹƀ ƉſƇ ƁŴΌŽ ŹƂƂſƂƅƊƌŷŹƇ з ŹπƅƉŽƂŵƈώŹƉƅƇ, Ɖƅ Pinda ŽπŽƄŽƆз
ŻŴžŽƉŹƀ Ɖƅ żŵƃżƆƅ πƅƊ πŹƆŴŻŽƉŹƀ зώŽ Ɖſ ƈƊƃżƆƅώŶ ƉƎƃ πŹƁŵƉƎƃ ape[23] ƁŹƀ ade4[24]з,
ŽƄŴŻƅƃƉŹƇ ώƀŹ ƉƀώŶ Confidence Value ŻƀŹ ƁŴΌŽ ŹπƅƉŵƂŽƈώŹ. Ţ πƆƓƉſ ƈƁŵƍſ ŻƀŹ Ɖſƃ
ƉƀώŶ Confidence Value ŶƉŹƃ ƃŹ ƊπƅƂƅŻƀƈƉŽŷ ƎƇ Ɖƅ ŻƀƃƑώŽƃƅ ƉƎƃ ƉƀώƓƃ bootstrap ƁŹƉŴ
ώŶƁƅƇ ώƀŹƇ żƀŹżƆƅώŶƇ ώŽƉŹƄƒ ƉſƇ ŹƂƂſƂƅƊƌŷŹƇ ŽƀƈƑżƅƊ ƁŹƀ ƁŴΌŽ ŴƂƂſƇ ŹƂƂſƂƅƊƌŷŹƇ
ƉƅƊ żŵƃżƆƅƊ:

Confidence =
∏

bootstrap(seqinput → seqresulting) (2.1)

ŬƒώƋƎƃŹ ώŽ Ɖſƃ πŹƆŹπŴƃƎ ŽƄŷƈƎƈſ, Ƒƈƅ ώŽƀƓƃŽƉŹƀ Ɖƅ ŻƀƃƑώŽƃƅ ƉƎƃ ƉƀώƓƃ bootstrap
ƁŹƉŴ ώŶƁƅƇ ƉſƇ żƀŹżƆƅώŶƇ, ƉƑƈƅ ώƀƁƆƑƉŽƆſ ŽŷƃŹƀ ſ πƀΌŹƃƑƉſƉŹ ŴώŽƈƅƊ żƀπƂŹƈƀŹƈώƅƒ
ƁŹƀ Ɖƅ ŹƃƉŷƈƉƆƅƋƅ. ΩƈƉƑƈƅ, ſ ŽƄŷƈƎƈſ 2.1 ƋŵƆŽƀ Ɖƅ ώŽƀƅƃŵƁƉſώŹ ƑƉƀ ŹŻƃƅŽŷ ƉŽƂŽŷƎƇ
Ɖſƃ ŽƄŽƂƀƁƉƀƁŶ ŹπƑƈƉŹƈſ ώŽƉŹƄƒ ƉƎƃ ŹƂƂſƂƅƊƌƀƓƃ. ŖƉƈƀ, ŹƂƂſƂƅƊƌŷŽƇ ώŽ πŹƆƑώƅƀƅ
ŻƀƃƑώŽƃƅ ƉƀώƓƃ bootstrap, ŹƂƂŴ ώŽ ώŽŻŴƂſ ŽƄŽƂƀƁƉƀƁŶ ŹπƑƈƉŹƈſ, ƋŵƆƅƊƃ πŽƆŷπƅƊ ŷżƀŹ
ƉƀώŶ Confidence Value, ŻŽŻƅƃƑƇ ώſ źƀƅƂƅŻƀƁƓƇ ƅƆΌƑ. ŝƃŹπƆƅƈŹƆώƑžƅƃƉŹƇ Ɖſƃ ŽƄŷƈƎƈſ
ƁŹƀ ώŽ Ɖƅ ƈƁŽπƉƀƁƑ ƑƉƀ Ƒƈƅ ŹƊƄŴƃŽƉŹƀ ſ ŽƄŽƂƀƁƉƀƁŶ ŹπƑƈƉŹƈſ, ƉƑƈƅ ώƀƁƆƑƉŽƆſ πƆŵπŽƀ
ƃŹ ŽŷƃŹƀ ſ πƀΌŹƃƑƉſƉŹ ŴώŽƈƅƊ żƀπƂŹƈƀŹƈώƅƒ, πƆƅŵƁƊƍŽ ſ ŽƄŷƈƎƈſ 2.2:

Confidence =
∏

bootstrap(seqinput→ seqresulting)∑
distance(seqinput→ seqresulting)

(2.2)

Ţ ƉƀώŶ Confidence ŻƀŹ ώƀŹ ŹƂƂſƂƅƊƌŷŹ з ŹπƅƉŵƂŽƈώŹ (resulting) ƀƈƅƒƉŹƀ ώŽ Ɖƅ πſƂŷƁƅ
ƉƅƊ ŻƀƃƅώŵƃƅƊ ƉƎƃ ƉƀώƓƃ bootstrap, ƄŽƁƀƃƓƃƉŹƇ ŹπƑ ƉŹ input ƁŹƀ resulting tips ώŵƌƆƀ
Ɖƅƃ πƆƓƉƅ ƁƅƀƃƑ ƉƅƊƇ ƁƑώźƅ Ŷ Ɖſ ƆŷžŹ ƉƅƊ żŵƃżƆƅƊ, πƆƅƇ Ɖƅ ŴΌƆƅƀƈώŹ ƉƎƃ ŹπƅƈƉŴƈŽƎƃ
ώŽƉŹƄƒ ƉſƇ input ŹƂƂſƂƅƊƌŷŹƇ ƁŹƀ ƉſƇ resulting ŹƂƂſƂƅƊƌŷŹƇ. ŦŽ ŴƂƂŹ ƂƑŻƀŹ, ƀƈƅƒƉŹƀ
ώŽ Ɖƅ ƄƓżƇ ƋƇƌ żƂƅƇΐŶƅƇƌ ƋƐƅ ƋƂΐƕƅ bootstrap πƈƇƉ ƋƇ ŵƁƈƇƂƊΐź ƋƐƅ źπƇƊƋŵ-
ƊžƐƅ, ƃźƋŵ ΐŷƃƇƉ ƋƀƉ ŽƂźŽƈƇΐŷƉ input sequence tip -> resulting sequence tip. Ţ
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ƋƊƈƀƁŶ ƈſώŹƈŷŹ ƉſƇ ŽƄŷƈƎƈſƇ żſƂƓƃŽƀ πƎƇ ŹƂƂſƂƅƊƌŷŽƇ ώŽ ώŽŻŴƂſ πƀΌŹƃƑƉſƉŹ ŴώŽз
ƈƅƊ żƀπƂŹƈƀŹƈώƅƒ ΌŹ źƆŷƈƁƅƃƉŹƀ ƈƌŽƉƀƁŴ ƁƅƃƉŴ ƈŽ ŵƃŹ żŽƃżƆƑŻƆŹώώŹ, ŽƃƓ ƅƀ ƉƀώŵƇ
bootstrap ƉſƇ ŹƃƉŷƈƉƅƀƌſƇ πŽƆƀƅƌŶƇ ƉƅƊ żŽƃżƆƅŻƆŴώώŹƉƅƇ ΌŹ ŽŷƃŹƀ ƊƍſƂŵƇ. ŝπƅƉŽƂŵз
ƈώŹƉŹ ώŽ ƌŹώſƂƑ ŻƀƃƑώŽƃƅ ƉƀώƓƃ boostrap ƊπƅżŽƀƁƃƒƅƊƃ ƌŹώſƂŶ πƀΌŹƃƑƉſƉŹ ŴώŽƈſƇ
ŽƄŽƂƀƁƉƀƁŶƇ ƈƌŵƈſƇ ώŽƉŹƄƒ ƉƎƃ żƒƅ ŹƂƂſƂƅƊƌƀƓƃ. ŝƃƉŷƈƉƅƀƌŹ, ŹƂƂſƂƅƊƌŷŽƇ πƅƊ ƌƎƆŷз
žƅƃƉŹƀ ŹπƑ ώŽŻŴƂſ ŽƄŽƂƀƁƉƀƁŶ ŹπƑƈƉŹƈſ ŽŷƃŹƀ ƂƀŻƑƉŽƆƅ πƀΌŹƃƑ ƃŹ ŽŷƃŹƀ ŹπƅƉŵƂŽƈώŹ
ŴώŽƈƅƊ żƀπƂŹƈƀŹƈώƅƒ. ŭƅ ŻŽŻƅƃƑƇ ŹƊƉƑ żŽƃ ŹπƅƁƂŽŷŽƀ ſ ώŷŹ ŹπƑ ƉƀƇ żƒƅ ŹƂƂſƂƅƊƌŷŽƇ
ƃŹ ŽŷƃŹƀ πƆƅƏƑƃ żƀπƂŹƈƀŹƈώƅƒ ŽƃƑƇ πƆƅŻƅƃƀƁƅƒ ŻƅƃƀżŷƅƊ πƅƊ ώŽ πŽƆŹƀƉŵƆƎ żƀπƂŹƈƀŹз
ƈώƅƒƇ ƅżŶŻſƈŽ ƈƉſƃ ŴƂƂſ ŹƂƂſƂƅƊƌŷŹ.
ŝπƑ Ɖƅ ƈŽƉ ƉƎƃ ƉƀώƓƃ Confidence żƀŽƃŽƆŻŽŷƉŹƀ ŵƃŹ šзƉŽƈƉ, ŽƃƓ ƅƀ ƉƀώŵƇ š ƌƆſƈƀώƅз

πƅƀƅƒƃƉŹƀ ŻƀŹ Ɖƅƃ ƊπƅƂƅŻƀƈώƑ ƉƅƊ ŠπƀπŵżƅƊ ŞŽźŹƀƑƉſƉŹƇ ŻƀŹ ƁŴΌŽ ŹπƅƉŵƂŽƈώŹ. ŝπƑ
ƉƀƇ ƉƀώŵƇ ƉƅƊ ŠπƀπŵżƅƊ ŞŽźŹƀƑƉſƉŹƇ żſώƀƅƊƆŻŽŷƉŹƀ ŵƃŹƇ πŷƃŹƁŹƇ ƉƎƃ ŹπƅƉŽƂŽƈώŴƉƎƃ,
ƉŹƄƀƃƅώſώŵƃƅƇ ƁŹƉŴ ƋΌŷƃƅƊƈŹ ƈŽƀƆŴ. řƈŹ ŹπƅƉŽƂŵƈώŹƉŹ ƈſώŽƀƓƃƅƊƃ ŠπŸπžŽƇ Şž-
ŻźƂƓƋƀƋźƉ ƋƇƌƄŵƎƂƊƋƇƅ 50%, ŽπŹƃŹƈƉƅƀƌŷžƅƃƉŹƀ ώŽ Ɖſƃ ŹƆƌƀƁŶ, żſώƀƅƊƆŻƓƃƉŹƇ ŵƉƈƀ
ώƀŹ ƃŵŹ ƈƉƅŷƌƀƈſ ώŽ ƉƀƇ πƀƅ πƀΌŹƃŵƇ ƊπƅƍŶƋƀŽƇ ŹƂƂſƂƅƊƌŷŽƇ żƀπƂŹƈƀŹƈώƅƒ.

2.4.5 ŭƔżƃƈƂƊƀ şƇƅƂŽƂźƃƕƅ ŪƅƋƇƄƇżƂƕƅ

ŝƃ ſ ŽƀƈŹƌΌŽŷƈŹ ŹƂƂſƂƅƊƌŷŹ ŽŷƃŹƀ πƆƎƉŽƏƃƀƁŶ, ƉƑƉŽ ŹƁƅƂƅƊΌŽŷ ŵƃŹ źŶώŹ ŹƁƑώŹ ƈƉƅ
ƅπƅŷƅ ŻŷƃŽƉŹƀ ƈƒŻƁƆƀƈſ ƉƎƃ şƅƃƀżƀŹƁƓƃ ũƃƉƅƂƅŻƀƓƃ ώŽƉŹƄƒ ƉſƇ ŹƂƂſƂƅƊƌŷŹƇ з ƈƉƑƌƅƊ
ƁŹƀ ƁŴΌŽ ŴƂƂſƇ ŹƂƂſƂƅƊƌŷŹƇ. ŬſώŽƀƓƃŽƉŹƀ ƅ ŹƆƀΌώƑƇ ƁŹƀ ſ πŽƆƀŻƆŹƋŶ ƉƎƃ ƁƅƀƃƓƃ
ƅƃƉƅƂƅŻƀƓƃ, ƁŹΌƓƇ ƁŹƀ ŹƊƉƓƃ πƅƊ żŽƃ ƌŹƆŹƁƉſƆŷžƅƊƃ Ɖſƃ ŹƂƂſƂƅƊƌŷŹ з ƈƉƑƌƅ.

2.4.6 ŝπƇƊƋƇƄŷ źπƇƋžƄžƊΐŵƋƐƅ

ŭŵƂƅƇ, Ɖƅ πƆƑŻƆŹώώŹ ŹπƅƈƉŵƂƂŽƀ ƉŹ ŹπƅƉŽƂŵƈώŹƉŹ ƉſƇ ŽƆŻŹƈŷŹƇ, żſƂŹżŶ Ɖƅƃ πŷз
ƃŹƁŹ, ƉƀƇ ƈƉƅƀƌŷƈŽƀƇ ƁŹƀ ƉŹ żŽƃżƆƅŻƆŴώώŹƉŹ ώŵƈƎ ſƂŽƁƉƆƅƃƀƁƅƒ ƉŹƌƊżƆƅώŽŷƅƊ. ŤŹΌƓƇ
ƅƀ ŽƆŻŹƈŷŽƇ πƅƊ ƂŹώźŴƃŽƀ Ɖƅ Pinda ώπƅƆŽŷ ƃŹ żƀŹƆƁŵƈƅƊƃ ƁŴπƅƀŽƇ ƋƅƆŵƇ ŵƎƇ ƁŹƀ ŹƆз
ƁŽƉŵƇ ƓƆŽƇ, ſ ŹπƅƈƉƅƂŶ eзmail πƆƅƋƊƂŴƈƈŽƀ ƉƑƈƅ Ɖƅƃ client Ƒƈƅ ƁŹƀ Ɖƅƃ server ŹπƑ
ŴƈƁƅπſ πŹƆŹώƅƃŶ ƈƉſ ƈŽƂŷżŹ ƉƅƊ Pinda, ώŵƌƆƀ Ɖſƃ ƅƂƅƁƂŶƆƎƈſ ƉſƇ ŽƁŴƈƉƅƉŽ ŽƆŻŹз
ƈŷŹƇ.

2.4.7 Queue management

ŦŽƉŴ Ɖſƃ ƁŹƉŹƌƓƆſƈſ ƉſƇ ŹƂƂſƂƅƊƌŷŹƇ ƈƉſ ƋƑƆώŹ ƉƅƊ Pinda, Ɖƅ πƆƑŻƆŹώώŹ Źπƅз
ƈƉŵƂƂŽƀ ƉƀƇ πƂſƆƅƋƅƆŷŽƇ ƉſƇ ŽƆŻŹƈŷŹƇ ƈƉſƃ ŽƋŹƆώƅŻŶ SLURM[27], ſ ƅπƅŷŹ ŽƊΌƒƃŽƉŹƀ
ŻƀŹ Ɖƅ queue management ƉƎƃ ŽƆŻŹƈƀƓƃ. ŦŽ ŹπƂŴ ƂƑŻƀŹ, ƋƆƅƃƉŷžŽƀ ƓƈƉŽ ƅƀ ŽƆŻŹƈŷŽƇ
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ƃŹ ŽƁƉŽƂƅƒƃƉŹƀ ώŽ ƈŽƀƆŴ πƆƅƉŽƆŹƀƑƉſƉŹƇ, ſ ώŷŹ ώŽƉŴ Ɖſƃ ŴƂƂſ, ŽƃƓ ŹƁƑώŹ ƁŹƉŹŻƆŴƋŽƀ
ƉŹ ƈƋŴƂώŹƉŹ πƅƊ ƉƊƌƑƃ πƆƅƁƒπƉƅƊƃ.

2.5 ůƄƇπƇŸƀƊƀ
ũ πſŻŹŷƅƇ ƁƓżƀƁŹƇ ƉƅƊ Pinda ŹƆƀΌώŽŷ ƈƊƃƅƂƀƁŴ 3.946 ŻƆŹώώŵƇ ƁƓżƀƁŹ ƈŽ Perl ƁŹƀ

51 ŻƆŹώώŵƇ ƁƓżƀƁŹ R. ŠƃƉƑƇ ƉƅƊ ƁƓżƀƁŹ ƉſƇ Perl πŽƆƀƂŹώźŴƃƅƃƉŹƀ ŽπŷƈſƇ 22 ŻƆŹώз
ώŵƇ ƁƓżƀƁŹ JavaScript. ŠπƀπƂŵƅƃ, ŻƀŹ Ɖſƃ ƊπƅƈƉŶƆƀƄſ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ ώŵƈƎ ƉſƇ
ŹƊƉƑώŹƉſƇ żƀŹŻƆŹƋŶƇ πƆƅƈƎƆƀƃƓƃ ŹƆƌŽŷƎƃ ƁŹƀ ƉſƇ ŹƃŹƃŵƎƈſƇ ƉƎƃ źŴƈŽƎƃ żŽżƅώŵз
ƃƎƃ, ŻƆŴƋƉſƁŹƃ ƉƆŷŹ Bash scripts, ώŽŻŵΌƅƊƇ 213 ŻƆŹώώƓƃ ƈƊƃƅƂƀƁŴ. ũ ƁƓżƀƁŹƇ ƉƅƊ
Pinda πŹƆŹƉŷΌŽƉŹƀ ƈƉƅ ŤŽƋŴƂŹƀƅ 4, ŽƃƓ ŹƊƉƑƇ ƉƎƃ źƅſΌſƉƀƁƓƃ scripts ƈƉƅ ŪŹƆŴƆƉſώŹ
(ŤŽƋŴƂŹƀƅ 6), ƈƉƅ ƉŵƂƅƇ ŹƊƉŶƇ ƉſƇ ŽƆŻŹƈŷŹƇ.

ŭƅ Pinda ŽŷƃŹƀ ŽŻƁŹƉŽƈƉſώŵƃƅ ƈƉƅƃ server "Orion", ƅ ƅπƅŷƅƇ ŹƃŶƁŽƀ ƈƉſƃ ƅώŴżŹ
ΊƅώƀƁŶƇ ƁŹƀ ŮπƅƂƅŻƀƈƉƀƁŶƇ ŞƀƅƂƅŻŷŹƇ ƉƅƊ ŠπŷƁƅƊƆƅƊ ŤŹΌſŻſƉŶ, ΊƆ. ŧƀƁƅƂŴƅƊ şƂƊз
Ɓƅƒ ƈƉƅ ŭώŶώŹ ŦƅƆƀŹƁŶƇ ŞƀƅƂƅŻŷŹƇ ƁŹƀ şŽƃŽƉƀƁŶƇ ƉƅƊ ΊſώƅƁƆƀƉŽŷƅƊ ŪŹƃŽπƀƈƉſώŷƅƊ
ƆŴƁſƇ. ũ żƀŹżƀƁƉƊŹƁƑƇ ƉƑπƅƇ ƉƅƊ Pinda ŽŷƃŹƀ ƅ http://orion.mbg.duth.gr/Pinda,
ŽƃƓ ƅƀ ƅżſŻŷŽƇ ƌƆŶƈſƇ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ (ƈŽ ώƅƆƋŶ html) ŽŷƃŹƀ żƀŹΌŵƈƀώŽƇ ώŵƈƎ ƉƅƊ
http://orion.mbg.duth.gr/Pinda/documentation.html.

2.6 ŔŽžƂź űƈŷƊƀƉ
ũƂƅƁƂſƆƓƃƅƃƉŹƇ Ɖſ ƈƒƃƉƅώſ πŽƆƀŻƆŹƋŶ ƉſƇ ƊƂƅπƅŷſƈſƇ ƉƅƊ ŹƂŻƅƆŷΌώƅƊ, ŹƄŷžŽƀ

ƃŹ ŽπƀƈſώŹƃΌŽŷ πƎƇ ƅ πſŻŹŷƅƇ ƁƓżƀƁŹƇ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ ŽŷƃŹƀ żƀŹΌŵƈƀώƅƇ ƈŽ Źπƅз
ΌŽƉŶƆƀƅ GitHub ƈƉſ żƀŽƒΌƊƃƈſ https://github.com/dgkontopoulos/Pinda/. Ţ ŴżŽƀŹ

ΔƀΛʷƋƈƂƇƉ - şž˶ƈżƂƇƉ ťƇƅƋ˜πƇƌƄƇƉ 30

http://orion.mbg.duth.gr/Pinda
http://orion.mbg.duth.gr/Pinda/documentation.html
https://github.com/dgkontopoulos/Pinda/


Pinda: ɐƅź πƈ˜żƈźΛΛź žƅƋƇπƂƊΛƇ˦ żƇƅƂŽƂźƃ˶ƅ ŽƂπƄźƊƂźƊΛ˶ƅ

ƌƆŶƈſƇ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ ŽŷƃŹƀ ſ GNU Aǡero General Public License, ώƀŹ ŽƂŽƒΌŽƆſ
ŴżŽƀŹ πƅƊ ŽπƀƉƆŵπŽƀ Ɖſƃ ŽƁƉŵƂŽƈſ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ ŻƀŹ ƅπƅƀƅżŶπƅƉŽ ƂƑŻƅ, Ɖſƃ ƉƆƅз
πƅπƅŷſƈŶ ƉƅƊ ƁŹƀ Ɖƅ żƀŹώƅƀƆŹƈώƑ ŹƃƉƀŻƆŴƋƎƃ ƉſƇ ŹƆƌƀƁŶƇ ƉƅƊ ŵƁżƅƈſƇ Ŷ ŽƁżƑƈŽƎƃ
ώŽ πƆƅƈƎπƀƁŵƇ ƉƆƅπƅπƅƀŶƈŽƀƇ. ŠπŷƈſƇ, ſ AGPL ƊπƅƌƆŽƓƃŽƀ Ɖſƃ πŹƆƅƌŶ ƉƅƊ πſŻŹŷƅƊ
ƁƓżƀƁŹ πƆƅŻƆŹώώŴƉƎƃ πƅƊ ƉƆŵƌƅƊƃ ώŵƈƎ ŽƄƊπſƆŽƉſƉŶ ƁŹƀ πŹƆŹŻƓŻƎƃ ƉƅƊƇ, ƓƈƉŽ
ƑπƅƀŽƇ ŹƂƂŹŻŵƇ ŻŷƃƅƊƃ ŹπƑ ƉƆŷƉƅƊƇ ƌƆŶƈƉŽƇ ƃŹ ώπƅƆƅƒƃ ƃŹ ŽƃƈƎώŹƉƎΌƅƒƃ ŻƀŹ Ɖſ źŽƂз
ƉŷƎƈſ ƉƅƊ ŹƆƌƀƁƅƒ πƆƅŻƆŴώώŹƉƅƇ. ũƀ ƂƑŻƅƀ ƌƆŶƈſƇ ώƀŹƇ ŽƂŽƒΌŽƆſƇ ŴżŽƀŹƇ, πŵƆŹƃ ƉƎƃ
ƀżŽƅƂƅŻƀƁƓƃ, ŽŷƃŹƀ ƁŹΌŹƆŴ πƆŹƁƉƀƁƅŷ ƁŹƀ ƂŽƀƉƅƊƆŻƀƁƅŷ. ũ ƁƓżƀƁŹƇ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ
ŽŷƃŹƀ ƈƉſ żƀŴΌŽƈſ ƑπƅƀƅƊ Ɖƅƃ ŽπƀΌƊώŽŷ ƁŹƀ Ƒƌƀ ώƑƃƅ ƉƅƊ żſώƀƅƊƆŻƅƒ, ŻŽŻƅƃƑƇ πƅƊ żƀŽƊз
ƁƅƂƒƃŽƀ Ɖƅƃ ŽƃƉƅπƀƈώƑ ƁŹƀ Ɖſ żƀƑƆΌƎƈſ πƆƅźƂſώŴƉƎƃ, Ɖſƃ ŽπƀƉŴƌƊƃƈſ ƉſƇ ŽƁƉŵƂŽƈŶƇ
ƉƅƊ ƁŹƀ πƀΌŹƃƓƇ Ɖſƃ ŽώƋŴƃƀƈſ ƃŵƎƃ ƂŽƀƉƅƊƆŻƀƓƃ. [33]
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ťžƍŵƄźƂƇ 3

