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0.1

π ώ
ώ ώ ώ π π ώ

π , π π . ώ
ώ π π ώ ώ

π , ώπ ώ ώ
π ώ .

π ώ ώ ώ
ώ π ώ ώ ώ π
. π ,

ώ π π ώ π ώ
π ώ ώ .

π π π ώ ώ ώ
π π π ώώ π π
ώ π π ώ ώ π

. π ώώ Pinda ώ π π ώώ
ώ π ώ ώ , ώ ώ

ώώ . π π , π ώ π ώώ ώ
ώ π π π π π , ώ

ώ , π .
, π π ώώ π π

π ώ π π , π π
ώ . π π , ώ π π
π ώ .
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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 respon
sible for the birth of protein families, which comprise molecules bearing evolutionary
relationship and therefore a degree of sequence and possibly structural 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, gen
erated data were in full accordance with relevant literature.
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1.1

Ω ώ , ώ ώ ώ , π π π π
π ώ ώ

π π ώ π ώ . π π π
π ώ (ώ π BLAST*), ώ π

π ώώ ώ π ώ
ώώ . , π π π π
π π ώ π π π
π π ώ . ώ ώ
ώ π ώ , π ώπ π ώ π ώ ώ .

π π ώ π π π
π π π ώώ ώ π

π .
π π π ώ π

π ώώ Pinda (Pipeline for Intraspecies Duplication Analysis).
ώ ώ π π

π ώ ώ π
ώ π ώ .
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1.2 Δ π

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

π ώ ώ ώ π ώ (duplication),
π π ώ ώ ώ ώ . π ώ π π

ώ ώ , π ώ ώ
π ώ π ώ ώ ώ . π ώ ώ
ώ π π ώ , ώπ

π ώ ώ π ώ ώ . π π
π , π , π π ώ ,

ώ π " π ". π
π π π ώ ώ π ώ
, ώπ ώ π π

π . ώ π
π ώ π

. , ώ π π
ώ ώ . π ώ

π ώ , ώ π π
π . [1],[2],[3],[4],[5],[6],[7]

I. Δ
π ,

π π ώ . π ώ
ώ π π π , ώ π ώ
π . ώ π π ώ

, π , π π . ,
ώ π π π

ώ ώ π π 4 ώώ . [1],[2],[7],[8]

II.
π π π , π π π ώ

Δ - π 14
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π ώ π ώ , π π
π RNA. π π

ώ π π π
ώ π , π rRNAs . [2],[7]

III. (Subfunctionalization)
π ώ ώ π ώπ

, π π π π π . , ώ
ώ ώ π π π ώ , ώ

ώ Subfunctionalization. π π ,
π π π ώ , π ώ ώ

π . , ώ ώ
π ώ , π ώ π π

. [2],[7],[9]
π ώ π

. π , ώ π , π
ώ ώ , ώ π

ώ . ώ π π
π , π π π ώ

π π ώ . [7]

IV. (Neofunctionalization)
π ώ π ώ π ώ

ώ π . π , π ώ ώπ
π π π ,

ώ π ώ , π π π
ώ . π ώ π , π π π ώ π

. [2],[7],[9],[10],[11]

π ώ ώ ώ
ώ , π , π π π

ώ π ώ ώ ώ π
. π , ώώ π π ώ π ώ , ώ

ώ π
ώ . [2],[7]
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π ώ . π ώ
( ) ( ).

π π :
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, . 127

1.3

π ώ ώ
, π , . π ώ

π , π ώ ώ . ώ
π π π π π π

, ώ π ώ .
π ώ π ώ ώ ώ (scoring

system), π π π π ώ .
π (global) π (local). π π π

ώ π π π ώ
, ώ ώ π ώ

, π π π . [9],[12]
ώ π π π ώ ,

ώ ώ ώ . ώ
ώ π ώ ώ ώ ,
π π

ώ π . ώ ' indels.
, π ώ π π ώ ώ

(positional homology) π π π . ώ ώ
ώ ώ , π ώπ

π ώ ώ ώ π .
[9],[12],[13]
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π π ώ π
π , π ώ . "

