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1 Suffix Trees and Applications

1.1 The Mississipi example

Createstree.pl  from Listing[l using your favourite text editor (this Perftigt uses[[LI2]). Then
execute and redirect imississippi.stree its results in a file (if the program get “stuck”, use
CTRL-Cto escape):

perl stree.pl > mississippi.stree
“C

Get the filestreeZdot.cc i and compile it:

\g++ stree2dot.cc -0 stree2dot

Use it to convert thestree  file to a.dot file which can then be visualized through tthet
program[3].

# convert .stree file to .dot file

Jstree2dot mississippi.stree > mississippi.dot

# use dot to produce .eps file

dot -Tps -Grankdir=LR mississippi.dot -0 mississippi.eps
# vizualize the eps file

gVv mississippi.eps

Using the graphical representation of the suffix tree, try to

e locate the occurrences s§ in mississipi

¢ find the longuest repreated substringnississipi

Createstree2.pl from Listing[@, and execute it. What is doing this Perl sc@p€ould you
edit the script to localize the occurrencessofandis in mississipi ?

1.2 Bananatime

Build a suffix tree forbananamanamabamana and produce its graphical representation. Use this
suffix tree to:

¢ find the number of occurrences méimand their positions;
¢ find the number of occurrences afa and their positions;

¢ find the longuest repeated substring and the positions whapgears.

] http://www.math-Info.univ-pariss.ir/ nuel/cours/mot IIS M1/tp/streeZdot.cc
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#!/usr/bin/perl
use Tree::Suffix;

$tree=Tree::Suffix->new("mississippi");
$tree->dump();

Listing 1: stree.pl

#!/usr/bin/perl
use Tree::Suffix;

$tree = Tree::Suffix->new("mississippi");

@loc=%tree->find("'ss");
foreach (@loc) {
$s=%$$ [1];
$e=3$3$ [2];
print "\"ss\" starts in $s and ends in $e\n";

}

$count=$tree->find("'ss");
print "total number of occurrences = $count\n”;

$rep=S$tree->Irs;
print "longuest repeated substring = \"$rep\"\n";

Listing 2: stree2.pl

1.3 Now with a FASTA sequence

Get the fileUO0UY3.tasta 1A (it contains the complete chromosome VIII of Yeast in FASDA-f
mat). Creatdasta.pl  from Listing[3 (which use<]4]) and execute it. What does i’do
Inspire fromstree2.pl andfasta.pl to build a suffix tree fromJ00093, and use it to find:

¢ the frequencies d, c, g, andt in the chromosome,;
e the number of occurrences géttaca and their starting positions;
e the number of occurrences tgftaatc  and their ending positions;

¢ the longuest exact repetition, and the position of the regkesubsequences.

1.4 Application to genome comparison

Get the EMBL [5] webservice cliefgbfetch.pl H and use it to obtain three complete genomes of
HIV type 1 by retrieving the FASTA sequence correspondingritrieskK03455, AJ302646 , and
AJ302647 :

perl dbfetch.pl fetchData embl:K03455 fasta > hivl.fasta
perl dbfetch.pl fetchData embl:AJ302646 fasta> hiv2.fast a
perl dbfetch.pl fetchData embl:AJ302647 fasta > hiv3.fast a

Zhttp://www.math-info.univ-pariss.ir/ nuel/cours/mot Its M1/tp/U000Y3.Tasta
3|’1tt[)://WWW.e[)I.aC.UK/ | ools/webservices/downloads/pe ri/dbretch.pl
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#!/usr/bin/perl
use Bio::Seq;
use Bio::SeqlO;

$seqgio_obj = Bio::SeqlO->new(-file=>"U00093.fasta",
-format=>"Fasta");

$seq_obj = $seqio_obj->next_seq;

$seq = $seq_obj->seq;

print "$seq \n";

Listing 3: fasta.pl

Build a suffix tree from the concatenation of these three seges (usingt as separator). Use
this suffix tree to find the longuest exact repeat betweeretgesomes.

2 Automata and Pattern Matching

2.1 Toy examples
Build the NFA associated to the pattern (or mo#ifablab usingspatt [6] anddot :

spatt -a "ab" -p "a[ablab" --nfa nfa.dot
dot -Tps -Grankdir=LR nfa.dot -0 nfa.eps
gv nfa.eps

How many states have this NFA ? How many final states ?

Using similar commands, build and visualize the DFA asdedi#o the same motif thanks to the
spatt option:--dfa . How many states and finala states have this DFA ?

Complete the following table:

| pattern | # of NFA stateg # of DFA stateg
alab](1)ab
alab](2)ab
alab](3)ab
alab](4)ab
alab](5)ab

Create a FASTA filab.fasta  which contains a single random sequence oder {a,b} of
length at least 100.

Createregex.pl  from Listing[4 and execute it.

