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1 INTRODUCTION

PCPMer

(Physical-chemical property based motif analyzer)
Version 2.0
(C) 2004 The University of Texas System
Bin Zhou, Venkatargjan S. Mathura& Prof.Werner Braun
UTMB, Galveston

PCPMer is a software package that can be applied to identify important sequence regions
that are evolutionarily conserved in terms of ther physica-chemicad properties. A multi-
dimensond andyss of 237 rdevat physca-chemicd properties of amino acids
reveded that 5 dimensiona representations are possible (PCP descriptors or vectors E1-
E5[1]. This five-dimensond propety space can be constructed such that the amino
adids ae in a gmilar spatid didribution to tha in the origind high-dimensond property
gace. Propeties that corrdate wdl with the five mgor components were
hydrophobicity, sze, preferences for amino acids to occur in dpha-hdices, number of
degenerate triplet codons and the frequency of occurrence of amino acid residues in beta
drands. Distances computed for pars of amino acids in the five-dimensond property
goace are highly corrdated with corresponding scores from dmilarity matrices derived
from sequence and 3D gtructure comparison. PCPMer caculates conservation of these
five vectors usng a multiple dignment. It caculates redive entropy of didribution of
five vectors in equaly spaced five bins between the protein family sequence of interest
and random occurrence of amino acids (natural frequency). The rdative entropy (R)
cutoff is used to filter out inggnificant regions in the protein sequence. In order to group
ggnificantly conserved postions, empirica parameters like G and L-cutoff are used [2].

G-cutoff redricts the number of inggnificant pogtions between two dgnificant postions



in a matif and L-cutoff exdudes matifs andler than the L ggnificant members A
bayesian based scoring scheme that uses didtribution of scores in the true positive and the
datdbase of interest helps in identifying related protein sequences that shares Smilar
moatifs. Thus PCPMer can be used for both identifying motifs in a protein and data mine
for rdlated members in sequence database. Currently the following functions are included

in PCPMer:

Create Mdtifs

Search for notifs and rel ated sequence in a database
Search for the highest scoring notifs in a set of sequence
Create notifs and search database

Create notifs and score set of sequences
Create macro file of MOLMOL

OUTRWNE
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2 DISTRIBUTION

PCPMer can be obtained fredy for academic research purpose. This package is
not dlowed to be modified or redigtributed without the knowledge of the authors.
Separate commercid license is avallable. To obtain the software please send an emall or
contact:

Prof. Werner Braun

Sealy Center for Structural Biology,
University of Texas Medical Branch,
301 University Blvd.
Galveston, TX 77555.
email: werner @newton.utmb.edu
phone; 409-7476810
fax: 409-7476850



3 VERSION AND HISTORY

Version 1.0 (2003)
Verson 2.0(2004)  padle code, optimization of entropy vaues
& molmoal display of matifs

and more details will be added those section in next releases.



4 COPYRIGHT AND LIABILITY

COPYRIGHT:

PCPMer is copyrighted to Dr. Bin Zhou, Dr. Venkatargan S. Mahura and Werner
Braun a the Universty of Texas Medicd Branch, Gaveston a component of The
Univerdty of Texas Sysem. This program is not covered under public license and hence
severd regtrictions apply.

?? The authors have exclusive rights to determine gppropriate users and usage.

?? The package must be requested using the ‘request form' and should be used only
by the person for the purpose it was requested.

?? Any intention of modifying the software must be informed to the authors in
written and must be gpproved by the authors.

?? Redigribution of this software in any form is prohibited.

?? This software (PCPMer) and its components may not be used for commercia
purpose unless written gpprova is granted in writing from the authors.

?? It is the intention of the authors to nake this program available fredy to academic
indtitution for research purpose only.

?? Appropriate citations of this program and related publications must be made in

cases Where the program is used.

LIABILITY:

IN NO EVENT SHALL THE AUTHORS OR ANY INSTITUTIONS IN WHICH THEY
WORK (INCLUDING, BUT NOT LIMITED TO, UNIVERSITY OF TEXAS SYSTEM)
BE LIABLE TO ANY PARTY FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL,
OR CONSEQUENTIAL DAMAGES, INCLUDING LOST PROFITS, ARISING OUT
OF THE USE OF THIS SOFTWARE AND ITS DOCUMENTATION, EVEN IF THE



AUTHORS HAVE BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
THE AUTHORS SPECIFICALLY DISCLAIMS ANY WARRANTIES, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE. THE SOFTWARE PROVIDED
HEREUNDER IS ON AN "AS IS' BASIS AND THE AUTHOR HAS NO

OBLIGATIONS TO PROVIDE MAINTENANCE, SUPPORT, UPDATES,
ENHANCEMENTS, OR MODIFICATIONS.



S5 INSTALLATION AND REQUIREMENTS

Hardwar e requirement:

?? Atleast Pentium |11 processor or higher.
?7? RAM atleast 128MB.

Softwar e requirement:

?? Operating systems: LINUX, UNIX, IRIX.
?? PERL 5.0 or higher versons
?? Cshdl preferred

I NSTRUCTI ONS:

To unzip and untar the distribution, type the foll ow ng.
$uni xpronpt > gunzi p PCPMer pack2.0.tar.gz

and then type

$uni xpronpt > tar -xvf PCPMerpack2.0.tar

This will create a directory PCPMerpack. Change current
directory to PCPMerpack

| NSTALL:

Basically, to build and install PCPMer from sources, you enter three
conmands:

$ ./configure
$ make
$ make install

The “configure' shell script attenpts to guess correct val ues for

vari ous system dependent variables used during conpilation. It uses
those values to create a "Makefile' in each directory of the PCPMer
package. It also creates sone “.h' files containing system dependent

definitions. Finally, it creates a shell script “config.status' that
you can run in the future to recreate the current configuration, a
file “config.cache' that saves the results of its tests to speed up
reconfiguring, and a file “config.log" containing conpiler output
(useful mainly for debugging “configure').

If you need to do unusual things to conpile the PCPMer package, please
try to figure out how "configure' could check whether to do them and
mail us diffs or instructions to so they can be considered for the next
release. |If at sone point “config.cache' contains results you don't
want to keep, you may renove or edit it.

The file “configure.in' is used to create “configure' by a program



cal l ed “autoconf'. You only need “configure.in" if you want to change
it or regenerate “configure' using a newer version of “autoconf'.

1. “cd' to the directory containing the PCPMER package source code
type

$ ./configure

to configure PCPMER for your system |If you're using csh' on an
old version of SystemV, you m ght need to type

% sh ./configure
. instead to prevent “csh' fromtrying to execute " configure
It56|r+ you' re building PCPMER on W ndows using CYGW N, type

$ bash ./configure

i nst ead.

Runni ng “configure' takes awhile. While running, it prints sone
nmessages telling which features it is checking for

If “configure' reports an error or sone bad result, check the
files “config.log" for diagnostics.

2. Check the "Makefile', “PCPMer', and “config.h' files generated by
“configure'. Mbst settings should be guessed correctly by the
“configure' program You may, however, wish to edit the
settings, or re-run “configure' with special options.

3. Now type

$ make

to build PCPMER.  Any nodern MAKE fl avors should do, but for
i ncremental reconstruction, GNU MAKE is required on nost
syst ens.

4. Check the “nake' output for conpiler errors and warni ngs.

If you see any conpiler errors or warnings, please see the

sections “Warnings during build and "Errors during build', bel ow
5. Type

$ make install

This installs

- the PCPMER executable "PCPMer' in some public place
(usually in “/usr/local/bin/")

6. You can renove the program binaries, libraries and object files



fromthe source directory by typing

$ make cl ean

7. You can renove PCPMER from your system by typing
$ make uni nst al
This undoes all effects of a previous “nmake install'.

By default, “nake install' will install the PCPVER files in
“Jusr/local/bin', “/usr/local/mn', etc. You can specify an
installation prefix other than “/usr/local' by giving "configure' the
option " --prefix=PATH

You can specify separate installation prefixes for architecture-
specific files and architecture-independent files. |If you give
“configure' the option "“--exec-prefix=PATH , the package will use PATH
as the prefix for installing programs and libraries. Docunentation
and other data files will still use the regular prefix.

