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h"p://search.cpan.org/~cjfields/BioPerl-­‐1.6.901/BioPerl.pm 

What	
  is	
  bioperl	
  
	
  

Bioperl	
  is	
  a	
  collecAon	
  of	
  perl	
  modules	
  that	
  facilitate	
  the	
  development	
  of	
  perl	
  scripts	
  for	
  bioinformaAcs	
  
applicaAons.	
  The	
  intent	
  of	
  the	
  BioPerl	
  development	
  effort	
  is	
  to	
  make	
  reusable	
  tools	
  that	
  aid	
  people	
  in	
  
creaAng	
  their	
  own	
  sites	
  or	
  job-­‐specific	
  applicaAons.	
  
	
  

Bioperl	
  is	
  NOT	
  
	
  
As	
  such,	
  it	
  does	
  not	
  include	
  ready	
  to	
  use	
  programs	
  in	
  the	
  sense	
  that	
  many	
  free/commercial	
  soNwares	
  do	
  
such	
  as	
  BLAST,	
  HMMER,	
  FASTA,	
  MAFFT,	
  MEGA	
  etc.	
  
	
  

What	
  Bioperl	
  can	
  do	
  
	
  
Bioperl	
  provides	
  reusable	
  perl	
  modules	
  that	
  facilitate	
  wriAng	
  perl	
  scripts	
  for	
  sequence	
  manipulaAon,	
  
accessing	
  of	
  databases	
  using	
  a	
  range	
  of	
  data	
  formats	
  and	
  execuAon	
  and	
  parsing	
  of	
  the	
  results	
  of	
  various	
  
molecular	
  biology	
  programs	
  including	
  Blast,	
  clustalw,	
  TCoffee,	
  genscan,	
  ESTscan	
  and	
  HMMER	
  etc.	
  	
  
E.g.	
  run	
  other	
  tools,	
  parse	
  results,	
  convert	
  formats,	
  retrieve	
  sequences	
  etc.	
  
	
  
As	
  the	
  modules	
  (through	
  objects)	
  do	
  most	
  of	
  the	
  hard	
  work	
  for	
  you,	
  all	
  you	
  have	
  to	
  do	
  is	
  to	
  combine	
  a	
  
number	
  of	
  objects	
  together	
  sensibly	
  to	
  make	
  useful	
  scripts.	
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BioPerl	
  is	
  the	
  product	
  of	
  a	
  community	
  effort	
  to	
  produce	
  Perl	
  code	
  useful	
  in	
  biology.	
  Examples	
  
include	
  Sequence	
  objects	
  (created	
  from	
  modules),	
  Alignment	
  objects	
  and	
  database	
  searching	
  
objects.	
  	
  
	
  
SeqIO,	
  SearchIO,	
  AlignIO,	
  TreeIO,	
  Tools,	
  DB,	
  Seq	
  
	
  
These	
  objects	
  	
  also	
  interact	
  -­‐	
  Alignment	
  objects	
  are	
  made	
  from	
  the	
  Sequence	
  objects,	
  
Sequence	
  objects	
  have	
  access	
  to	
  AnnotaAon	
  and	
  SeqFeature	
  objects	
  and	
  databases,	
  Blast	
  
objects	
  can	
  be	
  converted	
  to	
  Alignment	
  objects,	
  and	
  so	
  on.	
  This	
  means	
  that	
  the	
  objects	
  
provide	
  a	
  coordinated	
  and	
  extensible	
  framework	
  to	
  do	
  computaAonal	
  biology.	
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Bioperl	
  modules	
  are	
  called	
  in	
  the	
  main	
  perl	
  scripts	
  
in	
  a	
  fashion	
  of	
  Object-­‐Oriented	
  paradigm,	
  which	
  is	
  
in	
  contrast	
  to	
  the	
  procedural	
  paradigm.	
  	
