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Given the relevance of the pig proteome in different studies, including human complex maladies, a statistical validation of
the annotation is required for a better understanding of the role of specific genes and proteins in the complex networks
underlying biological processes in the animal. Presently, approximately 80% of the pig proteome is still poorly annotated,
and the existence of protein sequences is routinely inferred automatically by sequence alignment towards preexisting
sequences. In this article, we introduce SUS-BAR, a database that derives information mainly from UniProt Knowledgebase
and that includes 26 206 pig protein sequences. In SUS-BAR, 16 675 of the pig protein sequences are endowed with stat-
istically validated functional and structural annotation. Our statistical validation is determined by adopting a cluster-centric
annotation procedure that allows transfer of different types of annotation, including structure and function. Each se-
quence in the database can be associated with a set of statistically validated Gene Ontologies (GOs) of the three main sub-
ontologies (Molecular Function, Biological Process and Cellular Component), with Pfam functional domains, and when
possible, with a cluster Hidden Markov Model that allows modelling the 3D structure of the protein. A database search
allows some statistics demonstrating the enrichment in both GO and Pfam annotations of the pig proteins as compared
with UniProt Knowledgebase annotation. Searching in SUS-BAR allows retrieval of the pig protein annotation for further
analysis. The search is also possible on the basis of specific GO terms and this allows retrieval of all the pig sequences
participating into a given biological process, after annotation with our system. Alternatively, the search is possible on the
basis of structural information, allowing retrieval of all the pig sequences with the same structural characteristics.

Database URL: http:/bar.biocomp.unibo.it/pig/

Introduction

In recent years, significant progress has been made in pig
genomics due to the integration of modern sequencing
techniques and computational biology methods (1-4). The

© The Author(s) 2013. Published by Oxford University Press.

collaborative effort of researchers in the swine genomics
community is ongoing for a complete annotation of the
pig genome (http:/piggenome.org) (4). A major problem
is how to understand whether pig proteins that are already
available are informative enough to be useful in the

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/3.0/), which

permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Page 1 of 9
(page number not for citation purposes)


https://core.ac.uk/display/226675791?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://bar.biocomp.unibo.it/pig/
http://piggenome.org

Database tool

annotation process (5, 6). Even though a given protein is
translated and expressed, the annotation of the protein’s
structure and function may not be straightforward.
A similarity search where proteins with no annotation are
analysed by their similarity to proteins with known anno-
tation can be routinely performed to attribute structural
and functional annotation to the unknown protein (5-8).
The notion behind this procedure is that protein structure is
more conserved than sequence through evolution, a very
general concept that helps in modelling proteins with simi-
lar sequences as long as their sequence identity (SI) is >30%
over the alignment length (9, 10). This observation is at the
basis of building by comparison, one of the most successful
methods for computing the 3D structure of a protein
sequence when a template is found with a sequence simi-
larity search against the Protein Data Bank (PDB) (11).
Functional properties are, however, more difficult to be
transferred. According to current literature, they are gen-
erally inferred on the basis of structural conservation and it
is commonly accepted that proteins sharing approximately
40-60% of sequence identity are also likely to share similar
function (12, 13). When Sl is <30%, proteins are categor-
ized to be distantly related to their homologous counter-
parts when they perform the same function in different
organisms. In this case, they can possibly share the same
structure although sharing very little SI (14, 15). Distantly
related homologues can be recognized by methods that
model structural and functional domains, such as Pfam
(http://pfam.sanger.ac.uk) (16). When a protein sequence
significantly matches a specific Pfam model, the Pfam
model-associated function is also transferred to the target
protein. Functions are routinely described with specific
terms following the Gene Ontology (GO), comprising
three functional Molecular Function,
Biological Process and Cellular Component (17). UniProt
Knowledgebase (UniProtkB), one of the largest resources
of protein sequences, automatically curates annotated pro-
tein records (http://www.uniprot.org/help/biocuration) (18).
Here annotation integrates previous knowledge on protein
structure and function from various sources, when avail-
able, mainly based on profile and Hidden Markov Model
(HMM) methodologies (UniProtKB/TrEMBL; http://www.ebi.
ac.uk/GOA). Therefore, protein sequences may be endowed
with a wealth of featured data that include extensive cross-
reference to other specialized databases (including PDB
and Pfam), experimentally detected or predicted functional
and structural patterns and assigned functional GO terms.
Protein records are manually curated in the SwissProt sec-
tion of UniProtKB (UniProtKB/SwissProt). Most of the se-
quence entries are proteins that have only been
recognized on the basis of sequence similarity or predicted
without any experimental evidence of their existence
(http://www.ebi.ac.uk/uniprot/TrEMBLstats/). This is also
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the case for majority of the currently available pig proteins,
whose annotation relies mainly on automatic procedures.

