Computing Concepts for Bioinformatics

m Some PERL tricks
m Sequence Features
m Extracting features

m Displaying Features

m Working with Reports:
Bio::SearchlO

http://amadeus.biosci.arizona.edu/~nirav



Tricks: Strings & =— operator

m —= |s known as the binding operator

m Can be used with m (match) and s
(substitute)

m $fun s/work/play/gi;
m It can also be used for counting
m $howmany = $fun s/work/play/gi;

m The m operator returns TRUE (1) If there iIs
a match or UNDEF (no value “”) if mismatch

m $count = ($found =— m/work/gi);
m $count can be 1 or UNDEFined
m The pattern can be a regular expression



Subroutines

m Many scripts have parts that need to
be repeatedly executed

m Instead of writing the same code
multiple times in the same script..

m Subroutines carry out the given task
and return data and control back to
the program

m The compartmentalization makes
writing repeated tasks easy, safe
and consistent



Subroutines

Flow of logic

Linel

Line 2

Line 3

Line 4

Line 5

HIIK

Sub find_pat




More subroutines

m Usually located at the bottom of the code
(easler to locate)

m Declared by using sub before the name
sub gc_calc {

}

m To call/use them use the subroutine name
gc_calc();

® YOU can pass data/arguments to it
gc_calc($my_seq);

®m Arguments are passed to subroutines using
the array named @

m Data Is sent back using return:
return $gc_count;

# Do stuff



gc subroutine

m To create the subroutine gc_calc:
sub gc_calc {
# Read 2 items ..sequence and length
my ($seqin,$len) = @ _;
# Calculate GC
$gcount = $seqin =— s/g/g/qgi;
$ccount = $seqin =— s/c/c/di;
$gc_count = ($gcount+Sccount)/$len * 100;
# Return gc_count
return $gc_count;

}

= Now you can call gc_calc anywhere in your program
after reading a sequence and its length
$gc_val = gc_calc($actual _seq,$length);

m $gc_val now contains the calculated value



Flow Control: Next & Last

= The next and last operators allow you to
modify the flow of your loops

m It is not at all uncommon to have a
special case; you may want to skip it, or
you may want to quit when you
encounter It.

= The next operator would allow you to
skip to the end of your current loop
Iiteration, and start the next iteration.

m The last operator would allow you to skip
to the end of your block, as if your test
condition had returned false.



Next, last example
foreach $user (@users) {

# SKip nirav and susan
If (Buser eq “nirav“ or $user eq “susan’) {
~ nhext; #Stays in the foreach loop; gets next
Iitem
¥
# If gavin is found, do something, then stop
looking
iIf ($Buser eqg “gavin™) {

print "Found the special user.\n"’;

# do some processing...

last;
#Jumps out of foreach loop

¥} else {
print “User not susan, nirav, or gavin\n’’;
¥
¥



Seguence Features

m A feature Is a region of interest in a
specified nucleic or protein sequence.

m It has a specified start and end position.

m It has a nhame describing what type of
feature It Is, e.g. gene, CDS, promoter...

m Features may also explicitly or implicitly
hold the name of the program or database
that they are derived from.

m Feature Tables are groups of features, e.g.
what you see in Genbank records.



Popular formats

m GenBank
m EMBL

m GFF
m Swissprot (not as popular)



FEATURES
Sourc

BASE COUNT
ORIGIN

Bl
121
151
adl
£

Genbank

L T S e

=

113 a

gttatctagy
cagattttas
aagoaagaga
atttagoagog
tgoaagattt

Location/sualifiers

1..297

Jorganism="Buchnera aphidicola™
Jgpecific _hozt="Acyrthosziphon sp."”
Jdb xref="taxon:23"

1..297

Jgene="thrEb"

<1..7297

fgene="thrB"

FEC mumber="2.7.1.339"
fcodon_start=3
ftranzsl tahle=11
Sproduct="homoserine kinase"
fprotein id="BAAZ5354.1"