  
Procedural	
  code	
  is	
  typically	
  used	
  for	
  short	
  
programs	
  while	
  OOP	
  is	
  oNen	
  used	
  for	
  complex	
  
medium	
  and	
  long	
  programs.	
  

Classes:	
  modules	
  
Methods:	
  subrouAnes	
  
Objects:	
  instances	
  of	
  classes	
  

Jamison	
  D.	
  Perl	
  Programming	
  for	
  
Biologists	
  (Wiley,2003)	
  (ISBN	
  
0471430595) 

#!/usr/bin/perl -w 
 
use Bio::SeqIO; 
 
$new=Bio::SeqIO->new(-file=>$ARGV[0], 
-format=>"fasta"); 
 
while($seq=$new->next_seq){ 
  print $seq->id,”\t”, length $seq-
>seq, “\n”; 
} The	
  arrow	
  operator	
  -­‐>	
  is	
  widely	
  used	
  to	
  call	
  a	
  

subrouAne	
  of	
  a	
  module	
  to	
  build	
  an	
  object.	
  

What	
  is	
  exactly	
  an	
  object?	
  
An	
  object	
  is	
  a	
  specific	
  instance	
  of	
  a	
  
module	
  or	
  subrou@ne 
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Find	
  out	
  where	
  bioperl	
  modules	
  are	
  installed	
  to	
  on	
  glu:	
  
 
locate bioperl | less 
 
locate Bio | less 
 
Manual:	
  /usr/share/man/man3	
  
Code:	
  /usr/share/perl5/Bio/	
  

Bio::SeqIO 
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The	
  main	
  module	
  for	
  sequence	
  IO,	
  interconnecAng	
  
with	
  other	
  more	
  basic	
  modules	
  e.g.	
  to	
  Bio::Seq	
  

The	
  SeqIO	
  folder	
  contains	
  modules	
  for	
  all	
  different	
  sequence	
  formats	
  

Different	
  sequence	
  formats	
  can	
  inter-­‐converted,	
  e.g.	
  GenBank	
  to	
  fasta,	
  or	
  fastq	
  to	
  fasta	
  and	
  qual 

yyin@glu:~/work/class$ ls /usr/share/perl5/Bio/AlignIO 
arp.pm     clustalw.pm  fasta.pm  largemultifasta.pm  mase.pm  meme.pm       
msf.pm    nexus.pm  phylip.pm  proda.pm   psi.pm    stockholm.pm 
bl2seq.pm  emboss.pm    Handler   maf.pm              mega.pm  metafasta.pm  
nexml.pm  pfam.pm   po.pm      prodom.pm  selex.pm  xmfa.pm 

Bio::SeqIO 

Bio::AlignIO 
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Check	
  the	
  documentaAon	
  of	
  SeqIO	
  at	
  bioperl	
  website	
  
h"p://www.bioperl.org/wiki/HOWTO:SeqIO	
  

	
  
perldoc Bio::SeqIO 

perldoc /usr/share/perl5/Bio/SeqIO.pm 
less /usr/share/perl5/Bio/SeqIO.pm 

Space	
  to	
  page	
  down	
  
u	
  to	
  page	
  up	
  
q	
  to	
  exit	
  

Print	
  seq 

Format	
  conversion 
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The	
  “new”	
  funcAon 

To	
  see	
  the	
  actual	
  code	
  of	
  this	
  subrouAne	
  
less /usr/share/perl5/Bio/SeqIO.pm 
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#!/usr/bin/perl -w 
 
use Bio::SeqIO; 
 
$new=Bio::SeqIO->new(-file=>$ARGV[0],  
-format=>"fasta"); 
 
while($seq=$new->next_seq){ 
  print $seq->id,”\t”, length $seq->seq, “\n”; 
} 

vi get-length.pl 

perl get-length.pl 
metagenemark_predictions.faa | less 

Step	
  1:	
  Create	
  a	
  $new	
  object	
  from	
  a	
  fasta	
  
file	
  to	
  hold	
  the	
  reference	
  to	
  the	
  fasta	
  
format	
  sequences	
  
	
  
