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Abstract: Consistency-based objective functions have been used in obtaining accurate multiple sequence alignments. A weighting scheme is usually used to decrease the impact from dissimilar pairs in the consistency library. However, short and conserved regions in dissimilar sequences may not be correctly aligned. We describe an improved position-specific and consistency-based objective function which addresses the above problem. Instead of using weights derived from the overall pairwise similarities, we implemented a weighting scheme that takes into account the substitution scores of each individual pair of residues. In addition, the objective function is able to detect locally well-aligned regions, which are shown to be useful for iterative alignment methods. We demonstrate the improvement of alignment quality by applying the objective function to several iterative alignment algorithms using test data from BAliBASE. The correlation between the objective score and the alignment quality is also improved. 
Key-words: multiple sequence alignment; objective function; iterative algorithm; consistency-based alignment.
1 Introduction

Multiple sequence alignment (MSA) is an essential tool for analyzing sequences of proteins and nucleic acids, such as detection of key functional residues, prediction of secondary and tertiary structure as well as annotation and analysis of genomes [1].

One main challenge with MSA is how to estimate the quality of computer-aligned sequences. An objective function (OF) is therefore required. In addition, OF acts an essential role in iterative algorithms whereby the alignment is optimized against a score computed by the OF [2].  

The most straightforward OF is the sum-of-pairs (SP) score [3]. It consults the substitution score of each amino acid and generalizes the overall level of similarity. An advanced alternative is the consistency-based OF, whose basic assumption is that the optimal MSA is the one that maximally agrees with all optimal pairwise alignments [4]. It was implemented in COFFEE [5] and subsequently became the foundation of T- COFFEE [6].

We hereby present an improved consistency-based OF. It takes into account the substitution cost of every residue pair in the MSA and therefore is able to evaluate more accurately the consistency between an MSA and its pairwise alignments. Moreover, it comes with a local function that enables alignment program to detect well-aligned regions. As a result MSA could be improved more intelligently and rapidly.  We refer to our objective function as POSITION (POsition-Specific and consIstency-based objective funcTION).

The focus of this paper will be placed on how POSITION is defined to improve COFFEE.  We then demonstrate through a series of tests that POSITION outperforms its predecessor with respect to its ability to correctly guide iterative algorithms. We also illustrate the relationship between its time cost and dataset size, as well as its ability to identify well-aligned regions.
2 Objective Function

In this section, we briefly describe the creation of pairwise alignment library (PL), followed by the introduction and analysis of COFFEE. Finally, we propose POSITION, an improved OF based on COFFEE.
2.1 Creation of pairwise library

PL is a complete collection of global pairwise alignments upon a given set of sequences.  An consistency-based OF evaluates an MSA by validating its consistency with the PL. For a data set of N sequences, N(N-1)/2 pairwise alignments are to be  produced and stored in the library.  

Our pairwise library is built using standard dynamic programming. Both the time cost building a library and the memory requirement for its storage increases quadratically with the number of sequences and linearly with the length of each individual sequence.  The parameters involved in creating a PL are gap penalties and substitution matrix, which are intrinsic parameters of an OF.
2.2 The COFFEE function

COFFEE was first proposed by Cédric Notredame et al., in 1998.  The basic idea of COFFEE is to check the percentage of occurring pairs in both MSA and PL.  Given N aligned sequences S1 … SN in an MSA as well as a PL built upon these sequences, the COFFEE function was defined as:

COFFEE Score = 
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where Len is the length of the MSA
; Aij is the pairwise projection of sequences Si and Sj obtained from the MSA; Wij is the percent identity between the two aligned sequences Si and Sj; Score(Aij) is the number of residues pairs that are shared between Aij and the PL.

COFFEE score is normalized and the maximum score of 1 can be achieved only when each pairwise projection of the MSA is identical to its counterpart in the PL.

Also defined was the residue score that measures the consistency related to a single residue.  Restricted by space we couldn’t list it here.  Interested reader could refer to [5]. 
2.3 An analysis of COFFEE 

COFFEE bears several intrinsic limitations.  First of all, it is not sensitive to the substitution scores of amino acids.  COFFEE employs Score(Aij) to count the number of occurring pairs in MSA and PL.  It treats different residue pairs equally, arguing that substitution cost has already been considered during the creation of the pairwise library, therefore unnecessary in the OF. 

This claim is not completely true. Although the sum of the substitution costs of all residue pairs in a pairwise alignment is optimal, it doesn't mean that each pair bears identical significance. Some parts of the alignment may have higher similarity and a substitution matrix is therefore useful in identifying them. For the same reason, when dealt with MSA, we are concerned about not only whether a pair of residues occurs in the pairwise library, but how similar they are as well.

The second limitation is that COFFEE is not position-specific. To address the concern that the significance of different pairwise alignments is not identical, COFFEE attaches a weight to each of them. Nonetheless, applying a global weight to the entire pairwise alignment is merely stereotype. 

Even well-aligned sequences could have functionally non-related regions. However, the weighting scheme of COFFEE places the same weight over both conserved and non-conserved regions. This scheme was designed to absorb the noise produced by distant sequences, but as shown above it is unable to do the same to the noise originated from the homologous sequences.

On the other hand, distant sequences could still be phylogenetically related thus share functionally conserved regions, although they might be short and broken. Unfortunately, COFFEE places the same low weight to these conserved regions.

The consequence is: when a iterative alignment program proposes a correct move to improve MSA, it could be rejected by the non-position-specific COFFEE if the latter couldn’t detect any difference from the proposed adjustment of residue positions.

The last limitation we observed with COFFEE is its lack of a practical local function. COFFEE does define a residue function. However, in practice it is often desired to have one that is able to detect well-aligned, functionally important regions [7]. RASCAL [8] is an example of such programs that can identify well-aligned regions by using an objective function called NorMD [2]. 

2.4 POSITION function

We propose an enhanced consistency-based OF that is able to address the above limitations of COFFEE. It is formalized as:
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where Aijl is the residues pair at index l of the pairwise projection of sequences Si and Sj; W(Aijl) is its weight; and Occurrence(Aijl) is a Boolean function indicating whether pair Aijl occurs in PL.  

W(Aijl), the weight associated with an occurring pair, is open for user to define.  Here we propose two schemes.  A simple one is to make it a binary-valued function fk that returns 1 when the two residues are identical, and k, otherwise (0≤k≤1).  When k is set to 1, POSITION degenerates to COFFEE.  Setting k to 0 means that an occurring mismatched pair in the library would be considered equivalent to a non-occurring pair. 
A more complicated scheme is to employ substitution matrix for the weights of residue pairs, with the substitution scores normalized between 0 and 1. It should be noted that the substitution matrix to be used in POSITION should be consistent with the one used in creating the pairwise library.

The local OF could be similarly defined by evaluating a section of MSA from index l1 to l2. It could be further extended to evaluate any arbitrary projection of MSA.  
2.5 An analysis of POSITION

This section explains how the limitations of COFFEE are addressed by POSITION. 

The first two limitations of COFFEE are actually interwoven. On one hand, COFFEE does not check how the occurring pair of residues are related with each other. On the other hand, it fails to recognize that the significance of a pairwise alignment essentially arises from its functional regions. Being unable to distinguish such regions from the rest makes it non-position-specific.

To address these problems, POSITION no longer works on the entire pairwise alignment, but rather, on single residue pair. This approach enables it to be both position-specific and substitution-aware. 

It is noteworthy that although POSITION weighs every occurring pair, its time complexity doesn't increase notably compared with COFFEE. This is because the bulk time spent by both OFs is on validating the occurrence of residue pairs. To count their number, COFFEE undertakes exactly the same workload. 

The last limitation of COFFEE is solved by POSITION’s local function that can evaluate each column of MSA and facilitates local refinement.
3 Tests and Results
3.1 Alignment algorithms 

Three homemade programs were used in the test of POSITION. They are TABU [9] and AIMSA [10]. TABU applies tabu search algorithm to improve alignment iteratively. EGMA is a greedy algorithm that iteratively inserts, deletes and shuffles gaps in MSA. AIMSA differs from EGMA in that well-aligned regions can be detected and kept intact in the subsequent iterations. This feature is enabled by POSITION's local objective function.

The OFs and algorithms were all implemented in Java 2 Platform, Standard Edition (J2SE) 1.4.1 and tested on a 1.4GHz Pentium III computer.

All pairwise libraries were created using open gap penalty of 10 and extension gap penalty of 0.5.
3.2 Benchmark data

BAliBASE [11], a database of manually refined MSAs, was used as benchmark data.  Core blocks, defined as the sequences that should be aligned together, are clearly indicated by BAliBASE.  The five BAliBASE reference sets we employed are categorized as follows:

· Reference 1: equidistant sequences of similar length 

· Reference 2: family vs. orphans

· Reference 3: equidistant divergent families

· Reference 4: N/C-terminal extensions

· Reference 5: internal insertions

BAliBASE provides a program to evaluate the alignment quality.  It is represented as the ratio of amino acids pairs that occurs in both automated alignment and manual alignments. A score of 100 indicates a perfect alignment. Hereafter we also refer to this score as SP (sum of pair) score.  

The original BAliBASE SP program has fault, which has been debugged by our team.  The refined source code is available on request

3.3 Test design and result

We designed six tests to assess the POSITION function. The first test validates the position-specific weighting scheme.  The second test compares the qualities of alignment generated by TABU using both COFFEE and POSITION. The third test focuses on the correlation between OF and alignment quality. The fourth one compares the OFs' time cost and the fifth on the correlation between time cost and data size. The last test gives an example on how POSITION's local function recognizes well-aligned regions of an MSA.

3.4   Validation of position-specific weighting scheme
The concept of the position-specific weighting scheme were validated using T-Coffee program.

T-Coffee uses a constraint library of pairwise alignments to guide progressive MSA. To reflect the correctness of the constraints, T-Coffee assigns a weight to each pair of aligned residue in the library. It uses sequence identity as the default weighting scheme, which was inherited from COFFEE. In the following tests, it was replaced with a position-specific weighting scheme. The source codes (the get_seq_winsim() function) of T-Coffee were modified slightly. We compared the default and the position-specific weighting schemes, with results shown in Table 1.

To focus on the validation of position-specific weighting scheme, we only enabled T-Coffee's global library. We didn’t involve its local library feature, which is an excellent innovation, since it’s not related with original COFFEE, which we are comparing POSITION with.  Moreover, it is noteworthy that although T-Coffee properly introduced the new idea of local library, it is unfortunately still applying sequence-identity weighting scheme on it.

