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INTRODUCCIO

La biomedicina necessita desenvolupar eines rapides i eficients per 1’anotacié de
la gran quantitat de dades aportades pels projectes actuals de seqiienciacid
(Lander et al., 2001; Venter et al., 2001). En particular és imprescindible tenir
programes per 1’anotacio de les mutacions puntuals o SNPs, que explicarien prop
del 90% de la variacid intraespecifica (Cargill et al., 1999; Chakravarti, 2001). Ja
en el primer esborrany del projecte genoma huma apareixen fins a 1,4 milions de
SNPs (Sachidanandam et al., 2001) 1 s’avalua que la freqiiencia de SNPs per
individu ¢és de 1 cada 1000 nucleotids (Sunyaev et al., 2000). D’aquesta
variabilitat alguns SNPs més rars serien 1’origen de les mutacions responsables
de malalties hereditaries monogeéniques, mentre que d’altres SNPs més freqiients
serien responsables de malalties més complexes 1 comunes, que son les malalties
poligéniques (Collins et al., 1998) i finalment un bon nimero de SNPs serien
irrelevants per a la salut de I'organisme. En els darrers anys s’han presentat
diferents programes que incideixen en la caracteritzacidé de SNPs causants de
patologia aixi com la seva prediccié (Chasman & Adams, 2001; Ng & Henikoff,
2002; Saunders & Baker, 2002; Sunyaev et al., 2001; Wang & Moult, 2003). En
aquest capitol es presenta el servidor d’internet anomenat Pmut
(www.mmb2.pcb.ub.es:8080/PMut/PMut.jsp) (veure figura 1) que implementa,
per a s public, la metodologia desenvolupada en el nostre grup per a la
prediccio de mutacions puntuals en proteines (Ferrer-Costa et al., 2002; Ferrer-
Costa et al., 2004). La metodologia es basa exclusivament en propietats

derivades de la seqiiéncia, fet que incrementa el seu rang d’aplicacio practica.
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MATERIALS I METODES

Estructuracio del servidor

Pmut és un servidor per la prediccio del caracter patologic de les mutacions
puntuals. Treballa en dos nivells diferents: i) retorna informacié d’una base de
dades local de “punts calents mutacionals” i 11) analitza mutacions puntuals en
una proteina problema. Els resultats son mostrats en diferents fitxers de text, 1 si

existeix 1’estructura també de manera grafica en dues i tres dimensions.

Predictor Pmut

Per tal d’obtenir prediccions de PMUT 1’usuari necessita d’introduir la seqiiencia
de la proteina (en codi d’una sola lletra) o alternativament el codi de la proteina a
Swissprot/trEMBL. Posteriorment, ha de seleccionar la posicid de la mutacid i
decidir si analitza una sola mutacid (per defecte) o fer una analisi exhaustiva
canviant 1’aminoacid original pels 19 restants o al subconjunt d’aminoacids
accessible per mutacié d’un unic nucleotid. Alternativament, pot triar d’analitzar
la seqiiencia completa (Mutation Hot-Spot analysis). El programa recull de les
propies bases de dades (Ferrer-Costa et al., 2002; Ferrer-Costa et al., 2004) una
série de parametres per la descripcio de la mutacid en estudi, com son valors de
matrius de mutacio, parametres de volums d’aminoacid, propensions d’estructura
secundaria, descriptors d’hidrofobicitats 1 potencials de seqiiencia (Ferrer-Costa
et al., 2002; Ferrer-Costa et al., 2004). Depenent de la xarxa neural usada (NN)
(veure més avall) altres parametres relacionats amb 1’estructura (accessibilitat i
estructura secundaria predites) son derivats pel programa PHD (Rost & Sander,
1993) a partir de la seqiieéncia . Finalment altres descriptors (Ferrer-Costa et al.,
2004) son obtinguts d’alineaments multiples de seqiiéncia que es generen
automaticament a partir dels resultats de correr PSI-Blast (Altschul et al., 1997) a

dues 1iteracions sobre una versi0 no redundant de la base de dades

126



Capitol 5. Pmut: Un servidor d’internet per la prediccidé de mutacions puntuals.