ūźƈźŽžŸżΐźƋź ƎƈŷƊƀƉ

3.1 LSIII, NLNTP ƃźƂ Etxs ƊƋƇ ƁźƄŵƊƊƂƇ ƍŸŽƂ Laticauda
semifasciata

3.1.1 ŞƂŻƄƂƇżƈźƍƂƃŵ ŽžŽƇΐŶƅź
ŭƅ żſƂſƉŶƆƀƅ ƉƎƃ ƋƀżƀƓƃ ŽώπŽƆƀŵƌŽƀ żƀŴƋƅƆŽƇ ƉƅƄƀƁŵƇ πƆƎƉŽŜƃŽƇ, ŽƁ ƉƎƃ ƅπƅŷƎƃ

ƅƀ πŽƆƀƈƈƑƉŽƆƅ ώŽƂŽƉſώŵƃŽƇ ŽŷƃŹƀ ƅƀ ŹзƃŽƊƆƅƉƅƄŷƃŽƇ. ΊƀŹΌŵƉƅƊƃ ƌŹƆŹƁƉſƆƀƈƉƀƁŶ ƉƆƀƈз
żƀŴƈƉŹƉſ żƅώŶ, ŻƃƎƈƉŶ ƁŹƀ ƎƇ "ƉƆƀƓƃ żŹƁƉƒƂƎƃ". ŤŹƉŹƉŴƈƈƅƃƉŹƀ ƈŽ żƒƅ ƅώŴżŽƇ, ƉƀƇ
ƃŽƊƆƅƉƅƄŷƃŽƇ ώŹƁƆƀŴƇ ƁŹƀ źƆŹƌŽŷŹƇ ŹƂƊƈŷżŹƇ. ũƀ ƉƅƄŷƃŽƇ ŹƊƉŵƇ ƈƊŻŻŽƃŽƒƅƊƃ żƅώƀƁŴ
ƁŹƀ ΌŽƎƆƅƒƃƉŹƀ ƑƉƀ ŵƌƅƊƃ πƆƅƁƒƍŽƀ ώŵƈƎ żƀπƂŹƈƀŹƈώƓƃ ŹπƑ ŵƃŹƃ ƁƅƀƃƑ πƆƑŻƅƃƅ. [34]

A B

A: ŤƆƊƈƉŹƂƂƀƁŶ żƅώŶ ƈƊώπƂƑƁƅƊ 5 ŹзƃŽƊƆƅƉƅƄƀƃƓƃ ώŹƁƆƀŴƇ ŹƂƊƈŷżŹƇ (ώŽ ŹπƅƌƆƓƈŽƀƇ ƉƅƊ
πƆŴƈƀƃƅƊ) ώŽ Ɖſƃ πŽƃƉŹώŽƆŶ πƆƎƉŽŜƃſ πƆƑƈżŽƈſƇ ŹƁŽƉƊƂƅƌƅƂŷƃſƇ (ώŽ ŹπƅƌƆƓƈŽƀƇ ƉƅƊ ώƎź).
B: ΊƀŹƁƆŷƃŽƉŹƀ ſ ƌŹƆŹƁƉſƆƀƈƉƀƁŶ żƅώŶ ƉƆƀƓƃ żŹƁƉƒƂƎƃ ƉƎƃ ƃŽƊƆƅƉƅƄƀƃƓƃ. (PDB ID: 1YI5)
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ŬƉƀƇ ƃŽƊƆƅƉƅƄŷƃŽƇ źƆŹƌŽŷŹƇ ŹƂƊƈŷżŹƇ ŹƃŶƁƅƊƃ ƅƀ erabutoxins (Etxa, Etxb, Etxc),
ƅƀ ƅπƅŷŽƇ ŹπƅƉŽƂƅƒƃ Ɖƅ ƁƊƆƀƑƉŽƆƅ ƈƊƈƉŹƉƀƁƑ ƉƅƊ żſƂſƉſƆŷƅƊ ƉƅƊ ΌŹƂŴƈƈƀƅƊ Ƌƀżƀƅƒ
Laticauda semifasciata. ŝƃƉŷΌŽƉŹ, Ɖƅ Żƅƃŷżƀƅ LSIII ŽƊΌƒƃŽƉŹƀ ŻƀŹ Ɖſ ƈƒƃΌŽƈſ ώƀŹƇ Źз
ƃŽƊƆƅƉƅƄŷƃſƇ ώŹƁƆƀŴƇ ŹƂƊƈŷżŹƇ. ŬƉƅ ŻƅƃƀżŷƎώŹ ƉſƇ Laticauda semifasciata ŵƌŽƀ ŽπŷƈſƇ
ŽƃƉƅπƀƈƉŽŷ ƁŹƀ ŵƃŹ ƍŽƊżƅŻƅƃŷżƀƅ, ŹƃƉŷŻƆŹƋƅ ƉƅƊ LSIII, Ɖƅ ƅπƅŷƅ ƅƃƅώŴƈƉſƁŽ NLNTP
(Novel Long chain NeuroToxin Pseudogene). [34]

ŭƅ ΌŹƂŴƈƈƀƅ Ƌŷżƀ Blackзbanded sea krait (Laticauda semifasciata).
ŝƅźπźƈŵżžƋźƂ žƄžƔƁžƈź źπƓ:

http://commons.wikimedia.org/wiki/File:Laticauda_semifasciata.jpg
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ŮπƅΌŽƉƀƁƑ ώƅƃƉŵƂƅ ŽƄŵƂƀƄſƇ ƉƎƃ ŻƅƃƀżŷƎƃ ƉƅƄƀƃƓƃ ώŽ żƅώŶ ƉƆƀƓƃ żŹƁƉƒƂƎƃ ƈƉŹ ƋŷżƀŹ.
ŝƅźπźƈŵżžƋźƂ ŵƅžƌ źŽžŸźƉ źπƓ:

Fujimi,T. J., Nakajyo,T., Nishimura,E., Ogura,E., Tsuchiya,T., Tamiya,T.
Molecular evolution and diversification of snake toxin genes, revealed by analysis of intron sequences,

Gene, 2003; 313, ƊžƄ. 111-118
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3.1.2 ŭƋƂżΐƂƓƋƌπź ƋƀƉ žƍźƈΐƇżŷƉ

şƀŹ Ɖƅ πŹƆŴżŽƀŻώŹ ŹƊƉƑ ŽƂŶƋΌſ ſ ƃƅƊƁƂŽƅƉƀżƀƁŶ ŹƂƂſƂƅƊƌŷŹ ƉƅƊ ŻƅƃƀżŷƅƊ LSIII ƉƅƊ Laticauda
semifasciata ŹπƑ Ɖſ źŴƈſ żŽżƅώŵƃƎƃ Nucleotide ƉƅƊ NCBI, ſ ƅπƅŷŹ ƁŹƀ ŽƀƈŶƌΌſ ƈƉſƃ ŹƆƌƀƁŶ
ƈŽƂŷżŹ ƉƅƊ Pinda.
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Pinda: ɐƅź πƈ˜żƈźΛΛź žƅƋƇπƂƊΛƇ˦ żƇƅƂŽƂźƃ˶ƅ ŽƂπƄźƊƂźƊΛ˶ƅ

ŝƋƅƒ πŹƉŶΌſƁŽ Ɖƅ ƁƅƊώπŷ "Submit", Ɖƅ πƆƑŻƆŹώώŹ ŴƆƌƀƈŽ ƃŹ ƋƅƆƉƓƃŽƀ Ɖſƃ ŽπƑώŽƃſ ƈŽƂŷżŹ,
ŽƃƓ πŹƆŴƂƂſƂŹ ŽώƋŹƃƀžƑƉŹƃ ƈƌŽƉƀƁŶ ŽƀƁƑƃŹ ώŽ ƉƀƇ ƂŵƄŽƀƇ "Please wait".
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Pinda: ɐƅź πƈ˜żƈźΛΛź žƅƋƇπƂƊΛƇ˦ żƇƅƂŽƂźƃ˶ƅ ŽƂπƄźƊƂźƊΛ˶ƅ

ŬƉſ ƈƊƃŵƌŽƀŹ ŽώƋŹƃŷƈƉſƁŹƃ ƅƀ ŽπƀƂƅŻŵƇ ŻƀŹ Ɖſƃ ŹƃŴƂƊƈſ ƉƎƃ żƀπƂŹƈƀŹƈώƓƃ. ŝƋƅƒ ƅƆŷƈƉſƁŽ
ƎƇ ƅƆŻŹƃƀƈώƑƇ ſ "Laticauda semifasciata", πŹƉŶΌſƁŽ Ɖƅ ƁƅƊώπŷ "Submit".
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Pinda: ɐƅź πƈ˜żƈźΛΛź žƅƋƇπƂƊΛƇ˦ żƇƅƂŽƂźƃ˶ƅ ŽƂπƄźƊƂźƊΛ˶ƅ

ŭƅ Pinda πƆƅƓΌſƈŽ ƉŹ żŽżƅώŵƃŹ ƉſƇ ŽƆŻŹƈŷŹƇ ƈƉƅ ƈƒƈƉſώŹ queue management, ŽƃſώŽƆƓƃƅƃз
ƉŹƇ Ɖƅ ƌƆŶƈƉſ ŻƀŹ Ɖƅƃ ŹƆƀΌώƑ πƆƅƉŽƆŹƀƑƉſƉŹƇ ƉſƇ ŽƆŻŹƈŷŹƇ ƁŹƀ ŻƀŹ Ɖƅƃ ŽƁƉƀώƓώŽƃƅ ƌƆƑƃƅ
ƅƂƅƁƂŶƆƎƈŶƇ ƉſƇ.
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Pinda: ɐƅź πƈ˜żƈźΛΛź žƅƋƇπƂƊΛƇ˦ żƇƅƂŽƂźƃ˶ƅ ŽƂπƄźƊƂźƊΛ˶ƅ

ŭŹ ƉŽƂƀƁŴ ŹπƅƉŽƂŵƈώŹƉŹ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ ŽƂŶƋΌſƈŹƃ ώŵƈƎ eзmail. Ţ ŹƆƌƀƁŶ ŹƂƂſƂƅƊƌŷŹ
ƋŹŷƃŽƉŹƀ ƈƉƅƃ ƉŷƉƂƅ ƉƅƊ πŷƃŹƁŹ, ŹƂƂŴ ƁŹƀ ƈƉƅ żŵƃżƆƅ, ƈſώŽƀƎώŵƃſ ώŽ ƉƆŷŹ ŴƈƉƆŹ (*) ŽƁŹз
ƉŵƆƎΌŽƃ. ũƀ ƁŹƉŹƌƎƆŶƈŽƀƇ AB098531 (źƈƎƂƃʷ), AB098532 (Level of Confidence 74.7%) ƁŹƀ
AB098530 (Level of Confidence 73.5%) ŹƃƉƀƈƉƅƀƌƅƒƃ ƈƉŹ ŻƅƃŷżƀŹ LSIII, NLNTP (ƍŽƊżƅŻƅƃŷżƀƅ)
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Pinda: ɐƅź πƈ˜żƈźΛΛź žƅƋƇπƂƊΛƇ˦ żƇƅƂŽƂźƃ˶ƅ ŽƂπƄźƊƂźƊΛ˶ƅ

ƁŹƀ Etxc ƉƅƊ Laticauda semifasciata ŹƃƉŷƈƉƅƀƌŹ, ƉŹ ƅπƅŷŹ ƑπƎƇ ŹƃŹƋŵƆΌſƁŽ πŹƆŹπŴƃƎ ŵƌƅƊƃ
πƆƅƁƒƍŽƀ ώŵƈƎ ŻƅƃƀżƀŹƁƓƃ żƀπƂŹƈƀŹƈώƓƃ. ŬƉŹ ƊπƑƂƅƀπŹ ŹπƅƉŽƂŵƈώŹƉŹ ƈƊƃŹƃƉŴώŽ ŴƂƂſ ώƀŹ
ƁŹƉŹƌƓƆſƈſ ƉƅƊ Etxc ƁŹƀ żƒƅ ƁŹƉŹƌƎƆŶƈŽƀƇ ŻƀŹ ƁŹΌŵƃŹ ŹπƑ ƉŹ Etxa ƁŹƀ Etxb. Ţ πŽƆƀƈƉŹз
ƈƀŹƁŶ ƒπŹƆƄſ πƅƂƂŹπƂƓƃ ƁŹƉŹƌƎƆŶƈŽƎƃ ŻƀŹ Ɖſƃ ŷżƀŹ ƁƎżƀƁŶ πŽƆƀƅƌŶ (CDS) ŽŷƃŹƀ ƁŹƀ ƅ ƂƑŻƅƇ
πƅƊ ſ źŴƈſ nt ƌŹƆŹƁƉſƆŷžŽƉŹƀ ƎƇ "partially nonзredundant". ŬƊώπŽƆŹƈώŹƉƀƁŴ, Ɖƅ ŹπƅƉŵƂŽƈώŹ
ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ ŽŷƃŹƀ ƅƆΌƑ, ƁŹΌƓƇ ƈƊώƋƎƃŽŷ ώŽ Ɖſ źƀźƂƀƅŻƆŹƋŷŹ.

ũ ƌƆƑƃƅƇ πƅƊ ŹπŹƀƉŶΌſƁŽ ŻƀŹ Ɖſƃ ƅƂƅƁƂŶƆƎƈſ ŹƊƉŶƇ ƉſƇ ŽƆŻŹƈŷŹƇ ŶƉŹƃ 3.5 ƄžπƋŵ ƈŽ
ŵƃŹƃ ƊπƅƂƅŻƀƈƉŶ ώŽ ŽπŽƄŽƆŻŹƈƉŶ Intel Core i3з2120 CPU ƈƉŹ 3.30GHz, ώƃŶώſ RAM 8 GB ƁŹƀ
ťŽƀƉƅƊƆŻƀƁƑ ŬƒƈƉſώŹ Ubuntu GNU/Linux 11.10 Oneiric Ocelot x86_64 server.

3.2 LWS-1 ƃźƂ LWS-2 ƊƋƇ Zebrafish

3.2.1 ŞƂŻƄƂƇżƈźƍƂƃŵ ŽžŽƇΐŶƅź

Ţ ŵŻƌƆƎώſ ƑƆŹƈſ ƉƎƃ ƈπƅƃżƊƂƎƉƓƃ ƅƋŽŷƂŽƉŹƀ ƈƉſƃ πŹƆƅƊƈŷŹ πƅƂƂŹπƂƓƃ ƉŴƄŽƎƃ
ƁƊƉƉŴƆƎƃ ƉƅƊ ŹώƋƀźƂſƈƉƆƅŽƀżƅƒƇ ƌƀƉƓƃŹ, ƉƎƃ ƁƎƃŷƎƃ, ƁŹΌŽώŷŹ ŽƁ ƉƎƃ ƅπƅŷƎƃ ƌŹƆŹз
ƁƉſƆŷžŽƉŹƀ ŹπƑ żƀŹƋƅƆŽƉƀƁƑ ŽƒƆƅƇ ŹπƅƆƆƑƋſƈſƇ ƋƎƉƑƇ. ŭƅ ŽƒƆƅƇ ŹπƅƆƆƑƋſƈſƇ ƁŹΌƅз
ƆŷžŽƉŹƀ ŹπƑ Ɖſƃ ƅπƉƀƁŶ ƌƆƎƈƉƀƁŶ ƉƅƊ ƁƊƉƉŴƆƅƊ, ſ ƅπƅŷŹ ŹπƅƉŽƂŽŷƉŹƀ ŹπƑ Ɖƅ ƈƒώπƂƅƁƅ
ώƀŹƇ ƅƍŷƃſƇ ƁŹƀ ŽƃƑƇ ƌƆƎώƅƋƑƆƅƊ. ũƀ ƅƍŷƃŽƇ ŽŷƃŹƀ ƋƎƉƅŽƊŹŷƈΌſƉƅƀ ώŽώźƆŹƃƀƁƅŷ Ɗπƅз
żƅƌŽŷƇ, ƈƊžŽƊŻώŵƃƅƀ ώŽ GзπƆƎƉŽŜƃŽƇ. ŬƉŹ ƈπƅƃżƊƂƎƉŴ ƊπŴƆƌƅƊƃ πŵƃƉŽ Ɖƒπƅƀ ƅπƉƀƁƓƃ
ƅƍƀƃƓƃ, ƅƀ ƅπƅŷŽƇ ƁŹƀ ŹƃŹŻƃƎƆŷžƅƊƃ żƀŹƋƅƆŽƉƀƁƑ ώŶƁƅƇ ƁƒώŹƉƅƇ ƋƎƉƑƇ. [35]
ŬƉƅ Zebrafish (Danio rerio) ƉŹ ŻƅƃŷżƀŹ LWSз1 ƁŹƀ LWSз2, ƉŹ ƅπƅŷŹ ŹƃŹŻƃƎƆŷžƅƊƃ

Ɖƅ ƁƑƁƁƀƃƅ ƌƆƓώŹ, źƆŷƈƁƅƃƉŹƀ ƈŽ żƀŹżƅƌƀƁŶ żƀŴƉŹƄſ ƁŹƀ ŽƁƋƆŴžƅƃƉŹƀ ƈƉŹ ƁƒƉƉŹƆŹ ƉƅƊ
ώŹƁƆƅƒ ώŵƂƅƊƇ ƉƎƃ żƀπƂƓƃ ƁƎƃŷƎƃ. ŭŹ ŻƅƃŷżƀŹ ƉƎƃ ƅƍƀƃƓƃ ŽŷƃŹƀ ŵƃŹ ƁŹƂƑ πŹƆŴżŽƀŻώŹ
ŻƅƃƀżƀŹƁƓƃ żƀπƂŹƈƀŹƈώƓƃ ŻƀŹ Ɖſ ώŽƂŵƉſ ƉƎƃ ώſƌŹƃƀƈώƓƃ ƉƅƊ subfunctionalization ƁŹƀ
neofunctionalization. [35]

ŭƅ ƍŴƆƀ Zebrafish (Danio rerio).
ŝƅźπźƈŵżžƋźƂ žƄžƔƁžƈź źπƓ:

http://commons.wikimedia.org/wiki/File:Danio_rerio_port.jpg#
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ŭŹ ŻƅƃŷżƀŹ LWSз1 (opn1lw1) ƁŹƀ LWSз2 (opn1lw2) ƈƉƅ ƌƆƎώƑƈƎώŹ 11 ƉƅƊ ŻƅƃƀżƀƓώŹƉƅƇ ƉƅƊ
Zebrafish.

3.2.2 ŭƋƂżΐƂƓƋƌπź ƋƀƉ žƍźƈΐƇżŷƉ

şƀŹ Ɖƅ πŹƆŴżŽƀŻώŹ ŹƊƉƑ ŽƂŶƋΌſ ſ ŹώƀƃƅƄƀƁŶ ŹƂƂſƂƅƊƌŷŹ ƉƅƊ ŻƅƃƀżŷƅƊ LWSз1 (opn1lw1) ƉƅƊ
Zebrafish ŹπƑ Ɖſ źŴƈſ żŽżƅώŵƃƎƃ UniProt, ſ ƅπƅŷŹ ƁŹƀ ŽƀƈŶƌΌſ ƈƉſƃ ŹƆƌƀƁŶ ƈŽƂŷżŹ ƉƅƊ Pinda.
ŝƋƅƒ πŹƉŶΌſƁŽ Ɖƅ ƁƅƊώπŷ "Submit", Ɖƅ πƆƑŻƆŹώώŹ ƄŽƁŷƃſƈŽ Ɖſ ƂŽƀƉƅƊƆŻŷŹ ƉƅƊ, ŽƁƉŽƂƓƃƉŹƇ
BLASTP ŻƀŹ Ɖſƃ ŹƂƂſƂƅƊƌŷŹ ƈƉƑƌƅ. ŦŵƌƆƀ Ɖſƃ ƅƂƅƁƂŶƆƎƈſ ƉƅƊ BLASTP, ŽώƋŹƃƀžƑƉŹƃ ƈƌŽƉƀƁŶ
ŽƀƁƑƃŹ ώŽ ƉƀƇ ƂŵƄŽƀƇ "Please wait".
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ŦƑƂƀƇ ƅƂƅƁƂſƆƓΌſƁŽ Ɖƅ BLASTP, ŽώƋŹƃŷƈƉſƁŽ ώƀŹ ƂŷƈƉŹ ƅƆŻŹƃƀƈώƓƃ ŹπƑ ƉƅƊƇ ƅπƅŷƅƊƇ πƆƅŵз
ƁƊƍŹƃ ŹπƅƉŽƂŵƈώŹƉŹ ŻƀŹ Ɖſ ƈƊŻƁŽƁƆƀώŵƃſ ŹƂƂſƂƅƊƌŷŹ, ƉŹƄƀƃƅώſώŵƃſ ƎƇ πƆƅƇ Ɖſƃ ƉƀώŶ eзvalue
ƁŹƀ ƁŴπƅƀŽƇ ŽπƀƂƅŻŵƇ ŻƀŹ Ɖſƃ ŹƃŴƂƊƈſ. ŝƋƅƒ ŽπƀƂŵƌΌſƁŽ ƅ ƅƆŻŹƃƀƈώƑƇ Danio rerio, πŹƉŶΌſƁŽ
Ɖƅ ƁƅƊώπŷ "Submit", ƅπƑƉŽ Ɖƅ Pinda πƆƅƓΌſƈŽ ƉŹ żŽżƅώŵƃŹ ƉſƇ ŽƆŻŹƈŷŹƇ ƈƉƅ ƈƒƈƉſώŹ queue
management.
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ŭŹ ƉŽƂƀƁŴ ŹπƅƉŽƂŵƈώŹƉŹ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ ŽƂŶƋΌſƈŹƃ ώŵƈƎ eзmail. Ţ ŹƆƌƀƁŶ ŹƂƂſƂƅƊƌŷŹ
ƋŹŷƃŽƉŹƀ ƈƉƅƃ ƉŷƉƂƅ ƉƅƊ πŷƃŹƁŹ, ŹƂƂŴ ƁŹƀ ƈƉƅ żŵƃżƆƅ, ƈſώŽƀƎώŵƃſ ώŽ ƉƆŷŹ ŴƈƉƆŹ (*) ŽƁŹƉŵƆƎΌŽƃ.
ũƀ ƁŹƉŹƌƎƆŶƈŽƀƇ Q9W6A7 (źƈƎƂƃʷ) ƁŹƀ Q8AYN0 (Level of Confidence 100%) ŹƃƉƀƈƉƅƀƌƅƒƃ ƈƉŹ
ŻƅƃŷżƀŹ LWSз1 ƁŹƀ LWSз2 ƉƅƊ Zebrafish ŹƃƉŷƈƉƅƀƌŹ, ƉŹ ƅπƅŷŹ ƑπƎƇ ŹƃŹƋŵƆΌſƁŽ πŹƆŹπŴƃƎ ŵƌƅƊƃ
πƆƅƁƒƍŽƀ ώŵƈƎ ŴώŽƈƅƊ ŻƅƃƀżƀŹƁƅƒ żƀπƂŹƈƀŹƈώƅƒ. ŭŹ ƊπƑƂƅƀπŹ ŹπƅƉŽƂŵƈώŹƉŹ ŹƃŹƋŵƆƅƃƉŹƀ
ƈŽ ŴƂƂŽƇ ƅƍŷƃŽƇ Ŷ ŻŽƃƀƁƑƉŽƆŹ ƊπƅżƅƌŽŷƇ ƈƊžŽƊŻώŵƃƅƊƇ ώŽ GзπƆƎƉŽŜƃŽƇ ƉƅƊ Zebrafish, ƑπƎƇ ƅ
ƊπƅżƅƌŵŹƇ ŹπŽƂŷƃſƇ ƁŹƀ ƅ ƊπƅżƅƌŵŹƇз1 ƉſƇ 1зƋƎƈƋƅƆƀƁŶƇ ƈƋƀŻŻƅƈŷƃſƇ. ŬƊώπŽƆŹƈώŹƉƀƁŴ, Ɖƅ
ŹπƅƉŵƂŽƈώŹ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ ŽŷƃŹƀ ƅƆΌƑ, ƁŹΌƓƇ ƈƊώƋƎƃŽŷ ώŽ Ɖſ źƀźƂƀƅŻƆŹƋŷŹ.

