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Chapter 1

Description and requirements

1.1 Description

This documents describes the installation procedure tosttftware suit&egulatory
Sequence Analysis Tool$RSAT), which offers several dozens of tools to detect cis-
regulatory elements in DNA sequenc@s?, 7.

1.2 Requirements

1.2.1 Operating system

RSATIs a unix-based package. It has been installed successfuliye following op-
erating systems.

. Linux
. Mac OSX
. Sun Solaris

. Dec Alpha

aa A W N

. cygwin (under MS Windows 98) (except for the graphicaldibes, because |
did not find a cygwin version of GD.pm)

RSATiIs not compatible with any version of Microsoft Windows anldalve no in-
tention to make it compatible in a foreseeable future. Smost programs are written
in perl, part of them might run under windows, but some othveitscertainly not,
because they include calls to unix system commands.

1.2.2 Perllanguage

Most of the programs iRSATare written in perl. Version 5.1 or later is recommended.
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6 CHAPTER 1. DESCRIPTION AND REQUIREMENTS

1.2.3 Perl modules

Some perl modules are required for the graphical tooR$AT, and for some other
specific programs. The perl modules can be found in the Cdmepgve Perl Archive
Network (http://www.cpan.orgy, or can be installed with the commangan.

GD.pm Interface to Gd Graphics Library. Used b{rgraph andfeature-map.
PostScript::Simple Produce PostScript files from Perl. Usedfegture-map.

Math::CDF is used to calculate some probability distribution funiesioln particular,
it is used by the programosition-analysisto calculate the P-value of the chi2.
Note that this librairy is currently restricted to a preoisiof 1e-16. For the
discrete functions (binomial , Poisson, hypergeomeR®&ATrelies on a custom
library ( $RSAT/perl-scripts/lib/RSAT/stats.pm) whidkaches a precision of le-
300.

Util::Properties is required to load property files, which are used to spebigydite-
specific configuration of youRSATserver. Property filesa are also useful to
write your own perl clients for the Web service interfac&R@AT (RSATWS).

Class::Std::Fast and Storable are required to bring persistence to data structures ike
organisms. The slow procedure of organisms loading can lieedone only
once. This library can be easyly installed via CPAN.

XML::LibXML isrequired for parsing and writing XML and uses the XML::&ar:Expat
library. Itis necessary for some RSAT applications.

DBD:mysql and DBI those two libraries are required by the progratnieve-ensembl-
seqin order to access the ENSEMBL database.

SOAP::WSDL, Module::Build::Compat and Util::Properties are required for the
Web services. It allows to write Perl scripts to rR®ATqueries on a remote
server.

1.2.4 Python language

Some of the programs iRSATare written in python. Version 2.4 or later is recom-
mended.

1.2.5 Javalanguage

Some of the NeAT tools are written in Java. Java Runtime Bnwirent 5 or higher is
recommended.
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1.2.6 Helper applications

The standard version of the prograxXtygraph export figures in bitmapformat (png,
jpeg). If you want to support vectorial drawings (pdf), winigive a much better res-
olution for printing, you need to install the freeware saftegnuplot (4.2 or later),
which can be downloaded frohttp://www.gnuplot.infa/
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Chapter 2

Obtaining RSAT distribution

For the time beingRSATIs distributed as a compressed archive. In a near future, we
will also distribute it via an anonymous CVS server, whictl greatly facilitate the
updates.

Note The CVS distribution will soon be available for external tssébut we still
need to configure the CVS server to accept a guest login. Edirtte being, the CVS
distribution is still restricted to the people from the l&fbetween, the only distribution
mode for external users is the compressed archive. If yon@nmember of the BiGRe
laboratory, please skip the sectistallation from the CVS repository

2.1 DonwloadingRSATfrom the CVS server

Warning: we currently cannot manage user profiles in our CVS servéinefRSAT code
is still distributed as a compressed archive. Please sldséction if you downloaded
a compessed archive from the Web server (a file nammadools2009XXXX.tar.gz
where XXXXXX indicates the date).

2.1.1 CVS configuration

You need to indicate yowvs client to usessh as remote shell application. For this,
you can specify an environment variable.
if your shell is tcsh, add the following line to theshrcfile in your home directory.

setenv CVS_RSH ssh

If your shell is bash, add the following line to thigashrcfile in your home direc-
tory.

export CVS_RSH=ssh
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2.1.2 Obtaining a first version ofRSAT programs

The following command should be used the first time you retritae tools from the
server (you need to replagey! ogi n] by the login name you received when signing
theRSATlicense).

cvs -d [nylogin] @vs. bigre.ulb.ac.be:/cvs/rsat co rsa-tools

This will create a directorysa-toolson your computer, and store the programs in
it. Note that at this stage the programs are not yet functitezause you still need to
install genomes, which are not included in the CVS distidut

2.1.3 UpdatingRSAT programs

Once the tools have been retrieved, you can obtain updatg®asily. For this, you
need to change your directory to the rsa-tools directony, e thecvs command in
the following way.

cd rsa-tools
cvs update -d

2.2 Installation from a compressed archive

Uncompress the archive containing the programs. The aéidistributed ar for-
mat.

