Patterns, Patterns and More
Patterns

Exploiting Perl's built-in regular expression
technology



Pattern Basics

* What is a regular expression?

[ even/

mat ches at end of word
mat ches at start of word
mat ches twice: an entire word and within a word

el even
eventual | y
even Stevens

T H

heaven # 'a' breaks the pattern

Even # uppercase 'E' breaks the pattern

EVEN # all uppercase breaks the pattern

eveN # uppercase 'N breaks the pattern

| eave # not even cl ose!

St eve not here # space between 'Steve' and 'not' breaks the pattern



What makes regular
expressions so special?

ny $pattern = "even";

ny $string = "do the words heaven and el even natch?";

if ( find_it( $pattern, $string ) )
{

}

el se

{
}

print "A match was found.\n";

print "No match was found.\n";



find 1t the Perl way

ny $string = "do the words heaven and el even natch?";

if ( $string =~ /even/ )
{

}

el se

{
}

print "A match was found.\n";

print "No match was found.\n";



Maxim 7.1

Use a regular expression to specify what you
want to find, not how to find it



Introducing The Pattern
Metacharacters



I The + repetition metacharacter

[ T+/

T
TTTTTT
T

{

this and t hat
hell o
fttettttett



[ el a+/

el at1 on
el aaaaaaaa

/ (el a)+/

el ael ael ael a
el a

I\ (el a\)+

(ela))))))

(ela(ela(el a

More repetition



I The | alternation metacharacter

0123456789
there's a 0 in here somewhere
M/ tel ephone nunber is: 212-555-1029

I /0| 1] 2| 3| 4] 5| 6| 7| 8] 9

la| bl cldlelt|glhlt]][k[I]mnfo]plalr|s|t|ulv]wx|y]z/

ITABIGD EFGHIJIKLMNQP QRS TUVWX Y| Z



Metacharacter shorthand and
character classes

/0| 1| 2| 3| 4] 5] 6] 7| 8| 9/
/[ 0123456789] /

/ [ aei ou]/

[ ale|li]|o|ul

/[ “aei ou] /

/[ 0123456789] /
/[0-9]/

/[a-z]/

[[A-Z]]

I[-A-Z]]

/ [ BOFHST] [ aei ou] [ mt y]/

Bat Hog
Hit Can
Tot May
Cut bat
Say

/| [ BoCcFHf HhSsTt ] [ ael ou] [t y]/



I More metacharacter shorthand

/[0-9]/
I\ d/
/[a-zA-Z0-9 ]/

[\w

/\'sl/
[T~ \t\n\r\f]/

I\

/[0-9][~ \t\n\r\f][a-zA Z0-9 ][a-zA-Z0-9 ][~0-9]/

[\ d\ s\ww DY



Maxim 7.2

Use regular expression shorthand to reduce
the risk of error



/\ W
/\ d\ s\ wH DY

/\ d\ s\ w{ 2}\ DI
/\d\s\ W 2, 4}\ DY

/\d\s\ w2, }\ D/

More repetition



The ? and * optional
metacharacters

/[ Bo] art ?/

bar
Bar
bart
Bar t

/[ Bb]art*/
bar
Bar t

barttt
Bartttttttttttttttetttete! !

| p*/



The any character
metacharacter

/[ Bb]ar./

bar b

bar k
bar ki ng
enbar ki ng
bar n

Bar t
Barry

/[ Bb]ar. ?/






The \b word boundary
metacharacter

/' \ bbar k\ b/
That dog sure has a | oud bark, doesn't it?
That dog's barking is driving ne crazy!

/ \ Bbar k\ B/



The N start-of-line
metacharacter

[ "Bi ol nformati cs/
Bi o nformatics, Bioconputing and Perl is a great book.

For a great introduction to Bioinformatics, see
Moor house, Barry (2004).



I The $ end-of-line metacharacter

| Per | $/
My favourite programm ng | anguage i s Perl
| s Perl your favourite progranmm ng | anguage?

