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1 Introduction

This tutorial explains the steps to instantiate an RSAT Virtual Machine on the cloud of the French Institute
of Bioinformatics IFB cloud and perform some basic operations with regulatory sequences and motifs.

2 Instantiating an RSAT Virtual Machine on the IFB cloud

1. Open a connection to the IFB cloud at http://www.france-bioinformatique.fr/fr/cloud and click on the
link Se connecter to access the login window.

2. Cliquez sur le bouton New Instance.

3. In the dialog box, select the appliance RSAT (2016-06), fill the Name field (for example type
*RSAT-VM) and click Run**.

4. Th new instance will take a couple of minutes to start. Click periodically on Show Instances until
your new instance appears with a green light, and the ssh and http links are active.

5. Click then on the http link for the RSAT-VM instance. This brings you to the home page of your own
RSAT server.
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Figure 2: Click on the button New Instnace to start a new virtual machine.
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Figure 3: Dialog box for the configuration of a new instance of VM on the IFB cloud.
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Figure 4: List of running instances on the IFB cloud. The list is user-specific, for this tutorial you only need
the RSAT-VM instance.
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Figure 5: Home page of the RSAT virtual machine.



3 A quick tour of the tools: from gene clusters to motifs

We will run a quick tour of some simple modular tools of the RSAT software suite. We will successively run
the following analyses:

3.1

Get the list of supported organisms.

. Select a group of yeast genes involved in a common biological process (methionine metabolism and

transport), which are supposedly co-regulated by some transcription factors.
Retrieve the non-coding sequences located upstream of these genes. These upstream sequences contain
the gene promoter and the cis-regulatory elements.

. Apply an ab initio motif discovery approach based on the detection of over-represented k)mers (oligo-

analysis) in order to detect motifs potentially involved in the transcriptional response of these genes.
Scan the promoter sequences to detect the sites (positions) matching the discovered motifs.
Generate a feature-map to inspect the position of these sites.

Protocol

3.1.1 1. Supported organisms

In the left panel, expland the menu Genomes and genes and click on the tool Supported organisms.

3.1.2 2. Getting genes by name

We will now gather the genes involved in methionine metabolism and transport. In the yeast Saccharomyces
cerevisiae, these genes are generally named with a prefix MET, followed by one or several numbers.

Under Genes and genomes, click Gene information.

. In the Organism menu, select the species Saccharomyces cerevisiae.

In the Query box, enter ‘MET/d+". This is a regular expression specifying that the gene name should
contain the string MET followed by one or several digits ().
Click GO. '

After a few seconds, the result form should appear, a table with the genes whose name matched the query,
followed by a table of links to the result files, and another table Next Step of possible tools for the next
step of the analysis.

3.1.3 3. Retrieving upstream sequences

a.

In the Next step table of the gene-info result, click on the button retrieve sequence. The Retrieve
sequence form is displayed, where the organism and gene query box have automatically been filled
with the results of your gene-info query.

Leave all other parameteres unchanged and click GO. After a few seconds, the result page is displayed.

Optionally, in the table Result files, click on the link tot the sequence file (fasta), to inspect the result.

. Come back to the retrieve-seq result page. In the Next step table which appears at the bottom of this

result page, click on the button oligo-analysis.
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Figure 6: List of supported organisms on the RSAT Virtual Machine of the IFB cloud. The current version
(June 2016) supports 1535 species, whose genomes were downloaded from various sources (EnsemblGenomes,
NCBI).
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Figure 7: Query form of the gene-info tool.
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Figure 8: Result page of the gene-info tool.
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RSAT - oligo-analysis

Analysis of oligomer occurrences in nucleotidic of peptidic sequences

Reference: van Helden, J., André, B. and Collado-Vides, J. (1998). . J Mol Biol 281, 827-42,

Warning !! For vertebrate genomes, analyses of complete promoters from co-expressed gene groups return many false
positive (i.e. if you submit a random set of genes, you always get plenty of highly 'significant' motifs). This is likely to come
from the heterogeneity of human sequences (mixtures of GC-rich and GC-poor promoters).

