
Similarity Score Estimation and Gaps Trimming of Multiple Sequence Alignment for Phylogenetic Tree Analysis 129

Similarity Score Estimation and Gaps
Trimming of Multiple Sequence Alignment for

Phylogenetic Tree Analysis

Kasikrit Damkliang1 , Pichaya Tandayya2 , Unitsa Sangket3 , and Ekawat Pasomsub4 

ABSTRACT

Phylogenetic tree analysis is a process for finding
the highest possible revolution tree history of an in-
terested organism. The important step of the pro-
cess is multiple sequences alignment (MSA) which
is operated using any MSA tool that produces a re-
sult in blocks of the Phylip format. Bioinformati-
cians have to manually determine and trim gaps of
the MSA blocks using relevant tools of a software
package in the off-line mode. The data blocks need
to be manually cut-and-pasted between these tools.
This working steps tend to be error-prone and time
consuming. In addition, improper algorithm selec-
tion for tree inferring without applying an MSA sim-
ilarity score tends to generate the phylogenetic tree
with low accuracy and also take much more time.
In this work, we present an automatic approach for
the phylogenetic tree analysis applying our enhance-
ment for the similarity score estimation and gaps
trimming of the MSA blocks. We propose in-silico
algorithms for automating the concerned similarity
score estimation and gaps trimming, and deploy them
as web services. We demonstrate the web services
utilized by composing them into an integrated state-
ful WSDL workflow. Our case study datasets are a
complete coding sequences (CDS) and sets of com-
plete genome of Dengue Viruses - 2, fetched from
the NCBI RefSeq nucleotide database. Our proposed
algorithms have correctly returned results, verified
and satisfied by our bioinformaticians. Our distri-
butions, user manuals and endpoints of the web ser-
vices, and the open source programs are available at
http://bioservices.sci.psu.ac.th.
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1. INTRODUCTION

Phylogenetic tree analysis is a process for finding
the highest possible evolution tree history of an in-
terested organism [1-3]. Nowadays, large complete
Coding Sequences (CDS) and large collections of ge-
nomics regions of an organism have been being dis-
covered and revealed frequently. Currently, it is the
beginning era of phylogenomics which researchers are
expanding the evolution study at a genomic scale [4-
6]. Software, analysis processes, and related tools
have also been continuously developed and upgraded
simultaneously. In bioinformatics, although there are
many tools, websites, and web services, a lot of bioin-
formaticians still have to work manually as there still
remain many obstacles and there are not enough in-
terfaces due to too many different formats and im-
plementations involved. Cutting and pasting between
websites, tools, and services usually induce errors and
mistakes, especially in the phylogenetic tree analysis.

There are many conventional software pack-
ages and web services utilized for the phyloge-
netic tree analysis such as PHYLIPNEW applica-
tions [7-8], MEGA [9], European Bioinformatics In-
stitute (EMBL-EBI) services [10-11], Swiss Institute
of Bioinformatics (SIB) services [12], and cooperation
related-tools, for example, an R interface for PHYLIP
[13], analytic tools for the phylogenetic trees based on
powered grid resources [14] and the integrated plat-
form of response web tools for expert and non-expert
users [15].

The phylogenetic tree analysis usually is decom-
posed into three main steps consisting of multiple
sequence alignment (MSA), tree inferring, and tree
visualization. The tree inferring is a significant pro-
cess for estimating the phylogenetic tree. Its input
is the MSA result in the Phylip [16] format. In
this paper, we focus on the popular tree inferring
algorithms bundled with the PHYLIPNEW [7] ap-
plications, EMBOSS [8] conversions of the program
in Joe Felsenstein’s PHYLIP package which consists
of Parsimony (PARS) [17], Distance Matrix - Neigh-
bor Joining (DM-NJ) [18], and Maximum Likelihood
(ML) [19]. These inferring algorithms support both
nucleotide and amino acid sequences. By the way, for
general analysis of tree inferring steps, bioinformati-
cians usually remove some gaps of sequences of the
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MSA result for more accuracy, before entering them
into bootstrapping step. It is an important step be-
cause the MSA result significantly influences the out-
puts of the phylogenetic tree. Nevertheless, the bioin-
formaticians have to manually determine and trim the
MSA result. It appears to be a tedious task. How-
ever, there is a tool for automated removal of spurious
sequences or poorly aligned regions before perform-
ing MSA [20]. However, our approach considers a
different method.