ũ ƌƆƑƃƅƇ πƅƊ ŹπŹƀƉŶΌſƁŽ ŻƀŹ Ɖſƃ ƅƂƅƁƂŶƆƎƈſ ŹƊƉŶƇ ƉſƇ ŽƆŻŹƈŷŹƇ ŶƉŹƃ 2.5 ƄžπƋŵ ƈŽ
ŵƃŹƃ ƊπƅƂƅŻƀƈƉŶ ώŽ ŽπŽƄŽƆŻŹƈƉŶ Intel Core i3з2120 CPU ƈƉŹ 3.30GHz, ώƃŶώſ RAM 8 GB ƁŹƀ
ťŽƀƉƅƊƆŻƀƁƑ ŬƒƈƉſώŹ Ubuntu GNU/Linux 11.10 Oneiric Ocelot x86_64 server.
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3.3 ŝπźƂƋŷƊžƂƉ ƍƌƊƂƃŷƉ ΐƅŷΐƀƉ ƃźƂ ƎƈƇƅƂƊΐƓƉ
ũƀ ŹπŹƀƉŶƈŽƀƇ ƋƊƈƀƁŶƇ ώƃŶώſƇ πƅƀƁŷƂƂƅƊƃ ŹƃŴƂƅŻŹ ώŽ Ɖƅ ŽŷżƅƇ ƉſƇ ŹƆƌƀƁŶƇ ŹƂƂſз

ƂƅƊƌŷŹƇ (πƆƎƉŽƏƃƀƁŶ Ŷ ƃƅƊƁƂŽƅƉƀżƀƁŶ), Ɖƅ ώŶƁƅƇ ƉſƇ ƁŹƀ Ɖƅ πƂŶΌƅƇ ƉƎƃ ŹπƅƉŽƂŽƈώŴƉƎƃ.
ŠƃżŽƀƁƉƀƁŴ πŹƆŹƉŷΌŽƃƉŹƀ ƉŹ ŻƆŹƋŶώŹƉŹ ƌƆſƈƀώƅπƅŷſƈſƇ ƋƊƈƀƁŶƇ ώƃŶώſƇ ƈƉƅ server,
ŻƀŹ ƉŹ πŹƆŹżŽŷŻώŹƉŹ ƉƎƃ ŠƃƅƉŶƉƎƃ 3.1 ƁŹƀ 3.2.

şƆŹƋŶώŹƉŹ ƁŹƉŹƃŴƂƎƈſƇ ƋƊƈƀƁŶƇ ώƃŶώſƇ (ŝ) ƈƉƅ πŹƆŴżŽƀŻώŹ ƉſƇ ƃƅƊƁƂŽƅƉƀżƀƁŶƇ ŹƂƂſƂƅƊз
ƌŷŹƇ AB098531 ƉſƇ Laticauda semifasciata ƁŹƀ (Ş) ƈƉƅ πŹƆŴżŽƀŻώŹ ƉſƇ ŹώƀƃƅƄƀƁŶƇ ŹƂƂſƂƅƊƌŷŹƇ
Q9W6A7 ƉƅƊ Danio rerio. ũ ƅƆƀžƑƃƉƀƅƇ ŴƄƅƃŹƇ ŹƃƉƀπƆƅƈƎπŽƒŽƀ Ɖƅ ƌƆƑƃƅ (ƈŽ żŽƊƉŽƆƑƂŽπƉŹ) ƁŹƀ
ƅ ƁŹƉŹƁƑƆƊƋƅƇ Ɖſƃ ƁŹƉŹƃŴƂƎƈſ ώƃŶώſƇ (ƈŽ MB).
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ŝƄŷžŽƀ ƃŹ ŻŷƃŽƀ ƈƒŻƁƆƀƈſ ώŽ Ɖƅ ŻƆŴƋſώŹ ƁŹƉŹƃŴƂƎƈſƇ ώƃŶώſƇ ŹπƑ ŵƃŹ ŴƂƂƅ πŹƆŴз
żŽƀŻώŹ, ŹώƀƃƅƄƀƁŶƇ ŹƂƂſƂƅƊƌŷŹƇ ώŽ 472 ŹπƅƉŽƂŵƈώŹƉŹ.

şƆŴƋſώŹ ƁŹƉŹƃŴƂƎƈſƇ ƋƊƈƀƁŶƇ ώƃŶώſƇ ŻƀŹ Ɖſƃ ŹώƀƃƅƄƀƁŶ ŹƂƂſƂƅƊƌŷŹ P31749 ƉƅƊ Homo sapiens.
ũ ƅƆƀžƑƃƉƀƅƇ ŴƄƅƃŹƇ ŹƃƉƀπƆƅƈƎπŽƒŽƀ Ɖƅ ƌƆƑƃƅ (ƈŽ żŽƊƉŽƆƑƂŽπƉŹ) ƁŹƀ ƅ ƁŹƉŹƁƑƆƊƋƅƇ Ɖſƃ ƁŹз
ƉŹƃŴƂƎƈſ ώƃŶώſƇ (ƈŽ MB).

ŦŽ źŴƈſ ƉŹ πŹƆŹπŴƃƎ, ƈƊώπŽƆŹŷƃƅƊώŽ πƎƇ ƑƉŹƃ ƉŹ ŹπƅƉŽƂŵƈώŹƉŹ ŽŷƃŹƀ ƈƌŽƉƀƁŴ
ƂŷŻŹ, ƉƑƉŽ ſ ƁŹƉŹƃŴƂƎƈſ ώƃŶώſƇ żŽƃ ƄŽπŽƆƃŴ ƉŹ 530 πŽƆŷπƅƊ megabytes. ŤŹΌƓƇ ŹƊз
ƄŴƃŽƉŹƀ ƅ ŹƆƀΌώƑƇ ƉƎƃ ŹπƅƉŽƂŽƈώŴƉƎƃ, ŹƊƄŴƃŽƉŹƀ ƁŹƀ ſ ƁŹƉŹƃŴƂƎƈſ ώƃŶώſƇ ŹπƑ Ɖƅ
πƆƑŻƆŹώώŹ, ŽƀżƀƁŴ ƈŽ πŽƆƀπƉƓƈŽƀƇ ŹƃŴƂƊƈſƇ πƆƎƉŽƏƃƀƁƓƃ ŹƂƂſƂƅƊƌƀƓƃ, ƑπƅƊ πŹƆŹƉſз
ƆŶΌſƁŽ ŵƃŹ ώŵŻƀƈƉƅ πŽƆŷπƅƊ 1.300 megabytes. ťŹώźŴƃƅƃƉŹƇ Ɗπ' Ƒƍƀƃ ƑƉƀ ƈŽ ƁŹƉŴƈƉŹƈſ
ŹżƆŴƃŽƀŹƇ ƉƅƊ server ƌƆſƈƀώƅπƅƀƅƒƃƉŹƀ πŽƆŷπƅƊ 360 megabytes ƋƊƈƀƁŶƇ ώƃŶώſƇ, ŻŷƃŽз
ƉŹƀ ŹƃƉƀƂſπƉƑ ƑƉƀ Ɖƅ πƆƑŻƆŹώώŹ żŽƃ ŽŷƃŹƀ ƀżƀŹŷƉŽƆŹ ŹπŹƀƉſƉƀƁƑ.
ũ ƌƆƑƃƅƇ ƂŽƀƉƅƊƆŻŷŹƇ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ πƅƀƁŷƂƂŽƀ ŽƄŷƈƅƊ, ƈŽ źŹΌώƑ πƅƊ ŽƄŹƆƉŴз

ƉŹƀ ŹπƑ Ɖƅ πŽƆƀŽƌƑώŽƃƅ ƉſƇ ŹƃŴƂƊƈſƇ, ƑπƎƇ ŹƃŹƋŵƆΌſƁŽ ƁŹƀ πŹƆŹπŴƃƎ. ŬƉŹ πŹƆŹз
żŽŷŻώŹƉŹ ƉſƇ Laticauda semifasciata ƁŹƀ ƉƅƊ Danio rerio, ƅ ŹπŹƀƉƅƒώŽƃƅƇ ƌƆƑƃƅƇ ŻƀŹ Ɖſƃ
ƅƂƅƁƂŶƆƎƈſ ƉſƇ ŹƃŴƂƊƈſƇ ŶƉŹƃ 3.5 (ŠƃƑƉſƉŹ 3.1) ƁŹƀ 2.5 ƂŽπƉŴ (ŠƃƑƉſƉŹ 3.2) ŹƃƉŷз
ƈƉƅƀƌŹ. ΩƈƉƑƈƅ, ŵƌƅƊƃ πŹƆŹƉſƆſΌŽŷ πŽƆƀπƉƓƈŽƀƇ ƑπƅƊ ſ ŹƃŴƂƊƈſ ώπƅƆŽŷ ƃŹ żƀŹƆƁŵƈŽƀ
ŹπƑ ƁŴπƅƀŹ żŽƊƉŽƆƑƂŽπƉŹ ŵƎƇ ƁŹƀ ŹƆƁŽƉŵƇ ƓƆŽƇ. ŬƒώƋƎƃŹ ώŽ ƉŹ ƈƉŹƉƀƈƉƀƁŴ ƈƉƅƀƌŽŷŹ
πƅƊ ƈƊŻƁŽƃƉƆƓƃƅƃƉŹƀ ŹπƑ Ɖƅ πƆƑŻƆŹώώŹ, ƅ ώŵƈƅƇ ƑƆƅƇ ƉƅƊ ƌƆƑƃƅƊ ƅƂƅƁƂŶƆƎƈſƇ ώƀŹƇ
ŹƃŴƂƊƈſƇ πƆƅƈżƀƅƆŷžŽƉŹƀ ƈƉŹ 30 ƂŽπƉŴ πŽƆŷπƅƊ, ƉƑƈƅ ŻƀŹ ŹώƀƃƅƄƀƁŵƇ, Ƒƈƅ ƁŹƀ ŻƀŹ ƃƅƊз
ƁƂŽƅƉƀżƀƁŵƇ ŹƂƂſƂƅƊƌŷŽƇ.
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ťžƍŵƄźƂƇ 4

ūƀżźŸƇƉ ťƕŽƂƃźƉ

ŬƉƅ ƁŽƋŴƂŹƀƅ ŹƊƉƑ πŹƆŹƉŷΌŽƉŹƀ ƅ πſŻŹŷƅƇ ƁƓżƀƁŹƇ ƉƎƃ πƆƅŻƆŹώώŴƉƎƃ πƅƊ ŹπŹƆƉŷз
žƅƊƃ Ɖƅ Pinda. ŭƅ Pinda.cgi ŽƊΌƒƃŽƉŹƀ ŻƀŹ Ɖſ żſώƀƅƊƆŻŷŹ ƉƅƊ πŽƆƀźŴƂƂƅƃƉƅƇ CGI, Ɖſ żſз
ώƀƅƊƆŻŷŹ ƉſƇ ƀƈƉƅƈŽƂŷżŹƇ ƁŹƀ Ɖſƃ ŹπƅƈƉƅƂŶ ƉƎƃ żŽżƅώŵƃƎƃ ƉƅƊ ƌƆŶƈƉſ ƈƉƅ Pinda_exec.pl.
ŭƅ ƉŽƂŽƊƉŹŷƅ ŹƃŹƂŹώźŴƃŽƀ Ɖƅ ώŽŻŹƂƒƉŽƆƅ ώŵƆƅƇ ƉſƇ ŽπŽƄŽƆŻŹƈŷŹƇ ƉƎƃ żŽżƅώŵƃƎƃ.
şƀŹ Ɖſƃ ŹπŽƀƁƑƃƀƈſ ƉƅƊ żŵƃżƆƅƊ ƁŹƀ Ɖſƃ ŽƄŹŻƎŻŶ żŽżƅώŵƃƎƃ ŹπƑ ŹƊƉƑ ŽƊΌƒƃŽƉŹƀ Ɖƅ
Pinda.R.

4.1 ūƈƇźπźƂƋƇƔΐžƅź
ν ťŽƀƉƅƊƆŻƀƁƑ ŬƒƈƉſώŹ GNU/Linux. (ŭƋƀƅ πžƈˌπƋƐƊʷ ΛźƉ ƎƈƀƊƂΛƇπƇƂʷƁƀƃž ƀ ŽƂź-

ƅƇΛʷ Ubuntu 11.10 Oneiric Ocelot x86_64.)

ν ŠƋŹƆώƅŻŶ Server. (ŭƋƀƅ πžƈˌπƋƐƊʷ ΛźƉ ƎƈƀƊƂΛƇπƇƂʷƁƀƃž Ƈ lighttpd Λž Ƌƀƅ ʯƃŽƇƊƀ
1.4.28.)

ν ŖƁżƅƈſ ƉſƇ Perl v5.12.4 Ŷ ƃŽƑƉŽƆſ.

ν Modules ƉſƇ Perl:

зBio::AlignIO (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::DB::Taxonomy (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::Perl (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::Root::IO (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::Search::HSP::GenericHSP (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::SearchIO (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::Search::Iteration::GenericIteration (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).
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зBio::Search::Result::BlastResult (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::SeqIO (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::Tools::Run::StandAloneBlastPlus (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::Tools::Run::StandAloneBlastPlus::BlastMethods (ŵƁżƅƈſ 1.006901 Ŷ ƃŽз
ƑƉŽƆſ).

зBio::TreeIO (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::Tree::TreeFunctionsI (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зBio::Tree::TreeI (ŵƁżƅƈſ 1.006901 Ŷ ƃŽƑƉŽƆſ).

зCGI (ŵƁżƅƈſ 3.59 Ŷ ƃŽƑƉŽƆſ).

зData::Validate::Email (ŵƁżƅƈſ 0.04 Ŷ ƃŽƑƉŽƆſ).

зFile::stat (ŵƁżƅƈſ 1.05 Ŷ ƃŽƑƉŽƆſ).

зFreezeThaw (ŵƁżƅƈſ 0.5001 Ŷ ƃŽƑƉŽƆſ).

зList::MoreUtils (ŵƁżƅƈſ 0.33 Ŷ ƃŽƑƉŽƆſ).

зLWP::Simple (ŵƁżƅƈſ 6.00 Ŷ ƃŽƑƉŽƆſ).

зMath::Cephes (ŵƁżƅƈſ 0.47 Ŷ ƃŽƑƉŽƆſ).

зMIME::Lite (ŵƁżƅƈſ 3.028 Ŷ ƃŽƑƉŽƆſ).

зStatistics::Basic (ŵƁżƅƈſ 1.6607 Ŷ ƃŽƑƉŽƆſ).

зSys::CPU (ŵƁżƅƈſ 0.52 Ŷ ƃŽƑƉŽƆſ).

зTime::localtime (ŵƁżƅƈſ 1.02 Ŷ ƃŽƑƉŽƆſ).

ν ŖƁżƅƈſ ƉſƇ R 2.13.1 Ŷ ƃŽƑƉŽƆſ.

ν ŪŹƁŵƉŹ ƉſƇ R:

зape (ŵƁżƅƈſ 3.0з1 Ŷ ƃŽƑƉŽƆſ).

зade4 (ŵƁżƅƈſ 1.4з17 Ŷ ƃŽƑƉŽƆſ).

ν ŞŴƈŽƀƇ ΊŽżƅώŵƃƎƃ: SwissProt,UniProt (SwissProt + TrEMBL), nt (GENBANK/EMBL/DDBJ
+ RefSeq).

ν ŪŹƁŵƉƅ ŠƋŹƆώƅŻŶƇ BLAST+.

ν ŠƋŹƆώƅŻŶ Clustal Omega ώŽ ŵƁżƅƈſ 1.0.3 Ŷ ƃŽƑƉŽƆſ.

ν ŠƋŹƆώƅŻŶ ClustalW ώŽ ŵƁżƅƈſ 2.1 Ŷ ƃŽƑƉŽƆſ.
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ν ŠƋŹƆώƅŻŶ Kalign ώŽ ŵƁżƅƈſ 2.04 Ŷ ƃŽƑƉŽƆſ.

ν ŠƋŹƆώƅŻŶ sreformat.

ν ŠƋŹƆώƅŻŶ zip ώŽ ŵƁżƅƈſ 3.0з4 Ŷ ƃŽƑƉŽƆſ.

ν ŠƋŹƆώƅŻŶ ZORRO ƁŹƀ ſ πƆƅŹπŹƀƉƅƒώŽƃŶ ƉſƇ FastTree ώŽ ŵƁżƅƈſ 2.1.4.

ν ŠƋŹƆώƅŻŶ slurm-llnl ώŽ ŵƁżƅƈſ 2.2.7з1.

ν ŬƒƃżŽƈſ ƈƉƅ ΔƂźŽŸƃƋƌƇ.

4.2 Pinda.cgi
ŭƅ Pinda.cgi ŽŷƃŹƀ ƊπŽƒΌƊƃƅ ŻƀŹ Ɖſ żſώƀƅƊƆŻŷŹ ƉƅƊ πŽƆƀźŴƂƂƅƃƉƅƇ ŹƂƂſƂŽπŷżƆŹƈſƇ

ώŽ Ɖƅ ƌƆŶƈƉſ. ŪŹƆŹƂŹώźŴƃŽƀ ƉƀƇ ŽƆŻŹƈŷŽƇ ƁŹƀ ƉƀƇ πŹƆŹπŵώπŽƀ ƈƉƅ Pinda_exec.pl, ώŵƈƎ
ƉƅƊ ƈƊƈƉŶώŹƉƅƇ queue management.

 #!/usr/bin/env perl


 ####################
 #$VERSION = '0.02';#
 ####################


 =head1 NAME


 PINDA - Pipeline for INtraspecies Duplication Analysis


 =head1 DESCRIPTION


 A Web service aiming to facilitate detection of specific gene
 duplications in an organism species of choice.


 =head1 AVAILABILITY


 Pinda is located at http://orion.mbg.duth.gr/Pinda/cgi/Pinda.cgi,
 whereas the Source Code can be obtained at
 https://github.com/dgkontopoulos/Pinda.


 =head1 USAGE


 At Pinda's starting page, you may enter a Protein or DNA sequence. After
 clicking the "Continue" button, Pinda will take you to the next page,
 where you may choose the organism and the database within which the
 duplication analysis will take place. You also have to enter your email
 address, so that you can be notified after the job is complete. Past
 this point, your task has entered the queue. You will receive its
 results via email, including a possible duplications table, a multiple
 sequence alignment and a dendrogram.


 =head1 FLOWCHART
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 http://orion.mbg.duth.gr/Pinda/flowchart.png


 =head1 AUTHOR


 Pinda has been developed by Dimitrios - Georgios Kontopoulos as his
 final year project, under the supervision of Prof. Nicholas M. Glykos
 at the Department of Molecular Biology and Genetics of Democritus
 University of Thrace, Greece.


 =head1 LICENSE


 This program is free software: you can redistribute it and/or modify
 it under the terms of the GNU Affero General Public License as
 published by the Free Software Foundation, either version 3 of the
 License, or (at your option) any later version.


 For more information, see http://www.gnu.org/licenses/.


