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ABSTRACT 

 

Multiple sequence alignments have primary role in several domains of modern molecular biology such as protein 3D 

structure/function prediction, phylogeny inference, molecular function, intermolecular interactions and many other 

common tasks in sequence analysis. Presently, many tools to construct multiple sequence alignments are available but 

none of them is accurate for all types of data sets.  Several comparative studies have been conducted to report quality and 

efficiency of MSA tools but their focus was on the individual popular MSA tools. This study presents a comparative 

study of various groups of MSA tools. MSA tools were placed in four groups. First group had progressive consistency 

approach based MSA tools. Second group comprised progressive matrix approach based MSA tools. Third group 

consisted of Hidden Marko Model based MSA tool and fourth group had iterative divide and conquer approach based 

MSA tool. Results showed that SATe, which is an iterative divide and conquer approach based tool, outperformed all 

other MSA tools. However in the group of progressive consistency technique based MSA tools, ProbCons and MAFFT-

L-INS-I were on the first and second positions. Among the progressive matrix based tools, Muscle is on the top. 
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INTRODUCTION 

 

Multiple Sequence Alignments (MSAs) have primary role in several domains of modern molecular and 

bioinformatics such as protein 3D structure/function prediction, phylogeny inference [1-3] molecular function, 

intermolecular interactions [4-6] and many other common tasks in sequence analysis.   A lot of innovative algorithms and 

techniques have been proposed to get better quality of MSAs, but, still none of the MSA tools can reconstruct accurate 

alignments for all types of data sets [7]. Several warehouses of MSAs such as SABmark [8],  PREFAB [9] and 

BAliBASE [10] are available. These repositories of MSAs comprise highly quality manually refined alignments which 

may be used to measure performance of various MSA methods.  

BAliBASE was first database of benchmark alignments specifically developed to investigate accuracy of MSA tool. 

It comprises various datasets which simulate real challenges faced during reconstruction process of multiple sequence 

alignments. BAliBASE is divided into various reference datasets. Reference 1 comprises equidistant sequences.  This 

data set was subdivided based on the percent identity.  Reference 2 comprises protein families with orphan sequences. 

Reference 3 is a set of divergent subfamilies. These subfamilies have groups with less then 20% identity. Reference 4 is a 

set of sequences with large N/C terminals. References 5 comprise sequences which have large internal insertions and 

deletions. Reference data set 6 comprises sequences with repeats. This was further subdivided into sequences with 

diverse residue similarity, input order and having additional domains. Reference 7 is a set of sequences with 

transmembrane regions. This was ordered into subgroups having highly conserved core blocks.  Reference 8 comprises 

alignments with inverted domains. The latest addition to BAliBASE is Reference data set 9 [11] which is an assembly of 

protein families having linear motifs [12]. 

Several studies [12-14reported accuracy and efficiency of MSA tools but their focus was individual MSA tools. 

Secondly vary less effort was made to study the underlying algorithms [12].  

This research work presents a comparative study of groups of MSA tools. We placed MSA tools into various groups 

based on the underlying algorithms. Four groups of MSA tools were developed. First group comprised five MSA tools 

such as Dialign-TX [15], T-Coffee [16], ProbCons [17], MAFFT-L-INS-I [18] and MAFFT-FTNS2 [18]. These MSA 

tools used progressive-consistency algorithm. Second group consisted of four MSA tools such as MultAlign [19], 

ClustalW [20], KAlign [21] and Muscle [22]. This group of MSA tools implemented progressive-matrix algorithm. Third 

group which consisted of Clustal Omega [23] implemented Hidden Markov Model approach. Fourth group which 

consisted of SATe [24] implemented iterative divide and conquer approach.    
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MATERIALS AND METHODS 

Benchmark Dataset 

Six reference test cases (RV11, RV12, RV20, RV30, RV40 and RV50) available in the version 3 of the BALiBASE 

(ftp://ftp-igbmc.u-strasbg.fr/pub/BAliBASE3). 

 

Alignment Accuracy Assessment Procedure 

Alignment accuracy was measured by comparing an alignment generated by an MSA tool with a benchmark 

alignment and calculating SPS and CS. The sum of pair score is computed by adding up the correctly aligned sequences. 

It determines the capability of MSA methods to align some, if not all, of the sequences in an MSA. Column score 

measures the capacity of MSA tools to align all of the sequences correctly.   