[ "$/



The Binding Operators

#! [usr/bin/perl -w

# The 'sinplepat' program- sinple regular expression exanpl e.

while ( <>)
{
print "Got a blank line.\n" if /"$/;
print "Line has a curly brace.\n" if /[[}{]/;
print "Line contains 'program.\n" if /\bprogramb/;



Results from simplepat ...

$ perl sinplepat sinplepat

Cot a bl ank |ine.

Li ne contains 'progran.
Cot a bl ank |ine.

Line has a curly brace.
Line has a curly brace.
Li ne contains 'progran.
Line has a curly brace.



I To Match or Not To Match ...

if ( $line = /$/ )
if ( $line I~ /78 )



Remembering What Was
Matched

/ (el a)+/

#! [fusr/bin/perl -w

# The 'groupi ng" program - denonstrates the effect
# of parentheses.

while ( ny $line = <> )
{

$line =~ /[\w+ (\w+) \w+ (\wa+)/;

print "Second word: '$1' on line $..\n" if defined $1;
print "Fourth word: '$2' on line $..\n" if defined $2;



Results from grouping ...

This is a sanple file for use wth

the grouping programthat is included

with the Patterns

Patterns and More Patterns chapter

from Bi oi nformati cs, Bioconputing and Perl .

$ perl grouping test.group.data

Second word: 'is' on |ine 1.
Fourth word: 'sanple' on |ine 1.
Second word: 'grouping' on line 2.
Fourth word: 'that' on |ine 2.
Second word: 'and' on |ine 4.
Fourth word: 'Patterns' on |ine 4.



The grouping2 program

#! [usr/bin/perl -w

# The 'groupi ng2' program - denonstrates the effect of
# nore parent heses.

while ( ny $line = <> )
{

$line =~ /\w+ ((\w) \wr (\w))/:

print “"Three words: '$1' on line $..\n" if defined $1;
print "Second word: '$2' on line $..\n" if defined $2;
print "Fourth word: '$3'" on line $..\n" if defined $3;



Results from grouping? ...

Three words: 'is a sanple' on |line 1.

Second word: 'is' on line 1.

Fourth word: 'sanple' on |ine 1.

Three words: 'grouping programthat' on |ine 2.
Second word: 'grouping' on line 2.

Fourth word: 'that' on |line 2.

Three words: 'and Mre Patterns' on |ine 4.
Second word: 'and' on |ine 4.

Fourth word: 'Patterns' on |ine 4.



Maxim 7.3

When working with nested parentheses, count
the opening parentheses, starting with the
leftmost, to determine which parts of the
pattern are assigned to which after-match
variables



/(.+), Bart/

Get over here,
Get over here,
[(.+?), Bart/

GCet over here,

Greedy By Default

now, Bart! Do you hear ne, Bart?

now, Bart! Do you hear ne

now



Alternative Pattern Delimiters

[ usr/ bi n/ perl

[ 1N W\ w\ we
VAR A VAR AVARY

INT (N W) N (\NwH) N (Nww) /
Mt \ W/ \ Wi/ \ wi#

mt (\w) /(A w) [ (\ ) #

232332
——

[ even/
m even/



Another Useful Utility

sub bi odb2nysql {
#
# Gven: a date in DD- MW YYYY fornat.

# Return: a date in YYYY-MM DD fornat.
#

my $original = shift;
$original =~ /(\d\d)-(\wWwww)-(\d\d\d\d)/;

ny ( $day, $nont h, $year ) :( $1’ $2’ $3 )’



biodb2mysqgl subroutine, cont.