SwissProt/trEMBL.

Alternativament, [’usuari pot introduir ell mateix 1’alineament multiple de
seqiiencies obtingut per altres fonts (per exemple, alineaments de la base de
dades Pfam (Bateman et al.,, 2002)). Els alineaments estan limitats a 300
seqiiéncies (E-values per sota 10™). L’usuari és advertit sobre la qualitat dels
resultats quan el programa reconeix un alineament multiple de Blast pobre. El
programa deriva diferents parametres d’aquests alineaments multiples com un

index de variabilitat, I’entropia de seqiiencia i indexs de PSSM.
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Fig 2. Esquema representatiu de les dades que retorna el servidor i els seus diferents formats (taules, grafiques, representacions
moleculars...)

S’han implementat dues xarxes neurals (NN) com a eines predictives: una de
gran amb una capa oculta (20 nodes) i 5 descriptors (Ferrer-Costa et al., 2002;

Ferrer-Costa et al., 2004) 1 una de petita (20 nodes, sense capa oculta) amb 3

127



Analisi bioinformatica de les mutacions puntuals patologiques. Carles Ferrer-Costa

parametres (Ferrer-Costa et al. en preparacid). Les dues xarxes van ser
entrenades usant validacido creuada amb dades humanes (Ferrer-Costa et al.,
2002; Ferrer-Costa et al., 2004) (Ferrer-Costa et al en preparacid). La xarxa gran
¢s la opcid determinada per defecte, perd el model simple pot ser una bona
alternativa quan PMUT ¢és usat per predir DAMUs en organismes distants
evolutivament. El resultat final del programa és: 1) un index de caracter patologic
de 0 a 1 (mutacions associades amb un index per sobre 0.5 sén predites com a
patologiques) i ii) un index que varia de 0 (baixa) a 9 (alta) que correspon al
nivell de fiabilitat de la prediccié. Addicionalment, el programa permet a I’usuari
de recuperar tota la informacié intermedia (alineaments, resultats de Blast,
PHD...).

El servidor permet mostrar el lloc de la mutacié en I’estructura de la proteina,
quan aquesta existeix, usant un codi de color per tal de tragar la patogenicitat
associada amb la mutacid. Per aquest proposit, s’ha usat BLAST (Altschul et al.,
1997) per trobar seqiiéncies altament homologues en la base de dades PDB
(Berman et al., 2000). Totes les proteines amb una identitat de seqiiéncia inferior
al 70% 1 totes aquelles de més de 200 residus perd amb menys de 70 residus
alineats son eliminades. L’alineament permet mapar la mutacié en I’estructura
tridimensional de la proteina (o d’un homoleg proper). Un script de Rasmol
(Sayle & Milner-White, 1995) ¢és creat per tal de mostrar 1’estructura
tridimensional de la proteina amb el lloc de la mutaci6 representat en un codi de
color diferent que permet la seva identificacid. L’estructura es pot visualitzar de
manera remota usant el plug-in CHIME (MDL Information Systems, Inc) o
alternativament 1’arxiu es pot guardar localment per la seva inspeccid usant

RASMOL (Sayle & Milner-White, 1995).

La base de dades pmut

S’han precalculat els perfils de mutacid per totes les proteines del cluster 90 de la

base de dades PDB (Berman et al., 2000) (conté un representant per cada cluster
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que comparteixen un 90% d’identitat de seqiiéncia). Amb aquest proposit s’han
mutat tots els residus de cada proteina a tots els possibles 19 altres aminoacids
calculant N*19 matrius de patogenicitat (on N és el nimero de residus de la
proteina). Aquesta matriu €s manipulada per definir punts calents de mutaci6 en
diferents maneres: 1) el maxim, la mitja i el minim index de patogenicitat en cada
residu de la proteina, ii) I’index de patogenicitat associat amb la mutacio a Ala
(alanine-scanning) de tots els residus, iii) el maxim, la mitja i el minim index de
patogenicitat associat a les mutacions gencticament accessibles (p.e. aquelles que
impliquen només un canvi d’un sol nucleotid) en cada posicié de la proteina.
Aquesta informaci6 es pot recollir del servidor (veure figures 1 i 2) en diferents
maneres: 1) com a fitxer de text, i1) com a grafiques bidimensionals dels perfils de
mutacid, o iii) en forma grafica, on cada posicio de la proteina és mostrada
d’acord amb cada index patologic.