Bioinformaticians usually consider the MSA simi-
larity score when they select which tree inferring al-
gorithm is suitable. The MSA similarity score can be
generated by different algorithms depending on the
knowledge and experiences of the bioinformaticians.
Improperly algorithm selection without applying the
MSA similarity score tends to generate a phylogenetic
tree with low accuracy and also take much more time.

Currently, there are no programs or services which
automatically provide for both similarity score esti-
mation and gaps trimming for these automatic steps.
In this work, we present an in-silico approach for
the phylogenetic tree analysis using our enhancement
for the similarity score estimation and gaps trim-
ming of the MSA result in the interleaved Phylip for-
mat. This paper proposes to automate these two pro-
cesses using conventional algorithms and further de-
ploy them as web services. We also demonstrate our
services utilized in workflows running on the Taverna
Workbench, a scientific workflow management system
(SWFMS), desktop version [21-22]. Our case study
datasets are a set of complete CDS and sets of com-
plete genome of Dengue Viruses - 2, fetched from the
NCBI RefSeq nucleotide database [23].

In the next section, we describe our case study’s
data and give an overview of the MSA and tree in-
ferring algorithms. In Section 3, we describe our new
practical approach for the phylogenetic tree analy-
sis consisting of our proposed algorithms for the sim-
ilarity score estimation and gaps trimming. Then,
the implemention, deployment and demonstratation
of our in-silico methods using web services and work-
flow mechanisms are described in Section 4. In Sec-
tion 5, we report the performance of workflow run-
nings and their results. Discussion and conclusion
are presented in Sections 6 and 7 respectively.

2. BACKGROUNDS AND RELATED IS-
SUES

2.1 Taverna

Taverna is a scientific workflow management sys-
tem (SWFMS) which has been introduced by my-
Grid project for a decade [21-22]. Taverna has ini-
tially emerged in the field bioinformatics. Nowa-
days, Taverna workbench has been widely deployed
in a variety of research fields including biodiversity
[24], chemistry, astronomy [25], data and text min-
ing, digitization, document and image analysis, etc.

Many Taverna distributions are open source and sup-
port for a variety of running environments including
desktop client application, the Workbench, the Com-
mand Line Tool for a quick execution of workflows
from a terminal, the Server for remote execution of
workflows, the Player (a web interface plugin for sub-
mitting remote execution of workflows), and Taverna
Online providing researchers to create Taverna work-
flows from a web browser.

A workflow is an representative of instruction steps
which execute and produce required results using
various types of services including WSDL Web Ser-
vices, local scripts, BioMart data warehouses, REST-
ful Web Services, Grid Services, Cloud Services, R-
scripts and distributed command-line scripts. In this
paper, we demonstrate of our in-silico methods using
web services and workflow mechanisms. Our work-
flows run on Taverna Workbench. We compose our
workflows and saved them into files. Components of
the workflows are web services which are both dis-
tributed public-access and our own local services.

There also are other SWFMSes in other significant
fields such as Kepler for physics [26], Swift for climate
science, Vistrails is for earth science, and VIEW for
medical science [27]. In addition, the contemporary
trend usually is to merge SWFMSes into Cloud plat-
forms and enable users to access services via their
portals [28-29].

2.2 Case Study Dataset

This work uses two datasets of Dengue Viruses -
2, fetched from the NCBI RefSeq nucleotide database
[23]. The first dataset is GenBank Accession Num-
bers KF744397 - KF744408 which were found in
Philippines for 12 control groups and GenBank Ac-
cession Numbers JN697058 was found in Malaysia for
an out-group. Therefore, our first case study con-
tains a 13-CDS dataset and each CDS contains about
10,000 nucleotide bases.

Another dataset is also the Dengue Viruses - 2
which were found in Thailand with different year
periods from the NCBI RefSeq as shown in Table
1. There are four groups extracted from the same
gene for polyprotein encoding. Our out-group of
this dataset is also the Genbank Accession number
JN697058 which were found in Malaysia. Each CDS
contains about 10,000 nucleotide bases. We also uti-
lize complete genome of this dataset for testing our
proposed algorithms.

2.3 Multiple Sequence Alignment

MSA is a preprocessed data step for bootstrapping
phylogenetic analysis. It supports both nucleotide
and amino acid sequences. There are relevant tools
and web services for performing the MSA, for exam-
ple, MEGA, an offline package for many tools for phy-
logenetic analysis. However, the user has to manually
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Table 1: The second case study dataset of the Dengue Viruses-2 were found in Thailand and identified
between 1964 - 2005
Group
No.