NB: note that Perl’s regex syntax differs from SPatt’s patsyntax by the way to handle repeats.
In Perl,{1,3} stands for 1 to 3 repeats of the previous caracter, while attSthe same result is
achieved with(1-3)

Edit the script to return also the number and position of oences ohaaba , ababa , aaaaba ,
aababa , abaaba , andabbaba . Compare all these results. Are they consistent ?

2.2 Application: PROSITE signatures

Retrieve from the PROSITE databﬂe‘,Eﬂ the signature of th&DOC01004entry. Transform this
signature into Perl’s regex format by applying the follog/mules:

1 http://www.expasy.ch/prosite/
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#!/usr/bin/perl
use Bio::Seq;
use Bio::SeqlO;

$regex="alab]{1,2}aba";
$file="ab.fasta";

$seqgio_obj = Bio::SeqlO->new(-file => $file,
-format => "Fasta");

while ($seq_obj = $seqio_obj->next_seq) {
$seq = $seq_obj->seq;
$title=$seq_obj->display _name;
$count=0;
while ($seq="/(?=%regex)/g) {

print "$title: $regex starts at position $-[0]\n";

$count++;

}

print "Total count of $regex in $title is $count\n”;

Listing 4: regex.pl

remove any white space;

remove all- ;

replace alkk by. (both mean “any letter” in their respective formats);

use accolade instead of parenthesis for repeat syntax.

Use the resulting regex and previous scrHats to count tharomaces and identify the matching
proteins inrsample _uniprot  _sprot.fasta
Do the same work for the signature of the PROSITE eR®{01242.

2.3 Counting all words of a given length

We consider here the problem of counting all possible DNAds@f length, = 5 in theU00093.fasta
file.

Createbf.pl  from Listing[B. How many time it takes to this brute force apgch to perfom the
computation (you may add thiene command at the beginning of your command line) ?

Edit the previous script to first build a suffix tree for the seqce, and then use it to produce the
result. Is this script faster of slower than the previous ®ne

Also try wordcount [B] andsspatt [9] on the same problem:

time wordcount -sequence U00093.fasta -wordsize 5 -outfil e stdout
time sspatt U00093.fasta -a acgt -I 5 --all-words

What program is the fastest ?

Emtp:/lwww.math-lnro.unlv-pansb.Tr/'nuel/cours/mot IfS_M1l/tp/sample uniprot sprot.tasta


http://www.math-info.univ-paris5.fr/~nuel/cours/motifs_M1/tp/sample_uniprot_sprot.fasta
http://www.math-info.univ-paris5.fr/~nuel/cours/motifs_M1/tp/sample_uniprot_sprot.fasta

#!/usr/bin/perl
use Bio::Seq;
use Bio::SeqlO;

$seqgio_obj = Bio::SeqlO->new(-file => "U00093.fasta",
-format => "Fasta");

$seq_obj = $seqio_obj->next_seq;

$seq = $seq_obj->seq;

foreach $token5 ("a","c","g","t") {
foreach $token4 ("a","c","g","t") {
foreach $token3 ("a","c","g","t") {
foreach $token2 ("a","c","g","t") {
foreach $tokenl ("a","c","g","t") {
$word="$token5%token4$token3$token2$tokenl”;
$count=0;
while ($seq="/(?=%$word)/g) {
$count++;
}
print "$word $count\n";
}
}
}
}
}

Listing 5: bf.pl

Complete the following running time table:

| method | h=3 | h=5 | h=7 | h=9 |
regex
suffix tree
wordcount
sspatt

How do these running times grow with?

3 Dynamic Programming and Alignement

3.1 Global alignment

Retrieve the human, bovine, and mouse alpha-hemoglobieipeequences from the unipot database
[L0] using the following commands:

perl dbfetch.pl fetchData uniprot:Q9NZD4 fasta > human.fa sta
perl dbfetch.pl fetchData uniprot:Q865F8 fasta > bovine.f asta
perl dbfetch.pl fetchData uniprot:Q9CY02 fasta > mouse.fa sta

Use theneedle [8] program to perform the three possible global alignmérgtveen these
three proteins, using the default substitution matrix §HEBLOSUMG6Y, and the default gap costs
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(open=10.0, extension=0.5). Propose a phylogenetic trethése three species which is consistent
with your alignement results

Do again these algnements with gap costs reduced to 0.0 @kextension). What do you
observe ?

Copy theEBLOSUMB®6Zile into your working directory under the name Y BLOSUM68/0u
may use théocate command to find thEBLOSUMG612ile). Edit this substitution matrix by chang-
ing a positive term on the identity diagonal by -100, and tgedltered substitution matrix to perform
once again the alignements. What do you conclude ?

3.2 Local alignement

Usewater [B] to perform a local alignment diuman.fasta andmouse.fasta (using default
parameters). On this particular example, what are therdiffees between local and global align-
ments ?

Retrieve a bacterial hemoglobin sequence from the command:

perl dbfetch.pl fetchData uniprot:P04252 fasta > bacteria |.fasta \

Compare the global and local alignmenttaiman.fasta  and bacterial.fasta (using
default parameters). What do you conclude ?
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