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Prediction of Escherichia coli K-12 promoters using position-specific

scoring matrix (PSSM) method

YAN Yan, WAN Ping”
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Abstract ; Promoter is an essential element in transcription initiation. In this study, we proposed a method for the
promoter prediction based on the position-specific scoring matrix ( PSSM) constructed with the data from RegulonDB
database ,and evaluated the performance through the receiver operating characteristic ( ROC). We predicted the
Escherichia coli K-12 promoters, the accuracies of predictions for sigma24, sigma28, sigma32, sigma38, sigma54

and sigma70 are 86% , 96% , 93%, 96% , 97% and 74%, respectively. Since promoter sequences are conserved

among prokaryotes, PSSM could be applied to the prediction of prokaryotic promoters.
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1.1 KBHHE K-12 B3 FZEF 5

KW #F B K-12 sigma24 | sigma28 ., sigma32 .,
sigma38 sigma54 Fl sigma70 Ji a1 BIAZIR ¥ 51 T 2%
H RegulonDB % & £ ( http ://regulondb. ccg. unam.
mx/) . RegulonDB Y% T KIGAF B K-12 45 Fl i 55
BRI AR AL S AT N 2% BRI ZAh, Bk
F4E T AR IIRERY L D] 6] i AH AR T, anf sk 25
Pk BT LUK 8 R A R S R
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TP + TN foreach my $ key(keys %sigma_sequences) |

Acc

= o (6)
TP + TN + FP + FN
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#! /usr/bin/perl-w

use strict;

#M RegulonDB N EAY IS 30 F Y AR B
TE— 3 I

my @ file =glob" PromoterSigma * Set.txt" ;

my ( %sigma_all_sequences, %matrices_total, %
prediction_all) ;

# Score Matrices Computation

foreach my $ file( @ file) |
index) = $file = ~ /
PromoterSigma (. * ) Set.txt/;

my ( $ promoter _
my ( %sigma_sequences, % sigma_transposition_
sequences ) ;

my ( $ score, @ matrix_score) ;

# Store the promoters of current file into %sigma_
sequences and then

# store all types of the promoter sequences into %
sigma_all_sequences.

open( DATA, $file) | | die" Can“t open file \"
$ file\" ! \n";

while (<DATA>) |

chomp;

(/#/ or /"\s* §/) and next;

my @ fields = split(" \t" ) ;

( $fields[5]! ~/"[acgtACGT]+ $/ or $ fields
[4]=~/,/) and next;

$ sigma_sequences { lc ( $ fields[5]) | = $ fields
(415

}

$ sigma_all_sequences { $ promoter_index | =\%

sigma_sequences;

# Transposit the % sigma_sequences to % sigma_
transposition_sequences

# in order to calculate the score matrices.

my @ fields=split("", $ key) ;

for(my $i=0; $i<@ fields; $i++) |

$ sigma_transposition_sequences{ $i}.= $ fields
[ $i];

%

%

# Calculate score matrices and store the results in
Y% matrices_total.

foreach my $key(sort { $a <=> $b|keys %
sigma_transposition_sequences ) |

my $ promoter _ num = length §sigma _
transposition_sequences { $ key}| ;

my @ fields = split ( "", $ sigma _ transposition _
sequences { $ key| ) ;

my Joacgt=() ;

foreach my $ base( @ fields) |

(exists $acgt{ $base}) ? ( $acgt{ $basel +
+) : ( $acgt{ $base} =1);}

foreach my $ base(keys %acgt) |

my $ base_score = ( $acgt{ $base} +.1) * 4/
( % promoter_num+.4) ;

$ base_score = sprintf" %. 0f" , log ( $ base _
score ) /log(2) ;

$ matrix_score[ $ key | [ judge ( $ base) ] = int
( $ base_score) ;

%

%

$ matrices_total { $ promoter_index} = \@ matrix_
score;

%

# True or False Promoters Prediction

foreach my $ file( @ file) {

index) = $§file = ~ /
PromoterSigma (. * ) Set.txt/;

my ( $ promoter

my %prediction;

# True promoters score

foreach my $key ( keys% { $sigma _ all _
sequences { $ promoter_index} } ) |

my § score;

for(my $i = 0; $i < length $ key; $i++) |

$ score +=$ | $ matrices_total { $ promoter _

index| | [ $1i][judge(substr( $ key, $i, 1)) ];
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%

$ prediction{ $ key| = $ score.”" \tT" ; # Print the score into files.
| foreach my $ key(keys %prediction_all) {
open( RS, " >score_sigma" . $ key." .txt" ) ;
foreach my $ sub_key(keys % { $ prediction_all
[ $keyif)
print RS $ sub_key," \t", $ { $ prediction_all
{ $key! | { $sub_key},"\n";

sequences{ $ key| | ) { |

# False promoters score
foreach my §$ key(keys %sigma_all_sequences) {
$ key =~ $ promoter_index and next;

foreach my $ false _key (keys % { $ sigma_all _

my $ score; close RS;
for(my $i = 0; $1i < length $ false_key; $i+ |
+)

$score += $ { $ matrices _total { $ promoter _ sub judge {
index! | [ $i] [ judge ( substr ( §false _key, $i, my( § string)=@ _;
)14 my § num;

| $ string=~/a/ and $ num=0;
$ prediction { $ false_key| = $ score." \tF" ; $ string=~/c/ and $ num=1;
| $ string=~/g/ and $ num=2;

} $ string=~/t/ and $ num=3;

$ prediction _ all { § promoter _ index | = \% return $ num;
prediction %
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Fig.1 Logos for six kinds of promoters in E.coli K-12
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6,.6,.6)) values
for(i in ¢ (" 24", " 28" " 32" "38" "54" " print ( paste0 (" sigma" ,1i,sens,spec) )
70" )) | auc <— format ( performance ( pred," auc") @ y.
data = read. table ( pasteO ( " score _sigma" ,i,". values , digits=2)
txt")) plot( perf, main = pasteO ( " sigma" ,1) , colorize =

pred <— prediction( data[ ,2],datal ,3])

perf <— performance ( pred," tpr" ," fpr" )

sens <— performance ( pred," spec" ," sens" ) @ x.
values

spec <— performance ( pred," spec" ,"sens" ) @ y.

FALSE ,lwd =2 ,xaxis.cex.axis= 1,
yaxis.cex.axis = 1 ,yaxis.las=1,cex.main=1.5)
segments(0,0,1,1,lty=2)
text(0.6,0.5, pasteO( " AUC=",auc) ,cex=1.2)
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Fig.2 The ROC curves of PSSMs in prediction of E.coli promoters
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Table 1 Sensitivities and specificities of promoter
predictions using PSSM

a4 a28 032 o38 a54 a70

Sensitivity  0.71 0.93 0.74 0.74 0.73 0.73
Specificity ~ 0.84 0.74 0.88 0.64 0.77 0.68

4 T i
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Table2 Comparison of Acc between PSSM and BacPP

a4 o28 a32 o38 a54 a0

PSSM 0.86 0.96 0.93 0.96 0.97 0.74
BacPP 0.87 0.93 0.92 0.89 0.97 0.84
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AW B — R ERR I Bk

e, B 1 HE) ROC R ARAL T A A Xt F i 26
(9 b7, 3 U8 B 4d ] PSSM 5 J5 20 - 4 485 2 1L I
HIRE R R,

HYK R AR AUC B 2 W PSSM J7 ik B AT AR
i, FH ) AUCs A sigma38 i 0.74, AR KT
0.8, B PSSM (Al {5 FEEAR 5 .
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