The. t ar . gz file can be uncompressed with the commaand which are part of
the default unix installation.

tar -xpzf rsa-tools_yyyymudd. tar. gz



Chapter 3

Initializing RSAT

3.1 Adding RSATto your path

1. Create an environmentvariable nanR@ATand containing the path of rsa-tools.

The way to create an environment variable depends on yolir $he&know you
shell, you can type

echo $SHELL

Now, if we assume th&SAThave been installed in the directory

/home/rsat/rsa-tool s

you should type the following command.
If your shell is bash:

export RSAT=/hone/rsat/rsa-tools
If your shell is csh or tcsh, you need to type a slightly difigrcommand:

setenv RSAT /hone/rsat/rsa-tools

2. Add the path of th&®SAT perl scripts, python scripts and binaries to your path.
In addition, add java jar files to your classpath.
If your shell is bash:

export PATH=${ PATH}: ${ RSAT}/ bi n

export PATH=${ PATH}: ${ RSAT}/ per| -scripts

export PATH=${ PATH}: ${ RSAT}/ pyt hon- scri pts

export CLASSPATH=${ CLASSPATH}: ${ RSAT}/j ava/l i b/ NeAT_j avat ool s. j ar

If your shell is csh or tcsh:

11



12 CHAPTER 3. INITIALIZING RSAT

set pat h=($path $RSAT/ bi n)

set pat h=($path $RSAT/ perl-scripts)

set path=($path $RSAT/ pyt hon-scripts)

set cl asspat h=($cl asspath $RSAT/javal/li b/ NeAT_j avat ool s.jar)
rehash

(ther ehash command updates the list of executable programs)

If you are using a different shell than bash, csh or tcsh, pleeification of environ-
ment variables might differ from the syntax above. In casdmfbt, ask your system
administrator how to configure your environment variabled gour path.

The specification of the environment variables and patheegpgéred each time you
want to useRSAT. You can add these specification to your personal profiles filleiis
normally found at the root of your personal account, in tree.Blshrcif your shell is
bash, or.cshrcif your shell is csh or tcsh. If you don’t know how to proceesk gour
system administrator.

3.2 Initializing the directories

In addition to the programs, the installation of rsa-to@lguires the creation of a few
directories for storing data, access logs (for the web sgraed temporary files.

The distribution includes a series of make scripts whichfadilitate this step. You
just need go to the rsa-tools directory, and start the ap@ateamake file.

cd $RSAT
make -f makefiles/init_RSAT.nk init

3.3 Adapting RSAT local configuration

TheRSATdistribution comes with a template configuration file naR&RATconfigdefault.props
and located in thesa-toolsdirectory.
Copy this file to create your own config flRSATconfig.props

cp RSAT_config_default.props RSAT_config. props

You need to edit this file and specify the parameters of yotalloonfiguration. In
particular, it is essential to specify the variable RSATjahspecifies the RSAT main
directory.

3.4 Compiling C programs in RSAT

Some of the tools available RSAT (info-gibbs, matrix-scan-quick, count-words) are
written in the C. The distribution only contains the sourcéthese tools, because the
binaries are operating system-dependent. The progranisozompiled in a very easy
way.
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cd ${ RSAT}
nmake -f nekefiles/init_RSAT.nk conpile_al

This will compile and install the following programs in theettory SRSAT/bin

The installation directory can be changed by redefining thé Briable. For in-
stance, if you have the system adminstrator privileges,cpadd install the compiled
programs in the standard directory for compiled packafyes/{ocal/bin).

cd ${ RSAT}
nake -f nmekefiles/init_RSAT.nk conpile_all BIN=/usr/local/bin

e info-gibbs: a gibbs sampling algorithm based on optimization of theirifier-
mation content of the motif?].

e count-words: an efficient algorithm for counting word occurrences in D
guences. This program is much faster tlodigo-analysis but it only returns the
occurrences and frequencies, whereas oligo-analysisiseetwer-representation
statistics and supports many additional optioosunt-words is routinely used
to compute word frequencies in large genome sequencesafiarating the
Markov models used bgligo-analysis

e matrix-scan-quick: an efficient algorithm for scanning sequences with a pmsiti
specific scoring matrix. As its name indicatestrix-scan-quick is muchfaster
than the Perl scriphatrix-scan, but presents reduced functionalities (only com-
putes the weight, returns either a list of sites or the wesgbte distribution).

3.5 Libraries required to support EnSsEMBL genomes

Since 2009, a series BISAT programs support a direct access to the EnsEMBL database
in order to ensure a convenient access to genomes from hogieemisms ).

e supported-organisms-ensembl
e ensembl-org-info
e retrieve-ensembl-seq.pl

e get-ensembl-genome.pl

Those programs require to install a few Perl libraries as ageh MySQL client on
your machine.
To obtain BioPerl:

## For this exanple, we install Bioperl and EnsEMBL libraries
## in $RSAT/lib, but you can install it in some other place
nkdir -p $RSAT/lib

cd $RSAT/lib

## Login into the BioPerl CVS server
cvs -d :pserver:cvs@ode. open-bi o.org:/hone/ repository/bioperl |ogin
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### (password is 'cvs')