L’usuari és avisat quan la proteina analitzada no és humana.

Implementacio del programari 1 el seu Gs

Pmut és accessible de manera lliure a través d’una interficie Web al lloc
d’internet  del  grup  Molecular  Modelling &  Bioinformatics
(http://mmb2.pcb.ub.es:8080/PMut). Es escrit com un servlet de Java. Pmut té un
nucli escrit en C, complementat per una serie de scripts de Perl responsables del
funcionament de tots els serveis incloent els programes auxiliars (veure figura 1).
Els grafics 2D son obtinguts wusant el programari GNUPLOT
(http://www.gnuplot.info/) que corre en el servidor i donant fitxers d’imatge
estandard. Els resultats 3D son gestionats amb scripts de Rasmol, la seva
visualitzacio requereix 1’s tant de Rasmol (Sayle & Milner-White, 1995) o el
plug-in CHIME (MDL Information Systems) en la banda del client. Els calculs
corren usant una cua en batch en el servidor i I’usuari €s avisat del seu acabament
ja sigui des de la propia pagina Web o bé per correu electronic. Un calcul tipic

dura 1-10 minuts depenent de la carrega del servidor i dels parametres del calcul.
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Fig2. Diagrama de Flux que defineix el servidor Pmut i la seva base de dades.

Una versid limitada del predictor-PMUT amb 1’analisi de Hot-Spot és també
accessible via servei de Web corrent segons el BioMoby
(http://www.biomoby.org) estandard (http://www.inab.org).

El servidor PMUT ha estat implementat també com a part del servidor
PupasView. Aquest servidor ha estat desenvolupat al grup del professor Dopazo
amb la intencié de crear una eina accessible via web per 1’accés a la seleccié de
SNPs amb potencial efecte fenotipic. El servidor PupasView constitueix un
entorn interactiu on la informacio funcional 1 de freqiiéncia poblacional pot ser
usada com a filtres seqiiencials sobre els parametres de desequilibri de 1ligament

per obtenir un llista final de SNPs Ooptims per proposits de genotipat. PupasView
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¢s el primer servidor que intregra efectes fenotipics causats per SNPs a nivell
traduccional com transcripcional. El servidor selecciona SNPs que afecten a
regions conservades que la maquinaria cel-lular usa pel correcte processat dels
gens (regions flanquejants intro/exd o emhancers de splicing exonic), regions
predites d’unié a factors de transcripcid (TFBS predicted transcription factor
binding sites), 1 canvis en aminoacids que sén predits com a patologics. El
servidor PupasView é&s accessible via web a les seglients adreces.

http://pupasview.bioinfo.cnio.es 1 http://www.pupasnp.org.
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III. ARTICLE DE RECERCA

PMUT: a web-based tool for the annotation of pathological
mutations on proteins. Carles Ferrer-Costa, Josep Lluis Gelpi, Leire
Zamakola, Ivan Parraga, Xavier de la Cruz, Modesto Orozco.
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ABSTRACT

Summary: PMUT allows the fast and accurate prediction {(~80%
success rate in humans) of the pathological character of single point
aming acidic mutations based on the use of neural networks. The pro-
gram also allows the fast scanning of mutational hot spots, which are
obtained by thres procedurss: (1) alanine scanning, (2) massive muta-
fion and (3) genetically accessible mutations. A graphical inteface for
Protein Data Bank (PDB) structures, when available, and a database
containing hot spot profiles for all non-redundant PDB structures are
also accessible from the PMUT server.