Time
Period

No. of Seqs. Accession Numbers Out-group Seq

1 <1990 8 GQ868591, NC 001474, GU289914, DQ181805, JN697058
DQ181806, DQ181804, DQ181803, DQ181802

2 1990 - 1995 5 DQ181801, GQ868542, EU726767, EU687246,
GQ868543

JN697058

3 1996 - 1999 8 DQ181800, GQ868545, GQ868544, FJ906958,
FJ906957, U87411, DQ181798, DQ181799

JN697058

4 2000 - 2005 44 DQ181797, DQ181798, FJ810409, FJ810410, JN697058
FJ810411, FJ810412, FJ744725, FJ744724,
FJ744723, FJ744722, FJ744721, FJ744720,
FJ744719, FJ744718, FJ744717, FJ744716,
FJ744715, FJ744714, FJ744713, FJ744712,
FJ744711, FJ744710, FJ687447, FJ687446,
FJ687445, FJ687444, FJ687443, FJ687442,
FJ687441, FJ687440, FJ687439, FJ687438,
FJ687437, FJ687436, FJ687435, FJ687434,
FJ687433, FJ687432, FJ687431, FJ687430,
FJ687429, FJ687428, FJ898452, GU131886

copy and paste intermediate results between tools in
the package, including the prefix and suffix gaps trim-
ming of the MSA result. There are many MSA tools
publicly provided by web service providers such as
the EMBL-EBI and SIB. For example, Emma is an
MSA service provided by the SIB which wraps the
ClustalW program [30]. However, it is a pretty out-
dated as its implementation was done quite long time
ago and it cannot handle the ever gaining data such
as the large CDS and complete Genome of our case
study datasets.

The EMBL-EBI also is a reliable web services
provider including Clustal Omega [16], Kalign [31],
MAFFT [32] and MUSCLE [33]. The Clustal Omega
is a new MSA tool that uses seeded guide trees and
HMM (Hidden Markov model) profile-profile tech-
niques to generate alignments. It is suitable for
medium and large alignments. Clustal Omega sup-
ports a set of protein, DNA, and RNA sequences as
an input dataset and also produces an output of the
MSA result in the interleaved Phylip blocks format
(MSA blocks), our required format for downstream
processes. For example, first, we take a step of boot-
strapping replicates of the MSA output, and then en-
ter them into a tree interring prediction algorithm
consequently. In addition, the EMBL-EBI provides
useful information for accessing these services, espe-
cially how to compose their services into a workflow
using the Taverna Workbench. In case of amino acid
sequences alignment, our proposed workflow provides
sequence translation using the SIB web service before
entering the result into the Clustal Omega.

Another service provider is the Phylomon web
server [15] which serves as an integrated platform for
three main objectives including alignment and file

format conversion, phylogenetic reconstruction, and
evolutionary tests. They proposed TrimAl version 1.3
for automatically removing poorly aligned regions be-
fore applying any method to improve the alignment’s
quality.

This work proposes to implicitly utilize Clustal
Omega, a stateful web service of SOAP interface for
both alignment and Percent Identity Matrix (PIM)
values estimation process [16] [34]. Our concerns are
to estimate the MSA similarity score and improve the
alignment’s quality after the MSA process. Our au-
tomatic approach for the phylogenetic tree analysis
will be presenting in the next section.

2.4 Tree inferring algorithms

The tree inferring is a significant process for esti-
mating the phylogenetic tree. Its input is the MSA
blocks [16] generated by the Clustal Omega web ser-
vice. Our work focuses on the popular tree inferring
algorithms bundled with the PHYLIPNEW applica-
tions [7], EMBOSS conversions [8] of the program in
Joe Felsenstein’s PHYLIP package which consists of
PARS, DM-NJ, and ML. These inferring algorithms
support both nucleotide and amino acid sequences.

