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A web site for the computational analysisof yeast
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A seriesof computer programs were developedfor the analysis of regulatory sequenceswith a specialfocus on
yeast.Thesetools are publicly available on the web (http://copan.cifn.unam.mx/Computational_Biology/yeast-tools
or http://iwww.ucmb.ulb.ac.be/bioinformatics/rsa-tools/). Basically, three classicalproblems can be addressed:(a)
searchfor known regulatory patternsin the upstreamregionsof known genesjb) discoveryof unknown regulatory
patterns within a set of upstream regions known to be co-regulated; (c) searchfor unknown genespotentially
regulated by a known transcription factor. Each of thesetasks can be performed on basisof a simple (string) or
more re®ned(matrix) description of the regulatory patterns. A feature-mapprogram automatically generatesvisual
representationsof the positions at which patternswerefound. The site also provides a seriesof generalutilities, such
as generation of random sequenceautomatic drawing of XY graphs, interconversionsbetweensequenceormats,
etc. Severaltools are linked together to allow their sequential utilization (piping), but eachone can also be used
independently by ®Illing the web form with external data. This widensthe scopeof the site to the analysisof non-
regulatory and/or non-yeastsequencesCopyright # 2000John Wiley & Sons, Ltd.
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INTR ODUC TION

The release of the complete genomic sequerte
from the yeastSaaharonycescerevsiae (Goffeau
et al., 199%) not only provided a huge amount of
data for the molecular biologist, but also stimu-

diction, classi®cdbn according to sequencesimi-
larities), and lesser attention was paid to non-
coding seqiences. This probably re ects the
history of moleaular and computational biology,
but is somewhat unfortunate given the biological
importance of thesesequencesywhich medate the

lated the development of new computational
techniques for the analyss of these data. The
®rstwave of analyss of thesegenomic sequences
focused mainly on coding sequertes (ORF pre-
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regulation of geneexpresson.

Three typical situations occur when analysing
DNA regulatory regions (a) the regulatory
pattern (e.g the consensusfor a transcriptional
factor), aswell asthe regulated geres,are known.
The searchis focused on ®nding matching posi-
tions of putative binding sites; (b) the regulatory
pattern is known but the regulated genes are
unknown. Complete genomescan be scannedto
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identify genes possiby regulated by a given
transcription factor; (c) the co-requlated or co-
expresed genesare known but the regulatory
pattern is unknown. The goal is to detectelements
shared by a set of functionally related upstream
sequerces, which could reveal unknown regula-
tory sites. This question is raised when analysng
setsof genesobtained in global gene expres#on
experiments using micro-array technologies
(deRisi et al., 1997).

In a previous paper (van Helden et al., 1998),we
descrbed a simple but ef®cent methodology for
discoveaing unknown regulatory elenments shared
by a setof co-requlated genes.This methodology
proved ef®cent for the detection of regulatory
elements from most of the families studied. The
program (oligo-analyss) has beenintegrated in a
setof modular tools (yeast-tods), that can either be
used individually, or combined in diff erent ways
to answer questions related to transcriptional
regulation. The tools are accessiblevia web inter-
faces (http://copan cifn.unam.mx/Computational _
Biology/yeast-took or http://www.ucmb.ulb.ac.be/
bioinf ormatics/rsa-tools/). The aim of the present
paperisto provide a brief descrption of thesetools,
and to show how they can be combined to answer
different questions. Since our initial publication,
the capabilities of the sitehave been extendedby the
addition of severd new programs complementing
the previousones. A new program (dyad-cetector
allows an ef®cientdetecion of spaceddyads that
are characteridic binding sites for an important
family of yeasttranscription factors: the binuclear
Zn clusters. Three other programs (patser, con-
sensusand the gibbssampler) developedexternally
(Hertz et al.,, 1990; Hertz and Stormo, 1999;
Lawrenceet al., 1993; Neuwald et al., 1995), have
been interfaced to support analyses basedon a
matrix description of the regulatory elements.