Table 1: Comparison of weighting schemes using T-Coffee. The first column of SP scores came from the default T-Coffee setting which uses sequence identity weighting scheme. The second to the fourth columns came from T-Coffee option “-weight=winsimN”. This option indicates that the weight assigned to a given pair will be equal to the average similarity (not identity) within a window of (2N+1)-residue long centered on that pair.  The similarity between residues was calculated using BLOSUM62.

	
	-weight =

sim
	-weight = winsim10
	-weight = winsim5
	-weight = winsim1

	Ref1
	86.1
	87.2
	87.6
	87.6

	Ref2
	95.3
	95.6
	95.6
	95.5

	Ref3
	80.4
	80.2
	80.3
	79.8

	Ref4
	87.2
	86.7
	87.9
	86.2

	Ref5
	95.1
	95.9
	95.0
	94.7

	Mean
	87.9
	88.6
	88.9
	88.7


The position-specific weighting schemes (winsim10, winsim5, winsim1) induced a statistically meaningful improvement over the default T-Coffee weighting scheme (sim). Although the improvement is small, the Wilcoxon test shows that the differences are associated with P-values lower than 0.003.

3.5    Performance of global function
As the second test, a homemade iterative alignment improver, TABU, was used to evaluate the improvement of POSITION over COFFEE. In this test, initial alignments were obtained by a naive progressive alignment program that is similar to ClustalW. TABU uses an iterative optimization technique to optimize a user-defined objective function, in the test, either POSITION or COFFEE. The quality of the final alignments were measured and listed in Table 2. It is clear that results using POSITION is constantly better than the ones using COFFEE.

Table 2. Performance study of COFFEE and POSITION. COFFEE / POSITION: average SP score of alignments produced by tabu search using COFFEE / POSITION; POSITION improvement: the percentage POSITION improves from COFFEE

	
	Initial
	COFFEE
	POSITION
	POSITION improvement

	Ref1
	67.2
	66.8
	76.4
	-

	Ref2
	74.2
	87.2
	87.3
	0.8%

	Ref3
	54.9
	55.2
	66.8
	3480.0%

	Ref4
	47.9
	55.8
	55.9
	1.3%

	Ref5
	69.8
	79.6
	81.6
	20.4%

	Mean
	62.8
	68.9
	73.6
	76.5%


It can be observed that POSITION works noticeably better with Reference Set 3. This could be justified that Reference Set 3 contains divergent subfamilies. COFFEE attributes low score to two sequences from different subfamilies. As a result reliably-aligned regions among them are neglected, which led to misalignment. In comparison, POSITION employs a position-specific similarity score and hence performs much better.

3.6    Correlation with alignment quality

Theoretically, an OF should always give higher objective scores for alignment with better quality. In reality, however, since the objective scores and the alignment qualities are measured using different criteria, inconsistency happens. In this test we validate the correlation between POSITION and alignment quality measured by BAliBASE's SP scores.

BAliBASE Reference 1 was used for the study. To cover a wide range of alignment quality, we randomly chose unaligned, partially aligned and extensively aligned sequences. 

Three pairwise libraries were constructed using different substitution matrices (BLOSUM30/65/90) to explore the impact substitution matrix exerts on quality correlation. We studied three consistency-based scoring schemes, i.e., COFFEE, POSITION using the binary-valued function and POSITION using substitution-matrix based scheme. The latter two refer to the weighting schemes proposed in 2.4. 

Regression was practiced on each group of objective and SP scores. Correlation coefficients were then computed and listed in Table 3. 

Table 3.  Correlation between alignment quality and objective value.  Cross entry of COFFEE/BLOSUM30 means the correlation of COFFEE based on PL created using BLOSUM30.  All 82 datasets are from BAliBASE Reference Set 1.  POSITION using binary-valued weighting scheme sets k=0.  POSITION using substitution weighting scheme uses the same matrix as the corresponding pairwise library was made of.

	
	BLOSUM 30
	BLOSUM 65
	BLOSUM 90

	COFFEE
	0.918
	0.943
	0.922

	POSITION binary
	0.935
	0.959
	0.955

	POSITION substitution
	0.944
	0.971
	0.960


Table 3 shows that POSITION, especially when adopting substitution weighting scheme, has better positive correlation with alignment quality than COFFEE does. This also helps to explain the result shown in Table 1.

3.7    Time cost comparison

As explicated in 2.5, POSITION’s time complexity doesn’t increase considerably compared with its predecessor. We listed in Table 4 the time cost for evaluating 12 datasets from Reference set 4 of BAliBASE using COFFEE and POSITION, the latter employing both weighting schemes. Since the time cost is in the range of milliseconds, to improve accuracy we repeated the computation 1000 times and calculated the average for each dataset. 

Table 4.  Time cost comparison of COFFEE and POSITION.  All time in milliseconds

	Dataset
	COFFEE
	POSITION binary
	POSITION substitution

	1ckaA
	2.497
	2.439
	2.653

	1csp
	0.722
	0.734
	0.892

	1dynA
	0.877
	0.866
	0.992

	1lkl
	1.592
	1.614
	2.014

	1mfa
	1.366
	1.434
	1.715

	1pfc
	1.556
	1.648
	2.337

	1pysA
	0.332
	0.355
	0.516

	1vln
	2.578
	2.770
	3.911

	1ycc
	0.621
	0.735
	0.979

	2abk
	0.919
	0.956
	1.386

	kinase1
	1.080
	1.195
	1.636

	kinase2
	17.825
	19.256
	22.637


3.8 Correlation between time cost and dataset size

The time complexity of computing a consistency-based objective score increases linearly with length of alignment and quadratically with the number of sequences. This arises from the fact that consistency-based objective functions need to exhaustively validate the consistency of each residue pair in the alignment with the pairwise library, while the number of residue pairs is linear against the alignment length and quadratically against the sequences number.

Three linear regressions were derived from the time costs of COFFEE and POSITION using both binary-valued and substitution-matrix based weighting schemes. They are shown in Fig. 1. Dataset kinase2 was withdrawn because its size was out of scale from the rest thus would cause the correlation coefficients to be misleadingly high.

Fig. 1 illustrates that the linear regression of POSITION using substitution-based weighting scheme has a higher slope than the other two. This indicates that extra time cost is needed to consult the substitution matrix.

Fig. 1.  Correlation between time cost and dataset size.  T1 (diamond marker): time cost of COFFEE; T2 (square marker): time cost of POSITION using binary-valued weight scheme; T3 (triangle marker): time cost of POSITION using substitution weight scheme.  Datasets from BAliBASE Reference Set 4.  Time in milliseconds.
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3.9    Performance of local function
The local function of POSITION evaluates the similarities between a part of the global alignment and its counterpart in the pairwise library. It can be used to detect well-aligned regions in MSA. The ability to distinguish such regions provides an opportunity for the alignment program to intensify on the poorly-aligned region. This feature is utilized in all the tests aligned using AIMSA. The dataset of 1aho from Reference set 1 was shown in Fig. 2 for illustration: 

Fig. 2.  Example of well-aligned regions (in bold) detection.  Data shown is from the 1aho_ref1 dataset of BAliBASE Reference Set 1.  Restricted by space, the alignment is curtailed.

VRDGYIADDKDCAYFC---GRNAYCDEECK-K--GAESG
-KDGYPVEYDNCAYICWN-YDNAYCDKLCKDK--KADSG
-REGYPADSKGCKITCF-LTAAGYCNTECTLK--KGSSG
-KDGYLVDAKGCKKNCYKLGKNDYCNRECRMKHRGGSYG
--DGYIRKRDGCKLSC--LFGNEGCNKECKSY--GGSYG
The parts in bold are well-aligned regions identified by a sliding-window algorithm using POSITION local function.  The minimal window size is set to four.  Readers are suggested to create a PL of these sequences to validate the consistency between these regions and their counterparts in the library, instead of directly reading the similarity among themselves.

4 Conclusion and Discussion 
In this paper a position-specific version was presented to enable the consistency-based objective function to provide more accurate guidance for optimizing multiple sequence alignments.  Both its correlation to alignment quality and the final optimization are improved.  We also studied the time cost as well as its correlation to data size.

The BAliBASE SP score that we used to benchmark the alignment quality is itself a consistency-based function: its “library” being the manually aligned sequences. It compares the occurring pairs in both the manual alignment and the MSA being evaluated. Similar to COFFEE, it doesn't attribute weights to these occurring pairs, but rather, treat them equally. This feature could lead to certain extent of misjudgment that underestimates the improvement of POSITION over COFFEE. For example, assuming both POSITION and COFFEE were able to align same number of pairs that occur in the manual alignment, the one that puts together more pairs of similar residues will unluckily receive the same SP scores as its counterpart.

The current POSITION is working with only one set of pairwise alignments. However, alternative pairwise alignments may be used to provide extra information. To address such requirement, revision needs to be made so as to enable the objective function to assign weights to various pairwise alignments as well as reorganizing the pairwise libraries.

Pairwise library doesn't need to be made of global alignments. Local alignments, which keep the highly reserved part, are on many occasions more preferred as reference for MSA. Indeed this concept has been implemented in T-Coffee. We are looking forward to replacing the global pairwise library with a local one.