3. IN-SILICO APPROACH FOR THE PHY-
LOGENETIC TREE ANALYSIS

In this section, we present our automatic approach
for the phylogenetic tree analyzing based on the MSA
similarity score and prefix and suffix gaps trimming
algorithms.
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Input: Coding Sequences of Dengue Viruses - 2 in the Fasta format; codingSeqsInput
A number of replicates for the bootstrapping algorithm; replicatesNumber
An out-group number of coding sequences; outgroupNumber

Output: A consensus phylogenetic tree; concensusTree(treeF ile, treeSpecification)
A generated consensus tree file from an inferring algorithm; treeF ile
A generated consensus tree specification from an inferring algorithm; treeSpecification

1: procedure PHYLOGENETICTREEANALYSIS (codingSeqsInput, replicatesNumber,
outgroupNumber)

2: if codingSeqsInput == aminoAcidSeqs then
3: codingSeqs← translateSeqs(codingSeqsInput)
4: else
5: codingSeqs← codingSeqsInput
6: else if
7: msaResult← performMsa(codingSeqs)
8: pimMsaData← estimatePimIndex (codingSeqs) � performed by using the CLUSTAL-OMEGA

web service
9: msaSimScore← estimateMsaSimScore(pimMsaData) � performed by using our own implemented

web service
10: gapsTrimmedMSA← gapsTrimming(msaResult) � performed by using our own implemented web

service
11: prettySeqAligned← drawSeqAlignment(gapsTrimmedMSA)
12: msaAlignedDisplay ← displayMSA(gapsTrimmedMSA)
13: bootstrappedSeqs← bootstrapingSeqs(gapsTrimmedMSA, replicatesNumber)
14: if msaSimScore >= 60 then
15: possibleOutTrees← performPARS(bootstrappedSeqs) � perform the PARS algorithm
16: else if msaSimScore >= 10 AND msaSimScore < 60 then
17: distanceMatrixOut← performDM (bootstrappedSeqs)
18: possibleOutTrees← performNJ (distanceMatrixOut) � perform the DM and NJ algorithms
19: else
20: possibleOutTrees← performML(bootstrappedSeqs) � perform the ML algorithm
21: else if
22: consensusTree← performMajorityRule(possibleOutTrees)
23: return consensusTree
24: end procedure

Fig.1: Analysis of the phylogenetic tree using public-access web services and our own local web services

3.1 Conventional Algorithm for in-silico Sim-
ilarity Score Estimation of MSA

In this work, we proposed in-silico steps for the
MSA similarity score in order to select a tree infer-
ring algorithm as shown in Figure 1. The score is es-
timated using conventional formula [35] in Equation
(1) where s is the similarity score, m is the number
of CDS, n is the number of each member in the CDS,
and xij is the PIM value generated by the Clustal
Omega service. The example of PIM values of the
Dengue Viruses dataset is shown in Figure 2 and its
similarity score is 94.40.

s =

m∑
i=1

n∑
j=1

xij

mn
(1)

Page and Holmes (1998) [1] suggested the PARS

Fig.2: PIM values of the 13-CDS dataset of Dengue
Viruses are generated by Clustal Omega service

algorithm if the MSA similarity score is greater than
or equal to 60. The PARS algorithm is a character-
based method determining maximum parsimony cal-
culating the distance and building groups of which
members are closer to each other. The DM-NJ algo-
rithm should be selected when the score is greater
than ten but less than 60. For the rest, the ML
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Fig.3: Algorithm for prefix and suffix gaps trimming
of multiple sequence alignment

algorithm should be selected to perform brute-force
tree interring. The ML algorithm, a character-based
method which finds the most possible tree, is the
most computational intensive, whereas the PARS al-
gorithm is the fastest tree inferring analysis, and the
DM-NJ takes more time but is faster than the ML
algorithm. Our work concerns how to automatically
select the suitable tree inferring algorithm based on
the similarity score as well as to enable the user to
diverse the decision when the score is close to the
boundary.

3.2 Conventional Algorithms for in-silico
Gaps Trimming of MSA

In practical steps [1] [9] [36], bioinformaticians usu-
ally use a suitable dataset of the phylogenetic tree
analysis for avoiding GIGO (garbage in, garbage out).
Therefore, the dataset has already been preprocessed
and filtered into a CDS. It is suitable to perform MSA
to find the similarity among sequences of the CDS.
The MSA process usually produces a result contain-
ing some gaps in any supported output formats such
as Clustal, Pearson/Fasta, Nexus, or Phylip of tools,
even though using standalone programs, e.g. MEGA,
or web services, e.g. Clustal Omega.