 

MSA Tools 

MSA tools were selected based on their underlying algorithms. Study of groups of MSA tools was conducted. The 

selected MSA tools, their versions, the underlying algorithms and the links to download them is provided in Table 1. 

Computing Machine 

All MSA programs were run on a computing machine having Core i7 3.34 GHz processor, 8 GB RAM and Fedora OS.  

 

RESULTS 

Sequences and Benchmark Alignments 

Six reference test cases were downloaded from the home page of BAliBASE. These test cases comprised of 

benchmark alignments and the corresponding sequences. The sequences were aligned by each MSA tool and compared 

with the benchmark alignments. The quality of alignments, constructed by the MSA methods, was measured by the two 

most popular scores i.e. sum of pairs (SPS) and column score (CS).  

 

MSA Algorithm Quality Evaluation 

Overall alignment accuracy of the MSA tools was measured using SPS and CS (Figure 1). Results showed that 

SATe, which implemented the iterative divide and conquer (IDC) approach, outperformed all the MSA tools of all the 

groups. In the group of MSA tools which have implemented progressive consistency approach, ProbCons generated the 

most accurate alignments. ProbCons is also on the second position among the all groups of MSA tools. In the group of 

MSA tools, which have implemented progressive matrix approach, Muscle is on the top while performance of ClustalW 

is the poorest.  Clustal Omega which have implemented HMM performs better then many MSA tools of the group of 

consistency (Dialign-TX, MAFFT-FTNS2) and matrix (ClustalW and MultAlign).  

 

MSA Algorithm Efficiency Evaluation 

Results showed that, in the group of PC approach based MSA tools, ProbCons and MAFFT-FTNS2 are the slowest 

and fastest tools respectively.  T-Coffee is the second slowest tool. In the group of PM approach based MSA tools, 

MultAlign and KAlign are the slowest and the fastest tools. However, there is a little bit between efficiency difference 

between KAlign and Muscle.  SATe is 109% and 90% more efficient than ProbCons and T-Coffee respectively. Figure 2 

shows time spent in seconds by each MSA method. 

 

Table 1. Summary of MSA tools used in this study 
Major algorithm MSA tools Version Download link 

Progressive-

Consistency 

Dialign-TX 1.0.2 http://dialign-tx.gobics.de/download 

T-Coffee 10.00.r1613 http://www.tcoffee.org/ 

ProbCons 1.12 http://probcons.stanford.edu/download.html 

MAFFT-L-INS-I 7.0 http://mafft.cbrc.jp/alignment/software/ 

MAFFT-FTNS2 7.0 http://mafft.cbrc.jp/alignment/software/ 

Progressive-Matrix MultAlign  http://multalin.toulouse.inra.fr/multalin 

ClustalW 2.0.10 http://www.clustal.org/download/current/ 

KAlign 2.0 http://msa.sbc.su.se/cgi-bin/msa.cgi 

Muscle 3.8.31 http://www.drive5.com/MUSCLE/downloads.htm 

Hidden Markov 

Model 

Clustal Omega 1.2.0 http://www.clustal.org/omega/ 

Iterative divide and 

conquer 

SATe 2.2.7 http://phylo.bio.ku.edu/software/sate/sate.html 
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Figure 1. MSA algorithm quality evaluation. IDC approach implemented by SATe outperformed all the MSA tools of all 

the groups. ProbCons, which belongs to the group of PC, was on the second position among all the tools of all groups. 

Performance of Clustal Omega was better than many MSA tools of other groups. ClustalW, which belongs to the PM 

group, generated least quality alignments. 
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Figure 2. Efficiency comparison among the groups of MSA tools. In the group of PC approach based MSA tools 

ProbCons the slowest tool. In the group of PM approach based MSA tools, MultAlign is the slowest tool. SATe is many 

times faster than T-Coffee and ProbCons, its quality competitors 

 

Conclusion 

Several studies for comparison of MSA tools are available. All of them report that none of the MSA tool is accurate 

for all types of data sets. Most of the studies selected MSA tools based on their popularity. Furthermore, they studied 

individual MSA tools. This study presents comparison of groups of MSA tools based on the underlying algorithms. 
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Results showed that overall, MSA tools developed using consistency approach are more accurate and MSA tools 

developed using matrix approach are faster. However SATe which have used iterative divide and conquer approach is the 

fastest tool and it is very efficient than many MSA tools of the group of consistency based approach.   
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