$nmonth = '01' if $nonth eq ' JAN ;
$nmonth = '02" if $nonth eq ' FEB' ;
$nonth = '03" if $nonth eq ' MAR ;
$nmonth = "04" if $nonth eq ' APR ;
$nonth = '05" if $nonth eq ' MAY' ;
$month = '06' if $nonth eq ' JUN ;
$month = '07" if $nonth eq 'JUL';
$month = ' 08" if $nonth eq ' AUG ;
$nmonth = '09' if $nonth eq ' SEP ;
$nmonth = 10" if $nonth eq ' OCT';
$month = "11' if $nonth eq ' NOV ;
$nmonth = "12" if $nonth eq ' DEC ;

return $year . '-' . $nonth . '-' . S$day;



I Alternate biodb2mysqgl patterns

[(\d{2})-(\w{3})-(\d{4})/
[(\d+) - (\wi) - (\ d+) /



Substitutions: Search And
Replace

s/ these/t hose/

Q@ ve ne sone of these, these, these and these. Thanks.
Q@ ve ne sone of those, these, these and these. Thanks.
s/ these/t hose/ g

G ve ne sone of those, those, those and those. Thanks.

s/t hese/ t hose/ gi



I Substituting for whitespace

s/ M s+//
s/\s+%$//

s/\s+/ /g



gccacagat t
agaaaagaac
t cat gcacct

gcat ct gt ct
gt acgt gt ag
ctttttcaat
t gatttaaaa

FInding A Sequence

acaggaagt c
at ctacttgg
gat gaacgt g

gt at ccgcaa
agcaagact t
tt gtataacg
gtttaagatt

atatttttag
tttcgttccc
CaaaaccCacCa

cct aaaat ca
aaatttgtac
t at aacgt at
catgtattta

acct aaat ca
t at ccaagat
gt caagccat

gt gcttt aga
gt gaaact aa
at aat gt t aa
tattttatgg

I f ( $sequence =~ /acttaaatttgtacgtg/ )

s/\s*\d+$//

s/\s*/]g

ctatcctcta

t cagat ggt g
gacaaccccg

agccgt ggac
aagccagttg
ttttagattt
ggggacat ga

tctttcagca
aaacgagt ga
at ct acagt t

attgatttag
tat gcatt ag
tcttacaact
at agat ct

60
120
180

6660
6720
6780
6838



The prepare_embl program

#! [usr/bin/perl -w

# The 'prepare _enbl' program- getting enbl.data
# ready for use.

while ( <>)

{
s/\s*\d+$//;
s/\s*/]qg;
print;

}

$ perl prepare_enbl enbl.data > enbl. dat a. out

$ wc enbl . dat a. out
O 1 6838 enhl . dat a. out



The match_embl program

#! [fusr/bin/perl -w

# The 'match_enbl' program - check a sequence agai nst
# the EMBL dat abase entry stored in the

# enbl . data. out data-file.

use constant TRUE => 1;

open EMBLENTRY, "enbl.data.out"
or die "No data-file: have you executed prepare_enbl ?2\ n";

ny $sequence = <EMBLENTRY>;
cl ose EMBLENTRY;

print "Length of sequence is: ", |length $sequence,
characters.\n";

while ( TRUE )
{



The match _embl program, cont.

print "\nPl ease enter a sequence to check.\n
Type 'quit' to end: ";

ny $to _check = <>

chonp( $to _check );
$to check = I ¢c $to check;

if ( $to_check =~ /~quit$/ )

{
| ast ;
}
I f ( $sequence =~ /$to _check/ )
{
print "The EMBL data extract contains: $to_check.\n";
}
el se
{

print "No match found for: $to_check.\n";
}



Results from match embl ...

$ perl match_enbl
Lengt h of sequence is: 6838 characters.

Pl ease enter a sequence to check.
Type 'quit' to end: aaatttgggccc
No match found for: aaatttgggccc.

Pl ease enter a sequence to check.

Type 'quit' to end: caGEE3Hyg
No match found for: caggggggg.

Pl ease enter a sequence to check.
Type 'quit' to end: tcatgcacctgatgaacgt gcaaaaccacagt caagccat ga
The EMBL data extract contains:

t cat gcacct gat gaacgt gcaaaaccacagt caagccat ga.

Pl ease enter a sequence to check.
Type 'quit' to end: quit



Where To From Here