Fdb xref="GI1:3036933"

Jtranslation="YLGGLOLILEDAEIIA)TIPNFENWFNIVAWNE GTEVPTAEARDT

LPEEYEEETCIEN R Y LAGF IHASY SO0 PHLALMRLMOD FIAR PYRIELLPNYLY™

47 o

aggacttoagy
aaattogttt
catactacca
LLCLtatctcat
tatoogoagan

a6 g

ctaatattag
tggatagtag
gaaaaatata
gottocataca
coatatcgta

91 £

aagattcaaa
cotgyoctyy
aaaaagaaac
JtCAaacaaco
ttaaattatt

aataataagt
aactasaagtt
atgtattaaa
toatctagoa
acctaattat

Ccaaactattc
cotactgoag
aatagtogrtt
gJracgattoa
trgtaty



EMBL

Fed333333333333338 2

SOUYCe

Jequence 297 BP:

gttatoctadg
caaattttaa
aagoaagaga
atttagoagg
toaagattt

Location/Qualifiers

1..297

Adbh xref="taxon:3"
Fgequenced mol="cDNA to mRMNA™
Sorganism="Buchnera aphidicola™
dapecific_host="Acyrthosiphon sp."
<1..>»297
foodon_start=3

fAdb_ xref="3WI35-PROT:006132"

Atransl table=11
JEC mamber="2.7.1.39"
Sgene=""thrE"

Sproduct="homoserine kinase"

fprotein id="BA&Z5354.1"
Jrranzlation="YLGGLOQLILEDSEIIAQTIPNFENWEFWIVAIE GTEYPTAEARDIL

PEETEFETCIEN AR Y LAGFIHASY S QQPHLAAR LHODFIAERPYRIKLLPNYLY™

agacttoad
aasattggttt
catactacca
Ltttattoatc
tatogoagad

113 a; 47 C; 46

ctaatattadg
tggatagtadg
aaagaatata
gottocataca
coatatogta

; 91 T; 0O
aagattcaaa
coctggoctgg
aaaaagasaac
gtcaacaacc
Ltaaartratc

other:;

aataataagt
aactaaagtt
atgtattaaa
tcatctagca
acctaattat

Caaactatto
cotactgoad
aatagtogtt
gJracgattga
ttgtaty

&0
120
130
240
297



GFF

##end-DNA

##gff-version 2.0

##date 2002-07-10

##Type DNA 91

91 EMBL gene 1090 2874 0.000 + . Sequence "91.1"; gene "or7251" ; label or7251 ; note "13"

91 EMBL CDS 1090 2874 0.000 + Sequence "91.2" ; gene "or7251" ; label or7251 ; note "GENE MODEL=glimmer; " ; note "NR Hit:



GFF

m General Feature Format (GFF) also
known as
Gene-Finding Format

m Format for describing genes and other
features associated with DNA, RNA and
Protein sequences.

m The current version level of GFF iIs
Version 2.

m http://www.sanger.ac.uk/Software/formats/G

FF/


http://www.sanger.ac.uk/Software/formats/GFF/
http://www.sanger.ac.uk/Software/formats/GFF/

GFF description

The data is plain text file named with .gff extension

The fields are tab (\t) separated and records are
terminated by newline (\n)

SIEQL EMEL atg 103 105 5
SIEQL EMEL exon 103 17z 5

o
o
SEQL EMEL splices 172 173 .
SEQ]L netgene splice5 172 173 o.
SEQ]L genie sp5-20 163 152 2.
SEQ]L genie sp5-10 163 177 2.
SEQ2 grail ATG 17 19 2.