The input format of the MSA result for boot-
strapping and tree inferring steps used in our work
is the interleaved Phylip format. We refer to MSA
blocks in this paper. The result generated by the

Clustal Omega service of the MSA blocks usually con-
tains some gaps resulting from the alignment process.
These gaps can occur at any position depending on
the similarity of the CDS dataset. If the CDS dataset
is highly similar presenting a close relationship of an
organism, the gaps usually occur in a few blocks at
the beginning (prefix) and the end (suffix) of the MSA
blocks, or even no gaps exist. However, it is also nor-
mal to have a few gaps scattering all over the MSA
blocks.

In this work, we proposed conventional algorithms
for in-silico prefix and suffix gaps trimming of MSA
result as shown in Figure 3. The input is the MSA
blocks of the CDS dataset generated by the Clustal
Omega service. The output is the MSA blocks with
prefix and suffix gaps trimmed ready for the next pro-
cess, the bootstrapping replication. The first step
of our proposed gaps trimming is blocks splitting as
shown in Figure 4.

The algorithm splits the MSA blocks into individ-
ual blocks. For example, Figures 5(a) and 5(b) show
the first and second blocks of the 13-CDS datasets
respectively. Then, we perform the prefix gaps trim-
ming for each block using the algorithm shown in Fig-
ure 7. The algorithm finds the maximum gap position
to trim off data in all sequences scanning each verti-
cal block running from the beginning of each sequence
into the inside until all sequences appear no gap at
the position.

For example, the maximum gap position is located
in the first block as shown in Figure 5(a), whereas
we indicates the trimming position by a vertical line.
Then, the algorithm deletes all bases at the same po-
sition for all sequences. The next process is the suffix
gaps trimming using our proposed algorithm shown
in Figure 8. Our algorithm initially determines the
MSA blocks from the last block. The algorithm finds
the minimum base position to trim off all sequences
applying this position for each block. For example,
Figure 6(c) shows the first last-block of the 13-CDS
dataset. The algorithm deletes this block because
there are at least one sequence containing no base as
well as the second last-block shown in Figure 6(b).
Therefore, the algorithm determines that the mini-
mum base position is located in the third last-block
as shown in Figure 6(a). The trimming position is
indicated with the vertical line. Then, the algorithm
deletes all bases at the same position for all sequences.

4. IMPLEMENTATION AND DEMONSTRA-
TION OF PROPOSED ALGORITHMS

In this section, we present details for implementa-
tion and deployment of the proposed in-silico meth-
ods, demonstrated in our workflows composed using
Taverna Workbench.
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Input: The MSA result in the Phylip format of the CDS dataset generated by the CLUSTAL-OMEGA web
service;msaResult

Output: Sequence blocks of the MSA result; seqsBlock
1: procedure SPLITBLOCK (msaResult)
2: strSeqNo← msaResult .split(NEWLINE)
3: lineCnt← 1
4: for seqNoIndex in strSeqNo.length do
5: if seqNoIndex == 0 then
6: perform firstLine.split(SPACE)
7: seqNo← firstLine.seqNo
8: noBase← firstLine.noBase
9: else if seqNoIndex == 1 then
10: for seqIndex in seqNo do
11: perform firstBlock.split(SPACE)
12: extract allSeqNo from firstBlock
13: extract firstMSABlock from firstBlock
14: end for
15: perform seqsBlock .add(firstMsaBlock)
16: else
17: otherMsaBlocks ← strSeqNo[seqNoIndex]
18: lineCnt++
19: if lineCnt > seqNo then
20: perform seqsBlock .add(otherMsaBlocks)
21: end if
22: end if
23: end for
24: return seqsBlock
25: end procedure

Fig.4: Algorithm for splitting blocks of the MSA in the Phylip format

Fig.5: Example of MSA blocks in the Phylip format shows the prefix gaps trimming position for all sequences
of the 13-CDS Dengue Viruses dataset appears in the first block

Fig.6: Example of MSA blocks in the Phylip format shows the suffix gaps trimming position for all sequences
of the 13-CDS Dengue Viruses dataset appears in the third block

4.1 Implementation

Our all proposed algorithms have been imple-
mented using Java and deployed into web ser-

vice interfaces. The web services have been uti-
lized by the Apache Axis2, version 1.7.0 that pro-
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Input: Sequence blocks of the MSA result in the Phylip format of the CDS dataset generated by the
CLUSTAL-OMEGA web service; seqsBlock
A number of sequences in the CDS dataset; seqNo