In this article, we describe SUS-BAR, a database that col-
lects all the available pig protein sequences and provides
statistical validation and enrichment to the GO functional
terms and Pfam domains that are present in the UniProtKB
files. Statistical validation is obtained with a cluster-centric
method that has been described before (19-21) and that
also allows structural modelling of the protein sequence,
when possible. Our method has been recently and success-
fully benchmarked in one experiment of Automated
Function Prediction featuring a Critical Assessment of
Function Annotations [AFP/CAFA 2011, (21, 22)]. Adopting
our procedure, we provide statistically validated GO and
Pfam terms to some 63% of the all pig protein set.
Furthermore, we provide structural templates to 27% of
pig protein sequences. We newly annotate 1283 pig protein
sequences not annotated before with GO terms and/or
Pfam domains in UniProtKB. In SUS-BAR, pig protein se-
quences can be associated to statistically validated GO
terms of the three main branches, to statistically validated
Pfam domains and, when possible, also to structural tem-
plates to build their 3D structural model. The database is
freely available and downloadable at http://bar.biocomp.
unibo.it/pig. Alternative ways of search for retrieving infor-
mation over the pig proteome, including also the possibility
to search pig proteins in relation to other related and un-
related organisms, are available.

Databases and methods

Database

The dataset includes 26 134 different pig protein sequences
downloaded from UniProtKB (2013_01 Release) and se-
lected from the complete proteome set. Another 72
unique sequences were collected from the Ensembl 70 gen-
ebuild based on Sus scrofa 10.2 pig genome assembly
(http://www.ensembl.org). The SUS-BAR database collects
26 206 sequences.

SUS-BAR

SUS-BAR is the Bologna Annotation Resource for Sus scrofa
that we implement. It is based on our annotation system
BAR+ (available at http:/bar.biocomp.unibo.it/bar2.0).
BAR+ allows transfer of statistically validated annotation,
and it has been described before (19-22). Briefly, the
method is based on the concept that sequences can inherit
the same function/s and structure from their well-anno-
tated counterparts, provided that they fall into the same
cluster, endowed with statistically validated GO terms and
Pfam domains. For generating BAR+ clusters, we analysed
>13 million protein sequences from 988 genomes and
UniProtkB release 2010_05. The BAR+ cluster building
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pipeline starts with an all-against-all sequence comparison
with BLAST in a distributed unified computing resource
(GRID environment, http://www.cnaf.infn.it/it/users/grid)
(20). In the present version, we complement our previous
BAR+ with additional 30000 sequences downloaded from
UniProtkKB/SwissProt release 2012_01, including human pro-
tein variants. The clustering procedure constrains Sl to be
>40% on at least 90% of the global alignment length
(Coverage). The alignment results are regarded as an undir-
ected graph where nodes are proteins and links are allowed
only among chains that are 40% identical over at least 90%
of the alignment length. A cluster comprises all the con-
nected protein nodes (19). In the present implementation,
we count 1254869 clusters containing 82% of all the pro-
tein sequences of BAR+. When a cluster incorporates a
UniProtKB entry, it inherits its annotations [GO and Pfam
terms, PDB structures and Structural Classification of
Proteins (SCOP)]. Within a cluster, GO and Pfam terms
are then statistically validated as previously described (19).
A P-value is computed with a Bonferroni-corrected pro-
cedure after setting a threshold value for significance
with a bootstrapping technique (19). Statistically validated
terms are those endowed with P<0.01 (19, 20). In this
version, some 383 679 clusters contain statistically validated
terms, and ~12 million protein sequences fall into these
statistically validated clusters. Clusters can contain dis-
tantly related proteins that can, therefore, be annotated
with high confidence and eventually can also inherit a
structural template, if present. Structural alignments
within each cluster-containing templates are provided by
a cluster HMM and are available for downloading (20).
Depending on the annotation types of the sequences
within the cluster, all new targets that fall into a cluster
can inherit all the cluster statistically validated annotations
by transfer.