Step	
  2:	
  Call	
  the	
  next_seq	
  method	
  to	
  
extract	
  one	
  seq	
  block	
  per	
  cycle	
  and	
  create	
  
the	
  $seq	
  object	
  to	
  hold	
  the	
  block	
  
	
  
Step	
  3:	
  Call	
  the	
  id	
  method	
  and	
  the	
  seq	
  
method;	
  print	
  the	
  length	
  of	
  the	
  sequences	
  

perldoc	
  Bio::SeqIO	
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#!/usr/bin/perl -w 
 
open(ID,$ARGV[1]); 
while(<ID>){ 
  chomp $_; 
  $id_hash{$_}=1; 
} 
 
use Bio::SeqIO; 
 
$new=Bio::SeqIO->new(-file=>$ARGV[0], -format=>"fasta"); 
 
while($seq=$new->next_seq){ 
  if(defined $id_hash{$seq->id}){ 
    print ">",$seq->id,"\n",$seq->seq."\n"; 
  } 
} 

vi get-seq-bioperl.pl 

perl get-seq-bioperl.pl test-query.fa.cowrument.out.m9.hitid 
metagenemark_predictions.faa | less 

Step	
  1:	
  load	
  the	
  id	
  file	
  into	
  the	
  memory	
  as	
  a	
  hash	
  
	
  
Step	
  2:	
  Create	
  a	
  $new	
  object	
  from	
  a	
  fasta	
  file	
  to	
  hold	
  the	
  reference	
  to	
  the	
  fasta	
  format	
  
sequences	
  
	
  
Step	
  3:	
  Call	
  the	
  next_seq	
  method	
  to	
  extract	
  one	
  seq	
  block	
  per	
  cycle	
  and	
  create	
  the	
  $seq	
  
object	
  to	
  hold	
  the	
  block	
  
	
  
Step	
  4:	
  Call	
  the	
  id	
  method	
  to	
  check	
  if	
  the	
  id	
  is	
  used	
  in	
  the	
  pre-­‐defined	
  hash;	
  if	
  yes,	
  print	
  
the	
  sequence	
  

We	
  sAll	
  call	
  the	
  same	
  module	
  
Bio::SeqIO	
  in	
  a	
  new	
  program	
  

Has	
  the	
  same	
  funcAon	
  
as	
  get-­‐seq4.pl	
  etc.	
  

No	
  need	
  to	
  load	
  seq	
  database	
  
into	
  the	
  memory	
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hmmsearch --domtblout GH5.hmm.cowrumen.dm GH5.hmm  metagenemark_predictions.faa > 
GH5.hmm.cowrumen.out &  
 
less GH5.hmm.cowrumen.dm | grep -v '^#' | awk '{print 
$1,$3,$6,$7,$12,$13,$16,$17,$18,$19}' | awk '$6<1e-2&&($8-$7)/$3>.8' | sed ‘s/ /
\t/g’ > GH5.hmm.cowrumen.dm.ps 
 
Extracting domain regions is easy if using perl and bioperl 

1	
  
2	
  

3	
  
4	
   5	
  

6	
  
7	
   8	
   9	
   10	
   12	
   13	
  11	
   14	
   15	
   16	
   17	
   18	
   19	
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1 	
  Hit-­‐ID	
  
2 	
  Hit-­‐length	
  
3 	
  HMM-­‐length	
  
4 	
  Full	
  length	
  E-­‐values	
  
5 	
  c-­‐E-­‐values	
  
	
  

6 	
  i-­‐E-­‐values	
  
7 	
  HMM-­‐start	
  	
  
8 	
  HMM-­‐end	
  
9 	
  Hit-­‐start	
  	
  
10 	
  Hit-­‐end	
  

#!/usr/bin/perl -w 
 
open(ID,$ARGV[1]); 
while(<ID>){ 
  chomp $_; 
  $id_hash{$_}=1; 
} 
 
use Bio::SeqIO; 
 