BINDI NG SITE DESCRIPTION

Before presening the programs available for the
analyss of non-coding sequertes, it is worth
intro ducing the different representations that can
be usedto describeregulatory sites. Transcription
factors bind to speci®cDNA sequencesin most
yeasttranscription factors, the DNA sequencen
direct contact with the factor is short (5t8nucleo-
tides). The nucleotidetamino acid interaction is
highly speci®c,so that these central bases are
generaly well conservedamong all the sitesbound
by the samefactor. Somedegeneracycan, howeve,
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occur at certain positions, as illustrated by the
binding speci®city of Phodp, for which severad
binding siteshave been isolated and characterized
experimertally (Table 1A). The sites showing the
highestaf®nity for Pho4p all follow pretty well the
motif GCACGT GGG. For somesites,the G-rich
3k end is replaced by a T-rich segmat. These
variants have been shown to bind Pho4p with a
medium af®nity, and participate in the transcrip-
tional activation of severd geres involved in
phosphate util ization (Oshima et al., 1996).

Various methods can be usedto represnt the
speci®cityof the factortDNA binding. The sim-
plest representation is the exact consensis, which
retains at each position the baseobservedwith the
highestfrequency among the known binding sites.
This descrption relieson only the letters A, C, G
and T. String searchprograms can then be usedto
localize the matching positions, with a speci®ed
number of allowed mismatches. A slightly more
re®neddescription consists in using the IUPAC
degeneraé code,whereadditional lettersrepresen
combinations of bases.With this notation, the
Pho4p consensus binding site will be noted
GCACGT KKK (Table 1B), where K standsfor T
or G. This descrption re ects better the fact that
more than onebasecanbefound at agivenposition
while another cannot, but it is still not infor mative
asto the preferred base.Such a re®nemen of the
description can be obtained with position fre-
guency matrices, showing the frequency observed
for eachbaseat eachposition of the alignedbinding
sites(Table 1C). Sudch matricescanbe gereratedby
speci®grograms available on the site (consensis,
gibbs), or imported from databass on trans-
criptional regulation, such as TRANSFAC
(Heinemeyer et al., 1998).

THE WEB INTE RFACE

The home pageis divided in two frames (Figure
1). The left frame presens a menu allowing
navigation among the different tools. The right
frame changesdependingon the item sele¢ed in
the menu. We tried to make the tools accesible
for userswho are not familiar with bioinfo rmatics.
Severalpageshave beenwritt ento provide on-line
help at each step. An introduction page brie'y
summarizes the functionality of each tool. A
tutorial based on concrete and illustrati ve exam-
ples has been designel to guide new usersin the
®rst steps and through the modularity of the
programs. A more detailed explanation can be
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Table 1. Different waysto representthe binding speci®cityof Pho4p.
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Gene Site name Sequence Af®nity
A. Multiple alignmentadapted from Oshima et al. (1996)

PHO5 UASp2 ---ACTCACACACGTGGGACTAGC- High
PHO84 Site D ---TTTCCAGCACGTGGGGCGGA-- High
PHO81 UAS ----TTATGGCACGTGCGAATAA-- High
PHO8 Proximal GTGATCGCTGCACGTGGCCCGA--- High
PHO5 UASp3 --TAATTTGGCATGTGCGATCTC-- Low
PHO84 SiteC - ACGTCCACGTGGAACTAT-- Low
PHO84 SiteA - TTTATCACGTGACACTTTTT Low
Group 1 Consensus ~ --------- GCACGTGGGAC----- Hightlow
PHO5 UASp1 --TAAATTAGCACGTTTTCGC---- Medium
PHO84 Site E -—--AATACGCACGTTTTTAATCTA Medium
PHO84 SiteB - TTACGCACGTTGGTGCTG-- Low
PHOS8 Distal ---TTACCCGCACGCTTAATAT--- Low
Group 2 Consensus ~ ----- AT-CGCACGTTTT------- Medzlow
B. IUPAC string

Groups 1 and 2 Consensus ~ --------- GCACGTKKK------- High or medium

C. Position frequencymatrix (TRANSFAC matrix FSPHO4x 01)

pos 1 2 3 4 5 6 7 8 9 10 11 12
A 1 3 2 0 8 0 0 0 0 0 1 2
C 2 2 3 8 0 8 0 0 0 2 0 2
G 1 2 3 0 0 0 8 0 5 4 5 2
T 4 1 0 0 0 0 0 8 3 2 2 2

found in the manual pageassocated to eachtool.
A demo button leads to a form pre-®led with
some typical data. For each form, default para-
meters have beenseleded that re ect the optimal
conditions found during our testing phase.