## downl oad the current version
cvs -d :pserver:cvs@ode. open-bi o.org:/hone/ repository/bioperl \
checkout bioperl-live

To obtain EnsEMBL.:

## Login on the EnseEMBL CVS server
cvs -d :pserver:cvsuser @vs. sanger. ac. uk: / cvsroot/ensenbl | ogin
## (password is ' CVSUSER )

## Downl oad the current version of EnsEMBL

cvs -d :pserver:cvsuser @vs. sanger. ac. uk: / cvsroot/ensenbl \
checkout -r branch-ensenbl -56 ensenb

## (you need to adapt the branch nunber, e.g. 56, as it updates).

## Downl oad the current version of the EnseEMBL nodul e for conparative genom cs
cvs -d :pserver:cvsuser @vs. sanger. ac. uk: / cvsroot/ensenbl \

checkout -r branch-ensenbl -56 ensenbl - conpar a
## (you need to adapt the branch nunber, e.g. 56, as it updates).

Adapt the 3 following lines in the RSAT configuration fiRSATconfig.propgo
specify the actual path of the bioperl and ensembil libraxiegour computer.

ensenbl =/ horme/ rsat/rsa-tool s/lib/ensenbl / nodul es
conpar a=/ honme/ rsat/rsa-tool s/li b/ ensenbl - conpar a/ nodul es
bi oper| =/ hone/ rsat/rsa-tool s/lib/bioperl-live

You also need to define the URL of the Ensembl database indnégaration file:

## EnsEMBL host

## Used by the EnsEMBL-accessing tools (retrieve-ensenbl-seq

## get - ensenbl - genone)

## URL of the server for the EnseEMBL DB. By default, the

## mai n ensenbl server is called, but a |ocal server can be specified
ensenbl _host =ensenbl db. ensenbl . org

Finally, you need to include the BioPerl and Ensembl libesiin the Perl module
path (specified by the environment variable named $PERLpLIB

If your shell is bash, add the following lines in the filgashrcat the root of your
account.

export PERL5LI B=${ PERL5LI B} : ${ RSAT}/ | i b/ ensenbl / nodul es
export PERL5LI B=${ PERL5LI B} : ${ RSAT}/ | i b/ ensenbl - conpar a/ nodul es
export PERL5LI B=${ PERL5LI B} : ${ RSAT}/ | i b/ ensenbl - vari ati on/ nodul es

If your shell is tcsh or chs, add the following lines in the fitshrcat the root of
your account.

setenv PERL5LI B ${PERL5LI B} : ${ RSAT}/ | i b/ ensenbl / nodul es
setenv PERL5LI B ${PERL5LI B} : ${ RSAT}/ | i b/ ensenbl - conpar a/ nodul es
setenv PERL5LI B ${PERL5LI B}: ${ RSAT}/ | i b/ ensenbl - vari ati on/ nodul es
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The EnsEMBL libraries also require the SQL client Perl meddBD::mysql as
well asDBI, which can be installed witbpan (for this you need root privileges). Note
that the installation of the CPAN module DBD:mysql requiaggrior installation of a
MySQL client on your machinehttp://dev.mysql.com/downloads/

To access EnsEMBL versions above 47, you need port 5306 tpéreed on your
machine. This might require to consult the system admartistrof your network in
order to ensure that the Firewall accepts this port.

Detailed information about the EnsEMBL libraries can beagi#d on the En-
SEMBL web site ).

http://www.ensembl.org/info/using/api/ajistallation. html
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Downloading genomes

RSATIncludes a series of tools to install and maintain the latestion of genomes.

The most convenient way to add support for one or severalnsge on your
machine is to use the programgpported-organismsanddownload-organism

Beware, the complete data required for a single genome maypgcseveral hun-
dreds of Mb, becaudRSATnot only stores the genome sequence, but also the oligonu-
cleotide frequency tables used to estimate backgroundisyaael the tables of BLAST
hits used to get orthologs for comparative genomics. If y@antto install many
genomes on your computer, you should thus reserve a suffaieount of space.

4.1 Original data sources

Genomes supported ®SATwere obtained from various sources.
Genomes can be installed either from R8ATweb site, or from their original
sources.

e NCBI/Genbankftp://ftp.ncbi.nih.gov/genomes/
e ENSEMBL (http://www.ensembl.ory/
e The EBI genome directorytf://ftp.ebi.ac.uk/pub/databases/genomes/Eukaryota
Other genomes can also be found on the web site of a divefgignmme-sequencing
centers.
4.2 Requirement : wget
The download of genomes relies on the applicatigret, which is part of linux distri-
bution. wget is a “web aspirator”, which allows to download whole direas from
ftp and http sites. You can check if the program is installegqour machine.

wget -help

17
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This command should return the help pagesviget. If you obtain an error mes-
sage (“command not found”), you need to ask your system adtrator to install it.

4.3 Importing organisms from the RSATmain server

The simplest way to install organisms on d@BATSsite is to download the RSAT-
formatted files from the web server. For this, you can use aagebrator (for example
the progranwget).