The successful detection of well-aligned regions using POSITION local function also facilitates further application of motif detection using MSA.
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� The original COFFEE paper wrote as “Len(Ai,j)”, whose parameter is redundant and omitted hereby
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				Sample		Algorithm		COFFEE		Matches		Time

				ref1/test1/1aho_ref1		isolate		0.8943		13		46

				5 sequences

				Length 82		isolate+random		0.8943		13		90

						exp1		0.8940		13		62

						exp2		0.8944		13		93

						exp3		0.8948		13		66

						random		0.8944		13		74

				ref1/test1/1aab_ref1		isolate		0.8438		9		18

				5 sequences

				Length 76		isolate+random		0.8438		9		30

						exp1		0.8431		9		19

						exp2		0.8438		9		34

						exp3		0.8431		9		20

						random		0.8433		9		24

				ref1/test1/1csy_ref1		isolate		0.8527		9		120

				5 sequences

				Length 110		isolate+random		0.8527		9		145

						exp1		0.8589		10		109

						exp2		0.8655		10		141

						exp3		0.8570		10		173

						random		0.8605		10		141

				ref1/test3/1gpb_ref1		isolate		0.8795		178		6608

				5 sequences

				Length 854		isolate+random		0.9562		214		19162

						exp1		0.9555		214		19720

						exp2		0.9554		213		9449

						exp3		0.9475		212		7868

						random		0.9528		213		12346

				ref1/test2/1sbp_ref1		isolate		0.4216		0		1033

				5 sequences

				Length 304		isolate+random		0.5224		5		3295

						exp1		0.5227		3		2493

						exp2		0.5199		4		2440

						exp3		0.5017		3		1809

						random		0.5148		3		2247

				ref1/test3/1bgl_ref1		isolate		0.5517		64		2962

				4 sequences

				Length 1002		isolate+random		0.5758		65		7131

						exp1		0.5512		58		3051

						exp2		0.5862		66		4505

						exp3		0.5625		62		3161

						random		0.5666		62		3572

				Sample		Objective Function		Initial		Objective Value		SP		TC		Matches		Time

				ref1/test1/1aho_ref1		COFFEE		Y		0.9278		0.9970		1.0000		13		17

				5 sequences		COFFEE		N		0.9242		0.9970		1.0000		13		20

				Length 82		Simple SM		Y		0.4392		1.0000		1.0000		11		12

						Simple SM		N		0.4233		0.9850		0.9400		13		18

				ref1/test1/1aab_ref1		COFFEE		Y		0.9098		0.7080		0.6500		9		7

				5 sequences		COFFEE		N		0.9022		0.7000		0.6500		9		8

				Length 76		Simple SM		Y		0.3089		0.8640		0.8500		9		6

						Simple SM		N		0.2658		0.7030		0.6500		6		3

				ref1/test1/1csy_ref1		COFFEE		Y		0.9297		0.9560		0.9200		9		42

				5 sequences		COFFEE		N		0.9266		0.9490		0.9200		8		34

				Length 110		Simple SM		Y		0.3236		0.9760		0.9800		10		18

						Simple SM		N		0.3200		0.8880		0.8500		9		46

				ref2/test2/1lvl_ref2		COFFEE		Y		0.9297		0.9560		0.9200		9		42

				23 sequences		COFFEE		N		0.9266		0.9490		0.9200		8		34

				Length 600		Simple SM		Y		0.4083		0.8890		0.6000		0		161333

						Simple SM		N		0.3200		0.8880		0.8500		9		46





Jun03

		180603						Data here are using 0-1 weight in COFFEE

		Reference 1 - Small number of colinear sequences - Short, V1

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1aboA		0.560		0.687		0.529		0.359		0.312		0.312		0.703		0.521		0.526		0.181		0.662		0.613		0.656		0.630		0.639

		1idy		0.606		0.705		0.342		0.018		0.145		0.062		0.566		0.080		0.080		0.138		0.218		0.319		0.136		0.188		0.136

		1r69		0.837		0.481		0.550		0.406		0.681		0.366		0.325		0.562		0.225		0.100		0.613		0.629		0.493		0.606		0.493

		1tvxA		0.378		0.438		0.278		0.306		0.344		0.344		0.228		0.344		0.244		0.108		0.378		0.229		0.058		0.100		0.056

		1ubi		0.498		0.415		0.452		0.000		0.370		0.493		0.488		0.428		0.428		0.140		0.487		0.562		0.792		0.592		0.792

		1wit		0.991		0.982		0.899		0.851		0.963		0.444		0.842		0.773		0.763		0.549		0.764		0.877		0.949		0.736		0.898

		2trx		0.494		0.754		0.801		0.728		0.451		0.496		0.500		0.453		0.235		0.292		0.633		0.498		0.616		0.607		0.616

		average		0.623		0.637		0.550		0.381		0.467		0.360		0.522		0.452		0.357		0.215		0.536		0.532		0.529		0.494		0.519

		Reference 1 - Small number of colinear sequences - Medium, V1

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1bbt3		0.907		0.706		0.652		0.450		0.260		0.260		0.582		0.430		0.160		0.128		0.237		0.133		0.222		0.211		0.211

		1sbp		0.613		0.674		0.543		0.453		0.540		0.456		0.580		0.547		0.537		0.144		0.550		0.475		0.562		0.499		0.483

		1havA		0.656		0.446		0.411		0.130		0.300		0.466		0.419		0.536		0.040		0.133		0.632		0.571		0.575		0.508		0.511

		1uky		0.676		0.724		0.672		0.566		0.684		0.684		0.685		0.571		0.460		0.084		0.594		0.598		0.607		0.602		0.610

		2hsdA		0.885		0.691		0.771		0.679		0.470		0.470		0.470		0.646		0.463		0.117		0.633		0.538		0.487		0.467		0.470

		2pia		0.780		0.890		0.690		0.660		0.740		0.740		0.760		0.850		0.560		0.057		0.694		0.618		0.608		0.596		0.585

		3grs		0.447		0.635		0.689		0.327		0.416		0.416		0.380		0.446		0.347		0.056		0.411		0.380		0.378		0.390		0.378

		kinase		0.891		0.736		0.862		0.764		0.733		0.703		0.643		0.730		0.650		0.277		0.801		0.736		0.866		0.769		0.847

		average		0.732		0.688		0.661		0.504		0.518		0.524		0.565		0.595		0.402		0.125		0.569		0.506		0.538		0.505		0.512

		Reference 1 - Small number of colinear sequences - Long, V1

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1ajsA		0.636		0.571		0.531		0.142		0.486		0.471		0.424		0.556		0.364		0.105		0.454		0.439		0.424		0.408		0.368

		1cpt		0.862		0.827		0.780		0.829		0.792		0.792		0.835		0.865		0.777		0.156		0.684		0.658		0.696		0.630		0.630

		1lvl		0.694		0.632		0.619		0.699		0.559		0.559		0.570		0.587		0.572		0.064		0.558		0.508		0.545		0.540		0.540

		1pamA		0.724		0.582		0.596		0.694		0.513		0.549		0.596		0.641		0.204		0.034		0.730		0.635		0.691		0.722		0.668

		1ped		0.846		0.812		0.748		0.743		0.756		0.756		0.727		0.723		0.730		0.032		0.739		0.689		0.670		0.639		0.630

		2myr		0.506		0.381		0.285		0.284		0.670		0.613		0.422		0.621		0.547		0.050		0.735		0.714		0.731		0.733		0.734

		4enl		0.677		0.706		0.414		0.529		0.701		0.701		0.754		0.669		0.787		0.044		0.438		0.482		0.324		0.324		0.324

		gal4		0.742		0.407		0.500		0.581		0.445		0.445		0.368		0.543		0.406		0.055		0.593		0.595		0.605		0.511		0.520

		average		0.711		0.615		0.559		0.563		0.615		0.611		0.587		0.651		0.548		0.068		0.616		0.590		0.586		0.563		0.552

		V1 average		0.692		0.647		0.592		0.487		0.536		0.504		0.559		0.571		0.439		0.132		0.576		0.543		0.552		0.522		0.528

		Reference 1 - Small number of colinear sequences - Short, V2

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1aab		1.000		1.000		0.823		1.000		1.000		1.000		1.000		1.000		1.000		0.214		0.933		0.952		0.864		0.865		0.865

		1fjlA		1.000		1.000		0.993		1.000		1.000		1.000		1.000		1.000		1.000		0.436		0.975		1.000		1.000		1.000		1.000

		1hfh		0.933		0.917		0.945		0.410		0.868		0.932		0.936		0.848		0.883		0.261		0.966		0.967		0.954		0.958		0.967

		1hpi		0.918		0.861		0.916		0.785		0.909		0.909		0.890		0.859		0.852		0.962		0.895		0.760		0.826		0.838		0.826

		1csy		0.949		1.000		0.969		0.980		0.976		0.968		0.981		0.932		0.935		0.779		0.970		0.971		0.962		0.973		0.962

		1pfc		0.975		0.988		0.994		0.894		0.927		0.927		0.975		0.964		0.861		0.350		0.979		0.941		0.972		0.972		0.972

		1tgxA		0.895		0.806		0.873		0.871		0.782		0.768		0.819		0.718		0.651		0.556		0.938		0.818		0.909		0.932		0.909

		1ycc		0.856		0.935		0.837		0.749		0.815		0.815		0.932		0.939		0.940		0.217		0.943		0.912		0.940		0.921		0.940

		3cyr		0.907		0.805		0.908		0.750		0.887		0.887		0.858		0.854		0.841		0.454		0.851		0.857		0.935		0.861		0.861

		451c		0.681		0.719		0.662		0.729		0.541		0.552		0.683		0.668		0.713		0.346		0.807		0.784		0.771		0.826		0.771

		average		0.911		0.903		0.892		0.817		0.871		0.876		0.907		0.878		0.868		0.458		0.926		0.896		0.913		0.915		0.907

		Reference 1 - Small number of colinear sequences - Medium, V2

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1ad2		0.943		0.984		0.917		0.960		0.934		0.934		0.960		0.960		0.975		0.341		0.946		1.000		0.974		0.956		0.974

		1aym3		0.976		0.969		0.955		0.962		0.976		0.958		0.969		0.952		0.969		0.567		0.973		0.977		0.954		0.962		0.953

		1gdoA		0.926		0.929		0.907		0.810		0.911		0.911		0.935		0.882		0.840		0.604		0.922		0.868		0.910		0.919		0.843

		1ldg		1.000		0.963		0.989		0.966		0.996		0.996		0.989		0.958		0.956		0.326		0.969		0.971		0.966		0.974		0.970

		1mrj		1.000		1.000		0.949		0.977		1.000		1.000		0.994		1.000		1.000		0.561		0.991		0.981		1.000		0.987		0.994

		1pgtA		0.969		1.000		0.982		0.996		0.993		1.000		0.937		0.975		1.000		0.545		0.885		0.937		0.999		0.888		0.999

		1pii		0.883		0.864		0.896		0.890		0.832		0.788		0.884		0.854		0.859		0.193		0.920		0.875		0.897		0.915		0.891

		1ton		0.965		0.935		0.945		0.867		0.904		0.844		0.899		0.826		0.749		0.512		0.937		0.907		0.892		0.885		0.898

		2cba		0.946		0.926		0.946		0.941		0.928		0.935		0.855		0.846		0.859		0.176		0.842		0.840		0.885		0.843		0.885

		average		0.956		0.952		0.943		0.930		0.942		0.930		0.936		0.917		0.912		0.425		0.932		0.928		0.942		0.925		0.934

		Reference 1 - Small number of colinear sequences - Long, V2

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1ac5		0.940		0.992		0.911		0.926		0.941		0.941		0.942		0.898		0.896		0.236		0.953		0.921		0.930		0.938		0.946

		1bgl		0.979		0.959		0.972		0.959		0.934		0.929		0.959		0.958		0.977		0.365		0.949		0.963		0.966		0.952		0.938

		1dlc		0.977		0.961		0.916		0.897		0.952		0.952		0.980		0.984		0.926		0.427		0.921		0.914		0.920		0.909		0.921