Our site provides an integrated approach to the
analyss of regulatory sequencesthe programs are
interconnectedin such a way that the resuk of a
request can automatically be sent as input for a
subseqeent request(Figure 2). Starting from a set
of gene namesas initial input, all the stepsfrom
sequerreretrieval to drawing of a feature map can
be performed in the sameweb site.

THE FIRST STEP: SEQUENCE RETRI EVAL
The program upstrean-sequencaeturns the up-

stream sequencesfor a set of selected genes.
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Queries can be entered in the form of ORF

identi®ers or gene names. Synonyms are recog-
nized. The range of sequenceto retrieve can be
selected by the user. Given the lack of good
information about transcription start, the ATG

codon hasbeen taken ascoordinate O for all genes.
The sequencesof several geres can be retrieved
simultaneously, allowing their collective analyss
by subsequenttools of the site.

A classical dilemma when analysing upstream
sequencesis whether or not they should be
allowed to overlap with a predicted ORF located
upstream of the geneof interest. It might sound
simpler to consider only non-coding sequencesfor
analysis of transariptional regulation, but on the
one hand one cannot a priori excludethat a coding
sequencecould at the sametime play a regulatory
role on a neighbour gene. On the other hand,

Yeast2000;16: 177+187.
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Figure 1. Homepage of the web site. The left frame provides a menu of all available tools. Clicking on any item displays the

correspording form in the right frame.

someof the predicted ORFs are likely to be false-
positives,and discarding them would preventfrom
detecing real regulatory sequertes.By default, we
allow inclusion of predicted coding seqiencesin
the upstream sequertes, but the user can inacti-
vate this option.

PATTERN DISCOVERY: DETECTION OF
UNK NOWN REGU LAT ORY SITES FROM A
SET OF CO-REGULA TED GENES

Let us start from the casewhere we know that a
set of genesis co-regulated without knowing the
elementsresponsibe for their regulation. This is a
typical situation in results from large-scde gere
expresfon measuemens. These experimentsiso-
late a family of genesthat coordinately respondto
a changein the culture medium (e.g the diauxic
shift), or to a changein the expres$on of a precie

Copyright # 2000John Wiley & Sons, Ltd.

transcription factor
deletion).

(controlled expres#on or

Building genefamilies

A crucial issuefor the successof any pattern
discovay program is to select families that are
likely to be regulated by a common transcription
factor. Certainly, an important lessm from the
®rst published gere expres®n measuement
(deRisi et al.,, 1997) was that a tremendous
number of genes show a signi®cant respmse:
during the diauxic shift, 1000 geneswere upregu
lated, and 700 downregulated, by at leasta factor
of 2. This complex response involves severad
transcription factors; therefore, it does not make
senseto analyse all thesegeresas a single family
for the purpose of discovaing a common regula
tory motif. Additional infor mation can, howeve,

Yeast2000;16: 177+187.
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Figure 2. Flow chart of the tools.

be exploited to sele¢ smaler subfamilies, which
are likely to assocate geresin closer functional
relationships. Indeed, deRisi et al. (1997) took
sevenmeasuementsat 2 h intervals, so that each
gene is assocated with a temporal pro®le of
expres®on. Among the upregulated genes, distinct
types of pro®les are observed some genesare
activated early and remain so until the end of the
experiment, while others are activated only during
the last steps More complex pro®les are also
observed such as a transient activation foll owed
by a decreag in expreston down to the initial
level. Restricted families selectedon the basis of
expreson pro®le similarity are more likely to
respond to a common transcription factor, and
indeed they lend themslves much better to
pattern discovey (unpublishedresults).

Families should also include a reasorable
minimum of members. Pattern discovey pro-
grams detect the fact that a pattern is unex-
pectedly repeated among the set of upstream
sequertes.Some patterns can, howeve, be found
in severd sequertes by chance, without being

involved in a common transcriptional response.