4

o Won
I+ + + +

<segname=> <source> <feature> <start> <end>
<score> <strand> <frame=> [attributes]

< > are required fields, [ ] is optional
Use . for score/strand/frame if empty/blank

Use of space Is not permitted in names i.e. CAG 12
should be written as CAG-12 or CAG_12



More GFF

m Comments begin with # and end with newline

m Meta information is stored using
## #HLNLA <seqneme:r

##acggotoggattgyogo bggat gat agat cagacgac
2 J
fifend-DIA

m The attribute field follows the same tag and
value standard flattened into a single line and
delimited by

m Strings with spaces must be enclosed with
m Author “Nirav Merchant”; Boring 100; Salsa 1

AEN1407E EMBL gene L38e E7EL Q000+ . Sequence "AENL407E,14" * gene etpE t note "Bl=aglO7"

REQ1407E EMBL CIs batatala G7E1 Qo000+ Sequence "REC1407E,15" ¢ product "ATP synthasze gamma chain" @ gene “atphG"
r protein_id "AAMEYSYI,1" 1 tranzl_table 11 : codon_start 1 : treneletlen HHSHKEIHDQIIS'I.I'TNTKKITKHHEH'-.-'H'-.-'SKHRKTEERHRLGRF‘YSEIIKK'-.-'IHH'-.-'LHGSLEYHHSYLE
KRNIKRIGII IHSTDRGLEGSLHTNLFKDHLFKIDNFI’-‘!KIHIPEDLILFELKSLS'-.-'FKLYGSSI [SSWTNLGETPILSELIGSIKT ILEKYDNHDIDRLFII’-‘ITNHFHNHLSDYPKISDLLF‘LYNEKHIFSHKHIKHD‘(L‘(EF‘ESK
LILDTLFIRY IESQIYASLLENTASEDARRMYAMKTATINSGHNR IKELOL IYMKVROANI TOEL TE TWAGASAVSYT" + db_xref "GI:216228333"



So what is GFF good for ?
m Easy to read

%/»
] Easy to parse Ty

m Easy to exchange data between
users and programs !

m Easy to visualize ! (more later)
m Sure ..its not XML ..but it works

-
- = i I




Add a feature ..

m We can add features to a sequence using 2 methods

m Using the Bio::SegFeature::Generic

module, provide the start,end,tags and values ..

# Now add 3 new fezture the Aardvay:
Ssnp = new Bio:: SegFeature: :Generic f
-start=>10 , -end=>11 ., -primacy=>"SHE",
-source=»"RT-PCR", -tag=» { author=>"Wiraw",junk=23"Booh yeah" }

#Now apply It to ithe seguence
sgh_seq-radd SegFeature{Ssnp);

m Build a GFF string and use that for adding a feature

#Now apply the feature & easy way using GFF

sgff string = "TESTANERT-PCEAESNP AELZ2AE13NE AL AL \tauthor Niraw;junk %"Eooh Yeshy'";
ssnp gff = new Bio::SegFeature: Generic { -gff String =» Sgff string);
sgb_seqg-»add SegFeature{Ssnp gff);

m Once a feature has been defined ($snp_gff) we use the
method add_SegFeature to the given Seq object
($gb_seq)
$gb seq-=add_SegFeature($snp_gff);



More about features

m Now that we have added the feature

to the Seq object we can use SeqglO
to write It to a file !

m Use the name $file.out to save the

file, 1.e. small.gb becomes
small.gb.out

#Now that we Have Lthew new feature Create z genbank file
# With the new feature

mouk stream = new Eio:: 5eql0 {-file=>»":%file. out", -format=>"GenBank")};
mout stream->write seqg(3gb _seqg);



Use Bio::SegFeature::Generic

%#Ifnﬂrflﬂcalfﬁin;perl -%

# bpconvert pl ver 1.0
#niravear! Nov I0 2005

# Converts genbank to fastz

use Eio::5eqll;
use Bio::SeqFeature::Generic;