		1eft		0.934		0.911		0.910		0.925		0.926		0.926		0.929		0.913		0.895		0.289		0.923		0.858		0.913		0.892		0.890

		1fieA		0.965		0.944		0.947		0.979		0.905		0.926		0.958		0.958		0.939		0.637		0.947		0.923		0.953		0.942		0.940

		1gowA		0.749		0.898		0.814		0.902		0.872		0.872		0.878		0.921		0.927		0.396		0.881		0.881		0.867		0.827		0.841

		1pkm		0.942		0.921		0.955		0.927		0.907		0.911		0.946		0.931		0.851		0.748		0.931		0.947		0.946		0.926		0.921

		1sesA		0.985		0.968		0.954		0.968		0.899		0.899		0.973		0.963		0.882		0.642		0.969		0.924		0.989		0.956		0.981

		2ack		0.909		0.907		0.904		0.882		0.907		0.880		0.848		0.870		0.766		0.524		0.874		0.877		0.896		0.865		0.872

		arp		0.956		0.945		0.933		0.930		0.914		0.927		0.938		0.925		0.927		0.293		0.921		0.908		0.950		0.927		0.883

		glg		0.982		0.941		0.972		0.959		0.978		0.968		0.954		0.977		0.943		0.689		0.969		0.955		0.970		0.952		0.952

		average		0.938		0.941		0.926		0.932		0.921		0.921		0.937		0.936		0.903		0.477		0.931		0.916		0.936		0.917		0.917

		V2 average		0.935		0.932		0.920		0.893		0.910		0.909		0.927		0.911		0.894		0.455		0.929		0.913		0.930		0.919		0.919

		Reference 1 - Small number of colinear sequences - Short, V3

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1aho		0.990		0.971		1.000		1.000		1.000		1.000		0.913		0.938		0.938		0.789		1.000		1.000		1.000		1.000		1.000

		1csp		0.943		0.993		0.993		0.980		1.000		1.000		0.987		1.000		0.625		0.776		0.951		0.974		0.941		0.940		0.941

		1dox		0.887		0.919		0.879		0.859		0.868		0.868		0.799		0.812		0.480		0.806		0.968		0.953		0.972		0.947		0.947

		1fkj		0.982		0.981		0.981		0.958		0.944		0.987		0.951		0.913		0.609		0.879		0.979		0.979		0.973		0.979		0.973

		1fmb		0.959		0.981		0.979		0.959		0.952		0.952		0.995		0.995		0.556		0.863		0.955		0.897		0.950		0.949		0.950

		1krn		1.000		1.000		0.993		1.000		0.986		0.986		0.993		1.000		1.000		0.944		1.000		1.000		0.980		1.000		0.980

		1plc		0.979		0.934		0.958		0.931		0.904		0.875		0.964		0.958		0.946		0.797		0.947		0.921		0.933		0.938		0.941

		2fxb		0.945		0.945		0.951		0.945		0.945		0.945		0.945		0.945		0.945		0.930		0.985		0.985		0.985		0.985		0.956

		2mhr		0.980		0.985		0.952		0.951		0.975		0.908		0.962		0.965		0.961		0.803		0.973		1.000		0.991		0.949		0.991

		9rnt		0.965		0.974		0.965		0.864		0.970		0.961		0.965		0.970		0.974		0.832		0.985		0.995		0.990		0.985		0.990

		average		0.963		0.968		0.965		0.945		0.954		0.948		0.947		0.950		0.803		0.842		0.974		0.970		0.972		0.967		0.967

		Reference 1 - Small number of colinear sequences - Medium, V3

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1amk		0.986		0.989		0.997		0.993		0.987		0.987		0.991		0.993		0.992		0.941		0.988		0.991		0.993		0.988		0.981

		1ar5A		0.971		0.994		0.971		0.920		0.994		0.963		0.990		0.980		0.980		0.903		0.955		0.977		0.969		0.963		0.975

		1ezm		0.941		0.948		0.932		0.911		0.956		0.956		0.958		0.948		0.610		0.851		0.962		0.967		0.955		0.976		0.963

		1led		0.969		0.946		0.923		0.516		0.987		0.930		0.940		0.933		0.882		0.761		0.947		0.935		0.957		0.930		0.943

		1ppn		0.973		0.989		0.983		0.648		0.962		0.979		0.973		0.978		0.973		0.856		0.981		0.966		0.954		0.980		0.950

		1pysA		0.931		0.922		0.906		0.936		0.935		0.935		0.926		0.931		0.917		0.616		0.967		0.958		0.961		0.953		0.953

		1thm		0.956		0.961		0.956		0.946		0.971		0.971		0.966		0.961		0.936		0.697		0.960		0.972		0.980		0.980		0.980

		1tis		0.971		0.977		0.953		0.971		0.951		0.965		0.942		0.985		0.971		0.846		0.992		0.983		0.984		0.975		0.975

		1zin		0.988		0.977		0.977		0.966		0.916		0.916		0.954		0.961		0.927		0.894		0.990		0.943		0.967		0.984		0.911

		5ptp		0.977		0.966		0.940		0.888		0.966		0.960		0.954		0.972		0.953		0.742		0.956		0.945		0.979		0.953		0.974

		average		0.966		0.967		0.954		0.870		0.963		0.956		0.959		0.964		0.914		0.811		0.970		0.964		0.970		0.968		0.961

		Reference 1 - Small number of colinear sequences - Long, V3

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1ad3		0.972		0.968		0.967		0.963		0.962		0.962		0.979		0.970		0.971		0.738		0.995		0.988		0.989		0.988		0.988

		1gpb		0.988		0.986		0.982		0.958		0.964		0.964		0.987		0.983		0.964		0.650		0.969		0.969		0.974		0.964		0.954

		1gtr		0.992		0.986		0.995		0.994		0.961		0.961		0.976		0.995		0.990		0.796		0.989		0.988		0.993		0.991		0.969

		1lcf		0.980		0.981		0.967		0.947		0.962		0.964		0.979		0.971		0.968		0.854		0.981		0.989		0.990		0.973		0.992

		1rthA		0.961		0.977		0.960		0.958		0.962		0.952		0.966		0.982		0.956		0.856		0.967		0.965		0.962		0.966		0.961

		1taq		0.963		0.963		0.931		0.889		0.961		0.934		0.944		0.942		0.880		0.691		0.952		0.940		0.939		0.941		0.936

		3pmg		0.987		0.995		0.989		0.985		0.985		0.985		0.994		0.994		0.993		0.844		0.985		0.990		0.984		0.989		0.987

		actin		0.979		0.965		0.965		0.968		0.968		0.980		0.975		0.969		0.962		0.788		0.970		0.967		0.980		0.962		0.957

		average		0.978		0.978		0.970		0.958		0.966		0.963		0.975		0.976		0.961		0.777		0.976		0.975		0.976		0.972		0.968

		V3 Average		0.968		0.970		0.962		0.922		0.961		0.955		0.960		0.962		0.888		0.812		0.973		0.969		0.972		0.969		0.965

		Ref1 Ave		0.865		0.850		0.825		0.767		0.802		0.789		0.815		0.815		0.740		0.466		0.826		0.808		0.818		0.803		0.804

		W/Ref1 Ave		0.877		0.864		0.841		0.788		0.821		0.810		0.834		0.832		0.763		0.487		0.844		0.827		0.837		0.823		0.824

		Reference 2 - 1 orphan

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1aboA		0.256		0.650		0.489		0.384		0.391		0.220		0.528		0.000				0.724		0.710		0.641		0.896		0.706		0.887

		1idy		0.370		0.515		0.548		0.000		0.000		0.000		0.401		0.000				0.353		0.988		0.989		0.985		0.989		0.985

		1csy		0.350		0.154		0.154		0.000		0.000		0.000		0.154		0.114				0.000		0.782		0.842		0.893		0.853		0.888

		1r69		0.675		0.675		0.475		0.675		0.675		0.675		0.675		0.450				0.000		0.901		0.897		0.945		0.897		0.950

		1tvxA		0.207		0.552		0.448		0.000		0.241		0.241		0.138		0.345				0.276		0.910		0.931		0.932		0.889		0.932

		1tgxA		0.695		0.727		0.773		0.630		0.678		0.543		0.696		0.318				0.622		0.967		0.828		0.968		0.970		0.969

		1ubi		0.056		0.482		0.492		0.000		0.129		0.129		0.000		0.000				0.053		0.950		0.851		0.884		0.950		0.883

		1wit		0.760		0.557		0.694		0.724		0.469		0.463		0.500		0.476				0.641		0.901		0.760		0.931		0.883		0.933

		2trx		0.870		0.870		0.870		0.734		0.850		0.702		0.870		0.870				0.739		0.961		0.986		0.986		0.986		0.986

		1sbp		0.231		0.217		0.374		0.043		0.043		0.054		0.186		0.177				0.214		0.872		0.792		0.908		0.871		0.922

		1havA		0.520		0.480		0.448		0.000		0.259		0.238		0.500		0.493				0.194		0.917		0.924		0.929		0.921		0.934

		1uky		0.351		0.656		0.476		0.216		0.256		0.306		0.585		0.562				0.395		0.914		0.860		0.803		0.930		0.836

		2hsdA		0.404		0.484		0.498		0.262		0.390		0.561		0.593		0.278				0.423		0.799		0.883		0.918		0.740		0.921

		2pia		0.767		0.752		0.763		0.612		0.730		0.695		0.765		0.766				0.647		0.977		0.968		0.919		0.973		0.981

		3grs		0.363		0.192		0.282		0.350		0.183		0.211		0.192		0.159				0.141		0.833		0.832		0.914		0.780		0.910

		kinase		0.896		0.848		0.867		0.692		0.755		0.651		0.830		0.799				0.749		0.963		0.949		0.978		0.950		0.981

		1ajsA		0.227		0.324		0.311		0.000		0.000		0.000		0.311		0.227				0.242		0.893		0.894		0.923		0.622		0.921

		1cpt		0.821		0.660		0.776		0.425		0.184		0.277		0.777		0.688				0.388		0.704		0.830		0.932		0.798		0.927

		1lvl		0.772		0.746		0.726		0.783		0.620		0.688		0.614		0.678				0.539		0.932		0.930		0.951		0.951		0.946

		1pamA		0.711		0.761		0.623		0.576		0.393		0.386		0.566		0.702				0.530		0.927		0.919		0.974		0.922		0.954

		1ped		0.881		0.834		0.835		0.773		0.651		0.647		0.741		0.749				0.696		0.972		0.953		0.979		0.971		0.981