Analysing larger famili esincreasesthe number of
occurrences of the real regulatory site, while
reducing the importance of random patterns,
thus improving the signatto-noise ratio. Empiri-
cally, we found that signi®cam patterns were
extracted from families of ®we geres or more.

Copyright # 2000John Wiley & Sons, Ltd.
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However, smaler families can sometimes provide
good resuls, due to the repetition of the regula
tory pattern within the sameupstream sequence.

String discovery programs: oligo-andysis and
dyad-deector

We developedtwo programs that detect over-
represeited elemrents in a set of DNA seqences.
The ®rst program (oligo-analysg) detects regula-
tory sequencesbuilt around a centra well-
conserved core. The secod program (dyad
detecto) detects pairs of words spaed by a
non-consered region.

The word detector (oligo-analyss) has been
describel before (van Helden et al., 1998). The
method is based on a systeanatic counting of
occurrencss for all the possible words of a given
length. The program has beenoptimized for yeast
upstream sequenceshy the use of speci®coligo-
nucleotide frequency tables for the estimation of
the signi®cance of each pattern. Despite its
simplicity, the method has proved ef®cien for
the detection of the regulatory patterns for most
functional families from the testing set. These
families were built on the basis of experimentd
information, and the program was able to isolate
the known regulatory motifs, plus a few other
motifs which could represen binding sites for
unknown transcription factors. An advantage of

Yeast2000;16: 177+187.
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the method is that it is able to detect all the
over-represenéd patterns of a given length in a
single run. Variants of a pattern are sometimes
reveakd by a combination of related words. For
instance, the analyss of the Pho4p targets iso-
lates two signi®cant patterns: CACGT GGG and
CACGTTT. Thanks to its simplicity, the analysis
is very fast and can deal with large seqencesets.
For instance, the program has been used to
analys the complete set of 6217 downstream
regions encompassg 200bp each, for the detec-
tion of signal termination signals(van Helden, del
Olmo and Perez-Qtin, in preparation), and is able
to perform the task in lessthan 1 min.

The single-word detector was suf®cien to
extract the vast majority of yeast regulatory
elements, but failed in a speci®ccase,the GAL
family (van Helden et al., 1998), and this for an
understandable reason:the conservedbasesof the
Galdp binding site are two trinucleotides sepa-
rated by a 11 base-wile non-conserved region.
Such spaced pairs are very often found in
regulatory sitesand generally re ect the fact that
a transcription factor binds DNA in a homo-
dimeric form: each monomer contacts half of the
conservedsite. Some constraints may exist on the
composition of the intervening region, suchas an
AT richness, which in'u encesDNA conforma-
tion, but thesebasesare much lessconservedthan
those entering into direct contact with transcrip-
tion factor residues. We developed a program,
dyad-cketector, that speci®cly scansa set of co-
regulated sequences for over-represenéd word
pairs, with a variable spacing region. This pro-
gram detects a Gal4p binding motif with a very
high signi®cance level (Table2). Galdp is a
member of the large family of Cg binuclear zinc-
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cluster transcription factors (Schjeling and Holm -
berg, 1996).Binding to spaceddyadsis a recurrent
feature of these transcription factors, opening a
large ®eld of application for the dyad-detector in
the analyds of new yeast gene families (van
Helden et al., in preparation). The samemethod-
ology is also ef®cient to extract binding sites of
numerous Escherthia coli helixtturnthdix tran-
scription factors (RA et al., in preparation).

Matrix discovery: consenssiand gibbs samping

Several programs are available that extract a
position frequency matrix represnting patterns
sharedby a setof unaligned sequencesWe tested
them with the samedatase asin van Helden et al.
(1998) and created a web interface for two
of them, which gave satisfactory results in
the analysis of yeast upstream seqiences (not
shown): corsensug(Hertz et al., 1990; Hertz and
Stormo, 1999), and the gibbs sampler (Lawrence
et al., 1993; Neuwald et al.,, 1995). Another
powerful approach for pattern discovey is the
use of Hidden Markov Models (HMM ; Durbin
et al, 1998). We did not install the HMM
algorithm on our site, but one implementation is
already available on the web (YEBIS; Yada et al.,
1998), which provides good resuks when tested
with the samedata set (not shown).