Avallability: PMUT is freely accessible at http.//mmb.pcb.ub.es:8080/
PMutPMut jsp

Contact: modesto@mmb.pcb.ub.es

Supplementary information:

" INTRODUCTION

The processing of the massive amount of data on single nucle-
otide polymorphisms (SNPs) requires the developrment of automatic
annotation tools to determine the potential pathological charac-
ter of a given SNP. Some of these programs (e.g. http://pupasnp.
bicinfo.enio.es/) trace the positioning of SNPsin the genome, detect-
ing when they occur in a functionally important region. Others are
centered on the study of non-synonymous mutations mapped on pro-
teins; for discussions see (Chasman and Adams, 2001; Ferrer-Costa
etal ,2002,2004, 2005; Ng and Henikoff, 2002; Saunders and Baker,
2002; Sunyaev ef al., 2001; Wang and Moult, 2001).

Our group has developed an accurate (=80% success rate)
and robost methodology to predict disease-associated mutations
(DAMUs) (Ferrer-Costa et af., 2002, 2004, 2005). The method is
based on the vse of neural networks (NNs) trained with a large
database of neutral mutations (NEMUs) and pathological mutations,
In this paper we present the PMUT server, which implements our
predictive models and complementary tools that can help in the
annotation of SNPs,

*To whom correspondence should be addressed.

SERVER STRUCTURE

PMUT works at two differentlevels (Fg, 18) (1) it retrieves inform-
ation from a local database of mutational hotspots and (2) it analyzes
a given SNP in a specific protein. Results are displayed in the form
of various text files and, when the structure is experimentally known,
2-13 and 3-D plots are also available.

PMUT PREDICTOR

The first input to PMUT is either the sequence of the prolein or ils
SwissProt/trEMBL. code. The user has to select the mutation site
and whether to analyze a single mutation (defanlt) or to perform a
complete mutation scan at this position. The program can simulate
massive single-point mutation along the whole sequence (Mutation
Hot-Spot analysis), helping to detect regions where mutations are
expected to have a large pathological impact. Irrespective of the
selection, the program retrieves a series of parameters describing
the mutation (Ferrer-Costa ef al,, 2002, 2004) from (1) its internal
databases, (2) PHD ontput (Rost and Sander, 1993) and (3) multiple
alignments. The latter are either introduced by the user [e.g. from the
PEAM database (Bateman ef @l., 2002)] or automatically generated
by the program from a two-iterations PS1-Blast (Altschul e al., 1997)
run on a non-redundant SwissProt/rEMBL database,

Two NNs are implemented as predictor engines: a large one (the
default) with 1 hidden layer, 20 nodes and 15 descriptors ( Ferrer-
Costa et al.,, 2002, 2004) and a small one (20 nodes, no hidden
layer) with 3 parameters (Ferrer-Costa el af, submitled for pub-
lication). Both NNs were carefully trained with homan mutational
data. The final output is always (1) a pathogenicity index ranging
from 0 to 1 {indexes »0.5 signal pathological mutations) and (2)
a confidence index ranging from O (low) to 9 (high), Addiionally,
the program allows the user to retrieve all the intermediate inform-
ation (aligmments, Blast and PHD outputs, ete) used in PMUT
predietions.

The PMUT server allows the display of the mutation site on the
protein structure (when this is available) using a color code to trace
the pathogenicity associated with the mutation. For this purpose,
we used Blast (Altschul et al., 1997) to find highly homologous

& The Aulthor 2005, Published by Oxiord Universily Press. All nohls reserved. For Permissions, please email: journals. parmissions € oupjournals. org 1
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Fig. 1. Examples of outputs obtained from the PMUT database.

sequences in the complete PDB (Berman er al., 20000). All proteins
with =70% local identity and those with =200 residues and covered
by PDB with =70% identical were eliminated. A Rasmol (Sayle
and Milner-White, 1995) script is automatically created to display
the mutation site on the protein structure. Visualization can be done
remolely using the Chime plug-in (MDL Information Systems, Inc.)
or alternatively the file can be download for local inspection using
Rasmol.