 =cut


 use Bio::DB::Taxonomy;
 use Bio::Search::HSP::GenericHSP;
 use Bio::Tools::Run::StandAloneBlastPlus::BlastMethods;
 use CGI qw(:standard);
 use Data::Validate::Email qw(is_email);
 use File::stat;
 use FreezeThaw qw(freeze thaw);
 use List::MoreUtils qw(uniq);
 use LWP::Simple qw(get);
 use Sys::CPU;
 use Time::localtime;


 use feature qw(say);


 use strict;
 use warnings;


 open STDERR, '>', '/tmp/err' or die $!;


 ###################################
 #Initializing the CGI environment.#
 ###################################
 my $query = CGI->new;
 print $query->header;
 print <<"ENDHTML";
 <!DOCTYPE html
 PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN"
 "http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd">
 <html xmlns="http://www.w3.org/1999/xhtml" lang="en-US" xml:lang="en-US">
 <head>
 <meta name="title" content="Pinda - Pipeline for Intraspecies Duplication Analysis" />
 <title>Pinda - Pipeline for Intraspecies Duplication Analysis</title>
 <meta http-equiv="Content-Type" content="text/html; charset=iso-8859-1" />
 <link rel="stylesheet" href="../css/Pinda.css" type="text/css" media="screen">
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 <meta name="description" content="Pinda is a Web service aiming to facilitate detection of
 specific gene duplications in an organism species of choice." />
 <link rel="image_src" href="http://orion.mbg.duth.gr/Pinda/pindalogo.png" />


 <script src="https://ajax.googleapis.com/ajax/libs/jquery/1.6.2/jquery.min.js"
 type="text/javascript" charset="utf-8"></script>


 <script src="../js/jquery.dropkick.1-0.1.js" type="text/javascript"
 charset="utf-8"></script><script type="text/javascript" charset="utf-8">
 \$(function () {
 \$('.default').dropkick();
 });
 </script>


 <script type="text/javascript">


 var _gaq = _gaq || [];
 _gaq.push(['_setAccount', 'UA-31909639-1']);
 _gaq.push(['_trackPageview']);


 (function() {
 var ga = document.createElement('script'); ga.type = 'text/javascript'; ga.async = true;
 ga.src = ('https:' == document.location.protocol ? 'https://ssl' : 'http://www') +
 '.google-analytics.com/ga.js';
 var s = document.getElementsByTagName('script')[0]; s.parentNode.insertBefore(ga, s);
 })();


 </script>


 </head>
 <body background='../background.jpg'>
 <LINK REL='SHORTCUT ICON' HREF='../pinda.ico'>
 <center><a href='http://orion.mbg.duth.gr/Pinda/cgi/Pinda.cgi'>
 <img src='http://orion.mbg.duth.gr/Pinda/pindalogo.png' width=354
 height=74 alt='Pipeline for INtraspecies Duplication Analysis'></a><br><br>
 <font size=3 face='Georgia' color='330033'>
 <i>Pinda is a Web service aiming to facilitate detection of<br>
 specific gene duplications in an organism species of choice.</i>
 </font>
 <p style='width: 500px; text-align:center;margin-bottom:1px;margin-top:1px'>
 <hr/>
 </p>
 </center>
 <div style="position:fixed;bottom:0;width:100%">
 <div style="width:300;margin:0px auto;">
 <hr /><center>
 <font size='3' face='Georgia' color='330033'>
 <a href='http://orion.mbg.duth.gr/Pinda/documentation.html'>Documentation</a>
 |
 <a href="https://github.com/dgkontopoulos/Pinda/">Source Code</a>
 | Built with <a href="http://www.perl.org/">Perl</a></font></center>
 </div></div>
 ENDHTML


 ###############################
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 #Starting page with input box.#
 ###############################
 if ( !$query->param )
 {
 ###########################################
 #Get the timestamp for the database files.#
 ###########################################
 print <<"ENDHTML";
 <center>
 <br><br>
 <form id = 'submit' method = 'post' action=http://orion.mbg.duth.gr/Pinda/cgi/Pinda.cgi>
 <fieldset class="fieldset-auto-width"><legend><font size='2'
 face='Georgia' color='330033'>Sequence Input</font></legend>
 <font size='2' face='Georgia' color='330033'>
 <p style='width: 570px; text-align:left;margin-bottom:1px;margin-top:1px'>
 <b>Please enter a sequence.</b><br>
 </font><center>
 <textarea name='sequence' rows=7 cols=70 style='font-family:courier new'
 ></textarea></center></fieldset><br><br>
 <input id='submit' TYPE='submit' value=' Continue '></form></center>


 </body></html>
 ENDHTML
 }


 ######################################
 #After the original input is given...#
 ######################################
 elsif ( !$query->param('button') && !$query->param('dropdown') )
 {
 my $SWISSPROT = '/usr/local/databases/Swissprot/uniprot_sprot.fasta';
 my $UNIPROT = '/usr/local/databases/UniProt/UniProt.fasta';
 my $NT = '/usr/local/databases/nt/nt.fasta';
 my $list = 0;
 my $list2 = 0;
 my $number = 0;


 my (
 $db, $dbfetch, $hit, $hit_check,
 $input_hit, $match_line, $org, $organism,
 $orghash, $tmp_fh, @organism, %organisms
 );
 print '<center>';
 my $string = $query->param('sequence');


 #####################
 #Database selection.#
 #####################
 my $string2;
 if ( $string =~ /^>.*\n/ )
 {
 $string2 = $';
 }
 else
 {
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 $string2 = $string;
 }
 chomp $string2;
 do
 {
 $string2 =~ s/\n//;
 $string2 =~ s/\s//;
 } while ( $string2 =~ /\n/ || $string2 =~ /\s/ );
 if ( $string2 =~ /^[A|C|G|T]+$/i )
 {
 $db = $NT;
 }
 elsif ( $string2 =~
 /^[R|H|K|D|E|S|T|N|Q|C|G|P|A|V|I|L|M|F|Y|W|X|U|O|B|Z|J]+$/i )
 {
 $db = $SWISSPROT;
 }
 else
 {
 print <<"ENDHTML";
 <br><br<br><br><br>
 <font size='3' face='Georgia' color='330033'>
 <b>ERROR!</b><br>This sequence looks neither like an amino acid one nor
 like a nucleotide one.<br><br>
 Please <a href='javascript:history.go(-1)'><u>go back</u></a> and enter
 a Protein or DNA sequence.
 </font>
 ENDHTML
 exit;
 }


 my $timezone = `date`;
 if ( $timezone =~ /EEST/ )
 {
 $timezone = 'EEST';
 }
 else
 {
 $timezone = 'EET';
 }


 ##########################
 #Handling empty sequences#
 ##########################
 if ( $string =~ /^\s*$/ || $string !~ /\n?\w+/ )
 {
 print <<"ENDHTML";
 <br><br<br><br><br>
 <font size='3' face='Georgia' color='330033'>
 <b>ERROR!</b> No sequence entered!<br><br>
 Please <a href='javascript:history.go(-1)'><u>go back</u></a> and enter
 a sequence.
 </font>
 ENDHTML
 exit;
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 }
 #####################################################
 #Making sure that sequences will be in FASTA format.#
 #####################################################
 else
 {
 if ( $string =~ /(>)/ )
 {
 if ( $' =~ /(>)/ )
 {
 $string = '>' . $`;
 }
 }
 elsif ( $string !~ /^>/ )
 {
 $string = ">\n" . $string;
 }
 ############################################
 #Handling organism declaration in proteins.#
 ############################################
 if ( ( $string =~ /OS\=(\w+)\s+(\w+)/ )
 || ( $string =~ /\[(\w+)\s+(\w+)/ ) )
 {
 $organism = $1 . q{ } . $2;
 if ( ( $' =~ /^$/ )
 || ( $' =~ /^\s+$/ ) )
 {
 print <<"ENDHTML";
 <br><br<br><br><br><br>
 <font size='3' face='Georgia' color='330033'>
 <b>ERROR!</b> No sequence entered!<br><br>
 Please <a href='javascript:history.go(-1)'><u>go back</u></a>
 and enter a sequence.
 </font>
 ENDHTML
 exit;
 }
 if ( $string =~ /[|](\w{6,})[|]/ )
 {
 $hit_check = $1;
 if ( $hit_check =~ /\d/ && $hit_check =~ /\D/ )
 {
 $input_hit = $hit_check;
 }
 }
 }
 }
 print <<"ENDHTML";
 <div id="loading" class='unhidden'>
 <br><br<br><br><br><br>
 <center><img src="../loading.gif"></center><br>
 </div>
 ENDHTML


 #########################################
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 #Get process id and set BLAST parameters#
 #########################################
 my $prid = time . $$;
 my $tmp = '../tmps/blast/' . $prid . '.tmp';
 my $out = '../outs/blast/' . $prid . '.tmp';
 open $tmp_fh, '>', $tmp or die $!;
 print {$tmp_fh} "$string";
 close $tmp_fh or die $!;
 my $query_line;


 if ( $string =~ />.*\n/ )
 {
 $query_line = $';
 do
 {
 $query_line =~ s/\n//;
 $query_line =~ s/\s//;
 } while ( $query_line =~ /\n/ || $query_line =~ /\s/ );
 }


 ###########################
 #Avoiding browser timeout.#
 ###########################
 my $timeout = 60;
 $SIG{ALRM} = sub { say q{.}; alarm $timeout; };
 alarm $timeout;


 ##############################
 #Get the number of cpu cores.#
 ##############################
 my $cpu_n = Sys::CPU::cpu_count();


 ######################
 #BLASTP for Proteins.#
 ######################
 if ( $db !~ /nt[.]fasta/ )
 {
 say '<!--';
 system(
 "blastp -query $tmp -db $db -evalue 0.1 -num_threads $cpu_n -out $out -seg yes"
 ) == 0
 or die $?;


 my $blast = Bio::SearchIO->new(
 -format => 'blast',
 -file => "$out"
 );


 my $hit_old = 0;


 #############################
 #Start parsing BLAST output.#
 #############################
 while ( my $result = $blast->next_result )
 {
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 while ( my $hit = $result->next_hit )
 {
 if ( $hit->description =~ /OS\=\w+\s+\w+/ )
 {
 if ( $hit->accession =~ /tr[|](\w+)[|]/ )
 {
 my $ac = $1;
 local $/ = undef;
 open my $out_fh, '<', $out or die $!;
 while ( my $readline = <$out_fh> )
 {
 if ( $readline =~ />tr[|]$ac[|]/ )
 {
 $readline = $';
 if ( $readline =~ /OS\=(\w+\s+\w+)\s+/ )
 {
 $org = $1;
 if ( $org =~ /\n/ )
 {
 $org = $` . $';
 }
 }
 }
 }
 close $out_fh or die $!;
 }
 else
 {
 my $ac = $hit->accession;
 local $/ = undef;
 open my $out_fh, '<', $out or die $!;
 while ( my $readline = <$out_fh> )
 {
 if ( $readline =~ />sp[|]$ac[|]/ )
 {
 $readline = $';
 if ( $readline =~ /OS\=(\w+\s+\w+)\s+/ )
 {
 $org = $1;
 if ( $org =~ /\n/ )
 {
 $org = $` . $';
 }
 }
 }
 }
 }
 ######################################
 #Populate the organism dropdown list.#
 ######################################
 $organism[$list] = $org;
 $list++;


 ############################################################
 #Populate a hash with the first result from every organism.#
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 ############################################################
 while ( my $hsp = $hit->next_hsp )
 {
 my $match_line = $hsp->hit_string;
 do
 {
 $match_line =~ s/\n//;
 $match_line =~ s/\s//;
 } while ( $match_line =~ /\n/
 || $match_line =~ /\s/ );
 if ( $match_line eq $query_line )
 {
 if ( !( defined $organisms{$org} ) )
 {
 if ( $hit->accession =~ /tr[|](\w+)[|]/ )
 {
 $organisms{$org} = $1;
 }
 else
 {
 $organisms{$org} = $hit->accession;
 }
 }
 }
 else
 {
 $organisms{$org} = q{};
 }
 }
 }
 }
 }
 ###############################
 #Show each organism only once.#
 ###############################
 my @organism2 = uniq(@organism);
 my $mikos = @organism2;
 #####################################
 #Pass the hash to the next CGI call.#
 #####################################
 $orghash = freeze %organisms;
 alarm 0;
 say '-->';
 if ( defined $organism )
 {
 print <<"ENDHTML";
 <font size='3' face='Georgia' color='330033'>
 <i>It seems that the source organism is <b>$organism</b>.
 <br>Is this correct?</i><br><br></font>
 ENDHTML
 }
 ################################
 #Creation of the dropdown list.#
 ################################
 print <<"ENDHTML";
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 <form id = 'submit' method = 'post' action=http://orion.mbg.duth.gr/Pinda/cgi/Pinda.cgi>
 <fieldset class="fieldset-auto-width"><legend><font size='2' face='Georgia' color='330033'>
 Organism Selection </font></legend>
 ENDHTML


 if ( $mikos == 0 )
 {
 print <<"ENDHTML";
 <font size='2' face='Georgia' color='330033'>
 <p style='width: 270px; text-align:left;margin-bottom:1px;margin-top:1px'>
 <center>
 No organism could be identified.<br><br>
 <b>Please enter an organism name or a
 <a href=http://www.ncbi.nlm.nih.gov/Taxonomy/>Taxonomy ID</a> here.
 </b><br>
 <center><input type='text' name='organism2' size="30" maxlength="60">
 </fieldset>
 ENDHTML
 }
 else
 {
 say <<"ENDHTML";
 <p style='width: 270px; text-align:left;margin-bottom:1px;margin-top:1px'>
 <font size='2' face='Georgia' color='330033'>
 <b>Either select the correct source organism from the following list
 </b></font><br><br></p>
 <p style='width: 270px; text-align:right;margin-bottom:1px;margin-top:1px'>
 <center><select name='organism' tabindex='1' class='default'>
 <option value=''>---Select an organism---</option>
 ENDHTML


 for ( 0 .. $mikos - 1 )
 {
 say "<option value='$organism2[$_]'>$organism2[$_]</option>";
 }
 print <<"ENDHTML";
 </select></center></p>
 <br><br><br><font size='2' face='Georgia' color='330033'>
 <p style='width: 270px; text-align:left;margin-bottom:1px;margin-top:1px'>
 <b>or enter an organism name or a
 <a href=http://www.ncbi.nlm.nih.gov/Taxonomy/>Taxonomy ID</a>
 here.</b><br>
 <center><input type='text' name='organism2' size="30" maxlength="60">
 </input></center></fieldset>
 ENDHTML
 }
 my $sw_timestamp =
 ctime( stat('/usr/local/databases/Swissprot/')->mtime );
 my $uni_timestamp =
 ctime( stat('/usr/local/databases/UniProt/')->mtime );
 print <<"ENDHTML";
 <br><br><fieldset class="fieldset-auto-width"><legend>
 Parameters </legend>
 <p style='width: 270px; text-align:left;margin-bottom:1px;margin-top:1px'>
 <b>Please select a database.</b><br>
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 <font size='2'>
 <input type="radio" name="db" value="Swiss-Prot" checked><b>Swiss-Prot</b>
 </font><font size='1'>(Updated: $sw_timestamp $timezone)</font><br>
 <font size='2'>
 <input type="radio" name="db" value="UniProt"> <b>UniProt</b>
 </font><font size='1'>(Updated: $uni_timestamp $timezone)</font>
 <br><br><input type=checkbox name='lcr_filtering' value='1'>
 Disable low complexity region filtering
 <br><input type=checkbox name='masking' value='1'>
 Disable alignment masking
 </fieldset><br>
 ENDHTML
 }
 else
 {
 print <<"ENDHTML";
 <form id = 'submit' method = 'post' action=http://orion.mbg.duth.gr/Pinda/cgi/Pinda.cgi>
 <fieldset class="fieldset-auto-width"><legend><font size='2' face='Georgia' color='330033'>
 Organism Selection </font></legend>
 <font size='2' face='Georgia' color='330033'>
 <p style='width: 270px; text-align:left;margin-bottom:1px;margin-top:1px'>
 <center>
 <b>Please enter an organism name or a
 <a href=http://www.ncbi.nlm.nih.gov/Taxonomy/>Taxonomy ID</a>
 here.</b><br>
 <center><input type='text' name='organism2' size="30" maxlength="60">
 </fieldset>
 ENDHTML
 my $nt_timestamp = ctime( stat('/usr/local/databases/nt/')->mtime );
 print <<"ENDHTML";
 <br><br><fieldset class="fieldset-auto-width"><legend>
 Parameters </legend>
 <p style='width: 270px; text-align:left;margin-bottom:1px;margin-top:1px'>
 <b>Database</b><br>
 <font size='2'>
 <input type="radio" name="db" value="nt" checked><b>nt</b>
 </font><font size='1'>(Updated: $nt_timestamp $timezone)</font><br>
 <br><input type=checkbox name='lcr_filtering' value='1'>
 Disable low complexity region filtering
 </fieldset><br>


 ENDHTML
 }


 print <<"ENDHTML";
 <br><fieldset class="fieldset-auto-width"><legend> Email Address </legend>
 <p style='width: 270px; text-align:left;margin-bottom:1px;margin-top:1px'>
 <font size='2' face='Georgia' color='330033'><b>Please enter a valid email
 address so that you can be notified upon job completion.</b></font><br></p>
 <center><input type='text' name='email' size="30" maxlength="60"></input>
 <br><font size='1'>Your email address will <b><u>NOT</u></b> be stored.
 </fieldset></font>
 <br><br><input type=submit name='dropdown' value='Submit'></form>
 <br><br><br><br></p>
 ENDHTML
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 if ( $db !~ /nt[.]fasta/ )
 {
 print <<"ENDHTML";
 <input type=hidden name='prid' value='$prid'>
 <input type=hidden name='db' value='$db'>
 <input type=hidden name='organisms' value='$orghash'>
 ENDHTML
 }
 else
 {
 print <<"ENDHTML";
 <input type=hidden name='prid' value='$prid'>
 <input type=hidden name='db' value='$db'>
 ENDHTML
 }


 print <<"ENDHTML";
 <script type="text/javascript">
 document.getElementById("loading").className = "hidden";
 </script>


 </body>
 </html>
 ENDHTML
 }
 else
 {
 my $email = $query->param('email');
 if ( !is_email($email) )
 {
 print <<"ENDHTML";
 <br><br<br><br><br><br>
 <center><font size='3' face='Georgia' color='330033'>
 <b>ERROR!</b> The email address does not appear to be valid!<br><br>
 Please <a href='javascript:history.go(-1)'><u>go back</u></a> and enter
 a valid email address.</center></font>
 ENDHTML
 exit;
 }


 my ( $organism, $note );
 if ( defined $query->param('organism') && $query->param('organism') ne q{} )
 {
 $organism = $query->param('organism');
 }
 elsif ( $query->param('organism2') ne q{} )
 {
 my $org_temp = $query->param('organism2');
 if ( $org_temp =~ /\d+/ )
 {
 my $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=taxonomy&id=$org_temp&style=raw"
 );
 if ( $dbfetch =~ /SCIENTIFIC NAME\s+[:] (\w.+)\n/ )
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 {
 $organism = $1;
 if ( $dbfetch !~ /RANK\s+[:] species/ )
 {
 $note = 1;
 }
 }
 else
 {
 print <<"ENDHTML";
 <br><br<br><br><br>
 <center><font size='3' face='Georgia' color='330033'>
 <b>ERROR!</b> This Taxonomy ID is not valid!<br><br>
 Please <a href='javascript:history.go(-1)'><u>go back</u></a> and
 select an organism or enter a valid Taxonomy ID.</center></font>
 ENDHTML
 exit;
 }
 }
 else
 {
 my $db = Bio::DB::Taxonomy->new( -source => 'entrez' );
 my $taxonid = $db->get_taxonid($org_temp);
 my $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=taxonomy&id=$taxonid&style=raw"
 );
 if ( $dbfetch =~ /SCIENTIFIC NAME\s+[:] (\w.+\n)/ )
 {
 if ( $dbfetch !~ /RANK\s+[:] species/ )
 {
 $note = 2;
 }
 }
 elsif ( !defined $taxonid )
 {
 $note = 2;
 }
 $org_temp =~ s/\s+$//;
 $organism = $org_temp;
 }
 }
 else
 {
 print <<"ENDHTML";
 <br><br<br><br><br>
 <center><font size='3' face='Georgia' color='330033'>
 <b>ERROR!</b> No organism specified!<br><br>
 Please <a href='javascript:history.go(-1)'><u>go back</u></a> and
 specify the source organism.</center></font>
 ENDHTML
 exit;
 }
 my $database = $query->param('db');
 my $one;
 if ( $database !~ /nt/ )
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 {
 my %organisms = thaw $query->param('organisms');
 if ( defined $organisms{$organism} && $organisms{$organism} ne q{} )
 {
 $one = $organisms{$organism};
 }
 else
 {
 $one = 'QUERY';
 }
 }
 else
 {
 $one = 'QUERY';
 }
 my $prid = $query->param('prid');
 if ( `ls /var/www/Pinda/job_files` =~ /$prid/ )
 {
 print <<"ENDHTML";
 <br><br<br><br><br>
 <center><font size='3' face='Georgia' color='330033'>
 <b>ERROR!</b> You have already submitted this sequence to Pinda.<br><br>
 If you want to resubmit it with different parameters,<br>
 please submit it again to the
 <a href='http://orion.mbg.duth.gr/Pinda'>starting page</a>.</center></font>
 ENDHTML
 exit;
 }
 my $lcr_filtering;
 if ( defined $query->param('lcr_filtering')
 && $query->param('lcr_filtering') == 1 )
 {
 $lcr_filtering = '0';
 }
 else
 {
 $lcr_filtering = '1';
 }
 my $masking;
 if ( defined $query->param('masking')
 && $query->param('masking') == 1 )
 {
 $masking = '0';
 }
 else
 {
 $masking = '1';
 }


 my $job =
 "nice -n +19 ../Pinda_exec.pl $email " . q{"}
 . $organism . q{"}
 . " $prid $database $lcr_filtering $one $masking";
 my $job_temp = "/var/www/Pinda/job_files/$prid";
 open my $job_fh, '>', $job_temp;
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 print {$job_fh} <<"END";
 #!/bin/sh
 cd /var/www/Pinda/slurm_errors/
 END
 print {$job_fh} $job;
 close $job_fh;
 my $job_temp_pl = $job_temp . '.pl';
 open my $job_pl_fh, '>', $job_temp_pl;
 print {$job_pl_fh} <<"END";
 #!/usr/bin/perl -w
 use MIME::Lite;
 system("chmod +x $job_temp");
 open my \$job_fh, '<', "$job_temp";
 my \$email;
 my \$db;
 my \$organism;
 my \$prid;
 while ( my \$line = <\$job_fh> )
 {
 if ( \$line =~ /Pinda_exec.pl (.+) ["]/ )
 {
 \$email = \$1;
 }
 if ( \$line =~ /nt[.]fasta/ )
 {
 \$db = "nt.fasta";
 }
 elsif ( \$line =~ /Swiss/ )
 {
 \$db = "Swiss-prot";
 }
 else
 {
 \$db = "UniProt";
 }
 if ( \$line =~ /["](.+)["]\\s(\\d+)\\s/ )
 {
 \$organism = \$1;
 \$prid = \$2;
 }
 }
 close \$job_fh;
 system("$job_temp");
 if ( \$? != 0 )
 {
 my \$error_data = "Pinda has run into an error while processing your job.";
 \$error_data .= "\\nWe have been notified and are looking into it.";
 send_email(\$email, \$error_data);
 restore_job_count(\$db);
 open my \$input_fh, '<', "/var/www/Pinda/tmps/blast/\$prid.tmp";
 \$/ = undef;
 my \$whole = <\$input_fh>;
 close \$input_fh;
 my \$program_output = `cd /var/www/Pinda/slurm_errors && ls -1t|tail -1`;
 my \$output = `cd /var/www/Pinda/slurm_errors && cat < \$program_output`;
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 my \$error = "/tmp/error_Pinda";
 open my \$error_fh, '>', \$error;
 print {\$error_fh} "<b>Pinda has run into an error.</b>\\n\\n";
 print {\$error_fh} "<b>Database:</b> \$db\\n\\n";
 print {\$error_fh} "<b>Organism:</b> \$organism\\n\\n";
 print {\$error_fh} "<b>Input:</b> \$whole\\n\\n";
 print {\$error_fh} "<b>Pinda's Output:</b> \$output\\n\\n";
 print {\$error_fh} "<b>Email of Submitter:</b> \$email\\n\\n";
 close \$error_fh;
 system("mail Pinda -s 'Pinda Error' < /tmp/error_Pinda");
 system("rm /tmp/error_Pinda");
 system("rm /var/www/Pinda/slurm_errors/\$program_output");
 }
 system("rm $job_temp");
 system("rm $job_temp_pl");




 sub send_email
 {
 my \$msg = MIME::Lite->new(
 Subject => "Pinda ERROR",
 From => "Pinda\\\@orion.mbg.duth.gr",
 To => "\$_[0]",
 Type => 'text/html',
 Data => \$_[1]
 );
 \$msg->send();
 return 0;
 }


 sub restore_job_count
 {
 my \$job_counting = "/var/www/Pinda/running_jobs";
 my \$protein_jobs;
 my \$dna_jobs;
 open my \$job_counting_fh, '<', \$job_counting;
 local \$/ = "\\n";
 while ( my \$line = <\$job_counting_fh> )
 {
 if ( \$line =~ /Protein[:]\\s(\\d+)/ )
 {
 \$protein_jobs = \$1;
 }
 elsif ( \$line =~ /DNA[:]\\s(\\d+)/ )
 {
 \$dna_jobs = \$1;
 }
 }
 close \$job_counting_fh;
 if ( \$_[0] =~ /nt[.]fasta/ )
 {
 \$dna_jobs--;
 }
 else
 {
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 \$protein_jobs--;
 }
 open \$job_counting_fh, '>', \$job_counting;
 say {\$job_counting_fh} "Protein: \$protein_jobs";
 say {\$job_counting_fh} "DNA: \$dna_jobs";
 close \$job_counting_fh;
 return 0;
 }