Output: Prefix gaps trimmed of the MSA result; vecTrimmedPrefix
1: procedure GAPSTRIMMINGPREFIX (seqsBlock, seqNo)
2: for blockIndex in seqsBlock.size do
3: for seqNoIndex in seqNo do
4: eachSeqsBlock ← seqNo[seqNoIndex]
5: baseDetectPosition[]← findFirstOccurredBasePosition(eachSeqsBlock, blockIndex)
6: maxGapPosition← findMaximumBasePosition(baseDetectPosition[])
7: seqsBlock ← prefixTrimming(maxGapPosition)
8: end for
9: end for
10: vecTrimmedPrefix← seqsBlock
11: return vecTrimmedPrefix
12: end procedure

Fig.7: Algorithm for prefix gaps trimming of the MSA Phylip blocks

Input: Prefix Gaps trimmed sequence blocks of the MSA result in the Phylip format of the CDS dataset
generated by the Algorithm in Figure 7; vecTrimmedPrefix
A number of sequences in the CDS dataset; seqNo

Output: Suffix gaps trimmed of the MSA result; vecTrimmedSuffix
1: procedure GAPSTRIMMINGPREFIX (vecTrimmedPrefix, seqNo)
2: seqBlock ← vecTrimmedPrefix
3: blockIndex← seqsBlock .size
4: while blockIndex >= 0 do
5: for seqNoindex in seqNo do
6: eachSeqsBlock ← seqNo[seqNoIndex]
7: gapDetectPosition[]← findFirstOccurredGapPosition(eachSeqsBlock, blockIndex)
8: minGapPosition← findMinimumGapPosition(gapDetectPosition[])
9: seqsBlock ← prefixTrimming(minGapPosition)
10: end for
11: blockIndex−−
12: end while
13: vecTrimmedSuffix← seqsBlock
14: return vecTrimmedSuffix
15: end procedure

Fig.8: The algorithm for suffix gaps trimming of the MSA Phylip blocks

vides WSDL endpoints of Plain Old Java Objects
(POJOs) [37] for publicly access. Tomcat, ver-
sion 8.0.26 is our web services container running
on the Cent OS Linux 6.0. The WSDL end-
point of the MSA similarity score estimation web
service is http://bioservices.sci.psu.ac.th/

axis2/services/MSASimilarityEstimation?wsdl.
The WSDL endpoint of the MSA gaps trimming is

http://bioservices.sci.psu.ac.th/axis2/ser-

vies/MSA-GapsTrimming?wsdl and we also dis-
tribute it as the Java Archive (JAR) for a standalone-
desktop application.

4.2 Demonstration

In this paper, we demonstrate our web services’ ca-
pacities by composing them into workflows using Tav-

erna Workbench. Then, we import both endpoints as
mentioned earlier into Taverna, and then compose the
workflows to utilize our web services. Figure 9 shows
the workflow for estimating the MSA similarity score
composed into the stateful WSDL service in Taverna.
We also implement a beanshell script for identifying
the suitable tree inferring algorthm selected applying
the MSA similarity score as shown in Figure 1. Fig-
ure 10 shows a workflow for the MSA gaps trimming
into the stateful WSDL service in Taverna.

Figure 11 shows the workflow consisting of two rel-
evant web services, i.e. Clustal Omega of the EMBL-
EBI for performing MSA which produces the PIM
values, and MSASimilarityEstimation, our deployed
web service, receiving the PIM values from the pre-
vious service. Figure 12 also shows the workflow
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Fig.9: Our WSDL web service of the MSA similarity
score estimation is composed into a workflow using
Taverna Workbench [38].

Fig.10: Our WSDL web service of the MSA gaps
trimming is composed into a workflow using Taverna
Workbench [39].

consisting of two relevant web services including the
Clustal Omega for performing MSA which produces
the MSA blocks and the MSAGapsTrimming, our de-
ployed web service, receiving the MSA blocks from
the other services. Finally, the workflows shown in
Figure 11 and Figure 12 are integrated into the inte-
grated workflow shown in Figure 13.