Beware, the full installation (including Mammals) requiielarge disk space (sev-
eral dozens of Gb). You should better start installting alsggamome and test it before
processing to the full installation. We illustrate the aggmh with the genome of our
preferred model organism: the ye&stccharomyces cerevisiae

4.3.1 Obtaining the list of organisms supported on thé&kRSAT server

By default, the prograrsupported-organismsreturns the list of organisms supported
on your localRSATinstallation. You can however use the optioger ver to obtain
the list of organisms supported on a remote server.

support ed- organi sns -server

The command can be refined by restricting the list to a giveortaf interest.

support ed-organi sns -server -taxon Fungi

You can also ask additional information, for example theadithe last update and
the source of each genome.

support ed-organi sns -server -taxon Fungi -return |ast_update, source,|D

4.3.2 Importing a single organism

The command
downl oad- or gani sm

allows youj to download one or several organisms. Beware ctimplete data for a
single genome may occupy several tens of Megabytes (Balbgemomes) or a few Gi-
gabases (Mammalian). Downloading tenomes thus requitast &nternet connection,
and may take time. If possible, please download genomenrglthie night (European
time).

As afirst step, we recommend to download the genome of thé $aasharomyces
cerevisiaesince this is the model organism used in our tutorials.

downl oad-organism-v 1 -org Saccharomyces_cerevisi ae

In principle, the download should start immediately, arel far a few minutes.
After the task is completed, you can check if the configurefie has been cor-
rectly updated by typing the command.
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support ed- or gani sns

In principle, the following information should be displajen your terminal.

Sacchar onyces_cerevi si ae

You can also add parameters to get specific information orstipported organ-
isms.

supported-organi sns -return | D, |ast_update

4.3.3 Importing a few selected organisms

The prograndownload-organismcan be launched with a list of organisms by using
iteratively the option or g.

downl oad-organism-v 1 -org Escherichia_coli_K12 -org Sal nonel | a_t yphi

4.3.4 Importing all the organisms from a given taxon

For comparative genomics, it is convenient to install onnyerver all the organisms
of a given taxon. For this, you can simply use the optidraxon of download-
organism.

Before doing this, it is wise to check the number of genomas ikelong to this
taxon on the server.

## Get the list of organisns belonging to the order "Enterobacteriales" on the server
support ed-organi sns -taxon Enterobacterial es -server

## Count the nunber of organisns
supported-organi sns -taxon Enterobacteriales -server | we -|

In Oct 2009, there are 94 Enterobacteriales supported oR3A& server. Before
starting the download, you should check two things:

1. Has your network a sufficient bandwidth to ensure the feais a reasonable
time ?

2. Do you have enough free space on your hard drive to stotlecale genomes ?
If the answer to both questions is “yes”, you can start therdoad.

downl oad-organism-v 1 -taxon Enterobacterial es
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Chapter 5

Testing the command-line tools

5.1 Testing the access to the programs

5.1.1 Perl scripts

From now on, you should be able to use the perl scripts frontctimemand line. To
test this, run:

random seq - hel p
This should display the on-line help for the random sequegecerator.

randomseq -1 200 -r 4 -a a:t 0.3 c:g 0.2

Should generate a random sequence of 200 nucleotides, pyitbxdmate propor-
tions of 60% A/T and 40% G/C.

5.1.2 Testing Perl graphical librairies

RSATIincludes some graphical toolée@ture-map and XYgraph), which require a
proper installation of Perl modules.

GD.pm Interface to Gd Graphics Library.
PostScript::Simple Produce PostScript files from Perl.

To test if these modules are available on your machine, type.
feature-map -help

If the modules are available, you should see the help messate program
feature-map. If not, you will see an error message compigiibout the missing
librairies. In such a case, ask your system administratimstall the missing modules.
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5.1.3 Python scripts

From 2009 releases, tlRSAT distribution includes some Python scripts. To test that
they are running correctly, you can try.

randomnotif -1 10 -c 0.85 -N 20

This command will generate a 20-columns position-spedificing matrix (PSSM)
with 85% conservation of one residue in each column.

5.1.4 C programs
You can test the correct installation of the C programs withfollowing command.

randomseq -1 1000 -a a:t 0.4 c:g 0.1 | count-words -1 2 -v 1 -2str

The first program random-seq) is a Perl script, which generates a random se-
quence. The output is directly piped to the C prog@unt-words, which computes
the frequencies and occurrences of each dinucleotide.

5.2 Testing genome installation

We will now test if the genomes are correctly installed. Yan obtain the list of
supported organisms with the command:

support ed- or gani sns

If this command returns no result, it means that genomes &itrer not installed,
or not correctly configured. In such a case, check the direstin thedata/genomes
directory, and check that the fitlata/supportedrganisms.pl

Once you can obtain the list of installed organisms, try tdeee some upstream
sequences. You can first read the list of options for#igeve-seqgprogram.

retrieve-seq -help

Select an organism (s&accharomyces cerevisjaand retrieve all the start codons
with the following options :

retrieve-seq -org Saccharomyces_cerevisiae \
-type upstream-fromO -to +2 -all \
-format wc - noconment

This should return a set of 3 bp sequences, mostly ATG (in #se ofSaccha-
romyces cerevisiaat least)



Chapter 6

Installing third-party programs

6.1 complementary programs for the analysis of regu-
latory sequences

TheRSAT distribution only contains the programs developed byRBAT team.