 END
 close $job_pl_fh;
 system
 "cd /var/www/Pinda/slurm_errors/ && sbatch --mail-type=FAIL $job_temp_pl > /dev/null";


 my $job_counting = '../running_jobs';
 my $protein_jobs;
 my $dna_jobs;
 open my $job_counting_fh, '<', $job_counting;
 local $/ = "\n";
 while ( my $line = <$job_counting_fh> )
 {
 if ( $line =~ /Protein[:] (\d+)/ )
 {
 $protein_jobs = $1;
 }
 elsif ( $line =~ /DNA[:] (\d+)/ )
 {
 $dna_jobs = $1;
 }
 }
 close $job_counting_fh;
 if ( $database =~ /nt/ )
 {
 $dna_jobs++;
 }
 else
 {
 $protein_jobs++;
 }
 open $job_counting_fh, '>', $job_counting;
 print {$job_counting_fh} "Protein: $protein_jobs\n";
 print {$job_counting_fh} "DNA: $dna_jobs\n";
 close $job_counting_fh;
 my $rank = $protein_jobs + $dna_jobs;


 my ( $pr_time, $dn_time );
 my $job_average = '/var/www/Pinda/job_times';
 open my $job_average_fh, '<', $job_average;
 local $/ = "\n";
 while ( my $line = <$job_average_fh> )
 {
 if ( $line =~ /Protein Jobs[:] \d+ Average Time[:] (\d+)/ )
 {
 $pr_time = $1;
 }
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 elsif ( $line =~ /DNA Jobs[:] \d+ Average Time[:] (\d+)/ )
 {
 $dn_time = $1;
 }
 }
 close $job_average_fh;
 my $estimated_time;
 $estimated_time =
 ( ( $protein_jobs * $pr_time ) + ( $dna_jobs * $dn_time ) ) * 2;


 print <<"ENDHTML";
 <p style='width: 470px; text-align:center;margin-bottom:1px;margin-top:1px'>
 <font size='3' face='Georgia' color='330033'>
 <center><br><br><br>
 <b>Your job has entered the queue with a rank of
 <font size=5>#$rank</font>.
 <br>Results will be sent to you via email.</b></p></center>
 </p></font><font color='black'>
 ENDHTML


 if ( defined $note && $note == 1 )
 {
 print <<"ENDHTML";
 <br><center><font size='2' face='Georgia' color='330033'>
 <b>Note:</b> This Taxonomy ID does not belong to a species.
 <br>We hope you know what you're doing...</font></center>
 <font color='black'>
 ENDHTML
 }
 elsif ( defined $note && $note == 2 )
 {
 print <<"ENDHTML";
 <br><center><font size='2' face='Georgia' color='330033'>
 <b>Note:</b> The name that you entered does not correspond to one exact species.
 <br>We hope you know what you're doing...</font></center>
 <font color='black'>
 ENDHTML
 }


 job_timer($estimated_time);
 print <<"ENDHTML";
 <br><br><br><center><font size='2'>
 [<a href="http://orion.mbg.duth.gr/Pinda">Return to submission form</a>]
 <br><br><br>
 <fieldset class="fieldset-auto-width"; style="background-color: #FFFFCC; width:300px"><legend>
 Please, do <b>NOT</b> use your browser's back button to resubmit this
 sequence with other parameters.
 <br><br>Rather, submit it again via the <a href="http://orion.mbg.duth.gr/Pinda">
 starting page</a>.</font>
 </legend></fieldset>
 <br><br><br></center>
 ENDHTML
 }


 sub job_timer
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 {
 my ( $hours, $minutes );
 if ( $_[0] > 3600 )
 {
 $hours = $_[0] / 3600;
 $_[0] % = 3600;
 }
 if ( $_[0] > 60 )
 {
 $minutes = $_[0] / 60;
 $_[0] % = 60;
 }
 print
 '<br><br><font size="2" face="Courier New"><center>Estimated time until job completion: about ';
 if ( defined $hours )
 {
 if ( $hours >= 2 )
 {
 if ( defined $minutes && $minutes > 30 )
 {
 $hours += 1;
 printf '<b>%.0f hours</b>.', $hours;
 }
 elsif ( defined $minutes && $minutes <= 30 )
 {
 $hours += 0.5;
 printf '<b>%.1f hours</b>.', $hours;
 }
 else
 {
 printf '<b>%.0f hours</b>.', $hours;
 }
 }
 else
 {
 if ( defined $minutes && $minutes > 30 )
 {
 printf '<b>2 hours</b>.';
 }
 elsif ( defined $minutes && $minutes <= 30 )
 {
 printf '<b>1.5 hours</b>.';
 }
 else
 {
 printf '<b>1 hour</b>.';
 }
 }
 }
 else
 {
 if ( $minutes > 30 )
 {
 printf '<b>1 hour</b>.';
 }
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 else
 {
 printf '<b>0.5 hours</b>.';
 }
 }
 print '</font></center>';
 return 0;
 }
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4.3 Pinda_exec.pl

ŭƅ Pinda_exec.pl ŹπƅƉŽƂŽŷ Ɖƅ ƁƊƆƀƑƉŽƆƅ ώŵƆƅƇ ƉſƇ ŹƃŴƂƊƈſƇ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ.
ŬƊƃƉƅƃŷžŽƀ Ɖſ ƂŽƀƉƅƊƆŻŷŹ ƉƆŷƉƎƃ πƆƅŻƆŹώώŴƉƎƃ, ŹπƑ Ɖſ ƈƉƅŷƌƀƈſ ώŵƌƆƀ Ɖƅ ƈƌſώŹƉƀƈώƑ
ƉƅƊ żŽƃżƆƅŻƆŴώώŹƉƅƇ ƁŹƀ Ɖſ ƈƒŻƁƆƀƈſ ƉƎƃ ƅƃƉƅƂƅŻƀƓƃ.

 #!/usr/bin/env perl


 ####################
 #$VERSION = '0.02';#
 ####################


 =head1 NAME


 PINDA - Pipeline for INtraspecies Duplication Analysis


 =head1 AUTHOR


 Pinda has been developed by Dimitrios - Georgios Kontopoulos as his
 final year project, under the supervision of Prof. Nicholas M. Glykos
 at the Department of Molecular Biology and Genetics of Democritus
 University of Thrace, Greece.


 =head1 LICENSE


 This program is free software: you can redistribute it and/or modify
 it under the terms of the GNU Affero General Public License as
 published by the Free Software Foundation, either version 3 of the
 License, or (at your option) any later version.


 For more information, see http://www.gnu.org/licenses/.


 =cut


 use Bio::AlignIO;
 use Bio::Perl;
 use Bio::Root::IO;
 use Bio::SearchIO;
 use Bio::Search::Iteration::GenericIteration;
 use Bio::Search::Result::BlastResult;
 use Bio::SeqIO;
 use Bio::Tools::Run::StandAloneBlastPlus;
 use Bio::Tools::Run::StandAloneBlastPlus::BlastMethods;
 use Bio::TreeIO;
 use Bio::Tree::TreeFunctionsI;
 use Bio::Tree::TreeI;
 use File::stat;
 use FreezeThaw qw(freeze thaw);
 use List::MoreUtils qw(uniq);
 use LWP::Simple qw(get);
 use Math::Cephes qw(:all);
 use MIME::Lite;
 use Statistics::Basic qw(:all nofill);
 use Sys::CPU;
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 use Time::localtime;


 use feature qw(say);


 use bignum;
 use strict;
 use warnings;


 open STDERR, '>', '/tmp/err' or die $!;


 ########################################
 #On to the serious computation phase...#
 ########################################
 my $seq2counter = 0;
 my $hit_old = 0;
 my $iteration_number = 0;
 my $resnum = 0;
 my $resnum2 = 0;
 my $sequences_number = 0;
 my $tdcounter = 0;


 my (
 $acnumber, $dbfetch, $hit, $i,
 $line, $match_line, $number, $one_gos,
 $org1, $out, $out_fh, $sequence,
 $sequences_fh, $starting_point, $tdbg, @accession,
 @candidate, @cand_sans, @sequences2, @realign,
 @reslines, @seq, @seq2, %common,
 %hsp, %hsp_pos, %hsp_seq, %textcommon,
 %textncommon, %texts, %texts2
 );
 my $start_timer = time;


 my $email = $ARGV[0];
 my $organism = $ARGV[1];
 my $prid = $ARGV[2];
 my $db = $ARGV[3];
 my $lcr_filtering = $ARGV[4];
 my $one = $ARGV[5];
 my $masking = $ARGV[6];


 my $slurm_queue = `squeue`;
 my $slurm_id;
 my $squeue_line;
 {
 local $/ = "\n";
 open my $squeue_fh, '<', \$slurm_queue;
 while ( $squeue_line = <$squeue_fh> )
 {
 if ( $squeue_line =~ /1 orion/ )
 {

 if ( $squeue_line =~ /\s+(\d+)\s+/ )
 {
 $slurm_id = $1;
 last;
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 }
 }
 }
 close $squeue_fh;
 }


 my $tmp = '../tmps/blast/' . $prid . '.tmp';
 my $query_line;
 if ( $one eq 'QUERY' )
 {
 open my $tmp_fh, '<', $tmp;
 local $/ = undef;
 while ( my $line = <$tmp_fh> )
 {
 if ( $line =~ />.*\n/ )
 {
 $query_line = $';
 $query_line = uc $query_line;
 last;
 }
 elsif ( $line !~ />/ )
 {
 $query_line = $line;
 $query_line = uc $query_line;
 last;
 }
 }
 close $tmp_fh;
 }
 my $query_length = length $query_line;
 my $SWISSPROT = '/usr/local/databases/Swissprot/uniprot_sprot.fasta';
 my $UNIPROT = '/usr/local/databases/UniProt/UniProt.fasta';
 my $NT = '/usr/local/databases/nt/nt.fasta';
 my $database = $db;


 if ( $db eq 'Swiss-Prot' )
 {
 $db = $SWISSPROT;
 }
 elsif ( $db eq 'UniProt' )
 {
 $db = $UNIPROT;
 }
 elsif ( $db eq 'nt' )
 {
 $db = $NT;
 }


 my $input = '/var/www/Pinda/tmps/blast/' . $prid . '.tmp';
 open my $input_fh, '<', $input or die $!;
 my $line_input;
 {
 local $/ = "\n";
 while ( $line = <$input_fh> )
 {
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 $line_input .= $line . '<br>';
 }
 if ( $line_input =~ /<br>$/ )
 {
 $line_input = $`;
 }
 }
 close $input_fh;
 chomp $line_input;
 $line_input =~ s/\n//g;


 my $email_data = <<"EMAIL_END";
 <center><br>
 <a href='http://orion.mbg.duth.gr/Pinda/cgi/Pinda.cgi'>
 <img src='http://orion.mbg.duth.gr/Pinda/pindalogo.png'></a>
 </center><br><br><br><hr />
 <b>Input Sequence:<br><font face='Courier New'>$line_input
 </font><br></b></b></b><hr />
 <b>Organism:</b> $organism<br><hr />
 <b>Database:</b> $database<hr /><br><center>
 EMAIL_END


 if ( $db =~ /nt[.]fasta/ )
 {
 $email_data .= <<"EMAIL_END";
 <font size='2'>
 <img src='http://orion.mbg.duth.gr/Pinda/caution.png' width=39
 height=35><b><br>
 The nt database is partially non-redundant.<br>
 You are advised to pay extra attention when interpreting the results.
 </b></font><br>
 EMAIL_END
 }


 ##############################
 #Get the number of cpu cores.#
 ##############################
 my $cpu_n = Sys::CPU::cpu_count();
 ####################
 #E-value threshold.#
 ####################
 if ( $db !~ /nt[.]fasta/ )
 {
 my $e_th = '0.00000000001';


 $out = '../outs/psiblast/' . $prid . '.tmp';


 if ( $lcr_filtering == 1 )
 {
 system
 "psiblast -query $tmp -num_alignments 7000 -num_iterations 50 -evalue $e_th -db $db
 -num_threads $cpu_n -out $out -seg yes";
 }
 else
 {
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 system
 "psiblast -query $tmp -num_alignments 7000 -num_iterations 50 -evalue $e_th -db $db
 -num_threads $cpu_n -out $out -seg no";
 }
 #####################################################################
 #Shorten the PSI-BLAST output file. We only need the last iteration.#
 #####################################################################
 open $out_fh, '<', $out or die $!;
 while ( $line = <$out_fh> )
 {
 if ( $line =~ /Results from round (\d+)/ )
 {
 $resnum = $1;
 }
 }
 close $out_fh or die $!;
 open $out_fh, '<', $out or die $!;
 while ( $line = <$out_fh> )
 {
 if ( $line =~ /Results from round $resnum/ )
 {
 while ( $line = <$out_fh> )
 {
 $reslines[$resnum2] = $line;
 $resnum2++;
 }
 }
 }
 close $out_fh or die $!;
 open $out_fh, '>', $out or die $!;
 foreach my $line (@reslines)
 {
 print {$out_fh} $line;
 }
 close $out_fh or die $!;


 my $blast = Bio::SearchIO->new(
 -format => 'blast',
 -file => "$out"
 );


 my $query_found = 0;
 #################################
 #Start parsing PSI-BLAST output.#
 #################################
 while ( my $result = $blast->next_result )
 {
 while ( my $it = $result->next_iteration )
 {
 $i = 1000.0;
 my $number = 0;
 while (( $hit = $it->next_hit_new )
 || ( $hit = $it->next_hit_old ) )
 {
 if ( ( $it->number ) > $iteration_number )
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 {
 $iteration_number = $it->number;
 }
 if ( $hit->description =~ /(OS\=\w+)\s+(\w+)/ )
 {
 if ( $hit->accession =~ /tr[|](\w+)[|]/ )
 {
 my $ac = $1;
 local $/ = undef;
 open my $out_fh, '<', $out;
 while ( my $readline = <$out_fh> )
 {
 if ( $readline =~ />tr[|]$ac[|]/ )
 {
 $readline = $';
 if ( $readline =~ /OS\=(.+\s+.+)\s+/ )
 {
 $org1 = $1;
 if ( $org1 =~ /\n/ )
 {
 $org1 = $` . $';
 }
 }
 else
 {
 undef $org1;
 }
 }
 }
 close $out_fh;
 }
 else
 {
 my $ac = $hit->accession;
 local $/ = undef;
 open my $out_fh, '<', $out;
 while ( my $readline = <$out_fh> )
 {
 if ( $readline =~ />sp[|]$ac[|]/ )
 {
 $readline = $';
 if ( $readline =~ /OS\=(.+\s+.+)\s+/ )
 {
 $org1 = $1;
 if ( $org1 =~ /\n/ )
 {
 $org1 = $` . $';
 }
 }
 else
 {
 undef $org1;
 }
 }
 }
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 }
 if ( defined $org1 && $org1 =~ /$organism/i )
 {
 if ( $hit->accession =~ /tr[|](\w+)[|]/ )
 {
 $accession[$number] = $1;
 $acnumber = $accession[$number];
 }
 else
 {
 $accession[$number] = $hit->accession;
 $acnumber = $accession[$number];
 }
 ###################################
 #Get the full sequence of the hit.#
 ###################################
 if ( $hit_old ne $acnumber )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=uniprotkb&id=$acnumber&format=fasta&style=raw"
 );
 if ( !( defined $dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=uniprotkb&id=$acnumber&format=fasta&style=raw"
 );
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 if ( defined $dbfetch && $dbfetch =~ /\n/ )
 {
 $match_line = $';
 my $seq_length = length $match_line;
 if ( $seq_length > $query_length / 5
 && $seq_length <= 3 * $query_length )
 {
 $seq[$number] =
 ">$accession[$number] $org1\n$match_line\n\n";
 $number++;
 }
 elsif ( $seq_length > $query_length / 5 )
 {
 my $hsp_old_length;
 while ( my $hsp = $hit->next_hsp )
 {
 if ( !( defined $hsp_old_length )
 || $hsp->length('hit') >
 $hsp_old_length )
 {
 $hsp{ $accession[$number] } =
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 ">$accession[$number] $org1\n"
 . $hsp->hit_string . "\n\n";
 $hsp_seq{ $accession[$number] } =
 $hsp->hit_string;
 $hsp_pos{ $accession[$number] } =
 '('
 . $hsp->start('hit') . ' -> '
 . $hsp->end('hit') . ')';
 $hsp_old_length =
 $hsp->length('hit');
 }
 }
 $seq[$number] = $hsp{ $accession[$number] };
 undef $hsp_old_length;
 delete $hsp{ $accession[$number] };
 $number++;
 }
 }
 if ( defined $query_line )
 {
 $query_line =~ s/\n//g;
 $query_line =~ s/\s//g;
 $match_line =~ s/\n//g;
 $match_line =~ s/\s//g;
 if ( ( uc $query_line ) eq ( uc $match_line ) )
 {
 $query_found = '1';
 $one = $acnumber;
 }
 }
 }
 $hit_old = $acnumber;
 }
 }
 }
 }
 }
 if ( defined $query_line && $query_found == 0 )
 {
 my $number = @seq;
 $seq[$number] = ">QUERY $organism\n" . $query_line . "\n\n";
 }
 }
 else
 {
 $cpu_n--;
 $out = '../outs/blast/' . $prid . '.tmp';
 if ( $lcr_filtering == 1 )
 {
 system(
 "blastn -query $tmp -db $db -evalue 0.00000000001 -num_threads $cpu_n -out $out -dust yes"
 ) == 0
 or die $?;
 }
 else
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 {
 system(
 "blastn -query $tmp -db $db -evalue 0.00000000001 -num_threads $cpu_n -out $out -dust no"
 ) == 0
 or die $?;
 }


 my $blast = Bio::SearchIO->new(
 -format => 'blast',
 -file => "$out"
 );


 my $hit_old = 0;
 my ( $accession, $org, @organism );
 my $list = 0;
 my $number = 0;
 my $query_found = 0;
 #############################
 #Start parsing BLAST output.#
 #############################
 while ( my $result = $blast->next_result )
 {
 while ( my $hit = $result->next_hit )
 {
 if ( $hit->name =~ /ref[|](.+)[|]/ )
 {
 if ( $1 =~ /[.]\d*/ )
 {
 $accession = $`;
 }
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$accession&style=raw"
 );
 if ( !( defined $dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$accession&style=raw"
 );
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }


 ######################################
 #Populate the organism dropdown list.#
 ######################################
 open my $db_fh, '<', \$dbfetch;
 local $/ = "\n";
 while ( my $db_line = <$db_fh> )
 {
 if ( $db_line =~ /ORGANISM\s+(.+\s+.+)/ )
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 {
 $org = $1;
 $organism[$list] = $org;
 $list++;
 last;
 }
 }
 close $db_fh;
 }
 elsif ($hit->name =~ /gb[|](.+)[|]/
 || $hit->name =~ /dbj[|](.+)[|]/
 || $hit->name =~ /emb[|](.+)[|]/
 || $hit->name =~ /tpg[|](.+)[|]/ )
 {
 if ( $1 =~ /[.]\d*/ )
 {
 $accession = $`;
 }
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$accession&style=raw"
 );
 if ( !( defined $dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$accession&style=raw"
 );
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }


 ######################################
 #Populate the organism dropdown list.#
 ######################################
 open my $db_fh, '<', \$dbfetch;
 local $/ = "\n";
 while ( my $db_line = <$db_fh> )
 {
 if ( $db_line =~ /OS\s+(.+\s+.+)/ )
 {
 $org = $1;
 $organism[$list] = $org;
 $list++;
 last;
 }
 }
 }
 ####################
 #Get the sequences.#
 ####################
 if ( defined $accession && $org =~ /$organism/i )
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 {
 if ( !( defined $hit_old ) || $hit_old ne $accession )
 {
 if ( $accession =~ /[_]/ )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$accession&format=fasta&style=raw"
 );
 if ( !( defined $dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$accession&format=fasta&style=raw"
 );
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 }
 else
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$accession&format=fasta&style=raw"
 );
 if ( !( defined $dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$accession&format=fasta&style=raw"
 );
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 }
 if ( $dbfetch =~ /\n/ )
 {
 $match_line = $';
 }
 if ( defined $query_line )
 {
 $query_line =~ s/\n//g;
 $query_line =~ s/\s//g;
 $match_line =~ s/\n//g;
 $match_line =~ s/\s//g;
 if ( ( uc $query_line ) eq ( uc $match_line ) )
 {
 $query_found = '1';
 $one = $accession;
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 $accession = 'III' . $accession . 'III';
 }
 }


 $match_line = uc $match_line;
 $match_line =~ tr/\n//d;
 my $seq_length = length $match_line;
 if ( $seq_length > $query_length / 5
 && $seq_length <= 3 * $query_length )
 {
 $seq[$number] = ">$accession $org\n$match_line\n\n";
 $number++;
 }
 elsif ( $seq_length > $query_length / 5 )
 {
 my $hsp_old_length;
 while ( my $hsp = $hit->next_hsp )
 {
 if ( !( defined $hsp_old_length )
 || $hsp->length('hit') > $hsp_old_length )
 {
 $hsp{$accession} = ">$accession $org\n"
 . $hsp->hit_string . "\n\n";
 $hsp_seq{$accession} = $hsp->hit_string;
 $hsp_pos{$accession} = '('
 . $hsp->start('hit') . ' -> '
 . $hsp->end('hit') . ')';
 $hsp_old_length = $hsp->length('hit');
 }
 }
 $seq[$number] = $hsp{$accession};
 $number++;
 undef $hsp_old_length;
 delete $hsp{$accession};
 }
 }
 }
 $hit_old = $accession;
 }
 }
 if ( defined $query_line && $query_found == 0 )
 {
 my $number = @seq;
 $seq[$number] = ">IIIQUERYIII $organism\n" . $query_line . "\n";
 }


 }


 ###########################
 #Append sequences to file.#
 ###########################
 @seq2 = uniq(@seq);
 my $sequences = '/var/www/Pinda/seq/final_seq/' . $prid . '.tmp';
 open $sequences_fh, '>', $sequences or die $!;
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 foreach my $sequence (@seq2)
 {
 if ( $sequence =~ /$organism/i )
 {
 if ( $sequence =~ /(\w+)[.]\d*/ )
 {
 $sequence = $` . $1 . $';
 }
 print {$sequences_fh} $sequence;