5. WORKFLOW RUNNING RESULTS

Our integrated workflow is shown in Figure 13
with the 13-CDS dataset of the Dengue Viruses in
the Fasta format. The workflow’s I/O ports and
data links has been validated by Taverna. The
workflow execution time is 12.3 minutes. The ex-
ecution times for each nested workflow are shown
in Table 2. The MSA for Phylip blocks and PIM

Fig.11: Workflow for estimating the MSA similarity
score composed into a stateful WSDL workflow with
Clustal Omega

data values generation on both consume 12.2 min-
utes. The workflow running returned the MSA sim-
ilarity score of 94.40 and the PARS has been sug-
gested as the suitable interring tree algorithm. Our
enhanced web services execution times are less than
one minute. We found that the MSA blocks con-
tain no prefix gaps but they contain suffix gaps in
the last three blocks as shown in Figure 14(a). The
last two blocks have at least one sequence contain-
ing all gaps (Lines 2844 to 2856 and Line 2858 to
2863). Our gaps trimming web service has deleted
these two blocks. Therefore, the suffix gaps posi-
tion is located at Line 2831. Then, the web service
has returned the correct trimmed version of the MSA
blocks as shown in Figure 14(b). We have further in-
spected our trimmed MSA blocks using the fseqboot,
a web service for bootstrapping replicates at the SIB
(http://wsembnet.vital-it.ch/soaplab2/). Our
trimmed MSA blocks have been validated for the fse-
qboot ’s input. The service worked properly and pro-
duced correct bootstrapped results.

Another case study dataset is shown in Table
1. First, we have extracted complete CDS for each
group of the dataset and appended an out-group se-
quence. We have run the integrated workflow ap-
plying all groups of the dataset and found that our
enhancement services produced correct outputs in-
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Fig.12: Workflow for MSA gaps trimming composed
into a stateful WSDL workflow Clustal Omega

cluding when there is no prefix and suffix gaps.

Next step, we have conducted workflow running
experiments with complete genome of the four groups
dataset for inducing the Clustal Omega to generate
MSA blocks containing infix and suffix gaps. Table 3
shows details of the runnings’ results. The Clustal
Omega returned infix and suffix gaps of the MSA
blocks for all groups. We have found that our pro-
posed gaps trimming web service can handle the large
complete genome and produce correct trimmed re-
sults. For example, the dataset Group No. 4 took
about nine seconds for operating gaps trimming and
a half second for estimating the MSA similary score.
The integrated workflow took about one hour for
completing its job.

In this case, all dataset groups reveal the similar-
ity score more than 60. These scores support bioin-
formaticians to select an inferring tree algorithm for
the downstream process. For this kind of work, Page
and Holmes (1998) [1] suggested the PARS algorithm
for all datasets.

Figure 15(a) shows the example of MSA blocks of
the complete genome for Group No.1 dataset con-
taining many prefix gaps. The prefix gaps in the first
(upper) block has been deleted and the second (lower)
block has been trimmed as shown in Figure 15(b).

Table 2: Execution times of the integrated workflow
for DNA of the 13-CDS dataset of Dengue Viruses -
2
Nested Workflows Execution Times
CLUSTALO PHYLIB 12.2 m
CLUSTALO PIM 12.2 m
MSAGapsTrimming 475 ms
MSA SimScore Estimation 401 ms

6. DISCUSSIONS

As we have mentioned in the Sub Section 2.2, we
have designed the control groups and out-group of
case study datasets for demonstrating differences of
the MSA results, which can be used to evaluate gaps
trimming correctness. In a practical scenario, it is
normal that MSA blocks contain infix gaps due to
different sequences of nucleotide (DNA) and amino
acid (Protein) bases. There may be infix gaps gener-
ated by an MSA tool. For example, Figure 5(b) also
contains the infix gaps in the upper block. However,
this paper proposes only prefix and suffix gaps trim-
ming of the MSA blocks. In practical, bioinformati-
cians usually analyze a CDS dataset that has passed
a quality control for the phylogenetic tree before per-
forming the MSA. Most of infix and prefix gaps are
often located a few blocks at the beginning and the
end of the MSA result. There are usually not many
infix gaps in these few blocks. However, it is rare to
have infix gaps. In case that the MSA blocks contain
many gaps overlapping between their blocks, this may
influence the output tree of phylogeny. Therefore, the
quality control is done by repeating the process once
again.

All above processes are time consuming. In Ta-
ble 3, the execution time comparison of our pro-
posed method and other methods cannot be fairly
made because of the differences in the order of ap-
plied processes and output formats. For example, one
tool [20] may remove suspected sequences before per-
forming the MSA process, meanwhile, our bioinfor-
maticians suggest a pre-screening step to remove sus-
pected MSA gaps of these sequences from the dataset
and separately perform further analyses. By the way,
we can roughly compare the execution times of our in-
tegrated workflow and the manual cut-and-paste ac-
tivities between tools. For example, in case of the 4th
group dataset, the integrated workflow takes about
one hour whereas, the manually steps take a few days.
The workflow significantly saves time. However, the
infix gaps trimming remains a challenge that is worth
further investigation in the future.