		2myr		0.582		0.904		0.825		0.840		0.727		0.750		0.894		0.786				0.443		0.899		0.905		0.973		0.898		0.900

		4enl		0.668		0.375		0.739		0.122		0.096		0.092		0.384		0.224				0.213		0.914		0.911		0.909		0.900		0.908

		average		0.541		0.583		0.586		0.384		0.379		0.371		0.517		0.429				0.401		0.895		0.882		0.932		0.885		0.932

		Reference 3 - Sub-groups of sequences

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1idy		0.000		0.273		0.364		0.000		0.000		0.000		0.045		0.000				0.227		0.723		0.811		0.938		0.779		0.903

		1r69		0.905		0.524		0.524		0.524		0.000		0.905		0.000		0.000				0.000		0.781		0.726		0.894		0.792		0.761

		1ubi		0.415		0.146		0.585		0.000		0.000		0.000		0.000		0.268				0.366		0.506		0.339		0.602		0.540		0.609

		1wit		0.742		0.565		0.484		0.500		0.645		0.323		0.242		0.210				0.323		0.833		0.906		0.946		0.885		0.936

		1uky		0.139		0.130		0.269		0.139		0.083		0.148		0.241		0.083				0.037		0.649		0.597		0.650		0.648		0.582

		kinase		0.783		0.720		0.758		0.650		0.541		0.682		0.688		0.599				0.478		0.876		0.805		0.907		0.834		0.920

		1ajsA		0.128		0.163		0.186		0.000		0.000		0.000		0.000		0.110				0.006		0.500		0.430		0.492				0.528

		1pamA		0.683		0.678		0.579		0.683		0.546		0.590		0.546		0.754				0.169		0.923		0.911		0.969		0.908		0.945

		1ped		0.679		0.627		0.646		0.641		0.450		0.507		0.665		0.722				0.172		0.926		0.913		0.923		0.897		0.919

		2myr		0.646		0.538		0.494		0.272		0.278		0.494		0.253		0.310				0.101		0.686		0.666		0.759		0.665		0.790

		4enl		0.736		0.547		0.672		0.050		0.393		0.438		0.652		0.498				0.050		0.858		0.887		0.877		0.833		0.849

		average		0.532		0.446		0.506		0.314		0.267		0.372		0.303		0.323				0.175		0.751		0.726		0.814		0.778		0.795

		Reference 4 - N/C terminal extensions

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1dynA		0.000		0.000		0.000		0.600		0.600		0.600		0.000		0.000						0.000		0.000		0.000		0.000		0.000

		1pysA		0.000		0.000		0.250		0.750		1.000		1.000		0.000		0.750						0.750		0.750		0.750		0.750		0.750

		1ckaA		1.000		0.000		0.375		1.000		1.000		0.000		0.000		1.000						0.762		0.660		0.815		0.739		0.763

		1csp		0.000		0.000		0.000		0.889		0.000		0.000		0.000		0.000						0.818		0.667		0.818		0.818		0.818

		1lkl		1.000		1.000		0.000		1.000		1.000		1.000		0.000		1.000						1.000		1.000		1.000		1.000		1.000

		1mfa		0.385		1.000		0.385		1.000		0.846		1.000		0.385		1.000						0.824		0.757		0.774		0.824		0.774

		1pfc		1.000		0.969		1.000		0.719		1.000		1.000		1.000		1.000						0.942		0.809		0.944		0.941		0.944

		1vln		0.000		0.879		0.606		0.545		0.636		0.576		0.636		0.848						0.937		0.925		0.946		0.937		0.926

		1ycc		0.485		0.485		0.485		0.727		0.970		0.818		0.485		0.455						0.767		0.785		0.807		0.784		0.807

		2abk		0.000		0.000		0.000		1.000		0.471		0.471		0.000		0.471						0.708		0.667		0.708		0.708		0.708

		kinase1		0.000		0.000		0.000		1.000		1.000		1.000		0.000		1.000						0.923		0.928		0.923		0.921		0.923

		kinase2		0.000		0.000		0.364		1.000		1.000		1.000		1.000		1.000						1.000		1.000		1.000		1.000		1.000

		average		0.323		0.361		0.289		0.853		0.794		0.705		0.292		0.710						0.786		0.746		0.790		0.785		0.784

		Reference 5 - internal insertions

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		MULTAL		HMMT		AIMSA (coffee)		AIMSA (sm)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1pysA		0.429		0.429		0.429		0.762		0.190		0.762		0.429		0.190						0.789		0.744		0.775		0.764		0.775

		1eft		0.211		0.000		0.000		0.579		0.000		0.000		0.000		0.211						0.476		0.432		0.529		0.473		0.476

		1ivy		1.000		0.735		0.735		1.000		1.000		0.882		0.735		1.000						1.000		0.847		1.000		1.000		1.000

		1qpg		1.000		1.000		0.521		1.000		1.000		1.000		1.000		1.000						1.000		0.948		0.960		0.812		0.812

		1thm1		0.765		0.412		0.765		0.765		0.765		0.412		0.412		0.765						0.901		0.788		0.903		0.907		0.903

		1thm2		0.645		0.774		0.774		1.000		0.194		0.194		0.774		0.645						0.862		0.766		0.862		0.816		0.816

		2cba		0.867		0.717		0.767		1.000		0.533		0.767		0.550		0.600						0.888		0.896		0.923		0.912		0.916

		S51		0.662		0.938		0.831		0.646		0.338		0.631		0.646		0.646						0.984		0.891		1.000		1.000		0.962

		S52		1.000		1.000		1.000		1.000		0.515		0.515		1.000		0.515						1.000		1.000		1.000		1.000		1.000

		kinase1		1.000		0.806		0.484		0.806		0.677		0.677		1.000		0.677						0.871		0.871		0.871		0.839		0.839

		kinase2		0.489		1.000		0.667		0.667		0.556		0.444		0.333		0.689						0.932		0.843		0.930		0.932		0.933

		kinase3		0.333		0.646		0.729		0.812		0.333		0.583		0.646		0.729						0.967		0.955		0.964		0.966		0.966

		average		0.700		0.705		0.642		0.836		0.508		0.572		0.627		0.639						0.889		0.832		0.893		0.868		0.867

		W/Average		0.731		0.727		0.708		0.693		0.675		0.673		0.675		0.698		0.763		0.440		0.844		0.822		0.852		0.831		0.840

		Average		0.592		0.589		0.569		0.631		0.550		0.562		0.511		0.583		0.740		0.348		0.829		0.799		0.850		0.824		0.836

		StdDev		0.203		0.196		0.196		0.260		0.242		0.191		0.222		0.203						0.063		0.063		0.060		0.049		0.062
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		Comparison of performance using different initial solutions

				SeqNum		Length		Progresv initial		AIMSA		Time		Poor initial		AIMSA		Time		CLUSTALX		AIMSA		Time

		1pysA		10		374		0.451		0.744		8155		0.150		0.210		3353		0.746		0.746		7796

		1eft		8		325		0.447		0.432		2381		0.168		0.010		1519		0.387		0.406		1832

		1ivy		7		465		0.397		0.847		1110		0.145		0.217		1489		0.748		0.734		1002

		1qpg		5		522		0.389		0.948		168		0.155		0.107		567		0.931		1.000		236

		1thm1		11		255		0.486		0.788		5231		0.229		0.159		4362		0.855		0.905		3156

		1thm2		7		241		0.404		0.766		670		0.244		0.771		922		0.935		0.926		346

		2cba		8		338		0.423		0.896		1160		0.228		0.541		2999		0.896		0.869		946

		S51		15		366		0.438		0.891		23604		0.170		0.143		8870		0.921		0.921		16360

		S52		5		339		0.386		1.000		180		0.241		0.794		234		0.661		0.806		45

		kinase1		5		377		0.321		0.871		186		0.144		0.103		277		0.865		0.876		217

		kinase2		12		455		0.525		0.843		1504		0.211		0.446		5288		0.857		0.848		7167

		kinase3		19		535		0.626		0.955		75787		0.235		0.262		42754		0.880		0.906		65370

		average		9		383		0.441		0.832		10011		0.193		0.323		6298		0.807		0.829		8706

		Benchmark of various programs

				Data Set Number		PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (sm)

		V1 Average		23		0.692		0.647		0.592		0.487		0.536		0.504		0.559		0.571		0.543

		V2 Average		30		0.935		0.932		0.920		0.893		0.910		0.909		0.927		0.911		0.913

		V3 Average		28		0.968		0.970		0.962		0.922		0.961		0.955		0.960		0.962		0.969

		Ref1 Average		81		0.865		0.850		0.825		0.767		0.802		0.789		0.815		0.815		0.808

		Ref2 Average		23		0.541		0.583		0.586		0.384		0.379		0.371		0.517		0.429		0.882

		Ref3 Average		11		0.532		0.446		0.506		0.314		0.267		0.372		0.303		0.323		0.726

		Ref4 Average		12		0.323		0.361		0.289		0.853		0.794		0.705		0.292		0.710		0.746

		Ref5 Average		12		0.700		0.705		0.642		0.836		0.508		0.572		0.627		0.639		0.832

		W/Average		139		0.731		0.727		0.708		0.693		0.675		0.673		0.675		0.698		0.822

		StDev		139		0.203		0.196		0.196		0.260		0.242		0.191		0.222		0.203		0.063

		Average		139		0.592		0.589		0.569		0.631		0.550		0.562		0.511		0.583		0.799
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						Ref1 score		Ref1 time		Iterations		Ref5 score		Ref5 time		Iterations

				Random only		0.834		120		3		0.501		16801		10

				Isolation or Random		0.833		200		3		0.890		29694		3

				Isolation & Random		0.832		262		3		0.888		38962		4

				STAFEE		0.839		39		2		0.893		13772		2

						External Loop (Loop A)

								Global detection and move of gaps (Loop B)

								Isolation and local move of gaps (Loop C)

								Random isolation and local move (Loop D)

				Comparison between COFFEEs

						COFFEE		Time		STAFEE		Time

				Ref1		0.826		200		0.818		39

				Ref2		0.895		105914		0.932		34474

				Ref3		0.776		196482		0.847		57732

				Ref4		0.786		4940		0.790		2287

				Ref5		0.889		29694		0.893		13772

				Average		0.834		67446		0.856		21661
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				Comparison of time of different sequence size

						SeqNum		Length		AIMSA		Time		Time (min)