 }
 }
 close $sequences_fh or die $!;
 if ( $db !~ /nt[.]fasta/ )
 {
 open $sequences_fh, '<', $sequences or die $!;
 my $line2;
 {
 local $/ = "\n";
 while ( $line2 = <$sequences_fh> )
 {
 ##################################
 #Add stars to the input sequence.#
 ##################################
 $line2 =~ s/$one/***$one***/;
 $sequences2[$seq2counter] = $line2;
 $seq2counter++;
 }
 }
 close $sequences_fh or die $!;


 open $sequences_fh, '>', $sequences or die $!;
 foreach my $seq2counter (@sequences2)
 {
 print {$sequences_fh} $seq2counter;
 }
 close $sequences_fh or die $!;
 }


 my $fnaln = '/var/www/Pinda/results/final_alns/multalign/' . $prid . '.aln';
 my $ph = '/var/www/Pinda/results/trees/phs/' . $prid . '.ph';
 my $phb = '/var/www/Pinda/results/trees/phbs/' . $prid . '.phb';
 my $drawntree = '/var/www/Pinda/results/trees/drawn/' . $prid . '.png';
 my $zip = '/var/www/Pinda/results/trees/zips/' . $prid . '.zip';


 open $sequences_fh, '<', $sequences or die $!;
 my $line3;
 {
 local $/ = "\n\n";
 while ( $line3 = <$sequences_fh> )
 {
 if ( $line3 !~ /^\s*$/ )
 {
 ################################
 #Count the resulting sequences.#
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 ################################
 $sequences_number++;
 }
 }
 }
 close $sequences_fh or die $!;


 if ( $one ne 'QUERY' )
 {
 $email_data .= <<"EMAIL_END";
 <br>This sequence has been identified as "$one" from "$organism".
 <br>
 EMAIL_END
 }


 my $email2 = $email;
 $email2 =~ s/([\@])/\\$1/;
 if ( $sequences_number > 3 )
 {
 #########################################################
 #Alignment, NJ tree plotting, bootstrapping and parsing.#
 #########################################################
 align( $sequences, $fnaln, $db, 1 );
 if ( $db !~ /nt[.]fasta/ && $masking == 1 && $sequences_number <= 150 )
 {
 my $conf_val =
 '/var/www/Pinda/results/final_alns/multalign/conf/' . $prid . '.tmp';
 alignment_masking( $fnaln, $conf_val ) == 0 or die $?;
 }
 elsif ( $db !~ /nt[.]fasta/ && $masking == 1 && $sequences_number > 150 )
 {
 $email_data .= <<"EMAIL_END";
 <br><center>The resulting hits were over 150.
 <br>Due to computational limits, masking was <b>NOT</b> performed.</center>
 EMAIL_END
 }
 my $fnaln2 = $fnaln . '.fasta';
 if ( !( -e $fnaln2 ) )
 {
 system "cp $fnaln $fnaln2";
 }
 system("clustalw -INFILE=$fnaln2 -OUTFILE=$ph -tree") == 0 or die $?;
 system(
 "clustalw -INFILE=$fnaln2 -OUTFILE=$phb -bootstrap=1000 -bootlabels=node"
 ) == 0
 or die $?;
 rename "../results/final_alns/multalign/$prid.aln.ph",
 "../results/trees/phs/$prid.ph"
 or die $!;
 rename "../results/final_alns/multalign/$prid.aln.phb",
 "../results/trees/phbs/$prid.phb"
 or die $!;
 tree_manipulation1($phb);
 ##########################################################
 #Parsing the phb tree for distances and bootstrap values.#
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 ##########################################################
 system("../Pinda.R -parser $phb > /var/www/Pinda/parsing/$prid.tmp") == 0
 or die $!;
 system("../Pinda.R -lengths_1 $phb > /var/www/Pinda/parsing/$prid\_1.tmp")
 == 0
 or die $?;
 system("../Pinda.R -lengths_2 $phb > /var/www/Pinda/parsing/$prid\_2.tmp")
 == 0
 or die $?;
 tree_manipulation2($phb);
 system("zip -j $zip $ph $phb") == 0 or die $?;
 ################
 #Draw the tree.#
 ################
 system("../Pinda.R $drawntree $phb") == 0
 or die $?;
 system("rm $ph $phb") == 0 or die $?;


 parser( "../parsing/$prid.tmp", "../parsing/$prid\_1.tmp",
 "../parsing/$prid\_2.tmp" );


 ###############################################
 #Compute level of confidence for duplications.#
 ###############################################
 compute_probability(@candidate);
 my $realign_num = @realign;
 if ( $realign_num >= 1 )
 {
 open $sequences_fh, '>', $sequences or die $!;
 my $one_dbfetch;
 if ( $db =~ /nt[.]fasta/ )
 {
 if ( $one =~ /^\D{2}\_/ )
 {
 $one_dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$one&format=fasta&style=raw"
 );
 if ( !( defined $one_dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $one_dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$one&format=fasta&style=raw"
 );
 if ( defined $one_dbfetch )
 {
 last;
 }
 }
 }
 $one_dbfetch = uc $one_dbfetch;
 if ( $one_dbfetch =~ /\n/ )
 {
 $one_dbfetch = ">III" . $one . "III\n" . $' . "\n\n";
 }
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 }
 elsif ( $one eq 'QUERY' )
 {
 $one_dbfetch = ">IIIQUERYIII\n$query_line\n\n";
 }
 else
 {
 $one_dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$one&format=fasta&style=raw"
 );
 if ( !( defined $one_dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $one_dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$one&format=fasta&style=raw"
 );
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 if ( $one_dbfetch =~ /\n/ )
 {
 $one_dbfetch = '>III' . $one . "III\n" . $' . "\n\n";
 }
 }
 }
 else
 {
 if ( $one eq 'QUERY' )
 {
 $one_dbfetch = ">QUERY\n$query_line\n\n";
 }
 else
 {
 $one_dbfetch = get("http://www.uniprot.org/uniprot/$one.fasta");
 }
 }
 if ( $db !~ /nt[.]fasta/ )
 {
 $one_dbfetch =~ s/$one/***$one***/;
 }
 say {$sequences_fh} $one_dbfetch;
 my $dbfetch;
 foreach my $reseq (@realign)
 {
 if ( defined $hsp_seq{$reseq} && defined $hsp_pos{$reseq} )
 {
 $dbfetch =
 ">$reseq $hsp_pos{$reseq}\n" . $hsp_seq{$reseq} . "\n\n";
 }
 else
 {
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 if ( $db =~ /nt[.]fasta/ )
 {
 if ( $reseq =~ /^\D{2}\_/ )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$reseq&format=fasta&style=raw"
 );
 if ( !( defined $dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$reseq&format=fasta&style=raw"
 );
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 $dbfetch = uc $dbfetch;
 if ( $dbfetch =~ /\n/ )
 {
 $dbfetch = ">$reseq\n" . $' . "\n\n";
 }
 }
 else
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$reseq&format=fasta&style=raw"
 );
 if ( !( defined $dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$reseq&format=fasta&style=raw"
 );
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 if ( $dbfetch =~ /\n/ )
 {
 $dbfetch = ">$reseq\n" . $' . "\n\n";
 }
 }
 }
 else
 {
 $dbfetch =
 get("http://www.uniprot.org/uniprot/$reseq.fasta");
 if ( !( defined $dbfetch ) )
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 {
 for ( 0 .. 3 )
 {
 $dbfetch = get(
 "http://www.uniprot.org/uniprot/$reseq.fasta");
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 }
 }
 say {$sequences_fh} $dbfetch;
 }
 close $sequences_fh or die $!;
 $fnaln .= '2';
 align( $sequences, $fnaln, $db );
 }
 if ( $db !~ /nt[.]fasta/ )
 {
 ##############################
 #Find common gene ontologies.#
 ##############################
 GOs_in_common();
 }
 alarm 0;
 #######################
 #Final results output.#
 #######################
 $email_data .= <<"EMAIL_END";
 <center><br><font size='3' face='Georgia' color='330033'>
 <a href=http://orion.mbg.duth.gr/Pinda/results/final_alns/multalign/$prid.aln>
 Alignment of all hits</a>
 EMAIL_END
 my $clu_file = "/var/www/Pinda/results/final_alns/multalign/$prid.aln.clu";
 if ( -e $clu_file )
 {
 $email_data .= <<"EMAIL_END";
 | <a href=http://orion.mbg.duth.gr/Pinda/results/final_alns/multalign/$prid.aln.clu>
 Masked Alignment</a>
 EMAIL_END
 }
 if ( $realign_num >= 1 )
 {
 $email_data .= <<"EMAIL_END";
 | <a href=http://orion.mbg.duth.gr/Pinda/results/final_alns/multalign/$prid.aln2>
 Alignment of top hits</a>
 EMAIL_END
 }


 $email_data .= <<"EMAIL_END";
 </font>
 <br><br>
 <table border='1'>
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 <tr bgcolor=FFFF66><th><center>Possible duplications of
 EMAIL_END


 if ( $one ne 'QUERY' )
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 $email_data .= <<"EMAIL_END";
 <a href=http://www.uniprot.org/uniprot/$one>
 $one</a>.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th>
 <th>GOs in common (out of $one_gos)</th>
 <th>GOs not found in $one</th></tr>
 EMAIL_END
 }
 else
 {
 if ( $one =~ /^\D{2}\_/ )
 {
 $email_data .= <<"EMAIL_END";
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$one&style=raw>
 $one</a>.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th></tr>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$one&style=raw>
 $one</a>.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th></tr>
 EMAIL_END
 }
 }
 }
 else
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 $email_data .= <<"EMAIL_END";
 $one.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th>
 <th>GO terms</th></tr>
 EMAIL_END
 }
 else
 {
 if ( $one =~ /^\D{2}\_/ )
 {
 $email_data .= <<"EMAIL_END";
 $one.</center></th>
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 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th></tr>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 $one.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th></tr>
 EMAIL_END
 }
 }
 }
 ##################################
 #Table of Z Values/Probabilities.#
 ##################################
 my $top_can;
 #################
 #Input sequence.#
 #################
 if ( $candidate[0] =~ /(\d?\d?\d?.?\d+e?-?\d*) \w+/ )
 {
 $top_can = $1;
 }


 foreach my $can (@candidate)
 {
 ################################################
 #List every sequence, except for the input one.#
 ################################################
 if ( $can !~ /$starting_point/
 && $can =~
 /(-?\d?\d?\d?.?\d+e?-?\d*) (\d?\d?\d?.?\d+e?-?\d*) (\w+)/ )
 {
 my $z_temp = $1;
 my $conf_temp = $2;
 my $uni_temp = $3;
 ###################################
 #Color the html table alternately.#
 ###################################
 if ( $tdcounter == 1 )
 {
 $tdbg = 'F8FBFE';
 $tdcounter = 0;
 }
 else
 {
 $tdbg = 'EAF1FB';
 $tdcounter++;
 }
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( defined $hsp_pos{$3} )
 {
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 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center><a href=http://www.uniprot.org/uniprot/$3>$3</a> $hsp_pos{$3}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center><a href=http://www.uniprot.org/uniprot/$3>$3</a>
 </center></td>
 EMAIL_END
 }
 }
 else
 {
 if ( $uni_temp =~ /^\D{2}\_/ )
 {
 if ( defined $hsp_pos{$uni_temp} )
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$uni_temp&style=raw>$uni_temp</a>
 $hsp_pos{$uni_temp}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$uni_temp&style=raw>$uni_temp</a>
 </center></td>
 EMAIL_END
 }
 }
 else
 {
 if ( defined $hsp_pos{$uni_temp} )
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$uni_temp&style=raw>$uni_temp</a>
 $hsp_pos{$uni_temp}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$uni_temp&style=raw>$uni_temp</a>
 </center></td>
 EMAIL_END
 }
 }
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 }
 $email_data .=
 sprintf
 '<td align=left><center>%5.2f</center></td><td align=left><center>%5.1f%%</center></td>',
 $z_temp, $conf_temp;
 if ( $one ne 'QUERY' )
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( $common{$uni_temp} =~ /(\w+)\s(\w+)/ )
 {
 $email_data .= <<"EMAIL_END";
 <td title="$textcommon{$uni_temp}"><center>
 $1</center></td>
 <td title="$textncommon{$uni_temp}"><center>
 $2</center></td></tr>
 EMAIL_END
 }
 }
 }
 else
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( $texts{$uni_temp} =~ /(\w+)/ )
 {
 $email_data .= <<"EMAIL_END";
 <td title="$texts2{$uni_temp}"><center>
 $1</center></td></tr>
 EMAIL_END
 }
 }
 }
 }
 elsif ($can !~ /$starting_point/
 && $can =~ /(-?\d?\d?\d?.?\d+e?-?\d*) (\w+)/ )
 {
 my $z_temp = $1;
 my $uni_temp = $2;
 ###################################
 #Color the html table alternately.#
 ###################################
 if ( $tdcounter == 1 )
 {
 $tdbg = 'F8FBFE';
 $tdcounter = 0;
 }
 else
 {
 $tdbg = 'EAF1FB';
 $tdcounter++;
 }
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( defined $hsp_pos{$2} )

ΔƀΛʷƋƈƂƇƉ - şž˶ƈżƂƇƉ ťƇƅƋ˜πƇƌƄƇƉ 92



Pinda: ɐƅź πƈ˜żƈźΛΛź žƅƋƇπƂƊΛƇ˦ żƇƅƂŽƂźƃ˶ƅ ŽƂπƄźƊƂźƊΛ˶ƅ

 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.uniprot.org/uniprot/$2>$2</a> $hsp_pos{$2}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.uniprot.org/uniprot/$2>$2</a>
 </center></td>
 EMAIL_END
 }
 }
 else
 {
 if ( $uni_temp =~ /^\D{2}\_/ )
 {
 if ( defined $hsp_pos{$uni_temp} )
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$uni_temp&style=raw>$uni_temp</a>
 $hsp_pos{$uni_temp}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$uni_temp&style=raw>$uni_temp</a>
 </center></td>
 EMAIL_END
 }
 }
 else
 {
 if ( defined $hsp_pos{$uni_temp} )
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$uni_temp&style=raw>$uni_temp</a>
 $hsp_pos{$uni_temp}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$uni_temp&style=raw>$uni_temp</a>
 </center></td>
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 EMAIL_END
 }
 }
 }
 $email_data .=
 sprintf '<td align=left><center>%5.2f</center></td><td></td>',
 $z_temp;
 if ( $one ne 'QUERY' )
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( $common{$uni_temp} =~ /(\w+)\s(\w+)/ )
 {
 $email_data .= <<"EMAIL_END";
 <td title="$textcommon{$uni_temp}"><center>
 $1</center></td>
 <td title="$textncommon{$uni_temp}"><center>
 $2</center></td></tr>
 EMAIL_END
 }
 }
 }
 else
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( $texts{$uni_temp} =~ /(\w+)/ )
 {
 $email_data .= <<"EMAIL_END";
 <td title="$texts2{$uni_temp}"><center>
 $1</center></td></tr>
 EMAIL_END
 }
 }
 }
 }
 }


 #############
 #Drawn tree.#
 #############
 $email_data .= <<"EMAIL_END";
 </table><img src='http://orion.mbg.duth.gr/Pinda/results/trees/drawn/$prid.png'><br>
 <a href=http://orion.mbg.duth.gr/Pinda/results/trees/zips/$prid.zip>
 NJ trees produced in .ph/.phb format
 </a>
 EMAIL_END


 }
 else
 {
 if ( $sequences_number == 3 )
 {
 ##########################################
 #Alignment, NJ-tree plotting and parsing.#
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 ##########################################
 align( $sequences, $fnaln, $db, 1 );
 if ( $db !~ /nt[.]fasta/ && $masking == 1 )
 {
 my $conf_val = '/var/www/Pinda/results/final_alns/multalign/conf/'
 . $prid . '.tmp';
 alignment_masking( $fnaln, $conf_val ) == 0 or die $?;
 }
 my $fnaln2 = $fnaln . '.fasta';
 if ( !( -e $fnaln2 ) )
 {
 system "cp $fnaln $fnaln2";
 }
 system("clustalw -INFILE=$fnaln2 -OUTFILE=$ph -tree") == 0 or die $?;
 rename "../results/final_alns/multalign/$prid.aln.ph",
 "../results/trees/phs/$prid.ph"
 or die $!;
 tree_manipulation1($ph);
 ####################################
 #Parsing the ph tree for distances.#
 ####################################
 system("../Pinda.R -parser $ph > /var/www/Pinda/parsing/$prid.tmp") == 0
 or die $?;
 system(
 "../Pinda.R -lengths_1 $ph > /var/www/Pinda/parsing/$prid\_1.tmp")
 == 0
 or die $?;
 system(
 "../Pinda.R -lengths_2 $ph > /var/www/Pinda/parsing/$prid\_2.tmp")
 == 0
 or die $?;


 tree_manipulation2($ph);


 system("zip -j $zip $ph") == 0 or die $?;
 ################
 #Draw the tree.#
 ################
 system("../Pinda.R $drawntree $ph") == 0
 or die $?;
 system("rm $ph") == 0 or die $?;


 $email_data .= <<"EMAIL_END";
 <font size='3' face='Georgia' color='330033'><br><br>
 <center>
 The number of sequences for this particular organism is three.
 <br><b>The dendrogram cannot be bootstrapped.</b></font>
 </center>
 EMAIL_END


 parser( "../parsing/$prid.tmp", "../parsing/$prid\_1.tmp",
 "../parsing/$prid\_2.tmp" );
 compute_probability(@candidate);
 my $realign_num = @realign;
 if ( $realign_num >= 1 )
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 {
 open $sequences_fh, '>', $sequences or die $!;
 my $one_dbfetch;
 if ( $db =~ /nt[.]fasta/ )
 {
 if ( $one =~ /^\D{2}\_/ )
 {
 $one_dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$one&format=fasta&style=raw"
 );
 if ( !( defined $one_dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $one_dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$one&format=fasta&style=raw"
 );
 if ( defined $one_dbfetch )
 {
 last;
 }
 }
 }
 }
 elsif ( $one eq 'QUERY' )
 {
 $one_dbfetch = ">IIIQUERYIII\n$query_line\n\n";
 }
 else
 {
 $one_dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$one&format=fasta&style=raw"
 );
 if ( !( defined $one_dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $one_dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$one&format=fasta&style=raw"
 );
 if ( defined $one_dbfetch )
 {
 last;
 }
 }
 }
 if ( !( defined $one_dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $one_dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$one&format=fasta&style=raw"
 );
 if ( defined $one_dbfetch )
 {
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 last;
 }
 }
 }
 }
 if ( $one_dbfetch =~ /\n/ )
 {
 $one_dbfetch = '>III' . $one . "III\n" . $' . "\n\n";
 }
 }
 else
 {
 if ( $one eq 'QUERY' )
 {
 $one_dbfetch = ">QUERY\n$query_line\n\n";
 }
 else
 {
 $one_dbfetch =
 get("http://www.uniprot.org/uniprot/$one.fasta");
 }
 }
 $one_dbfetch = uc $one_dbfetch;
 if ( $db !~ /nt[.]fasta/ )
 {
 $one_dbfetch =~ s/$one/***$one***/;
 }
 say {$sequences_fh} $one_dbfetch;
 my $dbfetch;
 foreach my $reseq (@realign)
 {
 if ( defined $hsp_seq{$reseq} && defined $hsp_pos{$reseq} )
 {
 $dbfetch =
 ">$reseq $hsp_pos{$reseq}\n" . $hsp_seq{$reseq} . "\n\n";
 }
 else
 {
 if ( $db =~ /nt[.]fasta/ )
 {
 if ( $reseq =~ /^\D{2}\_/ )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$reseq&format=fasta&style=raw"
 );
 if ( !( defined $dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$reseq&format=fasta&style=raw"
 );
 if ( defined $dbfetch )
 {
 last;
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 }
 }
 }
 if ( $dbfetch =~ /\n/ )
 {
 $dbfetch = ">$reseq\n" . $' . "\n\n";
 }
 }
 else
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$reseq&format=fasta&style=raw"
 );
 if ( !( defined $dbfetch ) )
 {
 for ( 0 .. 3 )
 {
 $dbfetch = get(
 "http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$reseq&format=fasta&style=raw"
 );
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 if ( $dbfetch =~ /\n/ )
 {
 $dbfetch = ">$reseq\n" . $' . "\n\n";
 }
 }
 }
 else
 {
 $dbfetch =
 get("http://www.uniprot.org/uniprot/$reseq.fasta");
 }
 $dbfetch = uc $dbfetch;
 }
 say {$sequences_fh} $dbfetch;
 }
 close $sequences_fh or die $!;
 $fnaln .= "2";
 align( $sequences, $fnaln, $db );
 }
 if ( $db !~ /nt[.]fasta/ )
 {
 ##############################
 #Find common gene ontologies.#
 ##############################
 GOs_in_common();
 }


 $email_data .= <<"EMAIL_END";
 <center><br><font size='3' face='Georgia' color='330033'>
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 <a href=http://orion.mbg.duth.gr/Pinda/results/final_alns/multalign/$prid.aln>
 Alignment of all hits</a>
 EMAIL_END
 my $clu_file =
 "/var/www/Pinda/results/final_alns/multalign/$prid.aln.clu";
 if ( -e $clu_file )
 {
 $email_data .= <<"EMAIL_END";
 | <a href=http://orion.mbg.duth.gr/Pinda/results/final_alns/multalign/$prid.aln.clu>
 Masked Alignment</a>
 EMAIL_END
 }
 if ( $realign_num >= 1 )
 {
 $email_data .= <<"EMAIL_END";
 | <a href=http://orion.mbg.duth.gr/Pinda/results/final_alns/multalign/$prid.aln2>
 Alignment of top hits</a>
 EMAIL_END
 }


 $email_data .= <<"EMAIL_END";
 </font>
 <br><br>
 <table border='1'>
 <tr bgcolor=FFFF66><th><center>Possible duplications of
 EMAIL_END


 if ( $one ne 'QUERY' )
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 $email_data .= <<"EMAIL_END";
 <a href=http://www.uniprot.org/uniprot/$one>
 $one</a>.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th>
 <th>GOs in common (out of $one_gos)</th>
 <th>GOs not found in $one</th></tr>
 EMAIL_END
 }
 else
 {
 if ( $one =~ /^\D{2}\_/ )
 {
 $email_data .= <<"EMAIL_END";
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$one&style=raw>
 $one</a>.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th></tr>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$one&style=raw>

ΔƀΛʷƋƈƂƇƉ - şž˶ƈżƂƇƉ ťƇƅƋ˜πƇƌƄƇƉ 99



Pinda: ɐƅź πƈ˜żƈźΛΛź žƅƋƇπƂƊΛƇ˦ żƇƅƂŽƂźƃ˶ƅ ŽƂπƄźƊƂźƊΛ˶ƅ

 $one</a>.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th></tr>
 EMAIL_END
 }
 }
 }
 else
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 $email_data .= <<"EMAIL_END";
 $one.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th>
 <th>GO terms</th></tr>
 EMAIL_END
 }
 else
 {
 if ( $one =~ /^\D{2}\_/ )
 {
 $email_data .= <<"EMAIL_END";
 $one.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th></tr>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 $one.</center></th>
 <th><center>Z Value</center></th>
 <th><center>Level Of Confidence</center></th></tr>
 EMAIL_END
 }
 }
 }


 my $top_can;
 #################
 #Input sequence.#
 #################
 if ( $candidate[0] =~ /(\d?\d?\d?.?\d+e?-?\d*) \w+/ )
 {
 $top_can = $1;
 }


 foreach my $can (@candidate)
 {
 if ( $can !~ /$starting_point/
 && $can =~
 /(-?\d?\d?\d?.?\d+e?-?\d*) (\d?\d?\d?.?\d+e?-?\d*) (\w+)/ )
 {
 my $z_temp = $1;
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 my $conf_temp = $2;
 my $uni_temp = $3;
 ###################################
 #Color the html table alternately.#
 ###################################
 if ( $tdcounter == 1 )
 {
 $tdbg = 'F8FBFE';
 $tdcounter = 0;
 }
 else
 {
 $tdbg = 'EAF1FB';
 $tdcounter++;
 }
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( defined $hsp_pos{$3} )
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.uniprot.org/uniprot/$3>$3</a> $hsp_pos{$3}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.uniprot.org/uniprot/$3>$3</a>
 </center></td>
 EMAIL_END
 }
 }
 else
 {
 if ( $uni_temp =~ /^\D{2}\_/ )
 {
 if ( defined $hsp_pos{$uni_temp} )
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$uni_temp&style=raw>
 $uni_temp</a> $hsp_pos{$uni_temp}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$uni_temp&style=raw>
 $uni_temp</a>
 </center></td>
 EMAIL_END
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 }
 }
 else
 {
 if ( defined $hsp_pos{$uni_temp} )
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$uni_temp&style=raw>
 $uni_temp</a> $hsp_pos{$uni_temp}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$uni_temp&style=raw>
 $uni_temp</a>
 </center></td>
 EMAIL_END
 }
 }
 }
 $email_data .=
 sprintf
 '<td align=left><center>%5.2f</center></td><td align=left><center>%5.1f%%</center></td>',
 $z_temp, $conf_temp;
 if ( $one ne 'QUERY' )
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( $common{$uni_temp} =~ /(\w+)\s(\w+)/ )
 {
 $email_data .= <<"EMAIL_END";
 <td title="$textcommon{$uni_temp}">
 <center>$1</center></td>
 <td title="$textncommon{$uni_temp}">
 <center>$2</center></td></tr>
 EMAIL_END
 }
 }
 }
 else
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( $texts{$uni_temp} =~ /(\w+)/ )
 {
 $email_data .= <<"EMAIL_END";
 <td title="$texts2{$uni_temp}">
 <center>$1</center></td></tr>
 EMAIL_END
 }
 }
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 }
 }
 elsif ($can !~ /$starting_point/
 && $can =~ /(-?\d?\d?\d?.?\d+e?-?\d*) (\w+)/ )
 {
 my $z_temp = $1;
 my $uni_temp = $2;
 ###################################
 #Color the html table alternately.#
 ###################################
 if ( $tdcounter == 1 )
 {
 $tdbg = 'F8FBFE';
 $tdcounter = 0;
 }
 else
 {
 $tdbg = 'EAF1FB';
 $tdcounter++;
 }
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( defined $hsp_pos{$2} )
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.uniprot.org/uniprot/$2>$2</a> $hsp_pos{$2}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.uniprot.org/uniprot/$2>$2</a>
 </center></td>
 EMAIL_END
 }
 }
 else
 {
 if ( $uni_temp =~ /^\D{2}\_/ )
 {
 if ( defined $hsp_pos{$uni_temp} )
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$uni_temp&style=raw>
 $uni_temp</a> $hsp_pos{$uni_temp}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
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 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=refseqn&id=$uni_temp&style=raw>
 $uni_temp</a>
 </center></td>
 EMAIL_END
 }
 }
 else
 {
 if ( defined $hsp_pos{$uni_temp} )
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$uni_temp&style=raw>
 $uni_temp</a> $hsp_pos{$uni_temp}
 </center></td>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$tdbg><td><center>
 <a href=http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=embl&id=$uni_temp&style=raw>
 $uni_temp</a>
 </center></td>
 EMAIL_END
 }
 }
 }
 $email_data .=
 sprintf '<td align=left><center>%5.2f</center></td><td></td>',
 $z_temp;
 if ( $one ne 'QUERY' )
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( $common{$uni_temp} =~ /(\w+)\s(\w+)/ )
 {
 $email_data .= <<"EMAIL_END";
 <td title="$textcommon{$uni_temp}">
 <center>$1</center></td>
 <td title="$textncommon{$uni_temp}">
 <center>$2</center></td></tr>
 EMAIL_END
 }
 }
 }
 else
 {
 if ( $db !~ /nt[.]fasta/ )
 {
 if ( $texts{$uni_temp} =~ /(\w+)/ )
 {
 $email_data .= <<"EMAIL_END";
 <td title="$texts2{$uni_temp}"><center>$1
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 </center></td></tr>
 EMAIL_END
 }
 }
 }
 }
 }