A few additional programs, developed by third parties, canirtegrated in the
package. All third-party programs may be loacated in theadarybin directory of the
RSATdistribution. In order to obtain these programs, pleaserdaad them from their
original site.

In particular, we recommend to install the following progs

vmatch : developed by Stefan Kurtz, is used used by the prograrge-sequences
for the detection of sequence repeats.

seqlogo : developed by Thomas D. Schneider, is used used by the pnagpavert-

matrix to generate logos. It can be downloaded frahttp://weblogo.berkeley.edu/

seqlogois the command-line version é¥ebLogo.

Download the source code archive and uncompress it. Copfpllogving files
to the directorybin of your RSATdistribution: seqlogo, logo.pm, template.pm
andtemplate.eps

seqlogorequires a recent version gé(ghostscript) littp://svn.ghostscript.cop/

to create PNG and PDF output, almageMagic’s convert <http://www.imagemagick.org

to create GIFs.

patser : developed by Jerry Hertz, is used for matrix-based pattextching.

matrix-based pattern discovery : several other pattern discovery programs have been

embedded in th&RSATprogram multiple-family-analysis: consensus(Jerry
Hertz),meme(Tim Bailey), MotifSampler (Gert Thijs),gibbs (Andrew Neuwald).

We particularly recommend the installationrokviree andvmatch (Stefan Kurtz),
because these programs are used by the program purge-sisgaoddedundant se-
guence fragments.

23
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Program author URL

vmatch Stefan Kurtz http://www.vmatch.de/

seqlogo Thomas Sneider  http://weblogo.berkeley.edu/

patser Jerry Hertz ftp://ftp.genetics.wustl.edu/pudsfab/Consensus/
consensus Jerry Hertz ftp://ftp.genetics.wustl.edugiobmo/Consensus/
meme Tim Bailey http://meme.sdsc.edu/meme/website/rreiomaload. html
MotifSampler  Gert Thijs http://lwww.esat.kuleuven.ac¢ thgjs/download.html
gibbs Andrew Neuwald ftp://ftp.ncbi.nih.gov/pub/neudiglibbs995/

Table 6.1: Programs from other developers which are congiéany to the
RSATpackage.

In order to add functionalities tBSAT, install some or all of these programs and
include their binaries path rsa-tools/bin. If you are noniléar with the installation of
unix programs, ask assistance to your system administrator

6.2 Recommended programs for the Network Analysis
Tools (NeAT)

For the Network Analysis Tools (NeAT), we recommend to itistee following pro-
grams, which offer complementary functionalities for timalgsis of networks/graphs.
Some programs come in the contrib directory of REAT distribution. Some others

have to be downloaded from their original distribution site
To compile the progranfloydwarshall located in thecontrib/floydwarshalbirec-

tory of RSAT, use this command :

gcc $RSAT/ contri b/ fl oydwarshal | /fl oydwarshall.c -o $RSAT/ bi n/ f| oydwar shal |

In addition, the contributed programs REA and kWalks neduktnstalled.
To install kWalks, type:

cd $RSAT/ contri b/ kwal ks
tar xzvf kwal ks.tgz

cd src

nake

The KWALKS_ROOQOT variable in the RSAT config file should point to SRSAT fwdaikwalks/bin
To install REA, type:

cd $RSAT/ contri b/ REA

tar xzvf REA tgz

nmeke

The REAROQT variable in the RSAT config file should point to $RSAT/tdilREA



Chapter 7

Installing additional genomes on
your machine

The easiest way to install genomes on your machine is to dmdnthem from the
main RSATserver, as indicated in the Chapter “Downloading genomésiap. 4 of
the installation guide).

In some cases, you may however wish to install a genome bysgtiubecause this
genome is not supported on the m&8AT server. For this, you can use the programs
that we use to install new genomes on the nR&AT server.

7.1 Installing genomes from NCBI/Genbank files

In the section 4, we saw that the genomes installed on the R8AT server can
easily be installed on your local site. In some cases, youdvike to install addi-
tional genomes, which are not published yet, or which aresopported on the main
RSATserver.

If your genomes are available in Genbank (files .gbk) or EMfileg .embl) format,
this can be done without too much effort, using the instalfatools ofRSAT.

The parsing of genomes from their original data sources vgelier more tricky
than the synchronization from tHRSAT server, so this procedure should be used only
if you need to install a genome that is not yet supported.

If this is not your case, you can skip the rest of this section.

7.1.1 Organization of the genome files

In order for a genome to be support&BATneeds to find at least the following files.
1. organism description
2. genome sequences

3. feature tables (CDS, mRNA, ...)

25
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4. lists of names/synonyms

From these files, a set of additional installation stepsheiitione byRSAT programs
in order to compute the frequencies of oligonucleotides @yalls in upstream se-
guences.