TO EXECUTE:

If you installed as root:
$uni xpronpt > PCPMer

If you installed as non-root:
Ei ther include the PCPMerpack in your path or every tinme cal
the programwi th absoulte | ocation

$uni xpr onpt >/ PCPMer packDi r/ PCPMer
If you cannot gain root permission, you still install PCPMer
and include the PCPMerpack directory manually in the path or

call PCPMer executable using absolute path i.e:
$uni xpronpt > / PCPMer packDi r/ PCPMer

10



6. FILES PRESENT IN THE DISTRIBUTION

FILE NAME

OCOPYRIGHT
OREADME
OINSTALL
PCPMer

PCPMer.pl
PCPmotifmaker.pm
PCPmotifminer.pm
errormsg.pm
install.sh
multialign.pm

vectorlib.pm
lexamples
/doc

DESCRIPTION

Copyright information and terms of use

Provides brief summary of PCPMer

Installation instructions

PCPMer executable created when installation script is
executed

PCPMer front engine

Module containing routines for Motif detection
Module containing routines for Motif search
Module containing error messages

Installation script

Module containing routines to manipulate multiple
alignment

Parameters for amino acids (PCP descriptors)
Example directory (one example in ex0 directory)
Document directory

11



6 TERMS AND DEFINITIONS

PCP descriptors:
Five dimensiona vectors that were adequate to represent distribution of natural
amino acidsin 237 dimensions.

Relative entropy:
A meesure of dissmilarity of digtribution. Here used for defining the significance
of consarvation.

G-cutoff:
Anempiricd parameter that defines number of inggnificant pogtionsin motif
between two sgnificant positions.

L -cutoff:
Anempiricd parameter that defines the minimum number of Sgnificant resdue
position in amoatif.

M otif:
A set of consecutive or closealy occurring resdue position that are conserved in
terms of their physica-chemicd property in the evolution of the protein family.

Sequence string:
Residuesin one letter code

Motif score:
Simple Lorentzian based score between amotif profile and window.

Effective score:
Score for each highest scoring motif window in a sequence using bayesian
datigtics that utilizes motif score distribution in the true positive and the database

Combined score:
Addition of effective scores for each motif for each sequence after applying score
filter.

Scorefilter:

Filter applied to caculate combined score for each sequence. One can use raw
scoring, or include those motifs that score above average scores in the database or above
acutoff.

12



7 INPUT/OUTPUT

7.1 INPUT FILES:

7.1.1 Multiple alignment file

Must be generated with CLUTALW. Currently the program accepts only the ALN
format. Sequence of your interest must dways on the top in the multiple dignmen.
Spaces in the sequence name are not alowed. Codes for amino acids other than the
uppercase single letter code of 20 amino acids are not alowed. Gaps must be indicated by
"-" and not by any other symboal.

CLUSTAL W (1.82) multiple sequence alignment

APE_H. _sapi ens ALYEDPPDHKTSPSGKPATLKI CS- - == === == s == o mme o -
APE_M _nuscul us VL YEDPPDQKTSPSGKSATLKI CS- - - - - - - m oo e oo - -
APE_R _norvegi cus VL YEDPPDQKTSASGKSATLKI CS- - - - - - - - - oo oo - -
APE_B. _taurus VL YEDPPDQKTSPSGKSATLKI CS- - - - - - e e e oo -
APE C. _griseus FLYEDAPDNKTSPGEKLATLKI CS- - === === - oo e e oo -
APE_D. _nel anogast er TTVTLDKDAFALPADKEFNLKI CS- - - - === oo c oo oo oo - -
EXO C. _elegans e NNQKSWKFVGC:- - - = == o oo e e oo
APE S. _ponbe e MRAILS ---ccmmmmccec e
ARP_M _graminicola = ao--e--e-oo-oo---- MLTT--------mmmmmmo oo
APE_D. _di scoi deum ASVSI Al DNLDEPKVEENQWKI | S - - === - o m e oo - -

Example of multiple alignment generated usng APE sequenceswith CLUSTALW.

7.1.2Sequence Database file

Text file containing sequencesin the FASTA format is dlowed. Pre-processing of
sequence data like removing redundant sequence above a percentage identity will result
in higher speed. Use caution while using sequence database or more than 5000.

7.2 OUTPUT FILES:

Each output file will have unique extenson. The output file type can be identified
using this extension.

13



7.2.1 Log file (*.PCPlog)

The log file records the entire session when the program operates. It also records
user input parameters, progress in the program and output. The log file summarizes
PCPMer run.

PCPMer - Physical -chem cal property based notif anal yzer
Version 2.0
COPYRI GHT (2003) Bin Zhou, Venkat Mathura & Werner Braun
University of Texas Medical Branch, Gal veston
LOG FI LE
Thu Jan 29 16: 30:49 2004

Your selection is 4. This will :Create and search for nmotifs in a
dat abase.

Reading nultiple alignnment file : APEALIGN. al n

Rel ative-entropy user defined = 1.25

G val ue user defined = 2

L-val ue user defined = 4

Creating global profile file : EXAMPLE. PCPgpr f

Creating notif Nist file : EXAMPLE. PCPN i st

Creating motif profile file :EXAMPLE. PCPprf

Creating nmotif list file :EXAMPLE. PCPSIi st

R R Ik Sk I S I I R I O

MOTI F DETAI LS

#PARAM R_G L: 1. 25: 2: 4:

#MOTIF : O 36*42*71*72*103*125*177*181*184*216*253*274
#MOTIF @ 1: 20 LKI CSWNVDGLRA 32

#MOTIF @ 2: 47 PDI LCLQETK 56

#MOTIF : 3 84 EGYSGVA.LSR 94

#MOTIF :  4: 110 DQEGRVI 116

#MOTIF :  5: 129 YVPNA 133

#MOTIF :  6: 139 RLEYRQRW 146

#MOTIF :  7: 163 LVLCGDLNVAH 173

#MOTIF :  8: 189 GFTPQER 195

#MOTIF :  9: 205 VPLADSFR 212

#MOTIF @ 10: 222 YTFWY 227
#MOTIF : 11: 235 NVGARLDYFLLSHSL 249
#MOTI F : 12: 264 GSDHCPI 270

EE IR I I Ik I R I I R R I R I R I I O

>><< Starting PCPMotifM ner

>><< Using the sequences from database : ASTRAL40v1. 55.t xt
Score filter option : 1
Nunber of top scorers : 30
Readi ng sequence database file : ASTRAL40v1.55.1txt
Scoring true positive sequence
Scoring profile against sequence database
PCPMer - Physical -chem cal property based notif anal yzer

Version 2.0
COPYRI GHT Uni versity of Texas System

14



LCG FI LE
Thu Jan 29 16:31: 25 2004

Your selection is 2. This will :Search for notifs in a database..
Reading nmultiple alignment file : APEALIGN. aln >><< Starting
PCPMWbt i f M ner

>><< Using the sequences from dat abase : ASTRAL40v1.55.t xt
Score filter option : 1
Nunber of top scorers : 30
Readi ng sequence dat abase file : ASTRAL40v1.55.txt
Scoring true positive sequence
Scoring profile against sequence dat abase

Example of log file for running example. (*.PCPlog)

7.2.2 Profile files (*.PCPgprf, *.PCPprf)

Profile files contains the average vector vaues, sandard deviation and relative
entropy for each of the five PCP vectors. There are two types of profilefile. The global
profile file (*.PCPgprf) conssts of profile for the entire position of the first sequencein
the alignment. The matif profilefile (*.PCPprf) contains profiles for those residues that
are conddered to be significant within each matif. The matif profile is used for scoring.
Additiona information like motif number, parameters used to generate the matifs, motif
gzeisdso provided in the matif profilefile. Details of columns. Column 1: Positionin
the mutiple dignment file. Column 2: Tota number of sequence in the multiple
dignment. Column 3:Number of sequence without gaps. Column 4: Residue pogition in

terms of sequence one. Column 5: Single letter code of correponding residue in sequence
1. Column 6-10: Average magnitude of E1-E5 vectorsfor the particular column. Column
11-15: Standard deviation of vectors E1-E5. Column 16-20: Reative entropy of E1-E5.