In SUS-BAR, GO terms are directly retrieved from
UniProtKB. In UniProtKB, most of the GO terms are inferred
from electronic annotation. However, and more import-
antly, GO terms with some experimental validation are
also present [labels: EXP, IDA, IPI, IMP, IGI, IEP (see http://
www.geneontology.org/GO.evidence.shtml)]. The cluster-
centric procedure of SUS-BAR emphasizes their presence
after their statistical validation. Most of these terms
derive from sequences present in the SwissProt section of
UniProtKB. Therefore, each cluster is highlighted with a
green dot and a red dot when it contains statistically vali-
dated and SwissProt-derived annotation. Furthermore, a
yellow star in the cluster indicates when GO terms with
some experimental and statistical validation are present.
Within the cluster, the yellow star is also associated to
each specific statistically validated GO term labelled with
an experimental evidence code.

After this procedure, we re-collected all the pig prote-
ome, and for each sequence, we collected the annotation
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as derived from statistically validated clusters, non-vali-
dated clusters and singletons. This information is contained
in SUS-BAR, it is downloadable and it can also be retrieved
upon search over the database.

Results and Discussion

The current annotation of the pig proteome

In Table 1, the total number of pig proteins, as retrieved
from the present releases of the databases, is sorted out
based on the number of sequences endowed with unique
GO of the three main roots (Molecular Function, Biological
Process and Cellular Component) with all the GO terms (All-
GO), Pfam domains (Pfam), both Pfam and All-GO terms
and a structure in the PDB. Sequences are also listed de-
pending on the UniProtkKB branch from where they were
retrieved (SwissProt, manually annotated and reviewed,
and TrEMBL, automatically annotated). Pfam terms are
derived from UniProtKB that links directly to the Pfam
database ((16), http:/pfam.sanger.ac.uk). Summing up,
only 107 pig protein sequences have associated PDB struc-
ture with atomic resolution, 68% of the sequences are
endowed with 4225 Pfam domains (Pfam), 68% of the se-
quences are endowed with 9809 GO terms of the three
main branches and 79% of the sequences are annotated
with Pfam domains and GO terms (“Pfam and All-GO"
column in Table 1). With the exception of the proteins
listed in SwissProt, most of the annotation largely derives
from feature transfer mainly based on profile and HMM
methodologies (UniProtKB/TrEMBL; http://www.ebi.ac.uk/
GOA). In the UniProtKB files, ~92% of the whole set of
pig protein sequences either have protein homologues
based on some extent of similarity with previously anno-
tated proteins in the database or are predicted.

SUS-BAR validates and enriches the pig proteome
annotation

With our method, all the pig protein sequences are aligned
towards the BAR+ database and they may enter into a clus-
ter containing statistically validated information (P <0.01)
for a specific GO term or Pfam domain. This is the case for
25989 pig protein sequences while 217 remain singletons
and carry along the UniProtKB or Ensembl annotation
(when present). Sixty-four percent of the cluster-retained
sequences align towards clusters endowed with statistically
validated annotation, and they inherit all the cluster statis-
tically validated GO terms and/or Pfam domains. When a
cluster template/s is/are available, the sequence may bene-
fit from a pre-computed cluster HMM that allows its struc-
tural modelling. The results are shown in Table 2. It appears
that after BAR+ alignment, the number of annotation
terms inherited by the sequences in a validated manner
surpasses the same features described in Table 1.
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Table 1. Annotation of the PIG proteome in UniProtkKB and Ensembl