				4enl_ref1		3		463		0.324		3		0.050

				1lvl_ref1		4		536		0.540		7		0.117

				1qpg_ref5		5		531		0.812		17		0.283

				1lcf_ref1		6		744		0.992		107		1.783

				1ivy_ref5		7		482		1.000		343		5.717

				2cba_ref5		8		360		0.916		1126		18.767

				1pysA_ref5		10		412		0.775		2148		35.800

				1thm1_ref5		11		287		0.903		6162		102.700

				kinase2_ref5		12		506		0.933		15984		266.400

				S51_ref5		15		371		0.962		29394		489.900

				1sbp_ref2		16		305		0.922		29121		485.350

				kinase_ref2		18		342		0.981		39445		657.417

				kinase3_ref5		19		594		0.966		37087		618.117

				2hsdA_ref2		20		280		0.921		51228		853.800

				1ped_ref3		21		436		0.919		59807		996.783

				kinase_ref3		23		335		0.920		97828		1630.467

				Comparison of performance using different initial solutions

						SeqNum		Length		Progresv initial		Greedy		Time		Poor initial		Greedy		Time		ClustalW		Greedy		Time

				S52		5		339		0.386		1.000		5		0.241		0.794		11		0.661		0.836		1

				kinase1		5		377		0.321		0.839		2		0.144		0.091		1		0.865		0.964		16

				1qpg		5		522		0.389		0.812		17		0.155		0.198		26		0.931		0.939		5

				1thm2		7		241		0.404		0.816		104		0.244		0.617		104		0.935		0.908		166

				1ivy		7		465		0.397		1.000		343		0.145		0.235		90		0.748		0.748		276

				1eft		8		325		0.447		0.476		99		0.168		0.111		343		0.387		0.566		366

				2cba		8		338		0.423		0.916		1126		0.228		0.566		313		0.896		0.903		358

				1pysA		10		374		0.451		0.775		2148		0.150		0.409		2518		0.746		0.761		3197

				1thm1		11		255		0.486		0.903		6162		0.229		0.415		1452		0.855		0.894		1907

				kinase2		12		455		0.525		0.933		15984		0.211		0.535		2030		0.857		0.909		3299

				S51		15		366		0.438		0.962		29394		0.170		0.603		10915		0.921		1.000		22647

				kinase3		19		535		0.626		0.966		37087		0.235		0.441		42286		0.880		0.937		54274

				average		9		383		0.441		0.867		7706		0.193		0.384		5462		0.807		0.864		7209
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				Data here are using substitution value with COFFEE, but block-gaps are not exhaustively detected, and parameters made dynamic to dataset size

		Reference 1 - Small number of colinear sequences - Short, V1

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1aboA		0.560		0.687		0.529		0.359		0.312		0.312		0.703		0.521		0.670		0.656		0.675		0.639

		1idy		0.606		0.705		0.342		0.018		0.145		0.062		0.566		0.080		0.187		0.136		0.160		0.136

		1r69		0.837		0.481		0.550		0.406		0.681		0.366		0.325		0.562		0.637		0.493		0.493		0.493

		1tvxA		0.378		0.438		0.278		0.306		0.344		0.344		0.228		0.344		0.087		0.058		0.056		0.056

		1ubi		0.498		0.415		0.452		0.000		0.370		0.493		0.488		0.428		0.699		0.792		0.792		0.792

		1wit		0.991		0.982		0.899		0.851		0.963		0.444		0.842		0.773		0.952		0.949		0.885		0.898

		2trx		0.494		0.754		0.801		0.728		0.451		0.496		0.500		0.453		0.616		0.616		0.616		0.616

		average		0.623		0.637		0.550		0.381		0.467		0.360		0.522		0.452		0.550		0.529		0.525		0.519

		Reference 1 - Small number of colinear sequences - Medium, V1

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1bbt3		0.907		0.706		0.652		0.450		0.260		0.260		0.582		0.430		0.238		0.222		0.211		0.211

		1sbp		0.613		0.674		0.543		0.453		0.540		0.456		0.580		0.547		0.547		0.562		0.493		0.483

		1havA		0.656		0.446		0.411		0.130		0.300		0.466		0.419		0.536		0.566		0.575		0.568		0.511

		1uky		0.676		0.724		0.672		0.566		0.684		0.684		0.685		0.571		0.622		0.607		0.631		0.610

		2hsdA		0.885		0.691		0.771		0.679		0.470		0.470		0.470		0.646		0.646		0.487		0.470		0.470

		2pia		0.780		0.890		0.690		0.660		0.740		0.740		0.760		0.850		0.624		0.608		0.588		0.585

		3grs		0.447		0.635		0.689		0.327		0.416		0.416		0.380		0.446		0.398		0.378		0.398		0.378

		kinase		0.891		0.736		0.862		0.764		0.733		0.703		0.643		0.730		0.916		0.866		0.856		0.847

		average		0.732		0.688		0.661		0.504		0.518		0.524		0.565		0.595		0.570		0.538		0.527		0.512

		Reference 1 - Small number of colinear sequences - Long, V1

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1ajsA		0.636		0.571		0.531		0.142		0.486		0.471		0.424		0.556		0.439		0.424		0.428		0.368

		1cpt		0.862		0.827		0.780		0.829		0.792		0.792		0.835		0.865		0.702		0.696		0.667		0.630

		1lvl		0.694		0.632		0.619		0.699		0.559		0.559		0.570		0.587		0.548		0.545		0.548		0.540

		1pamA		0.724		0.582		0.596		0.694		0.513		0.549		0.596		0.641		0.745		0.691		0.735		0.668

		1ped		0.846		0.812		0.748		0.743		0.756		0.756		0.727		0.723		0.751		0.670		0.644		0.630

		2myr		0.506		0.381		0.285		0.284		0.670		0.613		0.422		0.621		0.738		0.731		0.737		0.734

		4enl		0.677		0.706		0.414		0.529		0.701		0.701		0.754		0.669		0.324		0.324		0.324		0.324

		gal4		0.742		0.407		0.500		0.581		0.445		0.445		0.368		0.543		0.582		0.605		0.520		0.520

		average		0.711		0.615		0.559		0.563		0.615		0.611		0.587		0.651		0.604		0.586		0.575		0.552

		V1 average		0.692		0.647		0.592		0.487		0.536		0.504		0.559		0.571		0.575		0.552		0.543		0.528

		Reference 1 - Small number of colinear sequences - Short, V2

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1aab		1.000		1.000		0.823		1.000		1.000		1.000		1.000		1.000		0.975		0.864		0.883		0.865

		1fjlA		1.000		1.000		0.993		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000

		1hfh		0.933		0.917		0.945		0.410		0.868		0.932		0.936		0.848		0.965		0.967		0.965		0.967

		1hpi		0.918		0.861		0.916		0.785		0.909		0.909		0.890		0.859		0.849		0.826		0.839		0.826

		1csy		0.949		1.000		0.969		0.980		0.976		0.968		0.981		0.932		0.969		0.962		0.969		0.962

		1pfc		0.975		0.988		0.994		0.894		0.927		0.927		0.975		0.964		0.979		0.972		0.972		0.972

		1tgxA		0.895		0.806		0.873		0.871		0.782		0.768		0.819		0.718		0.911		0.909		0.911		0.909

		1ycc		0.856		0.935		0.837		0.749		0.815		0.815		0.932		0.939		0.949		0.940		0.949		0.940

		3cyr		0.907		0.805		0.908		0.750		0.887		0.887		0.858		0.854		0.862		0.935		0.861		0.861

		451c		0.681		0.719		0.662		0.729		0.541		0.552		0.683		0.668		0.814		0.771		0.790		0.771

		average		0.911		0.903		0.892		0.817		0.871		0.876		0.907		0.878		0.927		0.915		0.914		0.907

		Reference 1 - Small number of colinear sequences - Medium, V2

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1ad2		0.943		0.984		0.917		0.960		0.934		0.934		0.960		0.960		0.974		0.974		0.956		0.974

		1aym3		0.976		0.969		0.955		0.962		0.976		0.958		0.969		0.952		0.954		0.954		0.953		0.953

		1gdoA		0.926		0.929		0.907		0.810		0.911		0.911		0.935		0.882		0.943		0.910		0.901		0.843

		1ldg		1.000		0.963		0.989		0.966		0.996		0.996		0.989		0.958		0.969		0.966		0.974		0.970

		1mrj		1.000		1.000		0.949		0.977		1.000		1.000		0.994		1.000		1.000		1.000		1.000		0.994

		1pgtA		0.969		1.000		0.982		0.996		0.993		1.000		0.937		0.975		0.984		0.999		0.996		0.999

		1pii		0.883		0.864		0.896		0.890		0.832		0.788		0.884		0.854		0.904		0.897		0.890		0.891

		1ton		0.965		0.935		0.945		0.867		0.904		0.844		0.899		0.826		0.934		0.892		0.910		0.898

		2cba		0.946		0.926		0.946		0.941		0.928		0.935		0.855		0.846		0.870		0.885		0.870		0.885

		average		0.956		0.952		0.943		0.930		0.942		0.930		0.936		0.917		0.948		0.942		0.939		0.934

		Reference 1 - Small number of colinear sequences - Long, V2

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1ac5		0.940		0.992		0.911		0.926		0.941		0.941		0.942		0.898		0.923		0.930		0.926		0.946

		1bgl		0.979		0.959		0.972		0.959		0.934		0.929		0.959		0.958		0.966		0.966		0.956		0.938

		1dlc		0.977		0.961		0.916		0.897		0.952		0.952		0.980		0.984		0.933		0.920		0.913		0.921

		1eft		0.934		0.911		0.910		0.925		0.926		0.926		0.929		0.913		0.929		0.913		0.890		0.890

		1fieA		0.965		0.944		0.947		0.979		0.905		0.926		0.958		0.958		0.947		0.953		0.939		0.940

		1gowA		0.749		0.898		0.814		0.902		0.872		0.872		0.878		0.921		0.889		0.867		0.840		0.841

		1pkm		0.942		0.921		0.955		0.927		0.907		0.911		0.946		0.931		0.944		0.946		0.945		0.921

		1sesA		0.985		0.968		0.954		0.968		0.899		0.899		0.973		0.963		0.989		0.989		0.997		0.981

		2ack		0.909		0.907		0.904		0.882		0.907		0.880		0.848		0.870		0.890		0.896		0.877		0.872

		arp		0.956		0.945		0.933		0.930		0.914		0.927		0.938		0.925		0.941		0.950		0.924		0.883

		glg		0.982		0.941		0.972		0.959		0.978		0.968		0.954		0.977		0.974		0.970		0.952		0.952

		average		0.938		0.941		0.926		0.932		0.921		0.921		0.937		0.936		0.939		0.936		0.924		0.917