PMUT DATABASE

We have pre-computed the mutation profiles of all the proteins in the
90% identity cluster of the PDB database (Berman er al., 2000). For
this purpose we mutated all the residues of each protein to all 19 pos-
sible alternative amino acids. The mutation matrix is manipulated to
define mutation hot spots in different ways: (1) maximum, mean and
minimum pathogenicity indexes in cach mutation site, (2) the patho-
genicity index associated with the mutation to Ala (alanine-scanning )
of all the residues and (3) the maximum, mean and minimum patho-
genicity indexes associated with the genetically accessible mutations
(i.e. those implying only one nucleotide change) in each position of
the protein.

All this information can be retrieved from the server (Fig. 1) in
text and graphical formats (Fig. 1). To avoid over-interpretation of
the results, the user is alerted when the protein is not human. The

help section includes a description of the validity of prediction in
non-human proteins using human-trained NNs.

SOFTWARE IMPLEMENTATION AND USE

PMUT is freely accesible through a web interface at the Molecular
Modeling and Bioinformatics website (http://mmb.pcb.ub.es:3080/
PMut/PMut.jsp). The interface is written as a Java servlet, PMUT
has a core written in C, complemented with a series of Perl scripts
responsible for the overall workflow, including the execution of aux-
iliary programs. Two-dimensional graphical output is obtained using
the GNUPLOT software (http://www.gnuplot.info/) running on the
server and is provided as standard image files. The 3-D outputs are
provided as Rasmol scripts, and visuvalization requires the use of
Rasmol or the Chime plug-in on the client side. Calculations are
run using a batch queue in the server and the user is informed of
their completion either from the web page or by email. A limited
version of PMUT Predictor providing a hot spot analysis is also avail-
able as a web service running according 1o the BioMoby standard
(http:/fwww.biomoby.org; hitp://www.inab.org).
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ABSTRACT

We have developed a web tool, PupasView, for the
selection of single nucleotide polymorphisms (SNPs)
with potential phenotypic effect. PupasView consti-
tutes an interactive environment in which functional
information and population frequency data can be
used as sequential filters over linkage disequilibrium
parameters to obtain a final list of SNPs optimal for
genotyping purposes. PupasView is the first resource
that integrates phenotypic effects caused by SNPs at
both the translational and the transcriptional level.
PupasView retrieves SNPs that could affect conserved
regions that the cellular machinery uses forthe correct
processing of genes (intron/exon boundaries orexonic
splicing enhancers), predicted transcription factor
binding sites and changes in amino acids in the
proteins for which a putative pathological effect is
calculated. The program uses the mapping of SNPs
in the genome provided by Ensembl. PupasView will
be of much help in studies of multifactorial disorders,
where the use of functional SNPs willincreasethe sens-
itivity of the identification of the genes responsible for
thedisease. The PupasView webinterfaceisaccessible
through http:/pupasview.bicinfo.cnio.es and through
http://www.pupasnp.org.

INTRODUCTION

Single nucleotide polymorphisms (SNPs) are the simplest
and most frequent type of DNA sequence variation among

*To whom correspondence should be addressed. Email: jdopazo@ ochoa fib.es

Present address:

individuals and, with the recent availability of high-
throughput methodologies, are considered one of the most
powerful tools in the search for e.g. disease susceptibility
genes and drug response-determining genes (1,2). However,
complex diseases, for which markers display weak associ-
ations, still constitute a challenge. Most probably, advance-
ment in the knowledge of such diseases will come from
improved genotyping methods in combination with the proper
bivinformatics design strategies (3).

It is generally believed that multigenicity reflects disrup-
tions in proteins that participate in a protein complex or in a
pathway (). Typically, SNPs have been used as markers; that
is, the real determinant of the disease was not the SNP itself
but some other mutation in linkage disequilibrium (LD) with
it. Because of this, the use of functional SNPs could be an
important factor in increasing significantly the sensitivity of
association tests. In fact, several complex genetic disorders
such as Alzheimer’s disease (5) and Crohn’ disease (6) have
been associated with functional SNPs, lending weight to strat-
cgies giving priority to candidate markers based upon predict-
able function. Several estimations suggest that, on average,
some 20% of SNPs could directly damage proteins (7).