If you installedRSAT as specified above, you can have a look at the organization of
a supported genome, for example the y&etcharomyces cerevisiae

cd ${RSAT}/ public_htnl/datal/ genones/ Sacchar omyces_cer evi si ae/ genone
I's -1

As you see, the foldegenomecontains the sequence files and the tables describing
the organism and its features (CDSs, mRNAs, ...). RBAT parser exports tables for
all the feature types found in the original genbank file. Bhare thus a lot of distinct
files, but you should not worry too much, for the two followiregasons:

1. RSATonly requires a subset of these files (basically, those tb@sgrorganisms,
CDSs, mRNAs, rRNAs and tRNAS).

2. All these files can be generated automaticalljRSAT parsers.

Organism description
The description of the organism is given in two separate.files

cd ${RSAT}/ public_htnl /data/ genones/ Sacchar onyces_cerevi si ae/ genone
I's -1 organisnx.tab

nore organi smtab

nore organi sm nanes. tab

1. organism.tatspecifies the ID of the organism and its taxonomy. The ID ofran o
ganism is the TAXID defined by the NCBI taxonomical databasel its taxon-
omy is usually parsed from the .gbk files (but yo may need tai§p# yourself
in case it would be missing in your own data files).

2. organismname.tabindicates the name of the organism.

Genome sequence

A genome sequence is composed of one or more contigs. A dsrdigontigous se-
quence, resulting from the assembly of short sequence &atmobtained during the
sequencing. When a genome is completely sequenced anddsdeach chomo-
some comes as a single contig.

In RSAT, the genome sequence is specified as one separate file pgr(cbndmo-
some) sequence. Each sequence file must be in raw formaa (iext file containing
the sequence without any space or carriage return).

In addition, the genome directory contains one file indiggthe list of the contig
(chromosome) files.
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cd $RSAT/ dat a/ genones/ Sacchar onyces_cer evi si ae/ genone/

## The |ist of sequence files
cat contigs.txt

## The sequence files
I's -1 *.raw

Feature table

The genomedirectory also contains a set of feature tables giving trschiaforma-
tion about gene locations. Several feature types (CDS, mRRNA, rRNA) can be
specified in separate filesds.tah mrna.tah trna.tah rrna.tab).
Each feature table is a tab-delimited text file, with one r@wfeature (cds, mrna,
..) and one column per parameter. The following infornratsoexpected to be found.

1. Identifier
2. Feature type (e.g. ORF, tRNA, ...)
3. Name
4

. Chromosome. This must correspond to one of the sequeectfidrs from the
fasta file.

5. Left limit
6. Right limit
7. Strand (D for direct, R for reverse complemet)

8. Description. A one-sentence description of the genetiomc

## The feature table
head -30 cds.tab

Feature names/synonyms

Some genes can have several names (synonyms), which aifeesfieseparate tables.
1. ID. This must be one identifier found in the feature table
2. Synonym
3. Name priority (primary or alternate)

## View the first row of the file specifying gene names/synonyns
head -30 cds_nanes.tab

Multiple synonyms can be given for a gene, by adding sevaras lwith the same
ID in the first column.

## An exanpl e of yeast genes with nultiple nanmes
grep YFLO21W cds_nanes.tab
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7.1.2 Downloading genomes from NCBI/Genbank

The normal way to install an organism RBATis to download the complete genome
files from the NCBI, and to parse it with the prograparse-genbank.pl

However, rather than downloading genomes directly fromN@BlI site, we will
obtain them from a mirrot which presents two advantages?

e Genome files are compressed (gzipped), which strongly e=dihe transfer and
storage volume.

e This mirror can be queried bysync, which facilitates the updates (with the
appropriate optiongsync will only download the files which are newer on the
server than on your computer).

RSATIincludes a makefile to download genomes from different sesiréVe provide
hereafter a protocol to create a download directory in yaeoant, and download
genomes in this directory. Beware, genomes require a lotsafgpace, especially for
those of higher organisms. To avoid filling up your hard drive illustrate the protocol
with the smallest procaryote genome to dalycoplasma genitamlium

## Creating a directory for downl oadi ng genonmes in your honme account
cd $RSAT

nkdir -p downl oads

cd downl oads

## Creating a link to the nakefile which allows you to dow oad genones
I'n -s $RSAT/ makefil es/ downl oads. nk ./ nakefile

We will now download a small genome from NCBI/Genbank.

## Downl oadi ng one directory from NCBI Genbank
cd $RSAT/ downl oads/
make one_genbank_dir NCBI _DI R=Bact eri a/ Mycopl asna_genitalium

We can now check the list of files that have been downloaded.

## Downl oadi ng one directory from NCBI Genbank
cd $RSAT/ downl oads/
I's -1 ftp.nchi.nih.gov/genones/Bacterial Mycopl asma_genitalium

RSATparsers only use the files with extensigbk.gz
You can also adapt the commande to download (for exampliéeaffungal genomes
in a single run.

## Downl oadi ng one directory from NCBI Genbank
cd $RSAT/ downl oads/
nmake one_nchi _dir NCBI _DI R=Fungi

You can do the same for Bacteria, of for the whole NCBI genoep®sitory, but
this requires sveral Gb of free disck space.