ώ " π ώ " " , '
(masking). ώ ώπ π ώ

, π ώ ώ . π
π π π , ώ ώώ

π , π π π .
ώ π ώ π ώώ π π π

, ώ ώ . [13]

A: ώ masking. B: ώ masking.
π π :

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

1.4 π
π (d) π ώ ώ

ώ ώ . Ω
ώ , ώ ώ ώ ώ
π ώ . π π ,
ώ π ώπ ώ ώ ώ

ώ π π π ώ
/ ώ . ώ

π d ώ DNA, ώ π
ώ . [12]

ώ π ώ π ώ
ώ π π ώ ώ (p)

Δ - π 17
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ώ , p-distance. Ω p
ώ π (t), π π ώ

ώπ . , ώ π ώ
Poisson, ώ ώ π π ώ ώ

ώ ώ t ώ
ώ e−ut, π u ώ . π ώ , π ώ ώ

π ώ π (q)
ώ e−2ut ώπ ώ π q = 1 − p. Ω
π ώ , ώ ώ ώ ώ

, π d = 2ut π

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

ώ π Poisson π ,
π ώ ώ π' . ' , π ώ

ώ ώ , p ώ . [12]

1.5
ώ π ώ ώ

ώ , ώ , . Ω π ώ
π ώ . ώ ώ ώ

π Cavalli Sforza Edwars (1967)
Fitch Margoliash (1967). π π π π ,
π ώ π 4 : (1) ώ π , (2)
ώ , (3) ώ ώ π (4) Bayesian ώ .
π π ώ ώ π ώ π π

π π π , ώ π ώ
π π π π . Ω , π ώ ώ

ώ ώ π , ώ
ώ π π , ώ π

π π . [12]
ώ π ώ π ώ π
ώ Neighbor Joining. ώ 1987 π Saitou Nei.

ώ π π
ώ . π π π ώ

, π ώ π ώ

Δ - π 18
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. π ώ . [12],[14]

100 π π
. ώ π ώ π Neighbor Joining.

ώ
ώ bootstrapping.[15],[16] ώ ώ π

π
ώ π ώ ώ . π π ώ
ώ ώ bootstrap ώ .
ώ bootstrap ώ 70 , ώ , ώ π

95 . [9]
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bootstrapping.
π π :

, , π : Δ π π ,
, , , 2008, . 115
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1.6 -

π ώ (Human Genome Poject) π
1986, 1990 π 2003.

π π , π ώ π
DNA, π ώ ώ

ώ π π π . [3]
ώ , π ώ π ώ ,

ώ . π π ώ
ώ Escherichia coli, Saccharomyces cerevisiae, Drosophila melanogaster

Arabidopsis thaliana. π ώ ώ
ώ , ώ

π ώ π ώ , π ώπ π ώ
. π π π π π ώ ώ

ώ π ώ π π
ώ π ώ ώ . π ώ , ώ

ώ ώ , ώπ
π ώ , π π

ώ . [3]

1.7 Gene Ontology Project

Gene Ontology Project 1998 π ώ ώ π ώ
ώ Drosophila melanogaster, Mus musculus Saccharomyces

cerevisiae. π π ώ ώ
ώ , π ώώ . [17]

π , π π ώ π
π ώ ώ : (1) (MF), (2) (BP)
(3) ώ ώ (CC). ώ

π ώ
π . ώ π ώ
π ώ π π ώ , π π

ώ , π π . ώ 2000
ώ 5.000, 2010 π 20.000. π ώώ GO ώπ
ώ π π ώ ώ π ώ ώ
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ώ ώ , π π π
ώ . [17],[18]

π ώ ώ .
π π :

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), . 723-735

Δ - π 22
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π

π π ώ π π π π
π ώ ώ , π ώ Pinda. π

π π π ώώ , π π
ώώ π ώώ ώ Perl, JavaScript R.