Dataset MFO BPO cco All-GO Pfam? Pfam and All-GO PDB®
SwissProt (1482)¢
Sequences 1065 1111 1331 1395 1298 1402 104
Terms 811 2117 340 3268 986 4254 -
TrEMBL (24 652)°
Sequences 12451 11537 12349 16357 16559 19284 1
Terms 1936 6443 913 9292 4138 13430 -
Ensembl (72)¢
Sequences 47 22 25 49 45 52 2
Terms 58 107 35 200 43 243 -
Total (26 206)¢
Sequences 13563 12670 13705 17801 17902 20738 107
Terms 2190 6678 941 9809 4225 14034 -
UniProtKB release: 2013_01; Ensembl release: Ensembl 70 genebuild based on Sus scrofa 10.2 pig genome assembly.
ALL-GO: number of sequences with MF OR BP OR CC.
@Pfam domains. Union of ALL-GO and Pfam.
PPDB: protein pig sequences with a correspondent PDB structure.
“Number of PIG protein sequences. Numbering considers only unique GO terms and Pfam domains.
MFO, molecular function ontology; BPO, biological process ontology; CCO, cellular component ontology.
Table 2. Statistically validated annotation of the pig proteome in SUS-BAR
Dataset MFO MFO? BPO BPO? cco cco? All-GO All-GO? Pfam Pfam and °PDB
All-GO
Cluster (25989)°
Sequences 12755 9147 13611 11323 13749 11480 15500 12918 15488 16675 7284
Clusters 6491 3835 7064 5344 7155 5496 8597 6523 8598 9552 3421
Terms 3902 3215 12520 12020 1517 1370 17939 16 605 3962 21901 -
Singleton (217)<d
Sequences 121 8 131 9 167 9 179 9 133 181 0
Terms 132 18 222 19 79 9 433 46 118 551 -
Total (26 206)¢
Sequences 12876 9155 13742 11332 13916 11489 15679 12927 15621 16856 7284
Terms 3904 3218 12521 12020 1517 1370 17942 16608 3968 21910 -

*Terms that are statistically validated and have an experimental evidence code with the corresponding number of sequences that inherit

them in a given number of clusters.
bPig protein sequences in clusters that inherit a structure.
“‘Numbering considers only unique GO terms and Pfam domains.

dClusters are generated as described in the SUS-BAR section. Singletons are pig sequences that do not belong to clusters and carry along

only their original UniProtKB or Ensembl annotation.

Summing up, some 16675 pig sequences by falling into
9552 SUS-BAR clusters inherit 21901 validated Pfam and
GO terms. The large increase in the number of statistically
validated GO terms inherited by the pig sequences with our
method is particularly evident when the All-GO columns in
Tables 1 and 2 are compared.

In Table 2, we address how much of the transferred an-
notation is also endowed with an experimental evidence

code. Evidently, 75% of the clusters containing statistically
validated terms also contain GO terms that are endowed
with an experimental evidence code. SUS-BAR clusters
(18738) are mostly (49%) seeded on SwissProt sequences
that carry along most of the experimental information
(PDB, Pfam, GO annotations, including the experimental
ones). In SUS-BAR, 75% of the clusters contain statistically
validated GO annotations endowed with an experimental
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evidence code (AIl-GO%AII-GO, Table 2). Approximately
83% of the pig sequences present in statistically validated
clusters inherit statistically validated GO annotations that
are also characterized by an experimental evidence code.
Moreover, and more importantly, GO annotations are cor-
roborated by structural and functional annotations (Pfam
domains, PDB templates). In our system, a pig sequence can,
therefore, be annotated also by checking whether the GO
annotation is consistent with Pfam domains that the se-
quence may inherit and/or by modelling the sequence on
a given template. A possible way of computing the increase
in GO terms attributed by BAR+ as compared with
UniProtKB is by considering direct annotations as well as
their respective ancestor terms: 9156 of the 17 939 statistic-
ally validated GO terms (All-GO column in Table 2) were
already present (although without statistical validation) in
UniProtkB. By counting both, direct annotations and their
respective ancestor terms, we obtain 150992 and 345843
GO terms starting from those of UniProt and ours, respect-
ively. This corresponds to a 2.3-fold increase in GO terms
obtained when BAR+ is adopted, including singletons that
retain their original UniProtKB and Ensembl annotation.