# Create a feature
ssnp = mew EBio: :SeqFeature: :Generic{ -start=2>10, -end=*11, -primarcy=>"SNP",
-source=»"RT-PCR", -tag=>» { author=»"Wiraw", junk=»"test"}};

minfile = Bio::SeqI0-:new{ -file = "<in.gbh" , -format =» GenBank};
moutfile = Bio::SeqI0-:new{ -file =» ":out. embl" , -format =» EMBL);

vhile(sseq = sSinfile-next seq) {
$id = $seqg->display 1d();

print "Working on $idym";]

# Now write it

Sseq-radd SegFeaturelsSsnp);
soutfile-:write seqiSseq);

}




Displaying Features

m The BioPerl module Bio::Graphics gives
us an easy way to graphically display
features.

m The idea Is that you create a
Bio::Graphics::Panel object, then call the
object’'s add_ track method to add a
graphical representation of a feature,
with the desired colors, shapes, labels,
etc.

m To save a .png file containing the
graphic, you use the panel’s png
method:

print $panel-=png();



sing Bio::Graphics

m Start by reading the Graphics HOWTO:
http://bioperl.org/HOWTOs/
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SOUrces

map=13g3d; arganizm=Homo sapiens; db_xref=taxon:9606

m There are also SeglO and SearchlO
HOWTOs, with example code


http://bioperl.org/HOWTOs/

Working with Reports

m Just as the BioPerl SeglO module gives
you an easy way to read sequences
from files of many formats, the
SearchlO module can read many types
of “Sequence Search” output such as
BLAST, FASTA, HMMER.

m We will use SearchlO to parse a BLAST
output file and extract some of the
details — this Is much easier than
scanning a large BLAST output by eyel!



Using Command Line Options

m We have used GetOpt to retrieve
command line options (e.g. —hame)

m We will use this to specify the file to
parse

m Example: Write a script using
Bio::SearchlO to parse a BLAST
output file. Be able to run it with
any file without modifying the script:

my_parser -file blastfilel

my _parser -file blastfile1000



BLAST output

m Each sequence BLASTed is called a query

m Each match is called a subject

m Within each subject there can be several
HSPs (High Scoring Pairs)

>Qi|27717636|ref| XM_234908.1| Rattus norvegicus similar to mBLVR [Mus musculus]
(LOC314633), mRNA
Length = 2199

Score = 161 bits (81), Expect = 3e-36
Identities = 81/81 (100%o)
Strand = Plus / Minus

Query: 206 ttacagatgttgggatacgacatcagctgggccgccttcaacatcatagaagtgatgagt 265

FEEEREREEEE R e e e e E e e e e e e e e e e e e e e e e e e
Sbjct: 38930 ttacagatgttgggatacgacatcagctgggccgccttcaacatcatagaagtgatgagt 38871

Score = 149 bits (75), Expect = 1e-32
Identities = 75/75 (100%)
Strand = Plus / Minus

Query: 745 (gttcggtgctcttactcctttggaaccgcggctgggcaagaagctgatcgagcccctcac 804

FECEEEEEEEEEEEE R e e e e e et e e e e e ee e e e e
Sbjct: 30287 gttcggtgctcttactcctttggaaccgcggctgggcaagaagctgatcgagceccctcac 30228



Using Bio::SearchlO

# From the BioPerl documentation:
use Bio::SearchlO:;
# format can be 'fasta’, 'blast’

$searchio = new Bio::SearchlO( -format => 'blastxml’, -file
=> 'plastout.xml" );

while ( my $result = $searchio->next_result() ) {

while( my $hit = $result->next_hit) {
# process the Bio::Search::Hit::Hitl object

while( my $hsp = $hit->next_hsp ) {
# process the Bio::Search::HSP::HSPI object

}
}



Today’s Assignment

m GO to http://doc.bioperl.org/ to see which
options to use to create a SearchlO object

= You will also want to look up the
Search::HSP object to see which
methods it has available

m Make your own class12 directory

m From /home/student/2005/eeb/class12/
copy srchio.pl and *.blastn to your
class12 directory and finish the script

m Test with both .blastn output files



http://doc.bioperl.org/releases/bioperl-1.2/
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