$new=Bio::SeqIO->new(-file=>$ARGV[0], -format=>"fasta"); 
 
while($seq=$new->next_seq){ 
  if(defined $id_hash{$seq->id}){ 
    print ">",$seq->id,"\n",$seq->seq."\n"; 
  } 
} 

We	
  need	
  to	
  modify	
  this	
  program	
  to	
  
make	
  it	
  work	
  for	
  this	
  task:	
  
1)  Cut	
  the	
  tabular	
  file	
  and	
  create	
  a	
  

hash	
  with	
  ID	
  as	
  the	
  key	
  and	
  
domain	
  posiAons	
  as	
  the	
  values	
  

2)  Since	
  there	
  are	
  two	
  lines	
  with	
  
the	
  same	
  ID,	
  so	
  the	
  2nd	
  line	
  will	
  
overwrite	
  the	
  1st	
  line	
  

3)  Hash	
  of	
  array	
  could	
  solve	
  this	
  
program	
  

How	
  to	
  we	
  extract	
  the	
  fasta	
  
sequences	
  for	
  the	
  domain	
  matches?	
  

@col=split(/\t/,$_);	
  
$id_hash{$col[0]}=$col[-­‐2].”-­‐”.$col[-­‐1];	
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Hash	
  of	
  array	
  is	
  one	
  of	
  the	
  complex	
  data	
  structures	
  built	
  on	
  top	
  of	
  basic	
  ones	
  
(scalar,	
  array	
  and	
  hash),	
  designed	
  for	
  one-­‐to-­‐many	
  data	
  tables	
  

Key 	
   	
  Value	
  
Asia 	
   	
  (“China”,	
  “Japan”,	
  “India”)	
  
Europe 	
   	
  (“UK”,	
  “France”,	
  “Germany”)	
  
North	
  America 	
  (“US”,	
  “Canada”,	
  “Mexico”)	
  

Asia 	
  China	
  
Asia 	
  Japan	
  
Asia 	
  India	
  
Europe 	
  UK	
  
Europe 	
  France	
  
Europe 	
  Germany	
  
North	
  America 	
  US	
  
North	
  America 	
  Canada	
  
North	
  America 	
  Mexico	
  

While(<>){ 
   @col=split(/\t/,$_); 
   push(@{$country{$col[0]}},$col[1]); 
} 

key	
  

Curley	
  for	
  the	
  hash	
  name	
  part	
  

$country{$col[0]}=$col[1];	
  

This	
  suggests	
  it’s	
  an	
  array	
  

value	
  

push(@array,	
  $element);	
  
In	
  a	
  loop,	
  push	
  $element	
  to	
  an	
  array	
  to	
  create	
  it	
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#!/usr/bin/perl 
 
use Bio::SeqIO; 
 
open(IN,$ARGV[0]); 
 
while(<IN>){ 
  chomp $_; 
  @col=split(/\t/,$_); 
  push(@{$id_hash{$col[0]}},$_); 
} 
 
$new=Bio::SeqIO->new(-file=>$ARGV[1], -format=>"fasta"); 
 
while($seq=$new->next_seq){ 
  if(defined $id_hash{$seq->id}){ 
   @id_array=@{$id_hash{$seq->id}};  
 
   foreach(@id_array){ 
     @id_col=split(/\t/,$_); 
     print ">",$id_col[0],"|",$id_col[-2],"-",$id_col[-1],"\n", 
     $seq->subseq($id_col[-2],$id_col[-1])."\n"; 
   } 
 