2.1

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

π ώώ ώ Perl ώ 1987 π ,
π ώώ , Larry Wall. Perl ώ , π π

π ώώ ώ π ώ ώ (interpreted).
ώ π GPL, π ώ π

ώώ ώ C ώπ ώ π π ώ ώ .
π ώ ώ , π ώώ π Perl

ώ ώ ώ π π
π ώ ώ (compiled) , π C. π

23
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ώ ώ π ώ , π C ώπ ώ 65
, ώ π Perl![19] Ω , Perl ώ

π ώ ώ π
, π π ώ ώ

(regular expressions). π π , ώ π ώ
π Perl π BioPerl, ώ ώ
ώ (modules) ώ π , π

π ώώ . BioPerl project,
π GPL ώ ώ ώώ

π ώ . [20]

2.1.2 JavaScript

π ώώ ώ JavaScript ώ π π ώώ
Brendan Eich 1995. π Netscape Communications
Corporation, π Eich, Sun Microsystems, Inc. JavaScript

ώ ώ ώ π ώώ ώ ώ π
π ώ π ώ , ώ

π π (client-side scripting). π ώ , ώώ
JavaScript ώπ π ώ ώ ,
π π ώ . [21]

2.1.3 R

R ώ 1993 π Ross Ihaka Robert Gentleman
π ώ Auckland , π ώ
ώ π R Development Core Team. ώ

π ώώ ώ , π
. ώ π GPL π
π ώώ C, Fortran R. π ώ

π ώ π , ώπ
ώ ώ , π π π

π π ape (Analysis of Phylogenetics and Evolution) ade4 (Analyses des
DonnΣes Ecologiques: mΣthodes Exploratoires et Euclidiennes en sciences de l'Environnement).

π ώ π π
ώ ώ ώ , ώ ώώ

π . [22],[23],[24]
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2.2 Common Gateway Interface
π π ώώ , π ώ π π

(client-server), π ώ π π π
π , π π

hardware . π
ώ ώ π , π π π π

CGI, π π ώ π ώ
π π π π π ώώ

π ώ π π π . , π ώ
ώ ώ ώ (π. Mozilla Firefox, Google Chrome,
Midori) ώ π ώώ , π π
π ώ . π ώώ ,

ώπ ώ π π π ώ ώ
π π ώ , π ώπ π ώ ώ .
[20]
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2.3 Δ

2.4 Pinda

2.4.1
π π ώώ , Pinda

π π π
, ώ ώ ώ HTML.

, π Pinda BLASTP[25]

SwissProt π π ώ ώ ώ ώ π
π π . π ώ ώ

Δ - π 26



Pinda: π π π

ώ FASTA, π ώώ π ώ ,
π π π

ώ . π π π π π ώ ώ
π ώπ π π π ώ ώ

π . π ώ π π ,
π π ώ . ώ π ώπ
π Swiss Prot π ώ , Swiss Prot
TrEMBL, π ώ UniProt.[26] π π π
π π filtering π ώ π π

π π masking .
, π

π , ώ π , π
π π π ώώ . ώ π ώ π

nt (GENBANK/EMBL/DDBJ + RefSeq), π
π π filtering π ώ π π .

π ώ π ώώ
π ώ ώ

.

2.4.2

, π , PSI BLAST,
π ώ π π ώ π .
π π PSI BLAST ώ ώ BLAST

ώπ π π ώ ώ
π . π ώ , ώ

ώ π π ώ π π π , π ώ π
π π π ώ , ώ ώ

π ώ ώ 50 . [25]
π π , BLASTN[28] π

ώ , π π π .

2.4.3

π π π π π ώ π ώ
ώ Clustal Omega[29] Kalign2[30] π DNA . π π ,
π π π π ώ 150,

Δ - π 27
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ώ π π ώώ ZORRO[31] .
π π 0 10. ώ

0.4 ώ π π π ,
π ώ ώώ , π ώ π .

π ώ Neighbor Joining[14] bootstrapping[9],[15],[16] 1000
π ώ ClustalW[32]. ώ π ώ ,

π ώ .
π π Pinda.R ώ π ape[23].