Furthermore, considering our data at the different pro-
tein sequence levels (downloadable at http://bar.biocomp.
unibo.it/pig/download.htm), with BAR+, 10559 pig proteins
acquire 16076 statistically validated new GO terms that
were not present in UniProtKB or in their ancestors terms;
5461 pig proteins acquire 7242 GO terms that are more
specific than those reported in the corresponding
UniProtkB files (GO terms that are descendents of the
UniProtKB GO terms). The number of clusters with at
least one SwissProt entry in SUS-BAR is 9219 over a total
of 18738.

With our method it is also possible to model distantly
related targets that fall into a cluster by means of a cluster
HMM. By aligning towards 3421 clusters enriched with clus-
ter HMM s (Table 2), 7284 pig protein sequences also inherit
template structures. Thirty-five percent of these pig targets
share an Sl <30% with the template structure/s of the clus-
ter and their modelling would be impossible based only on
sequence similarity search. Concomitantly, each sequence
also inherits statistically validated Pfam domain and GOs,
allowing mapping of the functional annotation directly on
the protein model.

In Table 3, the effect of our annotation procedure is
shown for sequences without any annotation in
UniProtkKB and Ensembl. A small fraction of this subset
(1283 protein pig sequences) is aligned towards SUS-BAR
clusters characterized by statistically validated annotation
and is therefore annotated. Sixty-eight percent of the set
inherits GO annotations that are endowed with an experi-
mental evidence code. Five hundred sixty-seven sequences
also inherit structural templates. The remaining sequences
fall into clusters that are not validated. In SUS-BAR, the
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UniProtKB and Ensembl
singletons.

links are also reported for

How to search SUS-BAR

The database underlying the SUS-BAR Web site allows two
types of searches depending on the information available
to the user (Figure 1). When for a given pig protein, the
UniProtKB or Ensembl accession is known, the Web site re-
turns the protein and the corresponding cluster identifica-
tion code (when the sequence is not a singleton). Then the
user can explore all the annotation of the corresponding
cluster by clicking on the cluster field (see Tutorial on the
Web site, http:/bar.biocomp.unibo.it/pig/tutorial.ntm).

SUS-BAR also makes it possible to perform a search based
on keywords. This allows the retrieval of the pig protein
sequences from clusters containing the keyword.

The search allows directly pasting any GO term of inter-
est. The site will return the list of all pig proteins that fall
into clusters where the specific GO term is statistically vali-
dated. It is also possible to search for pig proteins that fall
into clusters where other protein sequences from a specific
organism or taxon are co-located. For instance, if the user
searches for ‘Cetartiodactyla’ under the ‘SUS-BAR tax-
onomy’ field, the Web site returns all the pig protein se-
quences that fall into clusters where at least one member
of the population contains the string ‘Cetartiodactyla’ in its
taxonomy (see Tutorial on the Web site, http:/bar.bio-
comp.unibo.it/pig/tutorial.htm). GO annotations endowed
with an experimental evidence code are labelled with a
yellow star. Clusters statistically validated and containing
SwissProt sequences are labelled with a green and a red
dot, respectively.