However, analyses of ChIP-seq peaks return very good results. See the program peak-motifs.
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seeing your favorite organism in the list ? Contact us to have it installed
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Figure 9: oligo-analysis query form.
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Figure 10: Primary result of oligo-analysis: list of over-represented k-mers.
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Figure 11: Assembly of the over-represented k-mers detedted by oligo-analysis.
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Figure 12: Position-specific matrices and logo representations of the motifs discovered. by oligo-analysis
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Figure 13: Web form pf hte dna-pattern tool, which allows to scan sequences with string-based motifs
(k-mers, consensuses, regular expressions, ... ).
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Qs () % =
Matching positions
| Patzn | Strand | Pattern | Seqid | Start | End | matchiag seq | Score |

START_END DR = METS8 -463 =1 = 0.00
cacgtga|tcacgty R cacgtga MET8 -210 -204 ataaCACGTGAaatt 11.13
cacgtg|cacgtg DR cacgtg MET8 -209 -204 atttCACGTGttat 9.33
acgtga|tcacgt R acgtga MET8 -210 -205 taacACGTGAaatt 5.17
cacgtgaa|ttcacgtg R cacgtgaa MET8 =211 =204 ataaCACGTGARatta 1.82
aactgt|acagtt R aactgt MET8 =270 =265 acggAACTGTttga 0.88
tcatgaa|ttcatga D tcatgaa MET8 -43 =37 ttgtTCATGAAgtgt 0.49
tcatgaa|ttcatga R tcatgaa MET8 =44 =38 cactTCATGAAcaat 0.49
agtcat|atgact R agtcat MET8 -151 -146 ccgtAGTCATcgga 0.28
tagtca|tgacta D tagtca MET8 -363 -358 aaccTAGTCAattg 0.13
tagtca|tgacta R tagtca MET8 -150 -145 cccgTAGTCAtcgg 0.13
START_END DR - MET32 -547 -1 - 0.00
cacgtga|tcacgtg D cacgtga MET32 -378 =372 catgCACGTGAcatt 11.13
cacgtg|cacgtg DR cacgtg MET32 -378 =373 catgCACGTGacat 9.33
acgtga|tcacgt D acgtga MET32 =377 -372 atgcACGTGAcatt 5.17
aactgtgg|ccacagtt R aactgtgg MET32 =326 =319 tataAACTGTGGcgta 4.42
ccacag|ctgtgg D ccacag MET32 =326 =321 tacgCCACAGttta 3.93
gccaca|tgtgge D gccaca MET32 =327 =322 gtacGCCACAgttt 3.66
aactgtg|cacagtt R aactgtg MET32 -325 -319 tataAACTGTGgcgt 3.63
actgtgg|ccacagt R actgtgg MET32 -326 -320 ataaACTGTGGegta 3.22
actgtg|cacagt R actgtg MET32 -325 -320 ataaACTGTGgcgt 2.95
gcacgtga | tcacgtge D gcacgtga MET32 -379 -372 acatGCACGTGAcatt 2.48
acgtgac|gtcacgt D acgtgac MET32 =377 =371 atgcACGTGACattt 2.38
cacgtgac |gtcacgtg D cacgtgac MET32 -378 =371 catgCACGTGACattt 2.23
cgtgea|tgeacg R cgtgea MET32 -380 -375 gtcaCGTGCAtgtt 1.61
cacgtge | gcacgtg R cacgtgc MET32 =379 =373 atgtCACGTGCatgt 1.60
ctgtggc | gccacag R ctgtggc MET32 =327 =321 taaaCTGTGGCgtac 1.54
aaactgtg|cacagttt R aaactgtg MET32 =325 =318 atatAAACTGTGgcgt 1.51
actgtggc | gccacagt R actgtggce MET32 =327 =320 ataaACTGTGGCgtac 0.90
aactgt|acagtt R aactgt MET32 -324 -319 tataAACTGTggcg 0.88
cgtgac|gtcacg D cgtgac MET32 -376 -371 tgcaCGTGACattt 0.43
acgtgc|gcacgt R acgtgc MET32 -379 -374 tgtcACGTGCatgt 0.26

D MET32 27 22 S

Figure 14: Matching positions for the over-represented k-mers in the yeast MET genes
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3.1.4 4. Discovering over-represented k-mers in promoter sequences
3.1.5 5. Predicting binding sites in promoter sequences