1 42 42 1 A 21316 0.9833 -3.5787 -5.6635 0. 5030
2.2974 2.4349 4.3591 2.2130 0. 0698 0. 0520 0. 0185 0.
0. 0459

2 42 42 2 L 1.4334 1.6069 -4.0075 -6.5620 0.7728
1.9251 1.8334 2.8840 2.1110 0. 0305 0. 0535 0. 0416 0.
0. 0337

3 42 42 3Y 2.2581 0.9920 -2.3657 -5.9903 0.7704
3. 3562 4.6703 3.7801 2.0724 0.1275 0. 0195 0. 0869 0.
0. 0356

4 42 42 4 E 4.3238 0.5675 -3.4094 -5.7059 2.0372
4.5315 3.8774 4.2581 1. 9599 0. 0252 0. 0487 0.0714 0.
0. 1536

5 42 42 5D 4.0360 0.8095 -3.2601 -5.4695 1. 4397
3. 4520 2.4164 4.5896 1. 6056 0.0218 0. 0349 0.0182 0.
0. 0479

6 42 42 6 P 3.9853 1.6002 -2.7805 -6.1360 1. 4948
3. 2306 4.5917 3.6892 2.0349 0. 0501 0. 0436 0. 0687 0.
0.0228

7 42 42 7 P 4.4693 1.3749 -1.4142 -6.7572 1.7136

15

5.7621
0319

6. 8598
0227

6. 2562
0100

5. 0647
0646

6. 7050
0552

4.6721
0116

4. 4467



3.

0

4
0

3
0

4
0

3
0

4
0

5
0

5
0

5
0

. 3337
. 1249
8 42
. 9303
. 0483
9 42
8035
. 0344
10 42
. 7665
. 1032
11 42
. 1090
. 0344
12 42
. 4693
. 0674
13 42
. 3113
. 1198
14 42
. 5854
. 0201
15 42
. 0773
. 0895
16 42
. 4909
. 1748
17 42
. 4974
. 0499

5. 1467

42 8
2.0935

42 9
2. 6546

42 10
3.1700

42 11
3.9625

42 12
2.5940

42 13
5.4769

42 14
3.6159

42 15
2.9848

42 16
2.9130

42 17
2.9284

. 6438

5. 0968

. 0441

4.8131

. 4071

3. 8608

. 4804

4.3427

. 6214

5.2948

. 8969

4.4071

. 9562

3.6709

. 5406

4.0401

. 7681

5.3148

. 6389

5.2621

. 3693

2. 6900 0.1180

-0.3543 -3.2120
1.7962 0. 0252

-0.2342 -2.9610
2.1908 0. 0544

0. 1445 -3.2554
1.4801 0. 0163

1.4346 -3.3660
2.2892 0.0792

2.2648 -3.4202
1. 9257 0.0785

2.0568 -1.8880
2.2909 0. 0757

1.3236 -2.4649
2.2291 0. 0141

2.8086 -2.8861
1. 6433 0.0379

-0.8701 -2.6754
1.8109 0.0795

1.0791 -3.0819
2. 4657 0.0719

0. 1136

-5. 2469
0. 0864

-5.4953
0. 0204

-6. 2259
0. 0301

-5.9298
0. 0261

-5.5683
0. 0944

-5.7627
0.0877

-5.9119
0.0728

-4.8461
0.1048

-6.0158
0.1186

-5.0524
0.1023

. 1207

1.3351

. 0201

0. 3903

. 0250

1.2728

. 0081

1.0972

. 0738

0. 6996

. 0431

2.0983

. 1269

1.1296

. 0250

1. 4245

. 0065

0. 9589

. 0200

0. 9358

. 0324

. 0772

5.6783

. 1607

3.3371

. 0416

5.9000

. 0200

3. 7897

. 0372

3.7026

. 0663

4. 4960

. 0337

6. 4030

. 0346

6. 7738

. 0562

5.4151

. 0557

4.3459

. 0291

Example of global profile (*.PCPgprf) filefor running example. Column detailsare
provided in motif profilefile

16



#PARAM R_G L: 1. 25: 2: 4:

#COLUVNLABELS POS[ 1] TOTSEQ 2] SEQNOGAP[ 3] RESI NSEQL[4] RESCODE[ 5]
AVE 6-10] STD[ 11-15] R 16- 20]
#MOTI F NUM_SI GCOUNT: 1: 12

20 42 42 20 L -9.9080 -2.4175 -2.9473 1.4906 1.3928  3.9493
2.2939  4.3159  4.4517 1.7708 1.3314  0.9949  1.3882 . 0177
0. 8044

21 42 42 21 K 10.3465 -9.3774 -0.6542 -4.8372 -0.9833 1.2128
1.2620 1.6056 1.8376 2.1148 1.0070 2.3470 0.7038 . 1539
1. 9612

22 42 42 22 | -13.7147 1.2190 -2.4491 -2.8755 0.3873  3.0840
1.3489 2.7701 1.5973 2.8321 1.6113 0.7192 0.2814 . 6418
0.5728

24 42 42 24 S 6.5840 5.9627 -0.3962 -1.1844 -3.4568 4.3137
1.1441 0.6862 1.7360 0.6662 0.6605 1.6833 0.9523 . 3122
1. 4733

72 42 42 25 W-12.7756 -3.8550 7.0216 0.8871 4.0103  2.6279
2.2727 4.1455 0.8396 1.3585 1.4848 1.9765  2.3691 . 4633
1. 5575

73 42 42 26 N 11.3446 1.0035 2.6455 2.0054 -0.7805 0.3241
0.4066 0.4639 0.2712 0.5025 1.4747 1.1389  2.5052 . 4972
2. 7883

74 42 42 27 V -12.8005 3.1101 -3.8295 -2.9882 -3.4964 2.6127
1.3750 1.5247 1.3598 1.8304 1.6352 1.1389 0.8154 . 1275
1.2106

75 42 42 28 D 10.3101 0.7308 0.3345 1.9640 0.2624  3.7533
1.9583 4.5586 1.1618 1.7077 1.1711 0.6504 1.2672 . 4840
1. 5454

76 42 42 29 G 9.2890 13.5515 -0.4820 0.1304 0.7101  1.3330
4.5881 0.2387 0.9018 1.8544 1.3570 2.8161 1.2220 . 4156
0. 8256

77 42 42 30 L -12.3006 1.3533 -4.7719 -3.9590 1.6422 3.7944
2.4322 2.1142 1.0874 2.4966 1.5906 1.0391 0.8424 . 1321
0. 6807

78 42 42 31 R 7.9243 -8.5414 2.0479 -3.3916 -4.7265 1.4395
3.8697 1.6814 2.1794 2.2269 1.6267 1.6775 2.0496 . 8338
1. 6327

79 42 42 32 A 2.6729 4.5949 -7.0829 -0.8425 1.1711 5.3310
3.9800 5.1964 1.2295 2.5651 1.3792 0.6356 1.5147 . 9360
0.5189
#MOTI F NUM_SI GCOUNT: 2: 9:

103 42 42 47 P 3.4587 5.8426 3.6896 -2.8414 3.9114 7.3243
3.5553  8.2736 1.3101 3.1952 0.8843 1.2275 1.6573 . 6072
1. 0153

104 42 42 48 D 12.6439 -1.3801 -0.2780 3.5361 2.3254  4.3079
1.2675 0.3047 0.9286 0.8505 1.3192 2.0187 1.0949 . 9772
1.3478

105 42 42 49 | -12.7783  3.0987 -3.4262 -3.0911 -2.5641 4.4391
2.2877 1.9295 0.8738 2.4396 1.4670 1.0391  0.4629 . 0403
0.8494
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Example of matif profile (*.PCPprf) filefor running example. Column detailsare
provided under #COLUMNLABEL Sand #MOTIF providesthe motif number and
length (significant members)
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7.2.3 List files (*.PCPNlist, *PCPSlist)

Thelig files contains the motif list with parameters used to deriveit. Thelig file
isthe summary of matifs identified in the protein family. It provides matif blocks with
the starting and ending residue position number aong with the string of residues that
occur. Within the program there are two lists 1]Numbered list 2] Stringed list.
Numbered list conssts of motifs and the resdues are indicated by a number rather than
gring. The output ligt file contains the stringed lidt.

#PARAM R_G L: 1. 25: 2: 4:

20%21* 22*% 24* 25* 26* 27* 28* 29* 30* 31* 32

AT*A8* 49* 50* 51* 52* 53* 54* 56

84* 85* 86* 87* 88* 89* 92* 94

110*112*113*114*116

129*131*132*133

139* 142* 143* 146

163*164* 165* 166* 167* 168* 169* 170*171*172* 173
189*190* 193* 194* 195

205*207*209*211*212

222%224*225* 227
235*237*238* 239% 240* 241* 242* 244* 246* 249

264* 265* 266* 267* 268* 269* 270
36*42*71*72*103* 125* 177*181* 184* 216* 253* 274

Example of Numbered list (*.PCPNIist). The numbered list congsts of
ggnificant resdues of each matif. Thefirg line #PARAM records dl the
parameters used to derive motifs. Each lineisamoatif. The lagt lineisthe
gray motifs, where these sgnificant positions cannot be adjusted to any
other matif in the list. Subroutine & adjustmotif can reduce the number of

resdues in the stray motif lig.