2.4.4 π π π

π π π ώ ώ
π ώ , Pinda π

π π ώ ώ π ape[23] ade4[24] ,
ώ ώ Confidence Value π ώ . π

ώ Confidence Value π ώ ώ bootstrap
ώ ώ ώ ώ

:
Confidence =

∏
bootstrap(seqinput → seqresulting) (2.1)

ώ ώ π π , ώ ώ ώ bootstrap
ώ ώ , ώ π ώ π ώ

. Ω , 2.1 ώ ώ
π ώ . , ώ π ώ

ώ ώ bootstrap, ώ ώ π , π π
ώ Confidence Value, ώ . π ώ
ώ π π , ώ π π

π ώ π ώ , π 2.2:

Confidence =
∏

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

(2.2)

ώ Confidence ώ π ώ (resulting) ώ π
ώ ώ bootstrap, π input resulting tips ώ

π ώ , π ώ π
ώ input resulting . ,
ώ bootstrap π π -

, input sequence tip -> resulting sequence tip.

Δ - π 28
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ώ π ώ ώ π ώ
π ώ ώώ , ώ

bootstrap π ώώ . π
ώ ώ ώ ώ ώ boostrap π ώ π ώ

ώ . , π
π ώ π π π ώ

ώ π ώ . π ώ π
π π ώ π π ώ π π

ώ .
π ώ Confidence , ώ ώ

π π ώ π π π ώ . π
ώ π π ώ π π ώ ,
ώ ώ . π ώ ώ π π -

50%, π ώ , ώ
ώ ώ π π π π ώ .

2.4.5

π , ώ ώ
π ώ

. ώ ώ π
, π .

2.4.6 π π

, π ώώ π π ώ , π
, ώώ ώ ώ .

π ώ Pinda ώπ π
, π e mail π client server π

π π ώ Pinda, ώ
.

2.4.7 Queue management

ώ Pinda, π ώώ π
π ώ SLURM[27], π

queue management . π ,
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ώ π , ώ ώ , ώ
ώ π π π .

2.5 π
π Pinda ώ 3.946 ώώ Perl

51 ώώ R. Perl π ώ π 22 ώ
ώ JavaScript. π π , π π ώώ ώ

ώ π ώ
, Bash scripts, ώ 213 ώώ .

Pinda π 4, scripts ώ
( 6), .

Pinda ώ server "Orion", π ώ
ώ π π , .

ώ ώ ώ π ώ
. π Pinda http://orion.mbg.duth.gr/Pinda,

π ώώ ( ώ html) ώ ώ
http://orion.mbg.duth.gr/Pinda/documentation.html.

2.6
ώ π π ώ ,

π ώ π π π ώώ ώ π
GitHub https://github.com/dgkontopoulos/Pinda/.

Δ - π 30
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π ώώ GNU A ero General Public License, ώ
π π π π ώώ π π ,

π π ώ ώ
ώ π π π π . π , AGPL π π π

π ώώ π ώ π π ,
π π ώπ ώ

π ώώ . ώ , π
, π . π ώώ

π π ώ ώ ώ , π
π ώ π ώ , π

π ώ . [33]

Δ - π 31



Pinda: π π π

Δ - π 32



3

3.1 LSIII, NLNTP Etxs Laticauda
semifasciata

3.1.1
ώπ π , π

π ώ ώ .
ώ , " ". ώ ,
ώ . ώ

π ώ π ώ π π . [34]

A B

A: ώ ώπ 5 ώ (ώ π
π ) ώ π ώ π π (ώ π ώ ).
B: ώ . (PDB ID: 1YI5)

33



Pinda: π π π

erabutoxins (Etxa, Etxb, Etxc),
π π

Laticauda semifasciata. , LSIII ώ
ώ . ώ Laticauda semifasciata π

π , LSIII, π ώ NLNTP
(Novel Long chain NeuroToxin Pseudogene). [34]