 $email_data .= <<"EMAIL_END";
 </table><center>
 <img src='http://orion.mbg.duth.gr/Pinda/results/trees/drawn/$prid.png'>
 <br>
 <a href=http://orion.mbg.duth.gr/Pinda/results/trees/zips/$prid.zip>
 NJ trees produced in .ph/.phb format
 </a></center>
 EMAIL_END


 }
 if ( $sequences_number == 2 )
 {
 #################
 #Alignment only.#
 #################
 align( $sequences, $fnaln, $db );
 $email_data .= <<"EMAIL_END";
 <center>
 <font size='3' face='Georgia' color='330033'><br><br>
 Only <b>two</b> similar sequences from <b>$organism</b>
 have been identified.
 <br><b>Phylogenetic analysis is meaningless therefore.</b>
 </font>
 </center>
 EMAIL_END


 $email_data .= <<"EMAIL_END";
 <center><br><font size='3' face='Georgia' color='330033'><br>
 <a href=http://orion.mbg.duth.gr/Pinda/results/final_alns/multalign/$prid.aln>
 Alignment</a></font></center>
 EMAIL_END
 }
 if ( $sequences_number <= 1 )
 {
 alarm 0;
 #####################
 #Nothing to do here.#
 #####################
 if ( $db =~ /nt[.]fasta/ )
 {
 $email_data .= <<"EMAIL_END";
 <center>
 <font size='3' face='Georgia' color='330033'><br><br>
 No similar sequences from <b>$organism</b>
 have been identified.
 <br><b>Phylogenetic analysis is meaningless therefore.</b>
 </font>
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 </center>
 EMAIL_END
 }
 else
 {
 $email_data .= <<"EMAIL_END";
 <center>
 <font size='3' face='Georgia' color='330033'><br><br>
 No similar sequences from <b>$organism</b>
 have been identified.
 <br><b>Phylogenetic analysis is meaningless therefore.</b>
 </font>
 </center>
 EMAIL_END
 }
 }
 }
 ##############################################
 #Calculate how much time it took for the job.#
 ##############################################
 my $end_timer = time;
 my $run_time = $end_timer - $start_timer;
 my $job_average = '/var/www/Pinda/job_times';
 my ( $pr_jobs, $pr_time, $dn_jobs, $dn_time );
 open my $job_average_fh, '<', $job_average;
 local $/ = "\n";
 while ( my $line = <$job_average_fh> )
 {


 if ( $line =~ /Protein Jobs[:] (\d+) Average Time[:] (\d+)/ )
 {
 $pr_jobs = $1;
 $pr_time = $2;
 }
 elsif ( $line =~ /DNA Jobs[:] (\d+) Average Time[:] (\d+)/ )
 {
 $dn_jobs = $1;
 $dn_time = $2;
 }
 }
 close $job_average_fh;


 if ( $db =~ /nt[.]fasta/ )
 {
 $dn_time = ( ( $dn_jobs * $dn_time ) + $run_time ) / ( $dn_jobs + 1 );
 $dn_jobs++;
 }
 else
 {
 $pr_time = ( ( $pr_jobs * $pr_time ) + $run_time ) / ( $pr_jobs + 1 );
 $pr_jobs++;
 }
 open $job_average_fh, '>', $job_average;
 say {$job_average_fh} "Protein Jobs: $pr_jobs Average Time: $pr_time";
 say {$job_average_fh} "DNA Jobs: $dn_jobs Average Time: $dn_time";
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 close $job_average_fh;


 $email_data .= <<"ENDHTML";
 <br><br>
 <font size='1'>Temporary files from this job, including alignments, .ph/.phb
 trees and plotted trees, will be <b>DELETED</b> after ten days.</font>
 </center>
 </body>
 </html>
 ENDHTML


 ##############
 #Send e-mail.#
 ##############
 send_email( $one, $email );


 my $job_counting = '/var/www/Pinda/running_jobs';
 my $protein_jobs;
 my $dna_jobs;
 open my $job_counting_fh, '<', $job_counting;
 local $/ = "\n";
 while ( my $line = <$job_counting_fh> )
 {


 if ( $line =~ /Protein[:] (\d+)/ )
 {
 $protein_jobs = $1;
 }
 elsif ( $line =~ /DNA[:] (\d+)/ )
 {
 $dna_jobs = $1;
 }
 }
 close $job_counting_fh;
 if ( $db =~ /nt[.]fasta/ )
 {
 $dna_jobs--;
 }
 else
 {
 $protein_jobs--;
 }
 open $job_counting_fh, '>', $job_counting;
 say {$job_counting_fh} "Protein: $protein_jobs";
 say {$job_counting_fh} "DNA: $dna_jobs";
 close $job_counting_fh;
 system "rm /var/www/Pinda/slurm_errors/slurm-$slurm_id.out";


 #############################
 #Multiple Sequence Alignment#
 #############################
 sub align
 {
 my $out = $_[1] . '.fasta';
 my $db = $_[2];
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 my $again;
 if ( defined $_[3] )
 {
 $again = $_[3];
 }
 if ( $db !~ /nt[.]fasta/ && defined $again && $masking == 1 )
 {
 system
 "/usr/local/bin/clustalo -i $_[0] -o $_[1] --outfmt=clu --threads=4 -v --force";
 system
 "/usr/local/bin/clustalo -i $_[0] -o $out --outfmt=fasta --threads=4 -v --force";
 }
 elsif (( $db !~ /nt[.]fasta/ && !( defined $again ) )
 || ( $db !~ /nt[.]fasta/ && $masking == 0 ) )
 {
 system
 "/usr/local/bin/clustalo -i $_[0] -o $_[1] --outfmt=clu --threads=4 -v --force";
 }
 else
 {
 system "/usr/local/bin/kalign -i $_[0] -o $_[1] -f clu -q";
 my @sequences2 = ();
 my $seq2counter = 0;
 open my $fnaln_fh, '<', $fnaln or die $!;
 my $line2;
 {
 local $/ = "\n";
 while ( $line2 = <$fnaln_fh> )
 {
 ##################################
 #Add stars to the input sequence.#
 ##################################
 my $one_temp = 'III' . $one . 'III';
 $line2 =~ s/$one_temp/***$one***/;


 $sequences2[$seq2counter] = $line2;
 $seq2counter++;
 }
 }
 close $fnaln_fh or die $!;


 open $fnaln_fh, '>', $fnaln or die $!;
 foreach my $seq2counter (@sequences2)
 {
 print {$fnaln_fh} $seq2counter;
 }
 close $fnaln_fh or die $!;


 open $fnaln_fh, '<', $fnaln;
 local $/ = undef;
 my $line = q{};
 while ( $line = <$fnaln_fh> )
 {
 if ( $line =~ /in ClustalW format/ )
 {
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 $line = $';
 last;
 }
 }
 close $fnaln_fh;
 if ( defined $line )
 {
 open $fnaln_fh, '>', $fnaln;
 print {$fnaln_fh} 'CLUSTAL W (1.83) multiple sequence alignment';
 print {$fnaln_fh} $line;
 close $fnaln_fh;
 }
 }
 return 0;
 }


 ############################################################
 #Mask alignments using confidence values generated by ZORRO#
 ############################################################
 sub alignment_masking
 {
 my $input = $_[0] . '.fasta';
 my $output = $_[1];
 system "/usr/local/bin/zorro $input > $output";


 my $counter = 0;
 my $counter2 = 0;
 my @low_conf;


 open my $output_fh, '<', $output or die $!;
 local $/ = "\n";
 while ( my $line = <$output_fh> )
 {
 if ( $line =~ /(\d+[.]\d+)/ )
 {
 if ( $1 <= 0.4 )
 {
 $low_conf[$counter2] = $counter + 1;
 $counter2++;
 }
 }
 $counter++;
 }
 close $output_fh;


 if ( $counter2 >= 1 && ( $counter2 / $counter ) < 0.75 )
 {
 open my $input_fh, '<', $input or die $!;
 local $/ = undef;
 my $newline = <$input_fh>;
 close $input_fh;
 my $seqc = 0;
 my $resc = 0;
 my @sequence;
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 while ( $newline =~ />[*]?[*]?[*]?\w+/ )
 {
 if ( $newline =~ /(>.+\s)/ )
 {
 $sequence[$seqc][0] = $1;
 if ( $' =~ />/ || $' =~ /\s$/ )
 {
 $resc = 0;
 my $temp = $`;
 $newline = '>' . $';
 $temp =~ s/\n//g;
 foreach my $residue ( split //, $temp )
 {
 $resc++;
 $sequence[$seqc][$resc] = $residue;
 }
 }
 else
 {
 last;
 }
 $seqc++;
 }
 }


 foreach my $position (@low_conf)
 {
 for my $seqtmp ( 0 .. $seqc - 1 )
 {
 undef $sequence[$seqtmp][$position];
 }
 }


 open $input_fh, '>', $input or die $!;
 for my $seqtmp ( 0 .. $seqc - 1 )
 {
 print {$input_fh} $sequence[$seqtmp][0];
 for ( 1 .. $resc )
 {
 if ( defined $sequence[$seqtmp][$_] )
 {
 print {$input_fh} $sequence[$seqtmp][$_];
 }
 }
 say {$input_fh} q{};
 }
 close $input_fh;
 my $clu_file = $_[0] . '.clu';
 system "sreformat clustal $input > $clu_file";
 }
 elsif ( $counter2 == 0 )
 {
 $email_data .= <<"ENDHTML";
 <br><center>All this alignment's columns have high confidence values.
 <br>Masking is not needed.</center>
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 ENDHTML
 }
 else
 {
 $email_data .= <<"ENDHTML";
 <br><center>Most of this alignment's columns have poor confidence values.
 <br>Masking was <b>NOT</b> performed.</center>
 ENDHTML
 system "cp $_[0] $input";
 }
 return 0;
 }


 ################################################################
 #Removing the TRICHOTOMY word, setting negative values to zero.#
 ################################################################
 sub tree_manipulation1
 {
 my $yacounter = 0;
 my ( $tree_fh, @tree );
 open $tree_fh, '<', $_[0] or die $!;
 my $line;
 {
 local $/ = "\n";
 while ( $line = <$tree_fh> )
 {
 $line =~ s/TRICHOTOMY//;
 $line =~ s/-\d[.]\d*/0/;
 ###############################################################################
 #Fix the NJ negative branch length artifact, by setting those numbers to zero.#
 ###############################################################################
 $tree[$yacounter] = $line;
 $yacounter++;
 }
 }
 close $tree_fh or die $!;
 open $tree_fh, '>', $_[0] or die $!;
 foreach my $yacounter (@tree)
 {
 print {$tree_fh} $yacounter;
 }
 close $tree_fh or die $!;
 return 0;
 }
 #######################################################################
 #Dividing the bootstrap values by 10, to reach a maximum value of 100.#
 #######################################################################
 sub tree_manipulation2
 {
 my $yacounter = 0;
 my ( $bvdiv, $tree_fh );
 my @tree = ();
 open $tree_fh, '<', $_[0] or die $!;
 my $line;
 {
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 local $/ = "\n";
 while ( $line = <$tree_fh> )
 {
 if ( $line =~ /^(\d+):/ )
 {
 $bvdiv = $1 / 10.0;
 $line = $` . $bvdiv . q{:} . $';
 }
 $tree[$yacounter] = $line;
 $yacounter++;
 }
 }
 close $tree_fh or die $!;
 open $tree_fh, '>', $_[0] or die $!;
 foreach my $yacounter (@tree)
 {
 print {$tree_fh} $yacounter;
 }
 close $tree_fh or die $!;
 return 0;
 }


 ##########################################################
 #Parse the tree to exract distances and bootstrap values.#
 ##########################################################
 sub parser
 {
 my $cancounter = 0;
 my $ginomenon = 1;
 my $linocounter = 0;
 my $node_distance = 0;
 my $plc = 0;
 my $plc2 = 0;
 my $plcn = 0;
 my $plcn2 = 0;
 my $sscounter = 0;
 my $unicounter = 0;


 my (
 $continue, $degree_of_confidence, $last_yes,
 $search_id, $tree_for_parsingfh, $tree_node_distancesfh,
 $tree_tip_distancesfh, @compare_seq, @parsed_lines,
 @parsed_linesnew, @parsing_lines, @star_seq,
 @uni_ids, %distanceshash, %distanceshash2
 );


 open $tree_for_parsingfh, '<', $_[0] or die $!;
 my $line;
 {
 local $/ = "\n\n";
 ########################
 #Get all the sequences.#
 ########################
 while ( $line = <$tree_for_parsingfh> )
 {
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 ##########################
 #Find the input sequence.#
 ##########################
 if ( $line =~ /\s"(\w\_\_\_\w+\_\_\_)"/ )
 {
 $starting_point = $1;
 $uni_ids[$unicounter] = $1;
 $unicounter++;
 }
 ###############################
 #Find all the other sequences.#
 ###############################
 if ( $line =~ /"(\w{6,})"/ )
 {
 if ( $1 !~ /\D\d{1,4}\_/ )
 {
 $uni_ids[$unicounter] = $1;
 $unicounter++;
 }
 }
 if ( $' =~ /"(\w{6,})"/ && $1 !~ /\D\d{1,4}\_/ )
 {
 $uni_ids[$unicounter] = $1;
 $unicounter++;
 }
 $parsing_lines[$linocounter] = $line;
 $linocounter++;
 }
 }


 #################################
 #Parsing distance between nodes.#
 #################################
 open $tree_node_distancesfh, '<', $_[1]
 or die $!;
 my $neoline;
 {
 local $/ = "\n";
 while ( $neoline = <$tree_node_distancesfh> )
 {
 if ( $neoline !~ /\$/ && $neoline =~ /\w/ )
 {
 do
 {
 ####################################
 #This line contains sequence names.#
 ####################################
 if ( $neoline !~ /[.]/ )
 {
 if ( $neoline =~ /\s?(\w+)/
 || $neoline =~ /(Root)/ )
 {
 $parsed_lines[$plc][$plc2] = $1;
 $plc2++;
 $continue = $';
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 if ( $continue =~ /\w/ )
 {
 $neoline = $continue;
 }
 else
 {
 $plc++;
 }
 }
 }
 elsif (
 ############################
 #This line contains values.#
 ############################
 $neoline =~ /(\d+[.]\d+)/
 )
 {
 $distanceshash{ $parsed_lines[ $plc - 1 ][$plc2] } = $1;
 $plc2++;
 $continue = $';
 if ( $continue =~ /\w/ )
 {
 $neoline = $continue;
 }
 }
 } while ( $continue =~ /\w/ );
 $plc2 = 0;
 }
 }
 }
 close $tree_node_distancesfh or die $!;
 ######################################################
 #Parsing distance from every tip to its closest node.#
 ######################################################
 open $tree_tip_distancesfh, '<', $_[2]
 or die $!;
 my $neoline2;
 {
 local $/ = "\n";
 while ( $neoline2 = <$tree_tip_distancesfh> )
 {
 if ( $neoline2 !~ /\$/ && $neoline2 =~ /\w/ )
 {
 do
 {
 ####################################
 #This line contains sequence names.#
 ####################################
 if ( $neoline2 !~ /[.]/ )
 {
 if ( $neoline2 =~ /\_?\_?\_?(\w{6,})\_?\_?\_?\s/ )
 {
 $parsed_linesnew[$plcn][$plcn2] = $1;
 $plcn2++;
 $continue = $';
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 if ( $continue =~ /\w/ )
 {
 $neoline2 = $continue;
 }
 else
 {
 $plcn++;
 }
 }
 }
 ############################
 #This line contains values.#
 ############################
 elsif ( $neoline2 =~ /(\d+[.]\d+)/ )
 {
 $distanceshash2{ $parsed_linesnew[ $plcn - 1 ][$plcn2] }
 = $1;
 $plcn2++;
 $continue = $';
 if ( $continue =~ /\w/ )
 {
 $neoline2 = $continue;
 }
 }
 } while ( $continue =~ /\w/ );
 $plcn2 = 0;
 }
 }
 }
 close $tree_tip_distancesfh or die $!;


 my $p_l_s = @parsing_lines;
 foreach my $line (@parsing_lines)
 {
 if ( $line =~ /$starting_point/ )
 {
 #####################################
 #Get the node of the input sequence.#
 #####################################
 if ( $line =~ /parts\$(\w)(\w+)/ )
 {
 $star_seq[$sscounter] = $1 . $2;
 $search_id = $1 . $2;
 $sscounter++;
 }
 for ( 0 .. $p_l_s - 1 )
 {
 if ( $parsing_lines[$_] =~ /$search_id"/ )
 {
 #####################################
 #Get the node leading to the node...#
 #####################################
 if ( $parsing_lines[$_] =~ /parts\$(\w)(\w+)/ )
 {
 $star_seq[$sscounter] = $1 . $2;
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 $search_id = $1 . $2;
 $sscounter++;
 $_--;
 }
 }
 }
 }
 }
 $last_yes = 0;
 foreach my $uni (@uni_ids)
 {
 $sscounter = 0;
 foreach my $line (@parsing_lines)
 {
 if ( $line =~ /$uni/ )
 {
 ####################################################
 #Get the closest node for all the other sequences.#
 ####################################################
 if ( $line =~ /parts\$(\w)(\w+)/ )
 {
 $compare_seq[$sscounter] = $1 . $2;
 $search_id = $1 . $2;
 $sscounter++;
 }
 for ( 0 .. $p_l_s - 1 )
 {
 if ( $parsing_lines[$_] =~ /$search_id"/ )
 {
 #####################################
 #Get the node leading to the node...#
 #####################################
 if ( $parsing_lines[$_] =~ /parts\$(\w)(\w+)/ )
 {
 $compare_seq[$sscounter] = $1 . $2;
 $search_id = $1 . $2;
 $sscounter++;
 $_--;
 }
 }
 }
 }
 }
 foreach my $node (@compare_seq)
 {
 if ( $node =~ /(\d+)\_?/ )
 {
 #################################
 #Add the distance for this node.#
 #################################
 $node_distance += $distanceshash{"$node"};
 $ginomenon *= $1 / 1000.0;
 }
 foreach my $star_node (@star_seq)
 {
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 ##################################################################
 #Find the common node for the input sequence and every other one.#
 ##################################################################
 if ( $node eq $star_node )
 {
 foreach my $star_node (@star_seq)
 {
 ######################################
 #Add distances until the common node.#
 ######################################
 if ( $star_node ne $node
 && $star_node =~ /(\d+)\_?/ )
 {
 $node_distance += $distanceshash{"$star_node"};
 $ginomenon *= $1 / 1000.0;
 }
 ####################################
 #Remove the common node's distance.#
 ####################################
 if ( $star_node eq $node )
 {
 if ( defined $distanceshash{"$star_node"} )
 {
 $node_distance -= $distanceshash{"$star_node"};
 last;
 }
 else
 {
 $node_distance = $distanceshash{"$star_node"};
 last;
 }
 }
 }
 #################################################
 #For every sequence, except for the input one...#
 #################################################
 if ( $uni !~ /$starting_point/ )
 {
 ########################################
 #Add the tip-to-closest-node distances.#
 ########################################
 $node_distance +=
 $distanceshash2{"$uni"} +
 $distanceshash2{"$starting_point"};
 #########################################################
 #If distance is 0, then the sequences are overlapping!?!#
 #########################################################
 if ( $node_distance == 0 )
 {
 $degree_of_confidence = $ginomenon / 0.1;
 $candidate[$cancounter] =
 $degree_of_confidence . q{ } . $uni;
 $cancounter++;
 }
 #################################
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 #Calculate the confidence value.#
 #################################
 else
 {
 $degree_of_confidence = $ginomenon / $node_distance;
 $candidate[$cancounter] =
 $degree_of_confidence . q{ } . $uni;
 $cancounter++;
 }
 }
 $last_yes = 1;
 last;
 }
 if ( $last_yes == 1 )
 {
 last;
 }
 }
 if ( $last_yes == 1 )
 {
 last;
 }
 }
 if ( $last_yes == 0 )
 {
 $node_distance = 0;
 $ginomenon = 1;
 ###################################################################
 #If the input sequence had only the root common with a sequence...#
 ###################################################################
 foreach my $node (@compare_seq)
 {
 if ( $node =~ /(\d+)\_?/ )
 {
 ####################################################
 #Add the distance from the sequence's node to root.#
 ####################################################
 $node_distance += $distanceshash{"$node"};
 $ginomenon *= $1 / 1000.0;
 }
 }
 foreach my $star_node (@star_seq)
 {
 if ( $star_node =~ /(\d+)\_?/ )
 {
 ##########################################################
 #Add the distance from the input sequence's node to root.#
 ##########################################################
 $node_distance += $distanceshash{"$star_node"};
 $ginomenon *= $1 / 1000.0;
 }
 }
 ########################################
 #Add the tip-to-closest-node distances.#
 ########################################
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 $node_distance +=
 $distanceshash2{"$uni"} + $distanceshash2{"$starting_point"};
 $degree_of_confidence = $ginomenon / $node_distance;
 $candidate[$cancounter] = $degree_of_confidence . q{ } . $uni;
 $cancounter++;
 }
 $node_distance = 0;
 $ginomenon = 1;
 @compare_seq = ();
 $last_yes = 0;
 }
 @candidate = map join( q{ }, @{$_} ),
 sort { $a->[0] <=> $b->[0] } map { [split] } @candidate;
 ############################################################################
 #Sort the sequences in descending order, according to the confidence value.#
 ############################################################################
 @candidate = reverse @candidate;
 $cand_sans[0] = $one;
 my $neocounter = 1;
 foreach my $can (@candidate)
 {
 if ( $can =~ /\s(\w+)/ )
 {
 $cand_sans[$neocounter] = $1;
 $neocounter++;
 }
 }
 return @candidate, @cand_sans, $starting_point;
 }