Much attention has been focused on modelling by different
methods the possible phenotypic effect of SNPs that cause
amino acid changes (7-13), and only recently has interest
focused on functional SNPs affecting regulatory regions or
the splicing process (14). However, there is increasing evid-
ence that many human disease genes are the result of exonic or
non-coding mutations affecting regulatory regions (15-17).
A recent large-scale screening over a set of 16 chromosomes
found SNPs in the promoter regions of 35% of the genes, and
experimental evidence suggested that around a third of
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promoter variants may alter gene expression to a functionally
relevant extent (18). Alternative splicing produced by muta-
tions in intron/exon junctions, or in distinct binding motifs,
such as exonic splicing enhancers (ESEs) (19), has also been
related to different diseases (20). In fact, it has been estimated
that 15% of point mutations that result in human genetic
diseases cause RINA splicing defects (21).

In addition to functicnal information, population frequency
is another important factor to be taken into account when
selecting SNPs. Thus, infrequent polymorphisms will be of
scarce interest as markers. Also, LD is another interesting
factor in selecting SNPs as markers since, if two SNPs are in
strong LD, only one of them will provide enough information
for any association or linkage test.

With the idea of selecting optimal sets of SNPs using as
much information as possible on putative phenotypic effect,
population frequencies and LD, we have developed Pupas-
View (Putative Phenotypic Alterations caused by SNPs
Viewer), a server that can be used alone or in combination
with PupaSNP (14).

PupasView works not only as a viewer of where SNPs are
located, but also as a selector in which different filters based on
combinations of functionality and population frequencies can
be interactively applied over the LD parameters in order to
obtain an optimal selection of SNPs for genotyping studies, in
such a way that with a minimum number of SNPs maximum
information on the genic region is obtained.

Criteria to consider an SNP a good candidate for
genotyping studies

There are three important properties for an SNP to be con-
sidered an optimal candidate for genotyping purposes: func-
tional effect, minor allele frequency and LD with respect to
other SNPs. Finding such optimal SNPs is not always possible,
but the idea behind PupasView is to facilitate the selection
process in order to achieve a final collection of SNPs bearing
the maximum amount of information. PupasView works as an
SNP selector. Different filters can be interactively applied to
the LD information available based on distinct functional
properties, cross-species conservation and population fre-
quency. This permits a final selection of a minimum number
of SNPs with optimal properties in terms of population
frequencies and potential phenotypic effect.

Finding SNPs with potential phenotypic effect

PupasView uses a precompiled database which contains a
collection of dbSNP entries mapped to the Golden Path
genome assembly, as implemented in the human section of
Ensembl (http://www.ensembl.org). Part of this database is
common to the PupaSNP program {(14). The SNPs have
been labelled according to their potential effects on the pheno-
type. We have taken into account both transcriptional and gene
product levels. Regions 10 000 bp upstream of the genes
belonging to the promoter region of each gene in the list
have been scanned for the presence of possible different
regulatory motifs. These include alterations in:

(i) Transcription factor binding sites. Promoter regions were
scanned for the presence of possible transcription factor
binding sites. The program Match (22) was used for
this purpose, using only high-quality matrices and with

a cut-off to minimize false positives from the Transfac
database (23). SNPs located within these motifs are con-
sidered to have a putative phenotypic effect in the expres-
sion of the gene. Almost four million such motifs were
found, with 130 373 SNPs mapping onto them.

(il) Intron/exon border consensus sequences. Ensembl APIg

(24) were used to extract the intron/exon organization of

the genes and the corresponding sequences. The two con-

served nucleotides on each side of the splicing point, which
constitute the splicing signal (21), were then located and all
the SNPs altering these signals were recorded. More than

700 000 intron/exon boundaries could be defined in human

genes with 1786 SNPs mapping onto them.

ESEs. Mutations that inactivate or activate an ESE

sequence may result in exon skipping, errors in alternative

splicing patterns, malformation and so on. Different
classes of ESE consensus motifs have been described,
but they are not always easily identified. Exon sequences
were scanned to identify putative ESEs responsive to the
human SR proteins SF2/ASF, SC35, SRp40 and SRp35,
using the available weight matrices (20). A score was
obtained that is related to the likelihood that the site
found is a real ESE. Only ESE sites with scores over the
threshold [see (20) for details] were taken into account in
the analysis. More than 11 million ESEs were found, with

299 106 SNPs located in them.