In case that a sequence name in the Fasta format
has more than eight characters, the Clustal Omega
returns the first block of MSA without spaces left to
identify which is the sequence name or its bases. We
have also found that our gaps trimming service re-
turned an error in this case. The gaps trimming ser-
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Fig.13: Our integrated workflow for the MSA similarity score estimation and gaps trimming displayed in a
collapsed display style [40]

Fig.14: Example of MSA blocks of the 13-CDS dataset shows suffix gaps and its trimming

Table 3: Execution times of the integrated workflow for DNA of the complete genome dataset of Dengue
Viruses - 2 from Table 1
Dataset
Group
No.

No. of seqs. No. of Bases After
Gaps Trimming

Similarity
Score

Execution
Times (min.)

Times Used
by Manual
Steps

1 8 + an out-group seq 10182 91.91 8.6 Hours
2 5 + an out-group seq 10182 88.94 6.3 Hours
3 8 + an out-group seq 10182 92.32 9.6 Hours
4 44 + an out-group seq 10806 90.69 59.0 Days
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Fig.15: Example of MSA blocks of the complete genome for Group No.1 dataset shows prefix gaps and its
trimming

vice can not detect and extract sequence names from
the MSA block. Moreover, we have found that the
sequence names have different lengths, for example,
DQ181800 has eight characters where as the U87411
has six characters. Then, the fseqboot, bootstrapping
replicates, produces a wrong format of outputs even
though its status is reported “successful.” This is the
limitation of the bootstrapping service. Therefore, we
suggest that the sequence name should not have the
numbers of characters more than eight.

In addition, we are investigating another MSA
tool, MAFFT (Multiple Alignment using Fast Fourier
Transform), a high speed multiple sequence align-
ment program using uses Fast Fourier Transforms.
MAFFT is suitable for medium-large alignments. We
will include MAFFT in the workflow as alternative
options to users. However, there is a little different of
output formats between MAFFT and Clustal Omega
needed for improving our proposed gaps trimming al-
gorithms to support the both MSA tools in the future.

7. CONCLUSIONS

In this work, we have compared the correctness
of the results between the manual steps of cut-and-
paste, which may induce errors and our in-silico ap-
proach.

The quality control of the MSA similarity score
estimation and gaps trimming is done by the gen-
eral tree re-construction. There are pre-processing
processes before the bootstrapping and tree inferring
steps. Phylogenies are approaches of hypotheses [35].
The trimmed blocks of the MSA do not necessarily
produce the best evolution tree due to many factors
concerning the complexity of the tree re-construction
analysis.

The MSA similarity score estimation utilized in

this work applies the conventional formula in the phy-
logenetic principle [1]. We have implemented the for-
mula for automatic workflow invocation. However,
for manual works, the researcher may re-constructs
trees using popular tree inferring algorithms, and
then reviews them, chooses the best one, and/or re-
peats the analysis.

We have enhanced the initial steps for the simi-
larity score estimation and gaps trimming algorithms
into automatic steps. The proposed trimming algo-
rithms can handle prefix and suffix gaps trimming
of MSA blocks. Its input is the MSA blocks of the
Phylip format generated by the Clustal Omega web
service at the EMBI-EBI and its downstream pro-
cess is the bootstrapping replicates utilized by a web
service at the SIB. Another algorithm is the MSA
similarity score estimation. Its input is the PIM data
values of the MSA result also generated by the Clustal
Omega. We propose to utilize the similarity score for
suitable selection of the tree inferring algorithms in
the phylogenetic tree analysis.

These algorithms have been implemented using
Java and publicly deployed as the WSDL endpoints
of web services. In this paper, we have demonstrated
our two web services by composing them into an in-
tegrated workflow using the Taverna Workbench. We
have tested the workflow by running it applying two
datasets of Dengue Viruses, including the set of com-
plete CDS and the sets of complete genome fetched
from the NCBI RefSeq. We have found that our
services have correctly returned results which have
been verified and satisfied by our bioinformaticians.
In addition, users can download our demonstrated
JAR for being used as a standalone off-line appli-
cation. Our distributions, user manuals of the web
services and the open source programs are provided
at http://bioservices.sci.psu.ac.th.
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