Searching by organism
The rationale behind our database offers the unique op-
portunity to retrieve per organism all the clusters where pig
protein sequences are grouped with those from other or-
ganisms. In Table 4, the search by Homo sapiens, Mus mus-
culus and Bos taurus retrieves all the clusters where
sequences of the three organisms share some annotation
with those of the pig, including, when available, a struc-
tural template. Interestingly, a large fraction of the pig
protein sequences inherit statistically validated annotation
from the clusters, albeit low sequence identity (SI <30%),
with sequences carrying information into the cluster.
Another search option allows retrieval of some 100 pig
sequences that can be modelled with 67 cluster HMMs
whose structural templates are derived from distantly
related prokaryotic sequences (the list of these templates
and the corresponding pig protein is included as
Supplementary Material).
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Table 3. SUS- BAR annotation of pig protein sequences not annotated with GO terms and/or Pfam domains in UniProtkB and

Ensembl
Dataset MFO MF?@ BPO BP? Ccco cce All-GO All-GO? Pfam Pfam and All-GO PDBP
UniProtKB (5448)°
Sequences 795 539 908 716 952 732 1118 859 903 1209 558
Clusters 541 345 645 492 670 493 806 594 658 892 365
Terms 1306 1044 6684 6303 798 685 8788 8032 581 9369 -
Ensembl (171)¢
Sequences 10 21 10 29 18 34 20 62 74 9
Clusters 10 20 9 28 18 32 19 50 62 8
Terms 37 20 306 264 117 89 460 373 45 505 -
Total (5619)¢
Sequences 805 545 929 726 981 750 1152 879 965 1283 567
Clusters 547 349 660 500 692 507 832 609 706 948 372
Terms 1311 1046 6694 6313 811 697 8816 8056 621 9437 -

®Terms that are statistically validated and have an experimental evidence code with the corresponding number of sequences that inherit

them in a given number of clusters.
PInherited with cluster HMMs.
“Number of pig protein sequences in the two databases.

SUS-BAR

Home
Help Enter search term
Method |
Tutorial Submit  Clear
Statistics |
! Search examples:
About us |
; search term search key
References | 002837 UniProtKB accession
Beviniead | ENSSSCP00000018944  EnsEMBL accession
GO:0007608 SUS-BAR GO term
PFO0017 SUS-BAR Pfam term
3HKO SUS-BAR PDB

Saccharomyces Cerevisiae SUS-BAR Organism

Bacillus SUS-BAR taxon

SUS-BAR is a database for the functional and structural annotation of pig sequences downloaded from the
UniProtkKB (2012_05) and Ensembl (Sus Scrofa 10.2) databases.

Select search key

UniProtkB accession -

Cluster #1 \
GO
o | Cluster #2
Pfam S j GO
Cluster #3” o
N E\T
7 Go
-
SUS-BAR e-mail

For optimal rendering of the website please use: Mozilla Firefox | Google Chrome | Opera | Apple Safari

Figure 1. The SUS-BAR interface. Query requires both a search term and the selection of the corresponding search key (http:/bar.

biocomp.unibo.it/pig).

Searching by GO terms

One important problem in pig breeds is the sensory percep-
tion of smell, a biological process that comprises all the

events required for an animal to receive an olfactory stimu-
lus, convert it to a molecular signal and recognize and
characterize the signal (23, 24). The corresponding GO
term is GO:0007608, and it only characterizes the pig
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Table 4. Pig sequences in clusters with other organisms

Organism Number Number of Number of Number of Number of
of clusters Pig sequences Pig sequences clusters with Pig sequences
(SI <30%) PDB inheriting PDBs
Homo sapiens 9409 16480 1288 2732 6013
Mus musculus 8804 15771 579 823 2461
Bos taurus 8413 15340 148 213 758

Sl, sequence identity.