Matrix-ba sed pattern discovay offers, com-
pared with string-basedalgorithms, the advantage
of providing a more sensitie descrption of
putative binding sites, accownting for the varia-
bility observedat each position. However, the use
of these programs requires some experience and
the interpretation of the resuks is less straight-
forward than in the caseof the oligonucleotide
analysis. These algorithms are also much more

Table 2. Example of pattern discoverywith the dyad-detector.

Alignment Pattern Exp freq Obs occ Exp occ Sig
COg..vevennn. ccg cggn{lljccg cggn{li}ccg 0.00007 20 0.62 7.0
COg.vveeeannns cga cggn{12}jcga tcgn{l12}ccg 0.00006 10 0.55 4.7
Cgg.......... tcc cggn{10}tcc ggan{10}ccg 0.00011 10 1.02 2.2
[o [olo NN tccga assembly

A family of six genesregulatedby Galdp wasanalysed(GAL1, GAL2, GAL7, GAL80, MEL1 and GCY1). The 800bp upstream
sequencewasretrieved for eachgeneand the number of occurrencesvas countedfor all the trinucleotide pairs spacedby a region
of 0+20nucleotides Occurrenceswere counted on both strands, stating that the regulatory elementswereacting in an orientation-
insensitiveway, asis generallythe casein yeast. Among the y 40000 possiblepatterns, not more than three are signi®canty over-
represented Thesethree dyadsare mutually overlapping and can be assemblednto a contiguous pattern (assembly)which ®tsthe
known Gal4p binding site (Schmerling and Holmberg, 1996). Exp freq, expectedfrequency; Obs occ, observed number of
occurrences;Exp occ, expectednumber of occurrenes; Sig, signi®care index.
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computer-demandng than word counting, so
that the amount of sequertesthey can analyse is
more limited. A good trade-off is to combine
the use of string and matrix programs: oligo-
nucleotide and dyad analyses provide a fast
and systemaic scanning of all over-representd
patterns, but the pattern description generatd is
simpler. It allows, howeve, detection of the
patterns that should be expectedwith the matrix
search programs, and it provides an estimate of
the optimal sizeand number of occurrences of the
signi®ant patterns, both of which are important
input parametersfor consensusand gibbs.

PATTERN SEARCH: LOOK ING FOR
KNOW N PATTERNS IN UPSTREAM
SEQUENCES

If the regulatory pattern is already known from
experimenta sources, or once a putative pattern
has beendiscovered with the above methods one
can then search all matching positions within a
given set of upstream sequencesThe searchcan
be performed on a selection of yeast upstream
sequeres, or on the complete set of 6217 up-
streamsequence$rom the yeastgerome. The web
site allows performing searche with either a string
or a matrix descrigion of the regulatory pattern.
A valuable source of known pattern descrptions
is TRANSFAC, the databas of transcription
factors (Heinemeyer et al., 1998). The current
version holds a string descrption for around 300
yeastbinding sites,and 21 matrix descriptions for
yeasttranscription factors (S. cerevsiaerepreents
y 7% of TRAN SFAC contents).

String searchs: dna-pdtern

DNA and IUPA C strings can be searcled with
the program dna-pdtern. The program accefis a
set of severa seqiencesas input, allowing to
search the pattern within severd co-regulated
genesat once. Several patterns can also be entered
simultaneously in the web query form. Searches
can be performed on either or both strands.
Separake forms allow using the same program
for searchihng on whole chromosomes (genone-
search or on the setof upstream sequercesfrom
the 6217 predicted ORFs (all-upstream-searh).

Matrix searcles: patse

For matrix searchs, we implemened a web
interface for the program patser (Hertz and

Copyright # 2000John Wiley & Sons, Ltd.
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Stormo, 1999).As for string searchs, the program
can acceptcustom input sequencesor can be used
to scan the set of all upstrean sequences (all-
upstreampatse).