Black banded sea krait (Laticauda semifasciata).
π π :

http://commons.wikimedia.org/wiki/File:Laticauda_semifasciata.jpg

Δ - π 34
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π ώ ώ ώ .
π π :

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, . 111-118

Δ - π 35



Pinda: π π π

3.1.2 π

π ώ LSIII Laticauda
semifasciata π ώ Nucleotide NCBI, π

Pinda.
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π ώπ "Submit", π ώώ π ώ ,
π ώ ώ "Please wait".
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ώ π π ώ .
ώ "Laticauda semifasciata", π ώπ "Submit".
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Pinda π ώ ώ queue management, ώ
ώ π ώ ώ

.
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π ώ π ώώ ώ e mail.
π , , ώ ώ ώ (*)

. AB098531 ( ), AB098532 (Level of Confidence 74.7%)
AB098530 (Level of Confidence 73.5%) LSIII, NLNTP ( )
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Etxc Laticauda semifasciata , π π π π
π ώ π ώ . π π π ώ ώ ώ

Etxc π Etxa Etxb. π
π π π π (CDS)

π nt "partially non redundant". ώπ ώ , π ώ
π ώώ , ώ ώ .

π π 3.5 π
π ώ π Intel Core i3 2120 CPU 3.30GHz, ώ ώ RAM 8 GB

ώ Ubuntu GNU/Linux 11.10 Oneiric Ocelot x86_64 server.

3.2 LWS-1 LWS-2 Zebrafish

3.2.1

ώ π π π π
ώ , , ώ π

π π . π
π π , π π π ώπ

ώ ώ . ώ ώ π
, ώ ώ G π . π π π π π
, π ώ ώ . [35]
Zebrafish (Danio rerio) LWS 1 LWS 2, π

ώ ,
ώ ώ π . π ώ

π ώ ώ ώ ώ subfunctionalization
neofunctionalization. [35]

Zebrafish (Danio rerio).
π π :

http://commons.wikimedia.org/wiki/File:Danio_rerio_port.jpg#
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LWS 1 (opn1lw1) LWS 2 (opn1lw2) ώ ώ 11 ώ
Zebrafish.

3.2.2 π

π ώ ώ LWS 1 (opn1lw1)
Zebrafish π ώ UniProt, π Pinda.

π ώπ "Submit", π ώώ ,
BLASTP . BLASTP, ώ

ώ "Please wait".
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BLASTP, ώ ώ ώ π π π
π ώ ώ , ώ ώ π ώ e value

π π . π ώ Danio rerio, π
ώπ "Submit", π Pinda π ώ ώ queue

management.
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π ώ π ώώ ώ e mail.
π , , ώ ώ ώ (*) .

Q9W6A7 ( ) Q8AYN0 (Level of Confidence 100%)
LWS 1 LWS 2 Zebrafish , π π π π

π ώ ώ π ώ . π π π ώ
π ώ ώ G π Zebrafish, π

π π π 1 1 . ώπ ώ ,
π ώ π ώώ , ώ ώ .

π π 2.5 π
π ώ π Intel Core i3 2120 CPU 3.30GHz, ώ ώ RAM 8 GB

ώ Ubuntu GNU/Linux 11.10 Oneiric Ocelot x86_64 server.
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3.3 π
π ώ ώ π ώ
(π ), ώ π π ώ .

π ώ ώ π ώ ώ server,
π ώ 3.1 3.2.

ώ ώ ώ ( ) π ώ
AB098531 Laticauda semifasciata ( ) π ώ ώ

Q9W6A7 Danio rerio. π π ( π )
ώ ώ ( MB).
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ώ ώ ώ ώ π π
ώ , ώ ώ 472 π ώ .

ώ ώ ώ ώ P31749 Homo sapiens.
π π ( π )

ώ ώ ( MB).

π π , ώπ ώ π π ώ
, ώ ώ π 530 π π megabytes.