: Query: GO:0007608
Home | SUS-BAR Cluster-ID: 3909 (F15737) @ @
I Sequences: 1163 3
Help : UniProtKB Cluster Length Q\;emgg sequem;es;:nglh: 884.0 (4.5% SD)
H FIRHO5 | ENSSSCPO00D0015477 4 1 < =
Webnod } FiRH24__| ENSSSCPO00D0D15467 | 4 2 A SRR 36
s i 13LD1S ENSSSCPO0000022116 4
Tuterial : FARLWO | ENSSSCPO0DDOD1 550! ry Download all the sequences of the cluster: list, fasta
2 FIRID5 | ENS55CPO0D0001560: )
Statistics | F15QCO | ENSSSCI 34 4
i 130503 | ENSSSCPO0D00D26894 4 PDB: 4
About us | F1RSWa | ENSSSCPOOD0OD29251 | 2517 i
H ENSSSCPO00D0013189 Code Overlap HMM
| ENSSSCPO0DO0028974 2E40 %l =
References | FISANS | ENSSSCPO0D00014701] 4 313 EE 5 AT
: [ isisi2 | enssscroonoooz7ios| s 309 354z 1 SeanicH
Download | [ Fiss34 [ENSSSCPO0DD0DDZ790] 4 ] MO T Wi
; | FIRWEL |ENSSSCPO0DD0D15535] 4 3
FIRHQL | ENSS5CPO0000015686| 4 7 :
FIRIE7 | ENSS5CPO0000013954 | 4 1 Pfam domain: 4
T3L5P6 | ENSSSCPOODO0027138 | 4 309 2
151565 | ENSSSCPo0D00027058 | 4 329 Sy Deacriptian P-value
P29797 — 585 397 PF07562 | Nine Cysteines Domain of family 3 GPCR (NCD3G) 1e-307
T T e T T m— cvey | _Proooos |7 ~taste receptor of 3 GCPR (7tm_3) 1e-307
[WW_WT} [ Pro1094 | Receptor family ligand binding region (ANF_receptor) 1e-307
s SR o |_PF10506 | Homer-binding demain of metabotropic glutamate receptor (GluR_Homer-bdg) 1.32e-15
13LGX1__| ENSSSCPO0D000Z331 326
F15254 | ENSSSCPO00D001454 310 GO term: 311
F15564 | ENSSSCPO0DO0D0Z778 | 4 318
[ isum ENSSSCPO0000023904 309 Ontology Term Description P-value
13L5KS__| ENSSSCPO0DD0015307 312 Molecular | GO 0005245 | voltage-gated calcium channel activity 9.33e-16
I3LEL8 | ENSSSCPODDO002230: 344 function
FIRHG5 | ENSSSCPODDDOD2354: 309 GO. 0005262 | calcium channel activity . 16e-
13LJR0__| ENSSSCPO0DD002432, 4 320 G0: 0015085 | caleium ion activity .04e-
FIRNHA | ENSSSCPOODOO015S5]] 4 306 GO 0022643 | voltage-gated cation channel activity 7 1e-
FISQD5 | ENSSSCPO000000034 F] 311 GO 0072509 | divalent inorganic cation nSparter actvity 73e-]
FIRXI5 | ENSS5CPO0DD000130) Z] 313 GO 0001640 | adenylate cyclase inhibiting G-protein coupled glutamate receptar sctivity 1.756-208
13L559 ENSSSCP0000002695 4 320 0:0001642 | group 111 metabotropic glutamate receptor activity 2,72¢-103
13LMY8 | ENSS5CPO0000D254 4 307 01641 | group IT metabotropi raceptor activity 4.472-99
T3LKK4 | ENSS5CPO00000246 4 313 0:0016595 binding 4.18a-32
13LT74__| ENSSSCPO0D000275 9223 266 /0: 0001639 | PLC activating G-protein coupled receptor activity 1.026-09
FISTA7 | ENSSSCPO0000005723 4 316 0:0005261 | cation channel activity 9.54e-08
FISLK4 | ENSS5CPO0DO0DZ77: 3 313 0:0005244 | voltage-gated lon channel activity _07e-07
ENSSSCPOODDO005936 00022837 | voltage-gated channel activity .08e-07
131685 | ENSSSCPO0DD00I9536| 4 313 0:0016597 | amino acid binding .06¢-06
FI1S0B4__| ENSSSCPOOOD0002235 | 4 309 0:0022836 | gated channel activity _428-06
I3LHQ7 | ENSSSCPO0000023604 | 4 309 ——— ===