		V2 average		0.935		0.932		0.920		0.893		0.910		0.909		0.927		0.911		0.938		0.931		0.925		0.919

		Reference 1 - Small number of colinear sequences - Short, V3

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1aho		0.990		0.971		1.000		1.000		1.000		1.000		0.913		0.938		1.000		1.000		1.000		1.000

		1csp		0.943		0.993		0.993		0.980		1.000		1.000		0.987		1.000		0.956		0.941		0.956		0.941

		1dox		0.887		0.919		0.879		0.859		0.868		0.868		0.799		0.812		0.979		0.972		0.947		0.947

		1fkj		0.982		0.981		0.981		0.958		0.944		0.987		0.951		0.913		0.979		0.973		0.979		0.973

		1fmb		0.959		0.981		0.979		0.959		0.952		0.952		0.995		0.995		0.949		0.950		0.949		0.950

		1krn		1.000		1.000		0.993		1.000		0.986		0.986		0.993		1.000		1.000		0.980		1.000		0.980

		1plc		0.979		0.934		0.958		0.931		0.904		0.875		0.964		0.958		0.938		0.933		0.938		0.941

		2fxb		0.945		0.945		0.951		0.945		0.945		0.945		0.945		0.945		0.985		0.985		0.985		0.956

		2mhr		0.980		0.985		0.952		0.951		0.975		0.908		0.962		0.965		0.976		0.991		0.976		0.991

		9rnt		0.965		0.974		0.965		0.864		0.970		0.961		0.965		0.970		0.994		0.990		0.994		0.990

		average		0.963		0.968		0.965		0.945		0.954		0.948		0.947		0.950		0.976		0.972		0.972		0.967

		Reference 1 - Small number of colinear sequences - Medium, V3

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1amk		0.986		0.989		0.997		0.993		0.987		0.987		0.991		0.993		0.993		0.993		0.993		0.981

		1ar5A		0.971		0.994		0.971		0.920		0.994		0.963		0.990		0.980		0.949		0.969		0.974		0.975

		1ezm		0.941		0.948		0.932		0.911		0.956		0.956		0.958		0.948		0.955		0.955		0.963		0.963

		1led		0.969		0.946		0.923		0.516		0.987		0.930		0.940		0.933		0.972		0.969		0.972		0.943

		1ppn		0.973		0.989		0.983		0.648		0.962		0.979		0.973		0.978		0.979		0.954		0.973		0.950

		1pysA		0.931		0.922		0.906		0.936		0.935		0.935		0.926		0.931		0.961		0.961		0.953		0.953

		1thm		0.956		0.961		0.956		0.946		0.971		0.971		0.966		0.961		0.955		0.980		0.980		0.980

		1tis		0.971		0.977		0.953		0.971		0.951		0.965		0.942		0.985		0.984		0.984		0.975		0.975

		1zin		0.988		0.977		0.977		0.966		0.916		0.916		0.954		0.961		0.991		0.967		0.992		0.911

		5ptp		0.977		0.966		0.940		0.888		0.966		0.960		0.954		0.972		0.983		0.979		0.983		0.974

		average		0.966		0.967		0.954		0.870		0.963		0.956		0.959		0.964		0.972		0.971		0.976		0.961

		Reference 1 - Small number of colinear sequences - Long, V3

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1ad3		0.972		0.968		0.967		0.963		0.962		0.962		0.979		0.970		0.989		0.989		0.989		0.988

		1gpb		0.988		0.986		0.982		0.958		0.964		0.964		0.987		0.983		0.971		0.974		0.957		0.954

		1gtr		0.992		0.986		0.995		0.994		0.961		0.961		0.976		0.995		0.993		0.993		0.993		0.969

		1lcf		0.980		0.981		0.967		0.947		0.962		0.964		0.979		0.971		0.991		0.990		0.983		0.992

		1rthA		0.961		0.977		0.960		0.958		0.962		0.952		0.966		0.982		0.974		0.962		0.971		0.961

		1taq		0.963		0.963		0.931		0.889		0.961		0.934		0.944		0.942		0.957		0.939		0.936		0.936

		3pmg		0.987		0.995		0.989		0.985		0.985		0.985		0.994		0.994		0.991		0.984		0.991		0.987

		actin		0.979		0.965		0.965		0.968		0.968		0.980		0.975		0.969		0.980		0.980		0.957		0.957

		average		0.978		0.978		0.970		0.958		0.966		0.963		0.975		0.976		0.981		0.976		0.972		0.968

		V3 Average		0.968		0.970		0.962		0.922		0.961		0.955		0.960		0.962		0.976		0.973		0.974		0.965

		Ref1 Ave		0.865		0.850		0.825		0.767		0.802		0.789		0.815		0.815		0.830		0.818		0.814		0.804

		W/Ref1 Ave		0.877		0.864		0.841		0.788		0.821		0.810		0.834		0.832		0.848		0.838		0.833		0.824

		Reference 2 - 1 orphan

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1aboA		0.256		0.650		0.489		0.384		0.391		0.220		0.528		0.000		0.896		0.890		0.890		0.887

		1ajsA		0.227		0.324		0.311		0.000		0.000		0.000		0.311		0.227		0.918		0.921		0.924		0.921

		1cpt		0.821		0.660		0.776		0.425		0.184		0.277		0.777		0.688		0.935		0.926		0.926		0.927

		1csy		0.350		0.154		0.154		0.000		0.000		0.000		0.154		0.114		0.905		0.888		0.907		0.888

		1havA		0.520		0.480		0.448		0.000		0.259		0.238		0.500		0.493		0.933		0.931		0.940		0.934

		1idy		0.370		0.515		0.548		0.000		0.000		0.000		0.401		0.000		0.989		0.985		0.989		0.985

		1lvl		0.772		0.746		0.726		0.783		0.620		0.688		0.614		0.678		0.958		0.946		0.949		0.946

		1pamA		0.711		0.761		0.623		0.576		0.393		0.386		0.566		0.702		0.943		0.955		0.958		0.960

		1ped		0.881		0.834		0.835		0.773		0.651		0.647		0.741		0.749		0.980		0.976		0.981		0.981

		1r69		0.675		0.675		0.475		0.675		0.675		0.675		0.675		0.450		0.948		0.950		0.948		0.950

		1sbp		0.231		0.217		0.374		0.043		0.043		0.054		0.186		0.177		0.940		0.873		0.902		0.922

		1tgxA		0.695		0.727		0.773		0.630		0.678		0.543		0.696		0.318		0.971		0.969		0.968		0.969

		1tvxA		0.207		0.552		0.448		0.000		0.241		0.241		0.138		0.345		0.932		0.932		0.932		0.932

		1ubi		0.056		0.482		0.492		0.000		0.129		0.129		0.000		0.000		0.872		0.884		0.878		0.883

		1uky		0.351		0.656		0.476		0.216		0.256		0.306		0.585		0.562		0.817		0.946		0.944		0.836

		1wit		0.760		0.557		0.694		0.724		0.469		0.463		0.500		0.476		0.948		0.949		0.945		0.949

		2hsdA		0.404		0.484		0.498		0.262		0.390		0.561		0.593		0.278		0.920		0.920		0.917		0.921

		2myr		0.582		0.904		0.825		0.840		0.727		0.750		0.894		0.786		0.973		0.974		0.973		0.900

		2pia		0.767		0.752		0.763		0.612		0.730		0.695		0.765		0.766		0.980		0.981		0.976		0.981

		2trx		0.870		0.870		0.870		0.734		0.850		0.702		0.870		0.870		0.986		0.986		0.986		0.986

		3grs		0.363		0.192		0.282		0.350		0.183		0.211		0.192		0.159		0.910		0.916		0.905		0.910

		4enl		0.668		0.375		0.739		0.122		0.096		0.092		0.384		0.224		0.909		0.908		0.914		0.911

		kinase		0.896		0.848		0.867		0.692		0.755		0.651		0.830		0.799		0.980		0.981		0.980		0.981

		average		0.541		0.583		0.586		0.384		0.379		0.371		0.517		0.429		0.937		0.939		0.941		0.933

		Reference 3 - Sub-groups of sequences

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1ajsA		0.128		0.163		0.186		0.000		0.000		0.000		0.000		0.110				0.492				0.528

		1idy		0.000		0.273		0.364		0.000		0.000		0.000		0.045		0.000		0.959		0.938		0.931		0.903

		1pamA		0.683		0.678		0.579		0.683		0.546		0.590		0.546		0.754		0.941		0.946		0.941		0.945

		1ped		0.679		0.627		0.646		0.641		0.450		0.507		0.665		0.722		0.933		0.921		0.920		0.919

		1r69		0.905		0.524		0.524		0.524		0.000		0.905		0.000		0.000		0.775		0.761		0.775		0.761

		1ubi		0.415		0.146		0.585		0.000		0.000		0.000		0.000		0.268		0.660		0.654		0.617		0.609

		1uky		0.139		0.130		0.269		0.139		0.083		0.148		0.241		0.083		0.669		0.664		0.602		0.582

		1wit		0.742		0.565		0.484		0.500		0.645		0.323		0.242		0.210		0.945		0.936		0.948		0.936

		2myr		0.646		0.538		0.494		0.272		0.278		0.494		0.253		0.310		0.747		0.759		0.776		0.823

		2pia

		4enl		0.736		0.547		0.672		0.050		0.393		0.438		0.652		0.498		0.875		0.867		0.875		0.849

		kinase		0.783		0.720		0.758		0.650		0.541		0.682		0.688		0.599		0.939		0.919		0.925		0.920

		average		0.532		0.446		0.506		0.314		0.267		0.372		0.303		0.323		0.844		0.805		0.831		0.798

		Reference 4 - N/C terminal extensions

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1ckaA		1.000		0.000		0.375		1.000		1.000		0.000		0.000		1.000		0.815		0.815		0.770		0.763

		1csp		0.000		0.000		0.000		0.889		0.000		0.000		0.000		0.000		0.818		0.818		0.818		0.818

		1dynA		0.000		0.000		0.000		0.600		0.600		0.600		0.000		0.000		0.000		0.000		0.000		0.000

		1lkl		1.000		1.000		0.000		1.000		1.000		1.000		0.000		1.000		1.000		1.000		1.000		1.000

		1mfa		0.385		1.000		0.385		1.000		0.846		1.000		0.385		1.000		0.824		0.774		0.824		0.774

		1pfc		1.000		0.969		1.000		0.719		1.000		1.000		1.000		1.000		0.944		0.944		0.944		0.944

		1pysA		0.000		0.000		0.250		0.750		1.000		1.000		0.000		0.750		0.750		0.750		0.750		0.750