Triplex-forming oligonucleotide farget sequences (TTSs).

It has been found that the population of TTSs is much more

numerous than expected from simple random models (25).

The population of TTSs is large in the whole genome,

without major differences between chromosomes, but

with alarge concentration inregulatory regions, especially
in promoter zones, which suggests a tremendous potential

for triplex strategy in the control of gene expression (25).

Although the role of TTSs in regulation is still a matter of

speculation, the program also reports SNPs disrupting

these structures. Some 5.4 million putative triplex-
forming sequences were found, and 364 314 SNPs mapped
onto them.

(v) SNPs in exons that cause an amino acid change. Any SNP
causing a change of amino acid, independent of any
speculation on its possible phenotypic effect, is reported.
There are 45 906 such SNPs.

(vi) SNPs in exons that cause an amino acid change with
putative pathological effect. The putative pathological
effect of an amino acid change can be predicted using
neural networks (NNs) carefully trained to predict disease-
associated amino acidic polymorphism (12,13). The server
implements a small NN (1 hidden layer and 20 nodes) and
three sequence-derived descriptors (PAM40, PSSM and
variability), which are either retrieved from databases or
determined internally from multiple alignments using
two-iterations PSI-Blast (26) run over a non-redundant
SwissProt/TrEMBL database. The trained method dis-
playsasuccessrate >>80% in cross-validation experiments.
According to the algorithm, 19 309 SNPs displayed a high
probability of having pathological effect.

(vil) Human—mouse conserved regions. Untranslated whole
genome comparisons by BLASTZ were performed for
species pairs which are thought to be similar enough to
be able to detect homology directly at the DNA level (27).

(1}

{iv)
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Of particular interest is mouse (or rat) because of its
phylogenetic position with respect to humans: distant
enough to interpret conservation as important but not so
distant as to lose most of the similarity. The phenotypic
effect of a change in such regions is quite speculative, but
cross-species conservation can be useful in cases in which
no other information is available. It is also useful for rein-
forcing the likelihood of other predictions (e.g. an ESE in a
conserved region is more likely to be real than one in a
non-conserved region).

Frequency information and validation status

There are >>10 million SNPs stored in the last build of dbSNP
(build 124), and more than half of these have been validated
by different means (http:/www.ncbinlm.nih.gov/SNP/snp_
sumimary.cgi). Validation status is annotated and is an import-
ant field in terms of trusting an SNP. But, in addition to being
real, an SNP must exist in the population at frequencies which
make it a suitable marker. Very infrequent SNPs are not
suitable for association or linkage studies. For almost half a
million SNPs frequency data in different populations are
available.

Blocks and LD parameters

LD measures the correlation between two neighbouring gen-
etic variants in a specific population. The program HaploView
(28) is used to infer blocks using different procedures. In one
of the most common procedures (29), 95% confidence bounds
based on the I LD parameter are generated and each
comparison is called ‘strong LD, ‘inconclusive’ or ‘strong
recombination’. A block is created if 95% of informative
(i.e. non-inconclusive) comparisons are ‘strong LD’. A block
can be considered a region with a low recombination rate.
Ideally, a block could propetly be described by a unique
SNP. Two other methods are used: the four gamete rule
(30) and the Solid Spine of LD (28). Blocks are displayed
in the bottom of the PupasView window. Also I, R* and LOD
parameters between adjacent SNPs can be visualized by pla-
cing the cursor between them. Only HapMap genotyped
SNPs (31) are used to calculate blocks and LD parameters.

The web interface of the SNPs selector

The main purpose of PupasView is to provide the user with an
optimal set of SNPs for genotyping experiments by filtering
the annotated SNPs using a series of filters related to their
impact in protein functionality and pathology, their population
frequency and LD.