 ############################################################
 #Calculate the Z-values and the probabilities for each hit.#
 ############################################################
 sub compute_probability
 {
 my @numbers;
 my $numcounter = 0;
 my $re = 0;
 ############################
 #Get the Confidence values.#
 ############################
 foreach my $can (@candidate)
 {
 if ( $can !~ /$starting_point/
 && $can =~ /(\d?\d?\d?.?\d+e?-?\d*) \w+/ )
 {
 $numbers[$numcounter] = $1;
 $numcounter++;
 }
 }
 ############################################
 #Calculate the mean and standard deviation.#
 ############################################
 my $mean = mean(@numbers);
 my $standard_deviation = stddev(@numbers);
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 foreach my $can (@candidate)
 {
 if ( $can !~ /$starting_point/
 && $can =~ /(\d?\d?\d?.?\d+e?-?\d*) (\w+)/ )
 {
 #####################
 #Calculate Z-values.#
 #####################
 my $z;
 if ( $standard_deviation ne '0' )
 {
 $z = ( $1 - $mean ) / $standard_deviation;
 }
 else
 {
 $z = ( $1 - $mean ) / 0.1;
 }
 ###########################################################
 #For positive Z-values, calculate the level of confidence.#
 ###########################################################
 if ( $z > 0.674 )
 {
 my $erf = erfc( $z / sqrt 2 );
 my $prob = ( 1 - $erf ) * 100;
 $can = $z . q{ } . $prob . q{ } . $2;
 $realign[$re] = $2;
 $re++;
 }
 else
 {
 $can = $z . q{ } . $2;
 }
 }
 }
 return @candidate, @realign;
 }


 ##########################################################################
 #Find the GOs shared between the input sequence and every other sequence.#
 ##########################################################################
 sub GOs_in_common
 {
 my @input_gos;
 my $input_counter = 0;
 if ( $one ne 'QUERY' )
 {
 foreach my $seq (@cand_sans)
 {
 chomp $seq;
 if ( $seq eq $one )
 {
 my $dbfetch = get("http://www.uniprot.org/uniprot/$one.txt");
 if ( !( defined $dbfetch ) )
 {
 for ( 0 .. 3 )
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 {
 $dbfetch =
 get("http://www.uniprot.org/uniprot/$one.txt");
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 do
 {
 ############################################################
 #Parse the input sequence's UniProt flat file for GO terms.#
 ############################################################
 if ( $dbfetch =~ /GO; GO:(\d+);/ )
 {
 $input_gos[$input_counter] = $1;
 $input_counter++;
 $dbfetch = $';
 }
 } while ( $dbfetch =~ /GO; GO:(\d+);/ );
 $one_gos = @input_gos;
 if ( $one_gos == 0 )
 {
 last;
 }
 }
 else
 {
 my $common_prop = q{};
 my $ncommon_prop = q{};
 my @go_list = ();
 my $ncpi = 0;
 my $eq_counter = 0;
 my $res_counter = 0;
 my $dbfetch = get("http://www.uniprot.org/uniprot/$seq.txt");
 if ( !( defined $dbfetch ) )
 {


 for ( 0 .. 3 )
 {
 $dbfetch =
 get("http://www.uniprot.org/uniprot/$seq.txt");
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 do
 {
 ########################################################################
 #Parse every other sequence's UniProt flat file for GO terms in common.#
 ########################################################################
 if ( defined $dbfetch
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 && $dbfetch =~ /GO; GO:(\d+);\s(.+);/ )
 {
 $go_list[$ncpi] = $2;
 $ncpi++;
 foreach my $go (@input_gos)
 {
 if ( $go == $1 )
 {
 $eq_counter++;
 $common_prop .= $2 . "\n";
 }
 }
 $res_counter++;
 $dbfetch = $';
 }
 } while ( $dbfetch =~ /GO; GO:(\d+);\s(.+);/ );
 foreach my $term (@go_list)
 {
 $term =~ s/[?]/\[?]/;
 if ( $common_prop !~ /$term/ )
 {
 $ncommon_prop .= $term . "\n";
 }
 }
 my $neq_counter = $res_counter - $eq_counter;
 #######################################
 #If no GO terms are found, put in "NA"#
 #######################################
 if ( $eq_counter == 0 && $res_counter == 0 )
 {
 $eq_counter = 'NA';
 $neq_counter = 'NA';
 }
 $common{$seq} = $eq_counter . q{ } . $neq_counter;
 chomp $common_prop;
 chomp $ncommon_prop;
 $textcommon{$seq} = $common_prop;
 $textncommon{$seq} = $ncommon_prop;
 }
 }
 return $one_gos, %common, %textcommon, %textncommon;
 }
 else
 {
 foreach my $seq (@cand_sans)
 {
 chomp $seq;
 if ( $seq ne $one )
 {
 my $ontologies = q{};
 my @go_list = ();
 my $ncpi = 0;
 my $res_counter = 0;
 my $dbfetch = get("http://www.uniprot.org/uniprot/$seq.txt");
 if ( !( defined $dbfetch ) )
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 {
 for ( 0 .. 3 )
 {
 $dbfetch =
 get("http://www.uniprot.org/uniprot/$seq.txt");
 if ( defined $dbfetch )
 {
 last;
 }
 }
 }
 do
 {
 ########################################################################
 #Parse every other sequence's UniProt flat file for GO terms in common.#
 ########################################################################
 if ( defined $dbfetch
 && $dbfetch =~ /GO; GO:(\d+);\s(.+);/ )
 {
 $go_list[$ncpi] = $2;
 $ncpi++;
 $res_counter++;
 $dbfetch = $';
 }
 } while ( defined $dbfetch
 && $dbfetch =~ /GO; GO:(\d+);\s(.+);/ );
 foreach my $term (@go_list)
 {
 $term =~ s/[?]/\[?]/;
 $ontologies .= $term . "\n";
 }
 #######################################
 #If no GO terms are found, put in "NA"#
 #######################################
 if ( $res_counter == 0 )
 {
 $res_counter = 'NA';
 }
 $texts{$seq} = $res_counter;
 chomp $ontologies;
 $texts2{$seq} = $ontologies;
 }
 }
 return %texts, %texts2;
 }
 }


 ###########################
 #Email sending subroutine.#
 ###########################
 sub send_email
 {
 my $msg = MIME::Lite->new(
 Subject => "Pinda Job Result: $_[0]",
 From => 'Pinda@orion.mbg.duth.gr',

ΔƀΛʷƋƈƂƇƉ - şž˶ƈżƂƇƉ ťƇƅƋ˜πƇƌƄƇƉ 123



Pinda: ɐƅź πƈ˜żƈźΛΛź žƅƋƇπƂƊΛƇ˦ żƇƅƂŽƂźƃ˶ƅ ŽƂπƄźƊƂźƊΛ˶ƅ

 To => $_[1],
 Type => 'text/html',
 Data => $email_data
 );
 $msg->send();
 return 0;
 }

4.4 Pinda.R
ŭƅ Pinda.R ŽƄŴŻŽƀ ƉŹ żŽżƅώŵƃŹ ŹπƅƈƉŴƈŽƎƃ ƁŹƀ ƉƀώƓƃ bootstrap ŹπƑ Ɖƅ πŹƆŹŻƑώŽƃƅ

żŽƃżƆƑŻƆŹώώŹ, ŽƃƓ ŽπŷƈſƇ ŹπŽƀƁƅƃŷžŽƀ Ɖƅ żŵƃżƆƅ.

 #!/usr/bin/Rscript


 ##########################################
 #Author: Dimitrios - Georgios Kontopoulos#
 ##########################################


 ######################################
 #Script in the R programming language#
 # for drawing and parsing NJ-trees, #
 # bootstrapped or not #
 ######################################


 ######################################################################
 #This program is free software: you can redistribute it and/or modify#
 #it under the terms of the GNU General Public License as #
 #published by the Free Software Foundation, either version 3 of the #
 #License, or (at your option) any later version. #
 # #
 #For more information, see http://www.gnu.org/licenses/. #
 ######################################################################


 args <- commandArgs(TRUE)
 #r <- getOption('repos')
 #r['CRAN'] <- 'http://cran.cc.uoc.gr/'
 #options(repos=r)
 #install.packages(c('ape','ade4') lib='../R')
 if (args[1] == "-parser") {
 library(ade4, lib.loc = "../R/") #load ADE4 package
 tree <- newick2phylog(scan(args[2], what = ""), add.tools = FALSE)
 treestructure <- tree[4]
 print(treestructure)
 } else if (args[1] == "-lengths_1") {
 library(ade4, lib.loc = "../R/")
 tree <- newick2phylog(scan(args[2], what = ""), add.tools = FALSE)
 treestructure <- tree[3]
 print(treestructure)
 } else if (args[1] == "-lengths_2") {
 library(ade4, lib.loc = "../R/")
 tree <- newick2phylog(scan(args[2], what = ""), add.tools = FALSE)
 treestructure <- tree[2]
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 print(treestructure)
 } else {
 library(ape, lib.loc = "../R/") # load APE package
 png(filename = args[1], width = 750, height = 550, units = "px",
 bg = "transparent") # set output file
 tree <- read.tree(args[2]) # read tree
 plot(tree, use.edge.length = TRUE, show.node.label = TRUE,
 font = 2, no.margin = TRUE, node.pos = 2) # plot tree
 add.scale.bar(length = 0.05, col = "red", lcol = "red") # add scale bar
 dev.off() #quit
 }
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ťžƍŵƄźƂƇ 5

ŠπŸƄƇżƇƉ

ɒ ɤƁʘƃƀ Ɗ̖ ʵŽƐƊž Ƌ̖ ˸ƈź˔Ƈ ƋźƆˌŽƂ.
űƐƈˍƉ ź˩Ƌʸƅ Žʰƅ Ɓʘ ̗ŻżźƂƅžƉ ƊƋ˝ƅ Žƈ˜ΛƇ.

ȸƄƄź Žʰƅ ʵƎžƂ ƅʙ Ɗʰ Ž˶ƊžƂ πƂʘ.

ťƂ ʟƅ πƋƐƎƂƃʸ Ƌʸƅ Żƈž˔Ɖ, ʹ ɤƁʘƃƀ Žʰƅ Ɗʰ żʯƄźƊž.
ɍƋƊƂ ƊƇƍ˝Ɖ πƇ˧ ʵżƂƅžƉ, Λʰ Ƌ˜Ɗƀ πž˔ƈź,

ʽŽƀ Ɓʙ Ƌ˝ ƃźƋʘƄźŻžƉ Ƈˎ ɤƁʘƃžƉ Ƌˍ ƊƀΛźˌƅƇƌƅ.
ťƐƅƊƋźƅƋŸƅƇƉ ū. ťźŻŵƍƀƉ

ŬŽ ŹƊƉŶ Ɖſ żƀπƂƎώŹƉƀƁŶ ŽƆŻŹƈŷŹ πŹƆƅƊƈƀŴƈƉſƁŽ ŵƃŹ ƊπƅƂƅŻƀƈƉƀƁƑ πƆƑŻƆŹώώŹ
ŻƀŹ Ɖſ żƀŽƊƁƑƂƊƃƈſ ƉſƇ ώŽƂŵƉſƇ ƉƎƃ ŻƅƃƀżƀŹƁƓƃ żƀπƂŹƈƀŹƈώƓƃ. ŵƂƅƊώŽ ƃŹ πƀƈƉŽƒз
ƅƊώŽ ƑƉƀ ƅ ƈƉƑƌƅƇ ŽπŽƉŽƒƌΌſ: Ɖƅ πƆƑŻƆŹώώŹ ŽŷƃŹƀ ŹƆƁŽƉŴ ŹƄƀƑπƀƈƉƅ ƁŹƀ ƉŹƊƉƑƌƆƅƃŹ
ƋƀƂƀƁƑ πƆƅƇ Ɖƅ ώŵƈƅ ƌƆŶƈƉſ. ŽƎƆƅƒώŽ ƑƉƀ ƅƀ ŹƃŹƂƒƈŽƀƇ πƅƊ πƆŹŻώŹƉƅπƅƀƅƒƃƉŹƀ
ƊπŽƆƁŹƂƒπƉƅƊƃ ƉƀƇ ŹƃŴŻƁŽƇ ώƀŹƇ πƆƓƉſƇ ŽƁƉŷώſƈſƇ ŻŽŻƅƃƑƉƎƃ żƀπƂŹƈƀŹƈώƅƒ, πƆƅз
ƈΌŵƉƅƃƉŹƇ ŵƃŹ ŹƁƑώſ źŵƂƅƇ ƈƉſƃ ƊπƅƂƅŻƀƈƉƀƁŶ "ƋŹƆŵƉƆŹ" ŽƃƑƇ "ƁƂŹƈƀƁƅƒ" ώƅƆƀŹƁƅƒ
źƀƅƂƑŻƅƊ. řƈƅ ƅƀ źŴƈŽƀƇ żŽżƅώŵƃƎƃ ΌŹ ŽώπƂƅƊƉŷžƅƃƉŹƀ, ƉƑƈƅ ΌŹ ŹƊƄŴƃŽƀ ſ ŹƁƆŷźŽƀŹ
ƁŹƀ ſ ŽƊŹƀƈΌſƈŷŹ ƉƅƊ πƆƅŻƆŴώώŹƉƅƇ. ŠπƀπƂŵƅƃ, ƂƑŻƎ ƉſƇ ŽƊƁƅƂŷŹƇ ƈƉſƃ ŽƃƈƎώŴƉƎƈſ
ƉƆŷƉƎƃ πƆƅŻƆŹώώŴƉƎƃ, źŽƂƉƀƎώŵƃŹ Ŷ ƁŹƀƃƅƉƑώŹ ƂƅŻƀƈώƀƁŴ źƀƅπƂſƆƅƋƅƆƀƁŶƇ ώπƅƆƅƒƃ
ƈƉŹżƀŹƁŴ ƃŹ ŽƃƉŴƈƈƅƃƉŹƀ ƈƉƅ πƆƎƉƑƁƅƂƂƅ ƉƅƊ Pinda. řƂŹ ŹƊƉŴ πƅƊ ŹƃŹƋŵƆΌſƁŹƃ
ŹƃŹώŵƃŽƉŹƀ ƃŹ ƁŹƉŹƈƉŶƈƅƊƃ ŹƊƉŶ Ɖſƃ ŽƋŹƆώƅŻŶ ŵƃŹ ŹƁƑώŹ πƅƂƒƉƀώƅ ŽƆŻŹƂŽŷƅ ƈƉſ
ώŽƂŵƉſ ƉſƇ ώƅƆƀŹƁŶƇ ŽƄŵƂƀƄſƇ.
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ūźƈŵƈƋƀΐź - ŞƇƀƁƀƋƂƃŵ Scripts

6.1 db_temp_check.sh

Bash script ŻƀŹ Ɖƅƃ ŽƃƉƅπƀƈώƑ πƆƅƈƎƆƀƃƓƃ ŹƆƌŽŷƎƃ źŴƈŽƎƃ żŽżƅώŵƃƎƃ πƅƊ πŹƆŹώŵƃƅƊƃ ώŽƉŴ ŹπƑ żƊƅ

ſώŵƆŽƇ ŹπƑ Ɖſƃ πƆƅŻƆŹώώŹƉƀƈώŵƃſ ŹƃŹƃŵƎƈŶ ƉƅƊƇ. Ţ ƒπŹƆƄŶ ƉƅƊƇ ƅƋŽŷƂŽƉŹƀ πƀΌŹƃƑƃ ƈŽ żƀŹƁƅπŶ ƆŽƒώŹƉƅƇ

Ŷ ƈŽ ŹπƓƂŽƀŹ ƈƒƃżŽƈſƇ Internet.

 #!/bin/bash


 ########################################################
 #Bash script to check for remaining db temporary files.#
 ########################################################


 ##########################################
 #Author: Dimitrios - Georgios Kontopoulos#
 ##########################################


 ######################################################################
 #This program is free software: you can redistribute it and/or modify#
 #it under the terms of the GNU General Public License as #
 #published by the Free Software Foundation, either version 3 of the #
 #License, or (at your option) any later version. #
 # #
 #For more information, see http://www.gnu.org/licenses/. #
 ######################################################################


 #####################################################
 #Check for remaining database temporary directories.#
 #####################################################


 set -e


 touch /tmp/whut
 if [ -d "/usr/local/databases/Swissprot.1" ]
 then
 echo "Two days after the last update, the Swissprot.1 directory is still there.
 Did a power failure take place? Please, take a look." >> /tmp/whut
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 fi


 if [ -d "/usr/local/databases/UniProt.1" ]
 then
 echo "Two days after the last update, the UniProt.1 directory is still there.
 Did a power failure take place? Please, take a look." >> /tmp/whut
 fi


 if [ -d "/usr/local/databases/nt.1" ]
 then
 echo "Two days after the last update, the nt.1 directory is still there.
 Did a power failure take place? Please, take a look." >> /tmp/whut
 fi


 if [ -s "/tmp/whut" ]
 then
 mail Pinda -s 'DB temp files are still there!' < /tmp/whut
 fi


 rm /tmp/whut
 exit 0

6.2 db_update.sh
Bash script ŻƀŹ Ɖſƃ ŽƃſώŵƆƎƈſ ƉƎƃ źŴƈŽƎƃ żŽżƅώŵƃƎƃ.

 #!/bin/bash


 ###############################################
 #Bash script to keep the databases up to date.#
 ###############################################


 ##########################################
 #Author: Dimitrios - Georgios Kontopoulos#
 ##########################################


 ######################################################################
 #This program is free software: you can redistribute it and/or modify#
 #it under the terms of the GNU General Public License as #
 #published by the Free Software Foundation, either version 3 of the #
 #License, or (at your option) any later version. #
 # #
 #For more information, see http://www.gnu.org/licenses/. #
 ######################################################################




 ##########################################################################
 #Get the Swiss-Prot db, format it and also copy it to the UniProt folder.#
 ##########################################################################
 mkdir /usr/local/databases/Swissprot.1/
 cd /usr/local/databases/Swissprot.1/


 Swiss_status="999"
 while [ "$Swiss_status" -ne "0" ]; do
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 rm *.gz
 nice -n +19 wget ftp://ftp.ebi.ac.uk/pub/databases/uniprot/knowledgebase/uniprot_sprot.fasta.gz
 nice -n +19 gunzip uniprot_sprot.fasta.gz
 Swiss_status="$?"
 done


 mkdir /usr/local/databases/UniProt.1/
 cp uniprot_sprot.fasta ../UniProt.1/
 nice -n +19 makeblastdb -in uniprot_sprot.fasta -dbtype prot -parse_seqids
 rm uniprot_sprot.fasta


 ##########################################################################
 #Get the TrEMBL db, concatenate it with the Swiss-Prot one and format it.#
 ##########################################################################
 cd ../UniProt.1/


 Uni_status="999"
 while [ "$Uni_status" -ne "0" ]; do
 rm *.gz
 nice -n +19 wget ftp://ftp.ebi.ac.uk/pub/databases/uniprot/knowledgebase/uniprot_trembl.fasta.gz
 nice -n +19 gunzip uniprot_trembl.fasta.gz
 Uni_status="$?"
 done


 cat uniprot_sprot.fasta uniprot_trembl.fasta > UniProt.fasta
 rm -rf uniprot_sprot.fasta uniprot_trembl.fasta
 nice -n +19 makeblastdb -in UniProt.fasta -dbtype prot -parse_seqids
 rm UniProt.fasta


 ################################################
 #Check for running processes (blastp/psiblast).#
 ################################################
 while true
 do
 if (ps ax | grep -v grep | grep blastp) > /dev/null && ( ps ax | grep -v grep | grep psiblast) > /dev/null;
 then
 sleep 60
 else
 rm -rf /usr/local/databases/Swissprot/ && mv /usr/local/databases/Swissprot.1/ /usr/local/databases/Swissprot/
 rm -rf /usr/local/databases/UniProt/ && mv /usr/local/databases/UniProt.1/ /usr/local/databases/UniProt/
 break
 fi
 done


 ####################################
 #Get the nt database and format it.#
 ####################################
 mkdir /usr/local/databases/nt.1/
 cd /usr/local/databases/nt.1/


 nt_status="999"
 while [ "$nt_status" -ne "0" ]; do
 rm *.gz
 nice -n +19 wget ftp://ftp.ncbi.nih.gov/blast/db/FASTA/nt.gz
 nice -n +19 gunzip nt.gz
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 nt_status="$?"
 done


 mv nt nt.fasta
 nice -n +19 makeblastdb -in nt.fasta -dbtype nucl -parse_seqids
 rm nt.fasta


 while true
 do
 if (ps ax | grep -v grep | grep blastn) > /dev/null;
 then
 sleep 60
 else
 rm -rf /usr/local/databases/nt/ && mv /usr/local/databases/nt.1/ /usr/local/databases/nt/
 break
 fi

 done
 exit 0

6.3 remove_temp.sh
Bash script ŻƀŹ Ɖſ żƀŹŻƆŹƋŶ πƆƅƈƎƆƀƃƓƃ ŹƆƌŽŷƎƃ πƅƊ żſώƀƅƊƆŻŶΌſƁŹƃ ƉƅƊƂŴƌƀƈƉƅƃ πƆƀƃ ŹπƑ

10 ſώŵƆŽƇ.

 #!/bin/bash


 ########################################################
 #Bash script for temporary files removal after 10 days.#
 ########################################################


 ##########################################
 #Author: Dimitrios - Georgios Kontopoulos#
 ##########################################


 ######################################################################
 #This program is free software: you can redistribute it and/or modify#
 #it under the terms of the GNU General Public License as #
 #published by the Free Software Foundation, either version 3 of the #
 #License, or (at your option) any later version. #
 # #
 #For more information, see http://www.gnu.org/licenses/. #
 ######################################################################


 remove_temp_files ()
 {
 #########################################################################
 #Find files older than 10 days in the current directory and remove them.#
 #########################################################################
 find . -mtime +11 -name "*" -exec rm {} \;
 }


 cd /var/www/Pinda/outs/blast/
 remove_temp_files


 cd /var/www/Pinda/outs/psiblast/
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 remove_temp_files


 cd /var/www/Pinda/parsing/
 remove_temp_files


 cd /var/www/Pinda/results/final_alns/multalign/
 remove_temp_files


 cd /var/www/Pinda/results/final_alns/multalign/conf/
 remove_temp_files


 cd /var/www/Pinda/results/trees/drawn/
 remove_temp_files


 cd /var/www/Pinda/results/trees/phs/
 remove_temp_files


 cd /var/www/Pinda/results/trees/phbs/
 remove_temp_files


 cd /var/www/Pinda/results/trees/zips/
 remove_temp_files


 cd /var/www/Pinda/seq/final_seq/
 remove_temp_files


 cd /var/www/Pinda/tmps/blast/
 remove_temp_files


 exit 0
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