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We present Pinda, a Web service for the detection and analysis of possible duplications of
a given protein or DNA sequence within a source species. Pinda fully automates the whole
gene duplication detection procedure, from performing the initial similarity searches, to
generating the multiple sequence alignments and the corresponding phylogenetic trees, to
bootstrapping the trees and producing a Z-score-based list of duplication candidates for
the input sequence. Pinda has been cross-validated using an extensive set of known and
bibliographically characterized duplication events. The service facilitates the automatic and
dependable identification of gene duplication events, using some of the most successful
bioinformatics software to perform an extensive analysis protocol. Pinda will prove of use
for the analysis of newly discovered genes and proteins, thus also assisting the study of
recently sequenced genomes. The service’s location is http://orion.mbg.duth.gr/Pinda. The

source code is freely available via https://github.com/dgkontopoulos/Pinda/.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

With the continuous improvement of high-throughput
sequencing technologies and the ever-increasing pace of
sequencing whole genomes, a vast number of genomic loci has
arisen, whose functions remain to be clarified. To some degree,
it has been proven possible to infer the likely functions of
an uncharacterized gene by elucidating its evolutionary back-
ground [1]. In this train of thought, recognizing the duplication
events that led to the emergence of a given gene can be of
substantial importance.

Gene duplications play a major evolutionary role, provid-
ing new genes that are usually free from selective pressure
and therefore contribute to genomic plasticity [2]. Genes
that originate from a duplication event gradually accumulate

mutations that may cause nonfunctionalization or may bring
upon phenomena of neofunctionalization or subfunctional-
ization [2,3]. In some specific cases, novel genes do not follow
any of those models, retaining their original functions and
thus increasing the dosage of a particularly important gene
product [2,4].

To our knowledge, a fully automated procedure that - start-
ing from a sequence — would facilitate the identification of
specific gene duplications within a source organism is not
available. Tools and programs to analyze pre-calculated trees
are available [5,6] but these are not targeted for detection of
intraspecies duplications and are not as straightforward to
use when starting from a simple sequence. Performing this
process manually requires the retrieval of relevant sequences,
followed by a multiple sequence alignment and construction
of a dendrogram. Furthermore, additional effort is needed in
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order (a) to analyze the tree topology and (b) to calculate a
confidence level for the putative gene duplications that can
be identified.

To fill this gap, we have developed Pinda. The service pre-
sented here runs on a GNU/Linux machine and has been writ-
ten in Perl, JavaScript and R. All major browsers are supported.
The service’s location is http://orion.mbg.duth.gr/Pinda,
whereas the source code is freely available under the
Gnu Affero General Public License via https://github.com/
dgkontopoulos/Pinda.

2. Methods

2.1. User interface

The user interface of Pinda is very straightforward, requiring
as a bare minimum a protein (or DNA) sequence and an email
address [see Supporting Figures 1-3]. The work flow adopted
by the service is the following: At the starting page of the Web
service, the user enters the sequence in a text box. For amino
acid sequences, Pinda will then execute blastp [7] against
the Swiss-Prot database and will generate a list of organisms
whose hits were found in the blast report, sorted by E-value
in descending order. The user may either select an organ-
ism from that list or explicitly specify an organism of their
choice either by its name or via its Taxonomy ID. For nucleotide
sequences, Pinda will prompt the user to explicitly define the
organism of choice. The user may also choose the appropriate
database for the analysis and/or select execution parameters.

Supplementary material related to this article can be
found in the online version, at http://dx.doi.org/10.1016/].
cmpb.2013.05.021.

2.2.  From sequences retrieval to dendrogram creation

In the second stage of the calculation, and if the input
sequence is an amino acid one, PSI-BLAST [7] is run and
its results are filtered by organism. The search is performed
against a user-defined database (either Swiss-Prot or Uniprot).
Alternatively, if the input sequence is a nucleotide one, blastn
[8] is performed and its results are filtered as well. Short
sequences whose length is smaller than 20% of the input
sequence are excluded from the analysis. Additionally, and
if the length of a hit exceeds the length of the input sequence
by at least three times, only the sequence of the longest High
Scoring Pair [7] is retained. Hits belonging to the organism
of choice undergo multiple sequence alignment with Clustal
Omega [9] for protein sequences or with Kalign2 [10] for DNA
ones. Protein alignments with up to 150 sequences are by
default evaluated by ZORRO [11] which directs to specific
sites that are then masked in order to reduce the alignment
uncertainty. DNA alignments or protein alignments contain-
ing more than 150 sequences skip this step. In the final stage,
the alignment is used for the creation of a Neighbor-Joining
tree using ClustalW [12]. The tree is bootstrapped [13] 1000
times and the bootstrapped version is passed to an R script
which extracts bootstrap values and tip-to-tip lengths, using
the R packages ape [14] and ade4 [15]. The NJ-tree is also plot-
ted using the R script.
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Fig. 1 - The Pinda pipeline flowchart. See text for details.