ώ π ώ , ώ ώ π
π ώώ , π π π , π π

ώ π π 1.300 megabytes. ώ π'
server ώ π π π 360 megabytes ώ ώ ,

π π ώώ π .
π ώώ π , ώ π

π π ώ , π π π . π
ώ Laticauda semifasciata Danio rerio, π ώ

3.5 ( 3.1) 2.5 π ( 3.2)
. Ω , π π π π ώπ

π π π . ώ ώ
π π π ώώ , ώ ώ

π 30 π π π , ώ ,
.
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4

π π π ώώ π π
Pinda. Pinda.cgi ώ π CGI,

ώ π ώ Pinda_exec.pl.
ώ ώ ώ π ώ .

π ώ π
Pinda.R.

4.1 π
ν ώ GNU/Linux. ( π π π -

Ubuntu 11.10 Oneiric Ocelot x86_64.)

ν ώ Server. ( π π π lighttpd
1.4.28.)

ν Perl v5.12.4 .

ν Modules Perl:

Bio::AlignIO ( 1.006901 ).

Bio::DB::Taxonomy ( 1.006901 ).

Bio::Perl ( 1.006901 ).

Bio::Root::IO ( 1.006901 ).

Bio::Search::HSP::GenericHSP ( 1.006901 ).

Bio::SearchIO ( 1.006901 ).

Bio::Search::Iteration::GenericIteration ( 1.006901 ).
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Bio::Search::Result::BlastResult ( 1.006901 ).

Bio::SeqIO ( 1.006901 ).

Bio::Tools::Run::StandAloneBlastPlus ( 1.006901 ).

Bio::Tools::Run::StandAloneBlastPlus::BlastMethods ( 1.006901
).

Bio::TreeIO ( 1.006901 ).

Bio::Tree::TreeFunctionsI ( 1.006901 ).

Bio::Tree::TreeI ( 1.006901 ).

CGI ( 3.59 ).

Data::Validate::Email ( 0.04 ).

File::stat ( 1.05 ).

FreezeThaw ( 0.5001 ).

List::MoreUtils ( 0.33 ).

LWP::Simple ( 6.00 ).

Math::Cephes ( 0.47 ).

MIME::Lite ( 3.028 ).

Statistics::Basic ( 1.6607 ).

Sys::CPU ( 0.52 ).

Time::localtime ( 1.02 ).

ν R 2.13.1 .

ν R:

ape ( 3.0 1 ).

ade4 ( 1.4 17 ).

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

ν ώ BLAST+.

ν ώ Clustal Omega ώ 1.0.3 .

ν ώ ClustalW ώ 2.1 .
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ν ώ Kalign ώ 2.04 .

ν ώ sreformat.

ν ώ zip ώ 3.0 4 .

ν ώ ZORRO π π ώ FastTree ώ 2.1.4.

ν ώ slurm-llnl ώ 2.2.7 1.

ν Δ .

4.2 Pinda.cgi
Pinda.cgi π ώ π π

ώ . ώ π π ώπ Pinda_exec.pl, ώ
ώ 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


 ###############################

Δ - π 53



Pinda: π π π

 #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
 {

Δ - π 54



Pinda: π π π

 $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

Pinda_exec.pl π ώ π ώώ .
π ώώ , π ώ ώ ώ

ώώ .

 #!/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>

Δ - π 89



Pinda: π π π

 <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
 }
 }

Δ - π 91



Pinda: π π π

 }
 $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} )
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 {
 $email_data .= <<"EMAIL_END";
 <tr bgcolor=$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>
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 $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',
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 To => $_[1],
 Type => 'text/html',
 Data => $email_data
 );
 $msg->send();
 return 0;
 }

4.4 Pinda.R
Pinda.R ώ π ώ bootstrap π π ώ

ώώ , π π .

 #!/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]

Δ - π 124



Pinda: π π π

 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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6

- Scripts

6.1 db_temp_check.sh

Bash script π ώ π ώ π π ώ ώ π

ώ π π ώώ ώ . π π π ώ

π 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 ώ ώ .

 #!/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 π π ώ π π

10 ώ .

 #!/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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