  } 
} 

Create	
  a	
  hash	
  of	
  array	
  as	
  
explained	
  in	
  the	
  above	
  
example	
  

If	
  the	
  ID	
  is	
  defined	
  in	
  the	
  %id_hash,	
  create	
  a	
  
temporary	
  array	
  to	
  hold	
  the	
  lines	
  of	
  exisAng	
  
IDs	
  (it’s	
  ok	
  if	
  there	
  is	
  only	
  one	
  line	
  in	
  the	
  array)	
  

subseq	
  method	
  is	
  called	
  to	
  help	
  
retrieve	
  the	
  domain	
  segments	
  using	
  the	
  
posiAon	
  info	
  

Build	
  the	
  fasta	
  descripAon	
  line	
  
in	
  a	
  format:	
  >ID|start-­‐end	
  

vi get-subseq-bioperl.pl 
perl get-subseq-bioperl.pl GH5.hmm.cowrumen.dm.ps 
metagenemark_predictions.faa | less 
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#!/usr/bin/perl -w 
 
use Bio::SeqIO; 
 
$in=Bio::SeqIO->new(-file=>$ARGV[0],-format=>$ARGV[1]); 
$out=Bio::SeqIO->new(-file=>">$ARGV[2]",-format=>$ARGV[3]); 
 
while ( my $seq = $in->next_seq() ) { 
  $out->write_seq($seq); 
} 

vi	
  format-­‐bioperl.pl	
  

seqret -sequence /media/DATAPART4/z1003529/sequence.gp -outseq g -sformat genbank -
osformat fasta 

perl format-bioperl.pl /media/DATAPART4/z1003529/sequence.gp genbank 
sequence.gp.fa fasta  
 
perl format-bioperl.pl /media/DATAPART4/z1003529/sequence.gp genbank 
sequence.gp.fa fasta 2>h.err 
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Perl	
  one-­‐liner	
  
	
  
You	
  don’t	
  write	
  codes	
  into	
  a	
  file	
  and	
  then	
  issue	
  “perl file.pl”	
  on	
  the	
  command	
  line;	
  
You	
  write	
  the	
  codes	
  directly	
  on	
  the	
  command	
  line,	
  like	
  you	
  are	
  typing	
  regular	
  Linux	
  commands	
  

perl  -e ‘while(<>){@col=split(/\t/,$_);print 
$col[1],”\tmutation\n”;}’ cosmicRaw.txt.head10.6col 

#!/usr/bin/perl 
 
while (<>){ 
   @col=split(/\t/,$_); 
   print $col[1],”\tmutation\n”; 
} 

#!/usr/bin/perl 
 
open (IN,$ARGV[0]); 
 
@a=<IN>; 
 
foreach(@a){ 
   @col=split(/\t/,$_); 
   print $col[1],”\tmutation\n”; 
} = 

cat cosmicRaw.txt.head10.6col | 
cut –f2 | awk ‘{print 
$1,”mutation”}’ | sed ‘s/ /\t/’ = 

= 
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#!/usr/bin/perl -w 
 
use Bio::SeqIO; 
 
$new=Bio::SeqIO->new(-file=>$ARGV[0],  
-format=>"fasta"); 
 
while($seq=$new->next_seq){ 
  print $seq->id,”\t”, length $seq->seq, “\n”; 
} 

perl get-length.pl 
metagenemark_predictions.faa | less 

perl –e ‘use Bio::SeqIO; $new=Bio::SeqIO->new(-file=>$ARGV[0],-
format=>"fasta"); while($seq=$new->next_seq){print $seq->id,”\t”, length $seq-

>seq, “\n”;}’ metagenemark_predictions.faa | less 

Perl	
  one-­‐liner	
  
	
  
You	
  don’t	
  write	
  codes	
  into	
  a	
  file	
  and	
  then	
  issue	
  “perl file.pl”	
  on	
  the	
  command	
  line;	
  
You	
  write	
  the	
  codes	
  directly	
  on	
  the	
  command	
  line,	
  like	
  you	
  are	
  typing	
  regular	
  Linux	
  commands	
  