3.1.6 6. Displaying the predicted binding sites

_ [ IFB Bicinformatics cloud X ’ R Regulatory Sequence Anal X ! _

€ C' [ 192.54.201.197 QL ® Gy =

RSAT
RSAT - feature map
kﬂ ‘f‘ . o =
_{ i Generates a graphical map of features localized on one or several sequences.
L]
New items ¥ Feature list (Format| dna-pattern %)
> view all tools ; dna-pattern -v 1 -pl $RSAT/public_html/tmp/www-data/2016/06/24/dna-
pattern_2016-06-24.085247_L5Uu|D.pat -i $RSAT/public_html/tmp/www-
¥ Genomes and data/2016/06/24/retrieve-seq_2016-06-24.084850_GpBRoa.fasta.fasta.fasta
genes -format fasta -return sites -origin -0 -N 4 -return limits -noov -2str -subst 0
rted ; Citation: van Helden et al. (2000). Yeast 16(2), 177-187.
eppone + Input file $RSAT/public_html/tmp/www-data/2016/06/24/retrieve- ,
organisms 4

gene information File | Choose File | No file chosen

infer operons

get orthologs Title
random gene
selection v Legend v| Scalebar step auto
» Sequence tools « Sequence names Orientation horizontal %

* Matrix tools Display limits From auto To auto origin 0

¢ Build control
sets Map dimensions Length 500 thickness 25 spacing 2

? Motif discovery
Color palette | color 4| Color File  Choose File | No file chosen
» Pattern matcl

n Background color (R,G,B) 220,220,220
» Comparative
genomics

ry

» NGS - ChIP-seq Feature handle | none 8

» Genetic variatiar;s Feature thickness max auto min  auto « Proportional to score

Figure 15: Web form of the feature-map tool.
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- [3) IFB Bioinformatics cloud l R Regulatory Sequence Ana X ! _

& ¢ 19254201197 Qe ® g =
Server command
RSAT SRSAT/perl-scripts/feature-map ~-htmap -scorethick -legend -scalebar -horizontal -from auto -to auto -on
S 2“ ® -800 -700 -600 -500 -400 -300 -200 -100 Legend
°) Bm M cacgtzalteacets 11.13
= MET8 i = cacgtg|cacgte 9.33
§ acgtgaltcacgt 5.17
New items ¥ MET32 | 'l M aactgteg|ccacagtt 4.42
_ Il tool 1 M ccacag |ctgtgg 3.93
> view all tools MET18 secacaltgtese 3.66
- T aactgtg|cacagtt 3.63
Genomes and MET30 - actgtgg|ccacagt 3.22
genes I—i——'—< actgtglcacagt 2.95
W gcacgtgaltcacgtge 2.48
supported MET28 . — ll L M cstsac|stoacst 2.33
anisms BN cacgtgac|gtcacgte 2.23
22 MET6 T | 5 W cacgtgaal ttcacgts 1.82
gene information [ | M cotgcaltgcace 1.61
MET 10 1. M cacstgc |goacgte 1.60
infer operons LIL M ctgtgge|gocacag 1.54
MET13 . M aaactgtg|cacagttt 1.51
get orthologs 3 - 0.90
B aactgt |acagtt 0.88
random gene MET3 = Il= = W atcacgtg |cacgtdat 0.80
mision . e 1
HET 14 [] W tcatgaalticatga 0.49
1 M cgtgac|gteacg 0.43
Sequence tools MET1 1 M aagccacaltgtggett 0.39
i W cgegealtgegeg 0.33
Rstbdtootsy MET17 -= ¥ M agtcat |atgact 0.28
Build control 1 W acgtoc|goacgt 0.26
sets METZ '] : gtgigcf i ;ggfcag 2625
jactca jagtc 0.,
MET4 1 M acotgealtgeacgt 0.13
Motif discovery [ W tagtcaltgacta 0.13
MET22 H—-1—5—4
Pattern matchin
? MET?7 —_—
Comparative
genomics MET31 —_—
NGS - ChIP-seq MET12
Genetic variations MET16 }
y

Figure 16: Feature map of the over-represented k-mers discovered by oligo-analysis and matched with
dna-pattern in the previous steps. The putative transcription factor bindng sites, which are revealed by
clumps of mutually overlapping k-mers, corresponding to different fragments of the motifs.
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