The input is a gene identifier (Ensembl IDs or external 1Ds,
which include GenBank, Swissprot/TrEMBL and other gene
IDs supported by Ensembl). The program can also be invoked
from PupaSNP. The program presents a list of options that can
be selected and applied as many times as desired. The options
include

* Validation status obtained from dbSNP

* Type of SNP (coding, intron, untranslated region, local),
according to its position in the gene

Frequency and population, an option that allows the possi-
bility of filtering by a range of frequencies of the minor allele
in one or more populations (Europe; Europe, multinational;
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Europe, North America; North America; Central/South

America; North/East Africa and Middle East; Central/

South Africa; West Africa; Central Asia; East Asia; Pacific;

multinational; unknown; HapMap)

Functional properties as follows:

— non-synonymous SNPs [all or only those predicted as
pathological by the pmut algorithm (12,13)]

— SNPs disrupting predicted transcription factor binding
sites (all or only those that are in regions conserved in
the mouse genome)

— SNPs disrupting predicted ESEs {(all or only those that
are in regions conserved in the mouse genome)

— SNPs disrupting potential triplex-forming regions (all or
only those that are in regions conserved in the mouse
genome)

— SNPs disrupting intron/exon boundaries

— regions conserved in mouse

* Options for the way in which blocks are constructed:

— confidence intervals (29)
— four gamete rule (30)
— Solid Spine of LD (28).

Figure 1 shows the view of the results. The viewer of
PupasView has been constructed using Ensembl APIs (24).
Figure 1A shows the result of running PupasView on the gene
TP53 without applying any filter. All the SNPs in the gene and
the neighbourhood are displayed. If the cursor is over an SNP,
information on it is displayed by means of pop-up text.
Figure 1B shows a subselection of these SNPs obtained
after selecting only SNPs for which population frequency
was available. Finally, Figure 1C shows the selection obtained
if enly SNPs with putative functional effect are chosen. This
will constitute the final, reduced subset of optimal SNPs. The
upper horizontal bar below the figure represents LD paramet-
ers (which can be individually obtained by placing the cursor
over them). The lower horizontal bar represents the block
found with the selected algorithm. The blocks are displayed
graphically with brown rectangles going from the first to the
last SNP within the block. When the cursor is over the rect-
angles, a tooltip text pops up in the block showing the SNPs
and the haplotypes (with HapMap frequencies in parentheses).
Tag SNPs are signalled with an exclamation mark ().

DISCUSSION

It is believed that improved genotyping methods in combina-
tion with the proper bioinformatics design strategies will offer
better opportunities for the study of complex diseases (3). The
use of functional SNPs could be an important factor in increas-
ing the sensitivity of association tests. Different bioinformatics
approaches have been focused mainly on the effect of coding
SNPs, but also recently on SNPs affecting the regulation or the
splicing of genes (14).

PupasView is the first tool that integrates both transcrip-
tional and translational phenotypic effects caused by poly-
morphisms. It provides an interactive environment in which
functional information and population frequency data can be
used over LD parameters as sequential filters to obtain a final
list of SNPs optimal for genotyping purposes.

PupasView is closely linked to our previous program
PupaSNP (14), which is a tool for selecting SNPs with putative
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Figure 1. Sequential application of filters in PapasView. (A} SNPs in gene TPS3, (B} SNPs together with populadon frequencies. (€} SNPs with any functional
charactenistic. Depending on the versions of Ensembl and dbSNP, the appearance of the figure can change.

phenotypic effects. PupaSNP, designed for high-throughput
experiments, has been used to design >9000 sets of SNPs,
and has a daily average of 50 uses. PupasView assists in the last
refinement step of gene-by-gene selection of SNPs. Figure 1
illustrates the effect of applying successive filter steps, which
are, cenceptually, first to select cnly those SNPs which are real
(with reported population frequencies) and then to select only
functional SNPs. In the last view (Figure 1C), LD parameters
can be used to help in the final selection.

More than 5000 SNPs have been selected using PupaSNP
and PupasView in the first step of the pipeline for the study of
polymerphisms at the Spanish National Genctyping Centre
(CeGen).
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