#PARAM R G L: 1. 25: 2: 4:

#MOTIF : O 36*42*71*72*103*125*177*181*184*216*253* 274
#MOTIF :  1: 20 LKI CSVWVDGLRA 32

#MOTIF :  2: 47 PDI LCLQETK 56

#MOTIF : 3 84 EGYSGVGLLSR 94

#MOTIF :  4: 110 DQEGRVI 116

#MOTIF : 5@ 129 YVPNA 133

#MOTIF :  6: 139 RLEYRQRW 146

#MOTIF :  7: 163 LVLCGDLNVAH 173

#MOTIF : 8: 189 GFTPQER 195

#MOTIF : 91 205 VPLADSFR 212

#MOTIF : 10: 222 YTFWIY 227
#MOTIF : 11: 235 NVGARLDYFLLSHSL 249
#MOTIF : 12: 264 GSDHCPI 270

Example of Stringed ligt (* .PCPSlist). The stringed list consists of blocks
of resdues of each matif. #MOTIF isthe motif with numbersin ::. Motif
number zero is stray motif. For each motif (except stray) starting and
ending pogtion as given in the multiple dignment is provided.
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7.2.4 Score file (*.PCPscore)

Thisfile contains score from al the highest scoring windows in a sequence for
each motif sorted, with their effective score (bayesian score) and motif score. It dso
contains the information about the starting position of the window, motif number and
sequence number (assigned as per the order in which sequences are read from the
database).

#colum 1-eff_score 2-score 3-start_res. 4-WnString 5-
Mot i f num 6- Seqnunber 7-seq

131. 8132580 0.9077 19 LKI CSWNVDGLRA 1 3053
>dlhd7a_ d.151.1.1 4.2.99.18 (A:) DNA repair endonucl ease
Hapl {Human (Hono sapiens)}

130. 2158736 0. 8967 1 MKFVSFNI NGLRA 1 3052
>dlako__ d.151.1.1 3.1.11.2 (-) DNA-repair enzyne
exonucl ease |1l {Escherichia coli}

112. 8334267 0.7770 204 Al GSTFNVNGVRA 1 1559
>d1f74a_ c.1.10.1 4.1.3.3 (A:) N-acetylneuram nate |yase
{Haenophil us influenzae}

Example of scorefile (*.PCPscore). Each entry is ahighest scoring
window for asingle matif in agiven sequence. Column #1 isthe
effective score in bits. Column #2 is lorentzian score for the motif
window with the motif profile. #3 is the sarting pogition. #4 isthe string
window #5 is the matif profile used #6 is the sequence index #7 isthe
sequence name.

7.2.5 Result file (*.PCPres)

The result file contains the highest scoring sequences for dl the motifs sorted
using thefilter options. Thefilter options include raw scoring, scoring motifs that score
above mean of average scores and score motifs that score above a cutoff. The result file
has the combined bit scores for the top scoring sequences in a descending order and
Sequence name.

2420. 03 *>dlhd7a_*d. 151. 1. 1*4. 2. 99. 18* ( A: ) * DNA*r epai r *endonucl ease* Hap1*{ Hunan* ( Homo* sapi ens) }
2354. 21 *>dlako__*d. 151. 1. 1*3. 1. 11. 2*(-) *DNA-r epai r *enzyne*exonucl ease*1 | | *{ Escheri chi a*col i }
1396. 81 *>cli9ya_*d. 151. 1. 2*0. 0. 0. 0*phosphat i dyl i nosi t ol * phosphat e*{ addedbyvenkat }
1250. 49 *>d2dnj a_*d. 151. 1. 1*0. 0. 0. 0* (A ) *Deoxyr i bonucl ease* | *{ Cow* ( Bos*t aur us) }
1231. 10 *>dleknmal*b. 30. 2. 1*1. 4. 3. 6*( A: 237- 672) * Copper *am ne*oxi dase, *domai n*3*(cat al yti c) *{ Yeast * ( Hansenul a* pol ynor pha) }
1135. 37
*>dldpda_*c. 93. 1. 1*4. 6. 1. 2*( A ) *Hor mone* bi ndi ng*donai n*of *t he*atri al *natri ureti c*peptide*recept or*{ Rat *( Rat t us*nor vegi cus) }

Example of result file (*.PCPres). Combined effective scores are expressed in bits. Highest scoring
sequences are listed.
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7.3 Input Parameters

User defined:
Fixed Rédative cut-off:

A high relative cutoff means sgnificantly conserved position. When dedling with protein
families that are not sufficiently diverged one can use higher relative entropy cutoff
(range 0.75-2.5)

Variable Rdative cut-off:

These parameters are defined by a range (minimum Relative entropy and maximum
relative entropy) and a scan step to find thelocd PCP moatifs. A high rdative cutoff
means sgnificantly conserved position. When deding with protein families that are not
sufficiently diverged one can use higher relative entropy cutoff (range 0.75-2.5)

G - cutoff:
To define al conserved residuesin amotif one can specify G-cutoff to be zero. Increased
G-cutoff will result in longer matifs that may not be meaningful.

L - cutoff:
Motifs are defined by presence of more number of sgnificant postions. Hence one
should use higher L-cutoff. Lower L-cutoff will result in shorter and too many matifs,

Default parameters:

Standard deviation weight:

Thisisamultiplication factor added to the denominator for the lorentzian based motif
scoring. Thisis set to 1.5 in the subroutine (motifminer::& scoreprofilestring)

as avariable $sdwt.

Relative entropy cutoff:
Only those vectors that score above R-vaue will be scored for each motif. Thisvauesis
et to 1.25 in the subroutine (motifminer::& scoreprofilestring) as a variable $entropy

Shift factor:

To prevent overflow due to standard deviation zero (for absolutely conserved positions or
vectors) a shift factor is added to the denominator. Thisvaueis set to 0.001 in the
subroutine (motifminer::& scoreprofilestring) as a variable $epsilon.
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8 USING PCPMer

Example 1: To identify motifsin APE protein family and useit to data mine
related proteinsin the ASTRAL database:

To dart the program type PCPMer on the unix prompt and follow the questions.

For this example you will use R=1.25, G=2, L=4. A multiple dignment of 42 APE
protein sequences are available in the file ' APEALIGN.ALN'. The sequence database
isthe ASTRAL 40 verson 1.55 is provided in the text file'ASTRAL40v1.55.txt". In
the origind ingalaion dl the output from this run will be available under

/example/exO directory. Please reead README for more details.

Type on the unix prompt:

$uni xpronpt > ./ PCPMer

The run session is shown below (user entered options are shown in bold italics):

R Sk S o

PCPMer - Physi cal -chem cal property based notif anal yzer
Version 2.0
(© 2004 Bin Zhou, Venkatarajan S. Mathura
& Prof.Werner Braun
Sealy Center for Structural Biol ogy, HBC&G
UTMB, Gal veston

Sun May 25 14:19:57 2003

I
I
I
I
I
|
I
I
I
I
I
| MAI N MENU
|
I
I
|
I
I
I
I
I
I
|

1. Oeate Mtifs

2. Search for notifs and rel ated sequence in a
dat abase

3. Search for the highest scoring notifs in a set of
sequence

4. Create notifs and search database

5. Create notifs and score set of sequences

6. Create nacro file of MOLMOL

7. Help

8. Exit

>> Enter your selection: 4

>> Pl ease enter the multiple alignnent file nane : APEALIGN. al n

>><< Al output files can be identified using a prefix

>> Enter a name for the project that will be used as prefix: EXAMPLE

>><< To identify significantly conserved regions relative entropy is
cal cul at ed.

>><< Use [2.0-3.0] for highly conserved sequences

>><< or [0.75-2.0] for noderately conserved famly

>> Pl ease enter Relative entropy cut-off : 1.25
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>><< Motifs are defined by bl ocks of conserved positions

>><< Ggp cutoff value linmts stretches of non-conserved positions in a notif
>><< Use [0 or 1] for highly conserved sequence

>><< or [2-4] for noderately conserved famly

>> P| ease enter Gap cut-off : 2

>><< Short notifs are not desirable

>><< L-cutoff limts notifs with | ess significant positions.