Searcheswith a library

Instead of providing a single pattern descrip
tion, one might want to scan an upstream
sequence for matches with any known yeast
transcription factor. This facility is already
provided by severd web sites: TRANS FAC
(Heinemeyer et al., 1998),00TFD (Ghosh, 1999).
Thesesitescombine pattern searchprograms with
a library of pattern descriptions (strings or
matriceg. All theseprograms allow the seletion
of a subset of the library limited to yeast
transcription factors. Currently, our site does not
provide these options, so the interested user is
referred to the existing sites.

GRAPHIC AL REPRESENTATIO N: THE
FEATUR E MAP PROGRAM

After having deteced all matching positions for
the regulatory patterns, the feature-map program
createsa graphical representation of their relative
location (Figure 3). The program can represen
several sequenceson the same map, allowing
a synthetic view of the family of upstream
sequences.The graph displayed is dynamic; i.e.
positioning the cursor upside a given feature
displays the corregponding information (position,
feature type, sequere) on the bottom of the
browser window. featureimap acceptsinput not
only from our pattern searchprograms, but also
from a variety of extemal sources For instance,
the feature ®eld of the Swissprot entries can be
automatically extracted to draw a comparative
map of protein features.Feature mapscan also be
generatel from the output of the programs that
scanregulatory sequencesvith a library of known
patterns (Matlnspector, Signal Scan).

CONCL USION

Whilst most genome infor matic centres provide
mainly infor mation on the coding sequencespur
tools are focusedon the analyss of transcriptional
regulation. We offer a setof computer programs,
eachof which can be accesed independenty. The
tools can also be combined in a pre-de®ned
concatenaton, following an order that depends

Yeast2000;16: 177+187.
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Figure 3. Feature-map of predictedregulatory sitesin the PHO genesA: result of a string discovery(oligo-analyss) followed by a

string search(dna-pattern). B: matrix search(patser)with the Pho4p position frequencymatrix shownin Table 1C. Severalfeatures
and severalgenesanberepresentedat once,allowing visual comparison. Eachsymbolcorrespondsto a different word, the thickness
andgray scalere ect the prediction score.On the website, colorscanalsobe usedto representhe distinct patterns Coordinatesare

countedin negativeunits, taking the start codon asreferenceaccordingto the usual representaion for upstreamsites.

Copyright # 2000John Wiley & Sons, Ltd. Yeast2000;16: 177+187.
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Table 3. Summary of the tools currently available on the web site.

Sequenceetrieval

upstream-region  Retrievesthe sequencdocated upstream from a geneor predicted ORF. The user de®nes
the limits relative to the ORF start. Users may exclude segmentsthat overlap an
upstream ORF

downstream-region Idem for downstream sequences

Pattern discovery

oligo-analysis Detects over-representedoligonucleotideswithin a set of upstream sequencesThe
method allows discovery of unknown regulatory sitesfrom a set of co-regulated
upstreamregions (van Helden et al., 1998)

Detects over-representedspacedpairs of conservedwords. The method allows discovery
of a speci®cclassof regulatory sitesthat escapedetection by oligo-analysis, typically the
binding sitesfor transcription factors having a C6 binuclear Zn cluster DNA binding
domain

dyad-detector

consensus Detects shared motifs in unaligned sequencesbasedon a greedyalgorithm. Developed
by Jerry Hertz (Hertz et al., 1990;Hertz and Stormo, 1999)
gibbs Detects shared motifs in unaligned sequence®n the basisof a Gibbs sampling strategy.

Developedby Andrew Neuwald (Lawrence et al., 1993; Neuwald et al., 1995)

Pattern search

dna-pattern String searchprogram dedicatedto DNA sequencesSupports IUPAC code for partially

speci®echucleotides. Severalpatterns can be searchedsimultaneouslyin several
sequencesallowing a fast detection of multiple features. Searchescan be performed
on a single strand or on both
patser Matrix searchprogram. Developed by Jerry Hertz (Hertz and Stormo, 1999)
genome-search dna-patternapplied to the whole genomic sequencepr to a speci®chromosome
all-upstream-searchdna-patternapplied to all upstream sequence®f eachof the 6200 predicted ORFs
all-upstream-patser patser (Hertz and Stormo, 1999) applied to all upstream sequence®f eachof the 6200
predicted ORFs

