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1 Introduction 

The comparative approach is a keystone of biology and is tremendously powerful for discovering similarities between sequences in biological dataset. One of the best ways to recognize these similarities is to prepare and analyze the alignments for multiple sequences simultaneously. This can be achieved through multiple sequence alignment or MSA for short. MSA is a large and active research area in computational biology. 

Broadly speaking, there are two types of trends in multiple sequence alignment area: progressive alignment and iterative alignment. Progressive alignment has been studied for quite a long time. A detailed account on progressive alignment may be found in [1]. One problem with progressive alignment algorithms is that the subalignments are ‘frozen’. That is, once a group of sequences have been aligned, their alignment to each other cannot be changed at a later stage as more data arrive. Iterative strategies attempt to circumvent this problem by making an initial alignment of groups of sequences and then revising the alignment to achieve a more reasonable result. Multiple different iterative methods were designed to solve the multiple alignment problem.

The first iterative algorithm dates back to the origin of MSA in 1987 [2]. In order to correct the mistakes introduced by the progressive alignment, Barton suggested an algorithm that refines the alignment by realigning each sequence with the completed alignment less that sequence. For instance, sequence A1 is aligned with the alignment of sequences A2, A3, ..., Ai, which was first removed any gaps that are common. This process is repeated until all sequences have been realigned. In 1989, Subbiah introduced a similar algorithm to Barton’s except the iteration refining occurs at each stage of the progressive alignment instead of the end [3]. In the algorithm of Berger and Munson of 1991, the sequences are first randomly divided into two groups: a k sequence alignment and an n-k sequence alignment [4]. The two partial alignments are then aligned. This alignment will be randomly divided into two groups again, while for each group, all the common gaps will be removed. The new two partial alignments will be aligned again to get a new optimal alignment. The cycle of division and alignment will continue until no further improvement for the alignment score. Unfortunately, these three algorithms mentioned above are no longer in use. 

Recently, multiple new iterative alignment methods have been proposed. In the rest of this report, we will give detailed description of five most commonly used iterative alignment programs, which includes Prrp (1993), Dialign/Dialign2 (1996), Iteralign (1998), OMA (1999), Praline (1999). Since their emphases on stochastic algorithm, Genetics algorithm (GA), Simulated Annealing algorithm (SA) and Hidden Marko Model method (HMM) are excluded in this report.

1.1  Prrp Algorithm

A recent advance in the iterative method stems from the idea of ‘‘randomized’’ iteration. Berger & Munson (1991) first proposed a strategy in which an initial unaligned family of sequences is randomly divided into two groups, which are then rejoined by the dynamic programming algorithm of Needleman & Wunsch (1970). The pairwise alignment process is repeated using different random divisions of the whole family into two groups. 

Gotoh (1993) pointed out that the classical Needleman–Wunsch algorithm could fail to optimally align two groups of sequences when either group contains internal gaps, and proposed a rigorous group-to-group alignment algorithm that ensures monotonous improvement of the overall alignment score at each step of iteration [9]. Gotoh (1996) later devised a generalized profile-matching algorithm that greatly reduces the computational cost for rigorous alignment between large groups [5]. This algorithm is Prrp algorithm. A large-scale experiment conducted by Hirosawa (1995) showed that limited partitioning into two groups and/or recurrent application of randomized iteration to subgroups yielded much better cost performance than the original strategy. Combination of the approach of Hirosawa et al. and the generalized profile-matching algorithm makes it possible to perform the total calculation effectively in proportion to the number of sequences to be aligned. 

This algorithm is a double-nested strategy for optimizing multiple alignments. When the inner iteration has converged, new sequence weights are estimated. The convergence of these weights is the criteria for the outer iteration to stop. Prrp was the first multiple alignment program to be extensively benchmarked, using JOY, a database of structural alignment [6]. The results were confirmed on BAliBASE [7]. Prrp has significantly outperformed most of the traditional progressive methods.

1.2 Praline Algorithm

PRALINE is a new method in improving the accuracy of multiple sequence alignment using strictly profile-based progressive alignment protocol. It uses two strategies: Profile-preprocessing and secondary structure-induced alignment, in an iterative fashion, allowing the compilation of specific multiple alignments which can be use in separately or in combination. A weighting scheme is applied using double dynamic programming (DDP). Iterations stop when the alignments converge and do not change in succeeding iteration anymore, or when the users specify the number of iterations.

In the first step, all pairwise single sequence alignments are joined together and a most similar profile is built. Iteration is done on the next N-2 remaining single sequences and again the next highest scoring is obtained and a profile is made, until all N sequence blocks are aligned in a final alignment. During this stage, the successive profile scores at each step degrade uniformly and are used to build a resulting dendrogram of the sequence.

1.3 Iteralign Algorithm

Multiple alignment algorithms are mainly divided into two categories: global dynamic programming (DP) and local motif finding (MF) plus heuristics. DP methods strive to optimize the alignment among sequences and generally are able to align regions of strong conversations. However, the alignments are often sensitive to various factors such as gap penalty and the preprocessing inherent to the methods. Thus, in certain cases, alignment may be produce even if the sequences are not related. One therefore, cannot guarantee biological reliability with DP methods alone. On the other hand, MF methods such as MOTIF and MACAW generally aim to extract ungapped common to the sequences using some heuristics.  Although, MF generally does not face the problem that DP faces, it generally does not accommodate indels within motifs. Moreover, only motifs that are present in large numbers of sequences are reported.