Figure 2. SUS-BAR sequences endowed with statistically validated GO terms corresponding to the sensory perception of smell.
The left panel lists all the pig sequences that are retrieved when the database search is done with GO:0007608. In all, 1163 pig
sequences in SUS-BAR inherit the same statistically validated GO term by entering clusters where the term is statistically
validated by computing its Bonferroni-corrected P-value (19). Characteristics of the cluster (#3909) where one of these 1163
pig protein sequences (F15737, red box in the left) is located are shown in the right panel. Structural alignment of the four PDBs
contained in the clusters is done with Mustang (25) and visualized with PyMol (http:/www.pymol.org). The inset is manually
computed for the figure and is not present in the corresponding page of the Web site. Each pig protein sequence in the cluster
can be, however, modelled in house after downloading of the corresponding alignment with the templates in the cluster. This is
provided with the cluster-specific HMIM. See text for further details. Yellow stars indicate that the GO term is statistically
validated and endowed with an experimental evidence code. The red dot indicates that the cluster contains SwissProt annotated
protein/s.

odorant-binding protein in UniProtKB/SwissProt (code panel of Figure 2, we show details of one (F15737) of the
P81245, OBP_PIG with a corresponding PDB structure cover-  retrieved pig protein sequences located in cluster #3909.
ing the whole protein sequence) and 11 other sequences in ~ The cluster contains 369 sequences from 53 eukaryotic or-
the current version of Ensembl. We find that another 1163  ganisms and 4 PDB structures of neurotransmitter metabo-
pig protein sequences in 17 clusters inherit the same statis-  tropic glutamate receptors from two different eukaryotic
tically validated GO term (Figure 2, left) and can, therefore, species [3SM9 and 3MQ4 from Homo sapiens (Q14831,
be included into the same biological process. In the right Q14832) and 2E4U and 2E4Z from Rattus norvegicus
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(P35400, P31422)]. Structures overlap with a root-mean-
square deviation of 0.144nm and share the same fold.
They are also used to generate the corresponding profile-
based cluster HMM for modelling all sequences that belong
to the cluster, including the pig one, from where they ac-
quire annotation (the UniProtKB file F1S737 annotated the
same protein as uncharacterized). The cluster also contains
four statistically validated Pfam domains and other 311
statistically validated GO terms of the three different
branches. All the pig protein sequences that are retrieved
and are endowed with a statistically validated GO term that
is associated to a specific biological process may belong to
the network characterizing the process in the animal. The
list of the pig proteins that, according to the present ver-
sion of SUS-BAR, are involved in the pig sensory perception
of smell is shown in the left panel of Figure 2 and can be
downloaded for further experimental validation.

Conclusion

We present SUS-BAR, a database where approximately 64%
of the currently available pig proteome is endowed with
statistically validated GO terms and Pfam domains. In the
genomic era, most of the protein sequences are derived
from the direct translation of the coding sequences after
genome annotation. Therefore, functional and structural
annotation of the proteins is urgent to corroborate their
existence at the cell level. When annotation is done elec-
tronically, a robust validation process can help in the inher-
itance of Pfam and GO terms by transfer of annotation.
Here, we make use of a cluster-centric system of annotation
and generate SUS-BAR where enrichment in GO terms and
Pfam is ensured after a robust statistical validation of the
annotation. By this a large fraction of the pig proteome is
endowed with structural and functional features that
will help in designing future validation experiments.
Furthermore, we can endow approximately 27% of the
whole pig proteome with structural models. At least 35%
of the proteins that inherit a structural model in SUS-BAR
share <30% sequence similarity with the template/s, indi-
cating that with our procedure also distantly related
homologues can be safely annotated. SUS-BAR will be
updated when new releases of the pig genome in the
Ensembl and UniProtKB/SwissProt databases will become
available. SUS-BAR will also be updated following the
major updates of BAR+. All the pig protein sequences
with statistically validated GO (including those with an ex-
perimental evidence code) annotations and associated
Pfam domains are freely downloadable from the SUS-BAR
Web site.

Supplementary data

Supplementary data are available at Database Online.
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