>><< Use [4-7] for highly conserved sequence

>><< and [2-4] for noderately conserved famly.
>> Pl ease enter mninmum Length cut-off : 4

>><< Creating global profile file : EXAMPLE. PCPgpr f

>><< Creating notif Nist file - EXAMPLE. PCPN i st
>><< C(reating notif profile file :EXAWPLE. PCPprf
>><< Creating nmotif list file : EXAMPLE. PCPSI i st

>5<L R Sk S S o S S O kO

>><< MOTI F DETAILS:

#PARAM R G L: 1. 25: 2: 4:

#MOTIF : O 8*36*42*63* 71*72*177*181* 184* 216* 253* 274
#MOTIF @ 1: 20 LKI CSWAVDGLRA 32

#MOTIF @ 2 47 PDI LCLQETK 56

#MOTIF @ 3: 83 KEGYSGVGLLSRQCP 97

#MOTIF :  4: 103 G GDEEHDQEGRVI VAEFDSFVL 125

#MOTIF : 50 129 YVPNA 133

#MOTIF :  6: 139 RLEYRQRW 146

#MOTIF @ 7: 162 PLVLCGDLNVAH 173

#MOTIF : 8 189 GFTPQERQGFCGEL 201

#MOTIF :  9: 205 VPLADSFR 212

#MOTIF @ 10: 222 YTFWYM 228
#MOTIF : 11: 232 RSKNVGARLDYFLLSHSL 249
#MOTIF : 12: 264 GSDHCPI 270

R R S o S S S O

>> Enter the nane of the database sequence file (.seq) : ASTRAL40v1.55.txt
>> Enter conbined score filter [0 - raw;, 1 - >= mean; 2 - >= cutoff] : 1
>> Nunber of effective top scoring sequences required : 30
>> Readi ng sequence database file........
>> Scoring true positive sequence
Processing true positives for notif nunber
123 :4: 1 5:1:6:
7::8::9: 10 : : 11: : 12:

Progr am ended

List of output files:

EXAMPLE. PCPN i st [Nunbered list file]

EXAMPLE. PCPSlist [Stringed list file]

EXAMPLE. PCPgpr f [@obal profile file]

EXAMPLE. PCPl og [Log file]

EXAMPLE. PCPpr f [Profile file]

EXAMPLE. PCPr es [Result file]

EXAMPLE. PCPscore [Score file]

EXAMPLE. PCPavg [ Average scores for notifs and database file]

EXAMPLE. PCPexcl [ Sequence nunbers elimnated during scoring as they are
short]
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9 PROGRAMER GUIDE(Version 1.0)*

* Software design document of version 2.0 will be provided soon.

9.1 MODULES AND ROUTINES

PROGRAM
PCPMer

MODULE

motifmaker.pm

motifscorer.pm

multialign.pm

vectorlib.pm
errormsg.pm

24

SUBROUTINE

makeprofile

full profile2motif
adjuststraymotif
motiflist2profile
evalmotiflist
autoeval param
convert

mean
standard_dev
calcentropy

readprofile
readfastatostrings
readmultipletostrings
parseprofile

scor epr ofil edatabase
scoreprofilemultialign
final scoreout
sortDindex

mean

standard _dev
scoreprofilestring
findmax

readmalign
filtermalign
pairid
formatmalign



9.2 FLOWCHART OF PROGRAM OPERATION

Multiple Alignment
Database of Sequence in FASTA
RGL Params.

i

PCPMer

multialign.pm |:> PCPMotifmaker |:> PCPMotifminer

SR S '
errormsg } .
vectorlib }4 .
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9.3 MODULE AND SUBROUTINE DETAILS

PROGRAM
FUNCTION
INPUT
OUTPUT

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Ddtails of modification
(date/author)

'‘PCPMer'

Front engine and smple user interface
Multiple dignment, Database file, RGL parameters.

FILE EXT.
.PCPlog
.PCPgprf
PCPigt
.PCPprf
.PCPscore
.PCPres

NAME

@files
$response_maln
@m an data
Presponse
$user R vaue
$user L vaue
$user G vaue
$globd_prf
$motif N_list
$motif_S ligt
$motif_prf
$emR
$response_dbase
$filter_opt

Scutoff_opt
$segnamedb
$segstringdb
$TrueAvg
$Truetd
$DataAvg

$Fina Out

Verson 1.0
01MARO3

DESCRIPTION

Logfile

Globd profile

Stringed ligt of moatifs

Moatif profile

Highest scoring windows of each motif
Top X scoring sequences in the database

DESCRIPTION

List of PCPM files

Multiple dignment filename
Multiple dignment datain array
Name for the project

User defined relative entropy cutoff
User defined L-vaue cutoff

User defined G-vaue cutoff
Reference to globd profile
Reference to numbered motif list
Reference to stringed motif list
Reference to matif profile
Response to continue motifminer
Database file name

Filter option (0 - raw, 1- average, 2- above
CUtoff)

User specified score cutoff
Reference to sequence name
Reference to sequence strings
Average scores of dl matifsin true postives
Standard deviation of al true positives
Averages scores of motifsin al database
sequence.

Top x sequences ranked according to the
filter.

Venkatargan S. Mathura
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MODULE
FUNCTION
INPUT/OQUTPUT
SUBROUTINE
VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

SUBROUTINE
FUNCTION

INPUT/OUTPUT

PSEUDOCODE
VARIABLES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

‘errormsg.pm’
To detail error and warning messages when caught
Package 'errormsg' should be caled to use any subroutine

‘armsy’

Verson 1.0
01MARO3
Venkatargian S. Mathura

‘errmsy
Provides suitable error messages upon externa cdl using a
number.

Input is athree-digit number. First number indicates the type
of error. 1IXX errorsininput 2XX errorsin output 3XX
overflow errors. 4XX unknown errors.

Uses a hash that stores error messages for athree number key.
'%errormsy’ hash that contains error messages

Verson 1.0
01IMARO3
Venkatargan S. Mathura

27



MODULE
FUNCTION

INPUT/OUTPUT
VARIABLES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

‘vectorlib.pm'’

Contains amino acid parameters and supplies these params upon

cdl.

Package 'vectorlib' should be caled to use any subroutine

NAME A DESCRIPTION

%vectorX E PCP descriptor X for al 20 AA. Single letter
AAIiSKEY.X =15

Y%natfreq{}[ E Provides magnitude of the vector in different

] bin for naturdly occurring AA. Example PCP
vector 2 magnitude in bin 1 is $natfreg{ 2}[1];

%range{}[] E Providesrange of vector magnitude for binning.
Example PCP vector 2 inthelst binis
$range{ 2} [1] to range{ 2} [0]

@natfreq E Naturd frequency of amino acid occurrence. 20
in order.

Verson 1.0
01IMARO3
Venkatargian S. Mathura
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MODULE
FUNCTION
INPUT/OUTPUT
SUBROUTINES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

‘multidign.pm’
To read and format multiple dignment in dustaw format
Package 'multidign’ should be called to use any subroutine

NAME A DESCRIPTION

&readmdign  E Readsin an array reference containing clustalw
file

&filteemdign  E Flters multiple dignment based on %id cutoff
with respect to first sequence.

&pairid | Cdculates pairid between two strings excluding
gaps

&formatmdi | Reformats multiple dignment after removing

on redundant seq.

Verson 1.0

01MARQ3

Venkatargan S. Mathura
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SUBROUTINE
FUNCTION
INPUT
OUTPUT

PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Redease date

Written by

Details of modification
(date/author)

readmdign’

To read in amultiple dignment in dustaw format.

Reference to an array containing clusaw file

Reference to arrays containing 1. sequence name 2. sequence
dring

Read in the array reference for multiple dignment

Check for clustaw format

Split data lines into sequence name and sequence string.

Append al sequence gring of single sequence identified by name.
If thereis 1 or 2 sequence only than cdl error

If the sequence gtring are of different lengths cdll error

If the sequence siring contains norn+standard amino acid codes than
raise error

Return array references for sequence name and string.

NAME DESCRIPTION

$input Reference to input multiple dignment

$ Increment counter for the sequence

@datdine Each line of the multiple dignment

@segname  Array of sequence names

@s=qdtring  Array of sequence strings corresponding to
Sequenenames

%seqdat Hash that has sequence name as key and sequence
gringsasvdue

Verson 1.0

01MARQ3

Venkatargian S. Mathura
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SUBROUTINE
FUNCTION

INPUT
OuUTPUT

PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

filtermdign’

To filter those sequences that have higher percentage identity
above cutoff specified

Reference to an array containing clustaw, percentage id cutoff and
interna subroutine cals

Array referencesto list of sequence names and sequence strings

after reformat

Read the mutliple aignment

Split the data into sequence names and sequence strings

Cdculate pairwise identity scores excluding gaps for dl sequences
Remove sequences that exceed above the specified cutoff usng
first sequence as reference.