2.3. Calculation of duplication confidence

For each of the leaf nodes of the tree — except the input
sequence -, a confidence value for a duplication event is cal-
culated as the ratio of the product of bootstrap values (along
the path connecting the input sequence with the leaf node)
over the sum of distances from the input sequence to the leaf
under examination. For the set of confidence values, a Z-test
is computed and the resulting Z-values are used for the cal-
culation of the level of confidence for each result. Hits with
a level of confidence of 50% or higher are realigned with the
input sequence and a new alignment is produced.

2.4.  Gene Ontology terms comparison

Additionally, Gene Ontology terms [16] for every resulting
sequence are compared with those of the input sequence, pro-
vided that the input sequence is a protein one. Finally, the user
is notified of the results via email, which includes the results
table, the NJ-tree and links to the alignments and the NJ-tree
files that were produced [see Supporting Figure 4].

Supplementary material related to this article can be
found in the online version, at http://dx.doi.org/10.1016/j.
cmpb.2013.05.021.

The flowchart of the Web service is shown in Fig. 1.

3. Results and discussion

Pinda has been cross-validated using a wide range of proteins
and genes and its results have been found to be in full agree-
ment with literature. A representative subset of the validating
test-set (including the corresponding references) is listed in
Table 1.

To present a more detailed example of the application
of Pinda illustrating its putative uses and applications, we
discuss a test case based on the evolutionary relationship
between the Type III Secretion System and bacterial flag-
ella [23] noting that this test case has not been used during
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Table 1 - A selection of test sets used for validating Pinda.

Genes/proteins Accession numbers Source organism Reference
SIR2 and HST1 Swiss-Prot: P06700; P53685 Saccharomyces cerevisiae [17]
LWS-1/2 Swiss-Prot: QQW6A7; Q8AYNO Danio rerio [18]
Pseudo-COI and COI GenBank: AB443574; AY098462 Drosophila ananassae [19]
LMP7 and PSMB5 Swiss-Prot: P28063; 055234 Mus musculus [20]
CLTC/CLTCL1 Swiss-Prot: Q00610; P53675 Homo sapiens [21]
LSIII and NLNTP GenBank: AB098531; AB098532 Laticauda semifasciata [22]

program development. The input to the service was the FliN
protein from Pseudomonas syringae (Uniprot code E7P3E4, see
Supporting Information, Figure S1). The database selected was
Uniprot and the run was performed using the defaults (Sup-
porting Information, Figures S2, S3). The results (Supporting
Information, Figure S4) are in excellent agreement with the
literature: The top hit is the SPOA (Surface presentation of
antigens, Uniprot Q4ZQU4) protein, followed by a series of
FliN-related proteins from various pathovars, — and what is
important - by a series of Type III Secretion System proteins
related to the HrcQA protein, in good agreement with the
established functional and structural relationship between
the Type III Secretion System and bacterial flagella [23].

In general, running times vary, depending on the number
of sequences similar to the query. Having said that, it takes
only ~2.5min (on the currently available server hardware) for
the detection of 29 possible duplications of the Red-sensitive
opsin-1 sequence [18] in Danio rerio (Swiss-Prot: QIW6A7),
within the Swiss-Prot database. Running the pipeline for the
DNA sequence that produces the aforementioned protein
(GenBank: AB087803) against the nt database (GenBank, EMBL,
DDBJ and refseq RNA entries) takes ~13.5min.

Given the extensive set of the calculations performed by
Pinda, the service is quite efficient, with an average time-
to-results time of approximately 30min (for an otherwise
idle server). We believe that with minimal effort (essentially
a single copy-paste of a sequence), molecular biologists
can acquire a list of possible duplication candidates of any
sequence, allowing them to proceed with further analysis.
Research groups lacking dedicated bioinformatics researchers
(or dedicated hardware) are also offered the capability to iden-
tify specific duplication events, overcoming the bottlenecks
previously mentioned. Finally, since Pinda is an open source
project, an expansion of its underlying functions can be
envisioned, in collaboration also with other investigators and
other projects.
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