Lftp://ftp.ncbi.nih.gov/genomes/
2pjo-mirror.net/biomirror/nchigenomes/
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7.1.3 Parsing a genome from NCBI/Genbank

The progranparse-genbank.plextract genome information (sequence, gene location,
...) from Genbank flat files, and exports the result in a setlofdelimited files.

par se-genbank.pl -v 1\
-i $RSAT/ downl oads/ ftp. nchi . ni h. gov/ genones/ Bact eri a/ Mycopl asnma_geni tal i um

7.1.4 Parsing a genome from the Broad institute (MIT)

The websitehttp://www.broad.mit.edudbffers a large collection of genomes that are
not available on the NCBI website. We wrote a specific parsethfe Broad files.

To this, download the following files for the organism of irgst : the supercontig
file, the protein sequences and the annotation file in the GTrRdt.

These files contain sometimes too much information thatghewremoved.
~ This is an example of the beginning of the fasta file contgjnive protein traduc-
tion. In this file, we should remove everything that followg fprotein name.

>LELG 00001 | Lodderonyces el ongi sporus hypothetical protein (translation) (1085 aa)
MKYDTAAQLSLI NPQTLKGLPI KPFPLSQPVFVQGVNNDTKAI TQGVFLDVTVHFI SLPA
I LYLHEQ PVGQVLLGLPFQDAHKLSI G-TDDGDKREL RFRANGNI HKFPI RYDGDSNYH
| DSFPTVQVSQTVWI PPLSEM_RPAFTGSRASEDDI RYFVDQCAEVSDVFYI KGGDPGRL

This is an example of the beginnin? of the fasta file contajire contigs. In this file,
we should remove everything that follows the name of theigont

>supercontig_1.1 of Lodderonyces el ongi sporus

AAGAGCATCGGCCAAATGATGT TTTTCAGI CCATCAATGT GATGGATCTGATAGT TGAAG
GTCCTGATGAAGT TCAACCATTTGTAAACCCGATTTACAAAGT GT GAATTATCGAGT GGT
TTATTCATCACAAGGACAAGAGCTTTGT TGGT TGACAGAGATGT TTTGCAGAAAGCCCTT
AAGGATGGTATTGCCTTGT TCAAGAAGAAACCAGT TGTTACT GAAGT AAATCT GACGACC

This is an example of the beginning of the GTF file containlmgtontigs annota-
tion. We should rename the contig name so that it corresporttis fasta file of contig.
To this, we will remove the text in the name of the contig (okéep the supercontig
number) and add a prefix.

super cont 1. 19200f %20Lodder omyces%20el ongi sporus LE1_FI NAL_GENECALL start_codon
322 324 . + 0 gene_id "LELG 00001"; transcript_id "LELT_00001";

super cont 1. 19200f ¥20Lodder omyces%20el ongi sporus LE1_FI NAL_GENECALL st op_codon
3574 3576 . + 0 gene_id "LELG 00001"; transcript_id "LELT_00001";

super cont 1. 19200f ¥%20Lodder omyces%0el ongi sporus LE1_FI NAL_GENECALL exon 322
3576 . + . gene_id "LELG 00001"; transcript_id "LELT_00001";

super cont 1. 19200f %20Lodder omyces%?0el ongi sporus LE1_FI NAL_GENECALL CDS 322
3573 . + 0 gene_id "LELG 00001"; transcript_id "LELT_00001";

We use the pargearse-broad-mit.

parse-broad-mt.pl -taxid 36914 -org Lodderonyces_el ongi sporus \
-nuc_seq | odderonyces_el ongi sporus_1 supercontigs.fasta \
-gtf | odderomyces_el ongi sporus_1 transcripts.gtf \
-gtf_renove 'supercont’ \
-gtf_renmove ' %200f ¥%20Lodder omyces%20el ongi sporus’ \
-contig_prefix LELG_ -nuc_renpve supercontig_ \
-nuc_renove ' of Lodderonyces el ongi sporus’ \
-aa | odderonyces_el ongi sporus_1_proteins.fasta -aa_renmove ' .*’

This will create the raw files, the feature files and the proseiquence file.
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7.1.5 Updating the configuration file

After having parsed the genome, you need to perform oneiadditoperation in order
for RSATto be aware of the new organism: update the configuration file.

install-organism-v 1 -org Mycopl asna_genitalium-task config

## Check the last lines of the configuration file
tail -15 $RSAT/ dat a/ supported_organi sns. pl

From now on, the genome is considered as supported on yalREAT site. You
can check this with the commasdpported-organisms

7.1.6 Checking the start and stop codon composition

Once the organism s found in your configuration, you neethézk whether sequences
are retrieved properly. A good test for this is to retrievdlzd start codons, and check
whether they are made of the expected codons (mainly ATG,quime alternative start
codons like GTG or TTG for bacteria).