Reformat the sequence gtrings (like removing ' if exig in all

sequences)

Return references to new arrays containing sequence name and

sequence strings.

NAME
$input

$ideut
$segname
$seqstring
&readmdign
& pairid
%remove

$countl
$count2
@segnamel
@segstringl
$segname2

$segstring2

&formatmadign

&ermgy

Verson 1.0
01MARO3

DESCRIPTION

Reference to input multiple alignment

Identity cut off

Reference to array containing sequence names
Reference to array containing sequence strings
Subroutine that reads multiple dignment
Subroutine to calculate pairwise sequence id
Hag those sequences that have sequenceid
greater than id cutoff

Sequence counter

Sequence counter

Array containing unflagged sequence name
Array containing unflagged sequence string
Reference to array containing sequence name
after reformat

Reference to array containing strings after
reformat

Reformats strings (removes *-')

Raise an error message

Venkatargan S. Mathura
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SUBROUTINE
FUNCTION
INPUT
OUTPUT
PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(datefauthor)

‘pairid'

Cdculates pair-wise identity

Input two strings

%id

?Read in two sequences

?Apply checks to make sure lengths of the string are equad
?Adentify matching aphabets at different postions
?Divide identica positions/(number of non *-' positions)

NAME
$dringl
$atring2
$countl
$idcount
$atrlengthminus

Veson 1.0
01MARO3

DESCRIPTION

Varigble containing firg sring
Variable containing second string
Position counter of each string

Count identical resduesin both string
Count number of gapsin any sequence

Venkatargan S. Mathura
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SUBROUTINE formatmalign’

FUNCTION Excludes gaps that are common in al position and reformats
multiple dignment
INPUT Reference to array containing sequence names and strings
OUTPUT Reformatted array reference containing sequence names and
drings
PSEUDOCODE ?Read sequence strings
?7Run the position counter

?7For each position extract one letter from each sequence string
?72f dl the pogtion in the gtrings are gaps than exclude from new

sequence grings

VARIABLES NAME DESCRIPTION
$inputname Array reference to sequence names
$inputstring Array reference to sequence strings
$countl Sequence name counter
$count2 Sequence name counter
$i Origina sequence position counter
$temp Temporary sring (column from maln) holder
$gap Holdsagap string no_of seqx ™"
@tempstr[A][B] Holds the residues a position B of seq A
@splitstr Array contains dl postions of man
$ New position incrementer
$k New position counter
$tempstr Concatenates new podition for a sequence
@segname2 Name of the sequence
@seqdiring2 New grings after diminaing

VERSION HISTORY

Current Verson 1.0

Release date 01MARO3

Written by Venkatargian S. Mathura

Details of modification

(date/author)
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MODULE
FUNCTION

INPUT/OUTPUT
SUBROUTINES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(datefauthor)

'PCPmoatifmaker

To creste matif from multiple dignment usng empirica

Package 'PCPmotifmaker' should be called to use any subroutine

parameter

NAME A
&makeprofile E
&fullprofile2 E
motif

&moatiflig2pr  E
dfile
&autoevdpar E
am
&adjuststray  E
motif

&evdmatiflis |
t
&convert I

&mean I
&standard de |
v

&cacentropy |
&samp mean |

&sam danda |
rd_dev

Verson 1.0
01MARO3

DESCRIPTION

Makes globd prafile with multiple dignment
Uses empiricd parameters RGL to make
moatif from globa profile

Usesalig to extract profile from globa
profile

Evauates different param combination to
select optima RGL

Adjudts sray motifs defined using RGL by
redistributing residues to the defined motifs
that are lesser than d specified

Evduates whether the current motif list has
motifs greater than 30 residues

Converts AA one letter code into vector and
computes average, std. and rel. entropy
Cdlculates mean of the array

Cdculates standard deviation of the array

Cdculates rlative entropy
Cdculates average usng N-1

Cdlculates sample standard deviation

Venkatargan S. Mathura



SUBROUTINE

FUNCTION
INPUT
OUTPUT

PSEUDOCODE

VARIABLES

VERSION HISTORY

Current
Release date
Written by

Details of modification

(date/author)

'makeprofile

To make aglobd profile of amultiple

Array reference to sequence name and sequence strings
Reference to globa profiles that has headers.

Read sequence string and name

Iterate each position of the multiple dignment and obtain AA ina

column

Convert each of the AA code in to PCP descriptors or vectors 1-5
Cdculate average, standard deviation and rel ative entropy

Calc. the number of gaps, position and resdue index of the 1 res
Print profile [GLOBAL]

NAME
$inputname
$inputstring
$

§

@temp

$gap

PvectorX
PvectorsdX
PrentropyX

&convert

$temps

@prdfile

Veson 1.0
01MARO3

DESCRIPTION

Array reference to sequence names

Array reference to sequence strings

Pogtion index multiple dignment

Residue index of first sequence

Non '-' column gtring for each residue index
of the first sequence.

Number of gapsin aparticular column
corresponding to resdue index of first
sequence.

Magnitude of vector X averages correponding
to column gtring. X variesfrom 1.5
Standard deviation of vector X correponding
to column gring. X variesfrom 1.5
Reative entropy of vector X correponding to
column gtring. X variesfrom1..5
Subroutine that converts siring correponding
to acolumn (no *-') into average, std and rel.
entropy

Formatted string that has the following
format.

1] position 2Jmaxseq 3]nongaps 4]

pos.no.of 1stseq 5]resname

6] avgl 7]avg2 8lavg3 Ylavgd
10]avg5 11-15]std 16-20]rel ativeentropy
Array of globd profile

Venkatargan S. Mathura
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SUBROUTINE
FUNCTION
INPUT
OuUTPUT
PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Ddtails of modification
(date/author)

‘full profileZmotif’
Convert globd profile into matif lis usng RGL
Array reference to globa profile, R cutoff, G cutoff, L cutoff
Array reference to Motif list
Read input globd profile, R, G and L.
Mark dl angificant datdines{ profile} that have relative entropy
greater than or equal to R
Cdculate residue index difference [4th column] for two sequentid
gangificant profiles
If the differenceisless than G then concatenate to the moatif.
If the differenceis greater than G then gart a new moatif.
Cdculate the 9ze of each motif (end res. podtion - start res
position). If it islesser than L

Then add to stray motif list

NAME DESCRIPTION

$inputarray Array reference to globa profile input

$R R cutoff

$G G cutoff

$L L cutoff

@dements Array containing eements of a profile

@signif Array containing profile postions that are
ggnificant

$ Array index for ggnificant postion

$moatifsring String of profile index that congtitutes a motif

@motif Stores motif strings

$k Index for motifs

@ed ementcount Number of sgnificant pogtion in the motif

@moatifligt Array containing lis of matifs

$atraymotif String of loose significantly conserved sites

Verson 1.0

01MARQO3

Venkatargian S. Mathura
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SUBROUTINE
FUNCTION

INPUT
OuUTPUT
PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Ddtails of modification
(date/author)

‘adjuststraymotif’
Adjuds gray motifs that were not included as a matif in the first
pass

Reference to moatif list, New G cut off that can be alowed
Modified matif list

Reed in the matif lig and new G

Cdculate difference of residue between first and last residues of
each motif and amember of stray motiflist

If the differenceis less than G then add to motif (either first or
last) where the difference isless
Return reference to new motiflist

NAME DESCRIPTION

$inputlist Array reference to input motif list

$alowgap New G-cutoff vaue

@drayelem Array containing stray eements

$ Array index for stray dements

$min Arbitray number set to 1000 to reduce and
find min

9 Array index for motif list

@storeA Stores dl resdue positions for each motif

Hit Absolute difference between end or first
resdue and stray element

$point String containing a flag to indicate whether
the stray element is close to the sart (0) or
end (1)

@tempA Array containing element of flag and sray
element and motif

Sstray New stray motif string after adjusting

@newlist Array of new motif list

Verson 1.0

01MARQO3

Venkatargian S. Mathura
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SUBROUTINE
FUNCTION
INPUT
OUTPUT
PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

'motiflist2profile

Converts matif list into matif profile

Reference to array containing globa profileand alis OUTPUT
Reference to array containing matif profile and an AA lidt.
Read array reference to the input profile and list

Extract resduesin the ligt from globd profile

For every matif include the details of motif number and resdue

NAME
$inputprofile
Sinputlist
@storeA
@storeB

$

@temp
$tempS

$
@tempt

$tempX

Verson 1.0
01MARO3

DESCRIPTION

Array reference to the profile

Array reference to the input motif list
Array reference to the input motif list
Array to Sore profile

Index for motifs

Array containing dements of each motif
Temporary string that holds residue name
corresponding to each dement

Index for motif elements

Array containing individud eement of a
profile

String containing profile of each motif

Venkatargan S. Mathura
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SUBROUTINE ‘evamoatifligt

FUNCTION Evduates whether amotif ligt has length greater than 30 resdues
INPUT Array reference to motif ligt.

