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Objectives

Perl’s regular CXpressions

 Start to use modules to extend the power of
Perl’s core functions

 Start to use BioPerl modules for sequence
analysis
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Regular expressions

» Regexps use lots of special characters
* Perl example: extracting human fasta headers

@hdrs = grep (/*>.* (human|homo) /i, @lines);

A beginning of word anchor

any character but newline

* 0 or more of preceding character
logical 'OR'
i pattern 1s case insensitive
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Some uses of reqular

expressions

— sequence motifs
— transcription factor binding sites

 other biological applications:
— parsing GenBank and BLAST reports
— reformatting data from a file (ex: EMBOSS output)

— extracting references from a manuscript
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Writing a regular expression

 Translate into Perl (see below)

[A-Z]
[0-9]*
\s+
[*A]
\d{3}

any capital letter

>= () numbers
>= ] space chars
anything but ‘A’

3 digit numbers

\bword\b word anchor
ATG/1i ATG or atg

ATG/g all ATG’s

escaped characters: \* \.

N+ NN N/ \# N
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Regex examples for GenBank files

{ Sorg = $2; }

« VERSION NM 007553.1 GI:6680793
if (/VERSION (.*) GI: (\d¥*)/)
{ Sacc = $1; $gi = $2;}

« CDS 357..1541
if (/(CDs\s*) (\d*) (\.\.) (\d*)/)
{$start = $2; Send = $4; }
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Hashes

%has eyl, valuel, key2, value2, etc. _

« examples: creating %translate and %gi  ATG = M

$translate = ( GCT = G
"ATG" , "M" , "GGT" , "Gg" , CAT :> H
"CAT" , TH" , "TAG" , W 11 ,

); # etc. . . TAG = *

print "ATG is the codon for S$translate{‘ATG’'}";
# ATG is the codon for M
# In general, S$hash{key} = value;

Unix, Perl, and BioPerl © Whitehead Institute, February 2004



Hashes (cont.)

AdlIIPIC. Z1VCI DITCSPONAINEZ arrays O 1UITOC

and sequence names (@segs), create $gi2seq

for (Si
{

0; $i <= S#seqgs; Si++)

$gi2seq{$gi[$i]} = Sseq[$il;
}
print "GI:$gi[$i] represents S$Sgi2seq{$gi[$il}.";
# example: GI: 6680793 represents mouse BMP-2.
# To separate out keys and values:
@mykeys = keys (%gi2seq) ;
@myvalues = values (%gi2seq) ;
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Introduction to modules

specific task
e core modules vs. other modules

 see http://www.cpan.org/ to find documents and
downloads, etc.
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Using modules

* For all modules,

use module name;
« Example:
# full path to directory with GD.pm

use lib '/home/elvis/modules’;
use GD; # The .pm is optional
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Object-oriented Perl

— Bi10::SeqlO::GenBank
« —> send information about the data

« example of creating an object and performing methods on it:
$Sseqs = Bio::SeqIO->new(-file => "$inFile",
'-format' => 'Fasta'); # makes a SeqIO object

$seqobj = $seqs->next seq(); # makes a Seq object
Srawseq = $seqgobj->seq() ;

$rev_comp = $seqobj->revcom->seq() ;

12
Unix, Perl, and BioPerl © Whitehead Institute, February 2004



LWP: fetch WWW documents

« Example of usage:

use LWP::Simple;

Surl = "http://www.whatever.com/data.html";
Spage = get($url) ;
if (Spage)

{ # do something }
else { print "Problems getting Surl"; }
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3 SGD genomic extractor at WIBR - Microsoft Internet Explorer

J File Edit Wiew Favoribes Tools  Help

J Back - = ~ () ‘ot | ‘Chsearch [GjFavorites £ #History |%v = =
J.ﬁ.ddress @ hkkp:/ fladda. wi.mit.edufbioc/Bell’sgd_extractor, html j f}GD JLinks »

SGD genomic extractor at WIBR =

Paste in list of ORF names (one per line):

TARO3IOC =
TAROZ1W
TAROZSW
TAROZSW

Sample “front end”  |ion

TARO44W

of a CGI script
TAROGOC =

NT upstream to extract (ex: 1000): IEIIIIIII]

NT downstream to extract (ex: 500): |1 aoo
Include ORFs too? 1

...........

Get genomic sequence! Feset

Return to Whitehead Biocomputing

& l_ I_ 4 Internet
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CGI: run scripts from the WWW

 execution controlled by server configuration

e cxample of usage:

use CGI gw(:standard) ; # import :group shortcuts
Sinput = new CGI;

print $input->header('text/html') ;

# print content here

print S$input->end html;
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GD: generate bitmap graphics

left corner of figure

$x1

$x2

* method examples:
Simg->filledRectangle ($x1, Syl, $x2, $y2, S$red);

Simg->string(gdSmallFont, $x, Sy, Stext, S$green);
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SVG: generate vector graphics

— magnification maintains resolution

— figures can be edited 1n Illustrator
* based on XML (text)

 SVG 1mages can be viewed 1n a web

browser BUT require a free plug-in
(http://www.adobe.com/svg/)
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BioPerl

* uses objects (references to a specific data
structure)

* Seq: main sequence object

— available when a sequence file 1s read

Sseqs = Bio::SeqlO->new('-file' =>
"inputFileName", '-format' => 'Fasta');

$seqobj = $segs->next seq();
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BioPerl's SeqIO module

o formats: Fasta, EMBL, GenBank, swiss,
SCF, PIR, GCG, raw

» parse GenBank sequence features
— CDS, SNPs, Region, misc feature, etc.

* sequence manipulation:

— subsequence, translation, reverse complement
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Using SeqlO

while ($seqobj = $in->next seq())
{
$out->write seq($seqobj) ; # print sequence to S$out
print "Raw sequence:", S$seqobj->seq();
print "Sequence from 1 to 100: ", $seqobj->subseq(l,100);
print "Type of sequence: ", Stype = $segobj->alphabet() ;
if ($type eq "dna")
{
$rev_comp = $seqobj->revcom->seq() ;
print "Reverse complement: $rev _comp";
print "Reverse complement from 1 to 100";
S$Sseqobj->revcom->subseqg(l, 100);
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Parsing BLAST reports
with SearchIO

-format => "blast") ;
while (Sresult = Sreport->next result)
{
while (Shit = Sresult->next hit)
{
while (Shsp = $hit->next hsp)
{
print "Hit=", $hit->description, "\t",
"PercentID=", Shsp->percent identity, "\n";
} o}
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Summary: Per| and BioPer!

Hashes

Using modules

Library for WWW access in Perl (LWP)
Common Gateway Interface Class (CGI)
GD and SVG graphics libraries

BioPerl (SeqlO, BPlite)
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Summary: Bioinformatics tools

— command line
* analysis packages: EMBOSS, etc.
e Unix tools

e Perl tools
— core commands
— core modules
— BioPerl and other "add-on" modules
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Demo scripts on the

module

draw_figure SVG.pl

draw a figure with vector graphics

fastaToGenbank.pl

sequence conversion

genbank parse.pl

parse GenBank sequence features

manipulate seq.pl

manipulate a sequence

blast parse.pl

parse BLAST output files using
BioPerl's SearchlO
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Exercises

e 2: Manipulating a GenBank file with
BioPerl and creating a PNG 1mage

« 3: Setting up a web-based search script

26
Unix, Perl, and BioPerl © Whitehead Institute, February 2004