To overcome these limitations, the iteralign method (or sometimes known as the symmetric-iterative method) combines the selectivity of MF procedure and the flexibility of a local DP procedure. To do this, it first aligns ungapped regions of significant local similarity and then obtaining the alignment between them. By tweaking the parameters to include segments of lower similarity, the iteralign can produce a more complete alignment compare to MF while being more discriminating than the DP methods. After this, the iteralign creates a consensus sequences (or sometimes known as “ameliorated” sequence) form the original sequences, based on the distance between the sequences. The process of creating consensus is iterated using the current consensus as the input to the next round. This is repeated until no more changes can be seen in the consensus sequences (i.e. the new consensus sequences is the same as the previous consensus sequences). From the final alignments, core blocks of alignment are extracted and optimized using a local DP procedure to further enhance the result. Each of these aligned blocks can then be studied independently as a potential functional/structural unit. More information regarding this method can be found in [8].

1.4 OMA Algorithm
As an improved method of Divide and Conquer algorithm DCA, optimal multiple alignment (OMA) was first introduced by Stoye in 1999 [17]. Detailed description of OMA algorithm was given in Bioinformatics Journal later [18]. The kernel of OMA is DCA algorithm, which aligns all the sequence simultaneously, like an exact algorithm such as MSA program [10]. However, different from MSA program, DCA cuts the given sequences in subsets of segments that are small enough before the alignment. The problem of aligning a set of long sequences is first divided into the two problems of aligning the shorter prefix and suffix sequences. If the divided sequences are still long, the division step can be repeated until the sequences gotten are small enough for the alignment. Here, DCA uses a parameter Z, the stop length, to decide the stop point of the division. Finally, the alignment of the complete sequences is obtained by reassembling the sub-alignments of these shorter sequences. In OMA, DCA is used repeatedly with an increasing-value Z. First, a small value of Z is used to quickly align the sequences. Successively, OMA use increasing values of Z for each DCA procedure when the results of the corresponding partial alignments from the previous step are used.

As iterative exact algorithm, OMA provably converges to the optimal alignment and may give better alignment results especially when the sequence similarity is low [10]. However, OMA also inherits the expensive-cost property of DCA. For the larger test sets, a very high resource requirement is needed [17].

1.5 DIALIGN / DIALIGN 2 Algorithm
DIALIGN [13] is a new method for pairwise as well as multiple alignments of nucleic acid and protein sequences. Dialign constructs alignments by comparing whole segments of the sequences and no gap penalty is employed. DIALIGN was first proposed by Burkhard Morgenstern and published in 1998. In 1999, Burkhard proposed DIALIGN 2 [14], which can be applied to both globally and locally related sequence sets.

The basic idea of this algorithm is to build sequence alignments by comparison of whole segments. Accordingly, alignments are composed from gap-free pairs of segments of equal length. Such pairs of segments are referred to as diagonals since they would form diagonals in a dot-matrix comparison of two sequences. Diagonals of various lengths are considered simultaneously and mismatches are allowed within diagonals.

Dialign algorithm differs fundamentally from standard algorithms in its way of scoring the quality of alignments. Dialign focuses on comparing complete segment of sequences and therefore it is able to locate small conserved regions that cannot be detected by standard alignment algorithms.

2 Discussion
Computationally, the goal of multiple sequence alignment is to align the available sequences accurately within a reasonable space and time. The designed solutions should be able to achieve these two objectives. 

Over the last few years, a variety of new MSA methods have been proposed, most of which are iterative alignment based. Iterative alignment strategy is an emerging but promising trend in the context of MSA [20]. In this report, we presented various iterative methods for computing MSA. Due to length constraints, three earlier but out of date iterative algorithms methods were briefly described. Then, we comprehensively presented five most commonly used iterative alignment programs, which are Prrp, Dialign/Dialign2, Iteralign, OMA and Praline. The overview of these algorithms is shown in Figure 1. Stochastic methods such as GA and HMMS are not in the scope of this report and were left out.

Studying the current algorithm description, we noted that there were some strengths and weaknesses in these iterative methods. A common characteristic of these methods lies in that the accuracy of alignment can be markedly improved, which is highly desirable for researchers in biology domain. However, this improved accuracy is achieved at the expense of a huge computational time and memory complexity. When size of sequence database increases sharply, iteration becomes a weakness. A multitude of parallel techniques have been proposed to solve this problem [21, 22]. However, parallelization of the iterative alignment algorithm remains a difficult task.


 Figure 1. Architecture of multiple sequence alignment algorithms

3 Future Work

As established earlier, recent improvement of the iterative methods in MSA has shown great promises for improved alignment accuracy. In the next edition of the report, we would present a more detailed discussion on the methods discussed. In addition, we would compare their performance on the benchmark database—BaliBase. Finally, we would endeavor to propose improvements to the alignment process and tentatively, give our solution. 
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