Miscellaneous

Generatesa physical map with matching positions from a pattern search.Several
sequencegan be representedin parallel, allowing visual comparison of matching
positions

Given a chromosomal position, returns the immediate neighbour ORFs

Interconverts different sequenceformats

Generatesa 2-D graph from a setof numerical data

Generatesrandom sequencesDifferent probabilistic models can be used (equiprobable
nucleotides, speci®calphabet utilization, Markov chains)

feature-map

neighbour-orfs
convert-seq
XYgraph
random-seq

on which of the three main situations one is
facing. (a) In the ®rst situation, the genesare
known but the patterns are unknown. This

within a restricted set of upstream regions
Depending on the number of known binding
sequencealternatives for one given transcription

problem is typically encowntered with the recent
DNA-chi p techndogy: one can now isolate a set
of geneson the basisof their coordinated respase
to some transcription factor. Four pattern dis-
covery programs are available, each using a
different strategy to detect over-represented
motifs within sets of co-reguated upstream
sequermres.(b) In the secondsituation, the search
aims to ®nd the locations of matching positions
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factor, one can use either a string or a matricial

description of the binding speci®dy. (c) In the
third situation, a pattern is known, but the
regulated genesare unknown. A searchfor genes
potentially regulated by a transcription factor has
to be performed in the whole genane. The same
searchprograms are usedas in the ®rstsituation,

except that they operate on the whole set of

upstream sequence®f the yeastgenome.
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A challenging issue for the future will be the
fourth situation, when both genesand patterns
are ignored. The question might seem some-
how pointless, but this is, howeve, the typical
approach for analysng coding sequertesin every
genomic project. As soon as new genomi
sequeresare released,the ®rst task is to predict
the location of potentially coding sequenes, and
to align them all with eachother, as well as with
known sequerces from other organisms. This
already provides a preliminary insight into the
potential function of the predicted genes.How-
ever, primary structure is insuf®cient for a real
understanding of protein function. Therefore,
extracting additional infor mation about the reg-
ulatory properties of the predicted geres would
be precious. Unfor tunately, non-coding seqtences
do not lend themslves to the same kind of
analyss. Regulatory elementsare very short, their
sequerte can vary, and their position with respect
to the transcription start is not conserved. The
distance range in which these elemens can be
found is quite large. Durin g evolution, regulatory
sequertesvary from organism to organism much
more rapidly than amino acid sequenceslt is thus
not possible to perform multiple alignments of
complete upstream regions M oreover, contrary
to protein domains, there is no relationship
between structure and function of a regulatory
element. The insuf®ciencyof the sequence alone
to assgn genefunction was soon realized and, in
parallel to the genomic sequencing projects, large-
scale projects were undertaken for a systematc
functional analyss of the newly sequencedgenes.
Thanks to the recenty developed techndogies,
allowing measuement of the expreson of
thousands of genesin a single experiment, one
can switch from the fourth situation to the ®rst
(known families of co-regulated genes,unknown
patterns) by determining experimentaly families
of geres that respond to a controlled environ-
mental stimulus. The battery of pattern discovey
and pattern search programs (Table 3) installed
on our site hopefully provide an appropriate
resouree for interpreting the results of these
experiments.
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$ yeasttools M exican site
http://copan.ciin.unam.mx/Computational_
Biology/yeasttools
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$ yeasttools Belgian site
http://www.ucmb.ulb.ac.be/bionformatics/
rsa-tools

s MIPS
http://www.mips.biochemmpg.de/

s Stanford SGD
http://genome-www.stanford.edu/
Saccharanyces/

s TRANSFAC
http://tr ansfacgbf-braunschweigde/
TRAN SFAC/index.html

$ 00TFD
http://www.isbi.net/

s IMD
http://bimas.dcrtnih.gov/molbio/matrixs/

s GD graphicallibrary
http://www.boutell.com/gd/

$ consenss, patse
ftp://beage.colorado.edu/pub/Consensus

$ gibbssamper
ftp://ncbi.nim.nih .gov/pub/neuwald/

s YEBIS
http://wwwe-scc.jst.gajp/YEBIS/
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