OUTPUT Hag indicating Matif is not too long.

PSEUDOCODE Read input list

Check the length of moatif (last resdue position - 1st residue
position) is less than 30

VARIABLES NAME DESCRIPTION
$inputlist Array reference to input list
$i Index for motif
@temp Array containing eements of each motif
$lag Flag to indicate whether length is greater than

30 residues (-1)

VERSION HISTORY

Current Verson 1.0

Release date 01IMARO3

Written by Venkatargan S. Mathura
Details of modification

(date/author)
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SUBROUTINE ‘autoevd param’
FUNCTION To find optima RGL combingtions to define motifs automatically
INPUT Array reference to motif profile
OUTPUT Optima RGL parameters
PSEUDOCODE Iterate through different combinations of RGL
For each combination evauate whether dl motifs are less than 30
resdue
VARIABLES NAME DESCRIPTION
$inputprofile Array reference to input profile
@Rvaues Array containing ligt of R vaues
@Gvdues Array containing list of G vaues
@Lvaues Array containing list of L vaues
$tempR R vaue holder
$tempG G vaue holder
PtempL L vaue holder
$templist Reference to matif list
&fullprofileZmatif Subroutine to convert globd profileinto
motif
$tempres Flag to indicate accept (0) or regject (-1)
current RGL param
&evamoatiflist Subroutine to evauate the fitness of the
motif lig
VERSION HISTORY
Current Verson 1.0
Release date 01MARO3
Written by Venkatargan S. Mathura

Details of modification

(date/author)
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SUBROUTINE
FUNCTION

INPUT
OUTPUT
PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

‘convert'

To convert an string of AA code into different vector average, Std.
dev. and relative entropy
String of amino acid and vector number
Average, stlandard deviation and relative entropy
Obtain gring and parse it into Sngle letter
Use vector library to convert it in to number
Cdculate average, standard devidtion, relative entropy for each

vector
NAME
$inputprofile
$inputvec
$temp

@newarray
Y%vectorX{}

&mean
&standard dev
& calcentropy

Verson 1.0
01MARO3

DESCRIPTION

Array reference to input profile

Vector number

String that can be evauated to obtain the
correct vector

Contains vector vaues

Vector vaues from module “vectorlib.pm’
for X=1..5

Subroutine to calculate mean

Subroutine to calculate standard deviation
Subroutine to caculate relative entropy

Venkatargan S. Mathura
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SUBROUTINE
FUNCTION

INPUT
OUTPUT
PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(datefauthor)

'mean’ 'samp_mean’

To calculate average of an array of numbers (or N-1 for
samp_mean)

Array reference containing numbers

Average vadue
Obtain numbersin the array
Add them and cdculate average
NAME DESCRIPTION
Sarrayref Array reference to input number array
Presult Summed vaue of al array
Verson 1.0
O1IMAROQO3

Venkatargan S. Mathura
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SUBROUTINE 'standard_dev' 'samp_standard_dev'

FUNCTION To calculate standard deviation of an array of numbers (NOT
SAMPLE)
INPUT Array reference containing numbers
OUTPUT Standard deviation
PSEUDOCODE Obtain numbersin the array
Add them and calculate average
VARIABLES NAME DESCRIPTION
Sarrayref Array reference to input number array
$result Summed vdue of dl array
$deviation Standard deviation

VERSION HISTORY

Current Verson 1.0

Release date 01MARO3

Written by Venkatargan S. Mathura
Details of modification

(datefauthor)
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SUBROUTINE ‘cal centropy’

FUNCTION To caculate relaive entropy of an array of vector values
INPUT Array reference containing numbers

OUTPUT Relative entropy

PSEUDOCODE Obtain numbersin the array and vector number

Cdculate background vaue using naturd frequency distribution of

amino acid in arange

Cdculate rdlaive entropy usng standard formula over the five bins

VARIABLES NAME DESCRIPTION
Sarrayref Array reference to input number array
$vectorvd Summed vaue of al array
$i Index for origind array of numbers
$range{ A}[] Boundary of magnitude for vector A that
defines bins. Vaue defined in ‘vectorlib.pm’
$counteX Counts number of occurrence of AA vector
vauesfor bins X =1..5
@obsf Array of observed frequency within five
bins
$ Index for bins
$rentropy Relative entropy
VERSION HISTORY
Current Verson 1.0
Release date 01MARO3
Written by Venkatargan S. Mathura

Details of modification
(date/author)



MODULE
FUNCTION
INPUT/OUTPUT
SUBROUTINES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(datefauthor)

'PCPmotifminerr’

To score motifs againgt a database and select top hits using filter
Package 'PCPmotifminerr' should be caled to use any subroutine

NAME A
&readprofile  E
&readfastatos E
trings

&readmultipl E
etodrings
&paseprofile  E

scoreprofiled  E
atabase
&scoreprofile E
multidign
&findscoreo  E
ut

&sortDindex |
&mean I
&dtandard de |
%

&scoreprofile  E
gring

&findmax I

Verson 1.0
01MARO3

DESCRIPTION

To read matif profile

To read fasta files and convert each sequence
into alinear dring

To read multiple lignment and convert into
grings

To parseindividua profile that can be used
for searching

To score profile againgt a defined database

To score profile againgt TRUE sequences

To score each sequence in the database using
acombined score

To sort highest score

To cdculate average

To caculate standard deviation

To score profile againgt astring of AA
aphabets

Tofind theindex of an array of number thet is
maximum

Venkatargian S. Mathura
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SUBROUTINE 'readprofilé

FUNCTION To read moatif profile file
INPUT Array reference to profile data
OUTPUT Array reference to profildengths and individua profile
PSEUDOCODE Read motif profile
Split individud profile usng motif separator
VARIABLES NAME DESCRIPTION
$dataprofs Array reference to motif profile
@dIxlt Array containing elements of motif profile
$profnum Moatif number
$maxprof Maximum motif number
@proflength Length { number of significant resdues} of
amotif
$cee Index for the residuesin a motif
Y%profile{ A} [B] Hash containing motif number A and profile
index B

VERSION HISTORY

Current Verson 1.0

Release date 01MARQ3

Written by Venkatargian S. Mathura
Detalls of modification

(date/author)
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SUBROUTINE 'readfastatostrings

FUNCTION Toread FASTA file
INPUT Array reference to fasta data
OUTPUT Array reference to sequence names and sequence sirings
PSEUDOCODE Read FASTA file
Concatenate sequence strings and parse al sequence names
VARIABLES NAME DESCRIPTION
$data Array reference to fasta data
$i Sequence index
$seq String containing the sequence
@sequen Array containing al sequence strings
@name Array containing dl names

VERSION HISTORY

Current Verson 1.0

Release date 01IMARO3

Written by Venkatargan S. Mathura
Details of modification

(datefauthor)
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SUBROUTINE 'readmultipletostrings

FUNCTION To read multiple dignment file and convert in to array
INPUT Array reference to multiple dignment
OUTPUT Array reference to sequence names and sequence sirings
PSEUDOCODE Reed multiple dignment file
Concatenate sequence strings and parse dl sequence names
VARIABLES NAME DESCRIPTION
$input Array reference to multiple dignment data
@checks Array containing e ements of each row of
multiple dignment
%seqdat Hash containing sequence string as avaue
and sequence name as akey
$i Sequence index
@segdtring Array containing al sequence gtrings
@segname Array containing dl names

VERSION HISTORY

Current Verson 1.0
Release date 01MARQ3
Written by Venkatargian S. Mathura

Detalls of modification
(date/author)
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SUBROUTINE ‘parseprofile