The scriptinstall-organism allows you to perform some additional steps for check-
ing the conformity of the newly installed genome. For example will compute the
frequencies of all the start and stop codons, i order to chigakgene locations were
corectly parsed.

install-organism-v 1 -org Mycopl asna_genitalium-task start_stop
I's -1 $RSAT/ dat a/ genones/ Mycopl asna_geni tal i um genone/ *start

I's -1 $RSAT/ dat a/ genones/ Mycopl asnma_geni tal i um genone/ *st opx

The stop codons should be TAA, TAG or TGA, for any organisnt. éiaaryotes,
all start codons should be ATG. For some procaryotes, atnstart codons (GTG,
TGG) are found with some genome-specific frequency.

cd $RSAT/ dat a/ genones/ Mycopl asma_geni t al i um genone/

## A file containing all the start codons
nore Mycopl asna_genitaliumstart_codons. wc

## A file with trinucleotide frequencies in all start codons
nore Mycopl asna_genitaliumstart_codon_frequencies

## A file containing all the stop codons
nore Mycopl asna_genitalium stop_codons. wc

## A file with trinucleotide frequencies in all stop codons
nore Mycopl asnma_genitalium stop_codon_frequencies

7.1.7 Calibrating oligonucleotide and dyad frequencies wi install-
organisms

The programsoligo-analysis and dyad-analysis require calibrated frequencies for
the background models. These frequencies are calculatethatically withinstall-
organism.
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install-organism-v 1 -org Debaryonyces_hansenii \
-task allup,oligos, dyads, upstream freq, protein_freq

Warning: this task may require several hours of computation, depenain the
genome size. For thRSAT server, we use a PC cluster to regularly install and update
genomes. As the tasllup, is a prerequisite for the computation of all oligonuclédeti
and dyad frequencies, it should be run directly on the maineséefore computing
oligo and dyad frequencies on the nodes of the cluster. Wettwit proceed in two
steps. Note that this requires a PC cluster and a proper coafign of the batch
management program.

## Retrieve all upstream sequences

## Executed directly on the server

install-organism-v 1 -org Debaryonyces_hansenii \
-task allup

## Launch a batch queue for conputing all oligo and dyad frequencies
## Executed on the nodes of a cluster
install-organism-v 1 -org Debaryonyces_hansenii \

-task oligos, dyads, upstream freq, protei n_freq -batch

7.1.8 Installing a genome in your own account

In some cases, you might want to install a genome in your owowat rather than in
the RSATfolder, in order to be able to analyze this genome beforenmuit in public
access.

In this chapter, we explain how to add support for an orgamiargour local con-
figuration of RSAT. This assumes that you have the complete sequence of a genome
and a table describing the predicted location of genes.

First, prepare a directory where you will store the data fouryorganism. For
example:

nkdir -p $HOWE/ r sat - add/ dat a/ Mygenus_nyspeci es/

One you have this information, start the programstall-organism. You will be
asked to enter the information needed for genome inst@tiati
Updating your local configuration

e Modify the local config file

e You need to define an environment variable called RS2CAL _CONFIG, con-
taining the full path of the local config file.

7.2 Installing genomes from EMBL files

RSATalso includes a scrigtarse-embl.plto parse genomes from EMBL files. How-
ever, for practicaly reasons we generally parse genomestfre NCBI genome repos-
itory. Thus, unless you have a specific reason to parse EMBS, fjlou can skip this
section.
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The progranparse-embl.plreads flat files in EMBL format, and exports genome
sequences and features (CDS, tRNA, ...) in different files.

As an example, we can parse a yeast genome sequenced by theléGees”
project®.

Let us assume that you want to parse the genome of the s{eemEsyomyces
hansenii

Before parsing, you need to download the files in your acgount

e Create a directory for storing the EMBL files. The last levEtle directory
should be the name of the organism, where spaces are refipesdierscores.
Let us assume that you store them in the direc#R$AT/downloads/Debaryomydesnsenii

e Download all the EMBL file for the selected organism. Saveheaame under
its original name (the contig ID), followed by the extensicanbl )

We will check the content of this directory.

I's -1 $RSAT/ downl oads/ Debar yonyces_hanseni i

On my computer, it gives the following result

CR382133. enbl
CR382134. enbl
CR382135. enbl
CR382136. enbl
CR382137. enbl
CR382138. enbl
CR382139. enbl

The following instruction will parse this genome.

parse-enbl.pl -v 1 -i $RSAT/ downl oads/ Debar yonyces_hanseni i

If you do not specify the output directory, a directory is@uttically created by

combining the current date and the organism name. The verbhessages will indicate

you the path of this directory, something liBl OME/parseddata/embl/20050309/Debaryomydeanseni
You can now perform all the steps above (updating the conégifiktalling oligo-

and dyad frequencies, ...) as for genomes parsed from NCBI.

Installing a genome in the mainRSAT directory

Once the genome has been parsed, the simplest way to malailébde for all the
users is to install it in th&SATgenome directory. You can already check the genomes
installed in this directory.

I's -1 $RSAT/ dat a/ genones/

There is one subdirectory per organism. For example, th&t deda is iffRSAT/data/genomes/Saccha
This directory is further subdivided in foldergenomeandoligo-frequencies

We will now create a directory to store data about Debarya@ajansenii, and
transfer the newly parsed genome in this directory.

Shttp://natchaug.labri.u-bordeaux.fr/Genolevures/aead.php
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## Create the directory
nkdir -p $RSAT/ dat a/ genones/ Debar yonyces_hanseni i / genonme

## Transfer the data in this directory
mv $HOME/ par sed_dat a/ enbl / 20050309/ Debar yonyces_hanseni / = \
$RSAT/ dat a/ genones/ Debar yomyces_hanseni i / genone

## Check the transfer
I's -1tr $RSAT/ dat a/ genones/ Debar yonyces_hanseni i / genone
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