FUNCTION To parse matif profile in to individud file
INPUT Array reference to motif profiles, Array reference to motif lenghts,
Motif number
OUTPUT Array reference to sngle motif profile
PSEUDOCODE Read moatif profilesmoatif lenghtsmotif number
Parse matif profiles and identify profiles that belong to asingle
motif required
VARIABLES NAME DESCRIPTION
$motifprofileref Array reference to motif profiles
$moatiflengthref Array reference to matif lengths
$moatif Moatif number
@moetifdata Array containing motif profile of maotif
$motif

VERSION HISTORY

Current Verson 1.0

Release date 01IMARO03

Written by Venkatargian S. Mathura
Details of modification

(date/author)
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SUBROUTINE
FUNCTION
INPUT

OUTPUT

PSEUDOCODE

VARIABLES

'scoreprofiledatabase’

To score amotif profile againgt sequences in a database

Array reference to motif profile, Array reference to sequence data,
Array reference to true positive average, Array reference to true
positive standard deviation

List of scoresfor highest scoring window for each profile for

every sequence

Read motif profiles and sequences
For each sequence obtain string of window size equivaent to that of

amotif

For each motif and window score using the scheme devel oped
Record the highest scoring window in a sequence

NAME
$Sdataarray1
$dataarray?
$TRUavg
$TRUsd
$tempSA
$temp5B
$temp6A
$temp6B
$moatifn
$temp7
$segn
$temp8

$tempstring

@motifRESL

@tempdat
@scoredata

$average
$Effectivescorel
$temp
&readprofile

& readfastatostrings
& parseprofile

& scoreprofilestring
&mean

50

DESCRIPTION

Array reference to motif profiles

Array reference to motif lengths

Array referenceto true average of dl motifs
Array reference to true std.dev of dl motifs
Array reference to motif profile

Array reference to motif list

Array reference to sequence name

Array reference to sequence strings

Index for motifs

Array reference to angle motif profile
Index for database sequence

Highest scoring window details for a string
and profile { SCORE POSITION STRING}
String formatter [# { SCORE POSITION
STRING} MOTIFNUM SEQNUM
SEQONAME #] {} elementsreturned by

‘& scoreprofilestring’

Array to store highest scoring window of al
sequences for amotif

Array of dementsfor each in motifRESL
Array of highest scores for a particular
motif

Average score for amotif for a database
Combined score (Sx) for each motif

String to hold effective score.

Subroutine to read profile

Subroutine to reed fastafile

Subroutine to parse profile

Subroutine to score a profile againgt string
Subroutine to cdculate average



VERSION HISTORY

Current Verson 1.0
Release date 01MARQ3
Written by Venkatargian S. Mathura
Details of modification
(datefauthor)
SUBROUTINE ‘scoreprofilemultidign'
FUNCTION To score matif profiles againgt sequences in the mutliple
dignment
INPUT Array reference to motif profiles, Array reference to multiple
dignment
OUTPUT Array reference to average and standard deviation of True postive
PSEUDOCODE Read matif profiles and multiple dignment
Convert each multiple aignment into sequence strings
Score each profile againg strings and record highest scores
For each motif calculate average and standard deviation.
VARIABLES NAME DESCRIPTION
$dataarrayl Array reference to motif profiles
$dataarray? Array reference to matif lengths
$TRUavg Array reference to true average of dl motifs
$TRUsd Array reference to true std.dev of dl matifs
$temp5A Array reference to matif profile
$temp5B Array reference to motif list
$temp6A Array reference to sequence name
$temp6B Array reference to sequence strings
$moatifn Index for matifs
$temp7 Array reference to Sngle matif profile
$segn Index for database sequence
$temp8 Highest scoring window details for astring
and profile { SCORE POSITION STRING}
$tempstring String formatter [#{ SCORE POSITION
STRING} MOTIFNUM SEQNUM
SEQNAME #] {} eements returned by
‘& scoreprofilestring’
@moatifRESL Array to store highest scoring window of dl

51

sequences for amotif



VERSION HISTORY
Current

Release date

Written by

Details of modification
(datefauthor)

@tempdat
@scoredata

Saverage
$Effectivescorel
$temp
&readprofile

& readfastatostrings
& parseprofile

& scoreprofilestring
&mean

Verson 1.0
01MARO3

Array of dementsfor each in motifRESL
Array of highest scoresfor a particular
motif

Average score for amotif for a database
Combined score (Sx) for each motif
String to hold effective score.
Subroutine to read profile

Subroutine to read fadtafile

Subroutine to parse profile

Subroutine to score a profile againgt string
Subroutine to caculate average

Venkatargan S. Mathura
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SUBROUTINE
FUNCTION
INPUT

OUTPUT
PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

'final scoreout’

To output the highest combined scoring sequences using filters
Name of scorefile, highest number of x sequences required, Filter
option, Cutoff (for Filter option 2), Average TP, Average DB.
Array reference to top scoring sequences

Read moatif profilesmoatif lenghtsmotif number

Parse matif profiles and identify profiles that belong to asingle

motif required
NAME
$dataName
@dataA
@temp
$w
$k
@addscore

@namedetails
$newlD

$i
& sortDindex

$Option

$ScoreCutoff
$Truemean

$Datamean

Verson 1.0
01MARO3

DESCRIPTION

Score data file name

Array containing data

Elements of each row of data red

String containing sequence information
Index for data element

Array containing combined score for each
sequence

Array containing sequence details

Array reference to index of array thet is
sorted in decreasing order

Iterator for top X sequences

Subroutine to sort an array according to
numerica decreasing order

Type of filter to apply 0) Raw ranking
1)Include motifs score greater than mean of
Averages 2) Motif scores above a cutoff
Cutoff score above which you want to
incdlude as amoatif hit

Array reference to average scores for motifs
in true pogitive sequence

Array reference to average scores for motifs
in the database

Venkatargan S. Mathura
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SUBROUTINE
FUNCTION

INPUT
OUTPUT
PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

'sortDindex’

To output the index of an array after sorting the dementsin
numerica descending order

Array reference to an array containing scores.

Index of sorted scoresin decreasing order

Read array that contains scores

Sort the array numericaly
NAME DESCRIPTION
$data Array reference to an array containing
scores
@newlndex Index in the sorted order
Verson 1.0
01IMAROQO3

Venkatargan S. Mathura



SUBROUTINE
FUNCTION

INPUT

OUTPUT
PSEUDOCODE

VARIABLES

‘scoreprofilestring’

To score amotif profile againgt a sequence of string and report the

highest scoring window.

Array reference to motif profile and the sequence string.
Highest score, window position, window string.

Read the profile and the string

Determine the length of the profile that should be used asthe

window

Obtain chunks of string from each scanning window and score

profile againg it

Determine the highest scoring window

NAME
$profiledata
Pfastastring
Sentropy
$sdwt
@temp
Sstartvaue
Hindvadue
$ength
$seq
$seqdtring

$s1
$slmax
$epsilon

$

@vd
Pprofileshift
$aa

$zfract
Pvectorx{}

$temp

@adldata
@sscore
$max
$maxindex
&findmax

55

DESCRIPTION

Array reference to amotif profile deta
Fasta sequence string

Entropy cutoff

Standard deviation weight

Profile dements

Staring residue position of a motif

Last resdue pogtion of amotif

Length of amatif

Position iterator for the fasta sequence
Sequence string chunk defined by scanning
window

Score for each ggnificant vector additively
Maximum score possible for each vector
Shift factor

Iterator for motif profile data

Elementsin each row of moatif profile data
Shift in the current resdue pogitionin a
motif

Residue at a particular position in one letter
code

Fractiona z score

Vector vaues defined in the 'vectorlib.pm'
x=1.5

String containing score, position and string
information

Collects dl $temp

Array of scores

Maximum score

Index of maximum score

Subroutine to find the maximum score



VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

SUBROUTINE
FUNCTION

INPUT
OUTPUT
PSEUDOCODE

VARIABLES

VERSION HISTORY
Current

Release date

Written by

Details of modification
(date/author)

Verson 1.0
01MARQ3
Venkatargian S. Mathura

findmax’

To the index and highest score of an array {Smple
implementation}

Array reference to an array containing scores
Highest score and itsindex

Reed array that contains scores

Sort the array numericaly
NAME DESCRIPTION
$scoredata Array containing scores
$max Maximum vdue
$maxindex Index of maximum vaue
Verson 1.0
01IMAROQO3

Venkatargan S. Mathura
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