		1vln		0.000		0.879		0.606		0.545		0.636		0.576		0.636		0.848		0.942		0.946		0.944		0.926

		1ycc		0.485		0.485		0.485		0.727		0.970		0.818		0.485		0.455		0.819		0.807		0.819		0.807

		2abk		0.000		0.000		0.000		1.000		0.471		0.471		0.000		0.471		0.872		0.708		0.708		0.708

		kinase1		0.000		0.000		0.000		1.000		1.000		1.000		0.000		1.000		0.923		0.923		0.923		0.923

		kinase2		0.000		0.000		0.364		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000

		average		0.323		0.361		0.289		0.853		0.794		0.705		0.292		0.710		0.809		0.790		0.792		0.784

		Reference 5 - internal insertions

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		Greedy (coffee)		Greedy (stafee)

		1eft		0.211		0.000		0.000		0.579		0.000		0.000		0.000		0.211		0.489		0.529		0.476		0.476

		1ivy		1.000		0.735		0.735		1.000		1.000		0.882		0.735		1.000		1.000		1.000		1.000		1.000

		1pysA		0.429		0.429		0.429		0.762		0.190		0.762		0.429		0.190		0.772		0.775		0.772		0.775

		1qpg		1.000		1.000		0.521		1.000		1.000		1.000		1.000		1.000		0.960		0.960		0.812		0.812

		1thm1		0.765		0.412		0.765		0.765		0.765		0.412		0.412		0.765		0.919		0.903		0.919		0.903

		1thm2		0.645		0.774		0.774		1.000		0.194		0.194		0.774		0.645		0.889		0.862		0.816		0.816

		2cba		0.867		0.717		0.767		1.000		0.533		0.767		0.550		0.600		0.929		0.916		0.929		0.916

		S51		0.662		0.938		0.831		0.646		0.338		0.631		0.646		0.646		1.000		0.962		0.927		0.962

		S52		1.000		1.000		1.000		1.000		0.515		0.515		1.000		0.515		1.000		1.000		1.000		1.000

		kinase1		1.000		0.806		0.484		0.806		0.677		0.677		1.000		0.677		0.871		0.871		0.839		0.839

		kinase2		0.489		1.000		0.667		0.667		0.556		0.444		0.333		0.689		0.933		0.933		0.933		0.933

		kinase3		0.333		0.646		0.729		0.812		0.333		0.583		0.646		0.729		0.965		0.966		0.965		0.966

		average		0.700		0.705		0.642		0.836		0.508		0.572		0.627		0.639		0.894		0.890		0.866		0.867

		W/Average		0.735		0.732		0.711		0.698		0.680		0.678		0.680		0.702		0.863		0.855		0.850		0.842

		Average		0.592		0.589		0.569		0.631		0.550		0.562		0.511		0.583		0.863		0.848		0.849		0.837

		StdDev		0.203		0.196		0.196		0.260		0.242		0.191		0.222		0.203		0.052		0.063		0.058		0.062





Aug03I

		010803

		ref1/test3/gtr

						Range: 20*2				Range: 25*2				Range: 30*2

				freq		time		COFFEE		time		COFFEE		time		COFFEE

				1.0		506		0.955		702		0.956		935		0.956

				0.9		452		0.955		588		0.955

				0.8		502 (3)		0.956		513		0.955

				0.7		363		0.955		483		0.955

				0.6		367 (4)		0.955		452		0.955

				0.5		310 (4)		0.956

				0.4		204 (4)		0.954

				0.3		162 (4)		0.955

				0.2		146 (5)		0.954

				0.1		46 (4)		0.950

		020803

		Ref1		20*2		AIMSA/COFFEE

				freq		time		SP		TC		time		SP		TC

				0.1		38		0.834		0.760		91		0.844		0.775

				0.2		82		0.842		0.771		114		0.846		0.774

				0.3		115		0.842		0.771		143		0.844		0.777

				0.4		142		0.843		0.776		179		0.843		0.775

				0.5		170		0.844		0.777		192		0.844		0.780

				0.6		200		0.846		0.779		220		0.845		0.780

				0.7		219		0.844		0.780		241		0.845		0.779

				0.8		245		0.846		0.781		247		0.846		0.780

				0.9		271		0.845		0.779		279		0.843		0.777

				1.0		288		0.846		0.781

				Old version		272		0.847		0.781

						AIMSA/STAFEE

				freq		time		SP		TC		time		SP		TC

				0.1		8		0.829		0.750		23		0.833		0.755

				0.2		21		0.834		0.760		31		0.838		0.766

				0.3		30		0.836		0.763		40		0.838		0.768

				0.4		38		0.840		0.769		46		0.838		0.765

				0.5		44		0.841		0.771		55		0.843		0.772

				0.6		53		0.841		0.770		59		0.842		0.772

				0.7		58		0.842		0.773		62		0.841		0.771

				0.8		66		0.840		0.770		67		0.841		0.772

				0.9		71		0.845		0.777		75		0.844		0.776

				1.0		78		0.842		0.772

				Old version		39		0.838		0.765

						EGMA/COFFEE

				freq		time		SP		TC		time		SP		TC

				0.1		54		0.827		0.748		78		0.832		0.756

				0.2		68		0.837		0.762		81		0.837		0.763

				0.3		77		0.838		0.764		87		0.842		0.770

				0.4		77		0.843		0.772		84		0.843		0.772

				0.5		84		0.842		0.773		92		0.845		0.777

				0.6		90		0.844		0.777		90		0.847		0.780

				0.7		89		0.841		0.769		94		0.846		0.781

				0.8		90		0.845		0.780		99		0.845		0.781

				0.9		91		0.846		0.780		93		0.845		0.780

				1.0		92		0.845		0.781

				Old version		114		0.835		0.761

						EGMA/STAFEE

				freq		time		SP		TC		time		SP		TC

				0.1		1		0.823		0.742		3		0.825		0.748

				0.2		4		0.830		0.753		5		0.832		0.756

				0.3		6		0.834		0.760		8		0.837		0.764

				0.4		9		0.837		0.764		11		0.834		0.756

				0.5		12		0.838		0.767		13		0.839		0.764

				0.6		13		0.838		0.765		15		0.838		0.767

				0.7		16		0.838		0.767		17		0.840		0.770

				0.8		17		0.840		0.771		19		0.841		0.771

				0.9		20		0.840		0.769		20		0.839		0.767

				1.0		22		0.840		0.770

				Old version		9		0.825		0.746

		080803		Ref1				Loop B				LoopC				LoopD				SP Score		COFFEE		STAFEE		SM

								Improve		Time		Improve		Time		Improve		Time

				AIMSA		COFFEE		74%		15%		20%		69%		6%		15%		0.847		0.842		0.727		0.382

				AIMSA		STAFEE		90%		50%		0%		0%		10%		50%		0.840		0.834		0.730		0.382

				EGMA		COFFEE		5%		63%		2%		1%		93%		36%		0.840		0.837		0.726		0.381

				EGMA		STAFEE		0%		12%		0%		1%		100%		87%		0.838		0.832		0.729		0.381

				AIMSA				Loop B				LoopC				LoopD				SP Score		COFFEE		STAFEE		SM

				Without Loop C				Improve		Time		Improve		Time		Improve		Time

				COFFEE				89%		53%		0%		0%		11%		47%		0.847		0.841		0.726		0.382

				STAFEE				93%		53%		0%		0%		7%		47%		0.838		0.833		0.730		0.381

		250803		Comparison of time cost by different objective functions (ms)

				ref4		seqNo		length		STAFEE		COFFEE1		Increase1		COFFEE2		Increase2		s*s*l				COFFEE1: binomial weight

				1ckaA		10		873		2.497		2.439		-2.3%		2.653		6.2%		87300				COFFEE2: substitution matrix

				1csp		6		767		0.722		0.734		1.7%		0.892		23.5%		27612

				1dynA		6		910		0.877		0.866		-1.3%		0.992		13.1%		32760

				1lkl		8		878		1.592		1.614		1.4%		2.014		26.5%		56192

				1mfa		8		696		1.366		1.434		5.0%		1.715		25.5%		44544

				1pfc		10		440		1.556		1.648		5.9%		2.337		50.2%		44000

				1pysA		4		837		0.332		0.355		6.9%		0.516		55.4%		13392

				1vln		14		401		2.578		2.770		7.4%		3.911		51.7%		78596

				1ycc		9		219		0.621		0.735		18.4%		0.979		57.6%		17739

				2abk		7		612		0.919		0.956		4.0%		1.386		50.8%		29988

				kinase1		7		623		1.080		1.195		10.6%		1.636		51.5%		30527

				kinase2		18		1721		17.825		19.256		8.0%		22.637		27.0%		557604

				average		9		748		2.664		2.834		5.5%		3.472		36.6%

		280803		Correlation between objective value and alignment quality

				Substitution

				SP		SM		STAFEE		CEBi		CESub

		1ajsA		0.211		0.233		0.425		0.606		0.598

		1cpt		0.587		0.268		0.537		0.745		0.732

		1lvl		0.348		0.227		0.464		0.646		0.630

		1pamA		0.389		0.319		0.324		0.614		0.576

		1ped		0.543		0.243		0.628		0.850		0.810

		2myr		0.395		0.236		0.346		0.566		0.567

		4enl		0.246		0.243		0.511		0.710		0.708

		gal4		0.296		0.299		0.322		0.538		0.526

		1ac5		0.667		0.342		0.557		0.847		0.811

		1adj		0.925		0.353		0.887		0.956		0.945

		1bgl		0.799		0.319		0.757		0.906		0.883

		1dlc		0.783		0.332		0.706		0.885		0.862

		1eft		0.806		0.305		0.685		0.871		0.841

		1fieA		0.894		0.345		0.887		0.965		0.947

		1gowA		0.725		0.337		0.640		0.879		0.834

		1pkm		0.825		0.351		0.734		0.899		0.867

		1sesA		0.846		0.354		0.741		0.903		0.876

		2ack		0.682		0.327		0.541		0.802		0.760

		arp		0.783		0.328		0.635		0.845		0.814

		glg		0.763		0.350		0.640		0.867		0.822

		1ad3		0.942		0.466		0.892		0.985		0.973

		1gpb		0.926		0.486		0.851		0.971		0.952

		1gtr		0.902		0.433		0.809		0.941		0.922

		1lcf		0.913		0.482		0.763		0.945		0.922

		1rthA		0.876		0.415		0.841		0.950		0.920

		1taq		0.864		0.421		0.738		0.924		0.900

		3pmg		0.927		0.501		0.836		0.973		0.955

		actin		0.903		0.463		0.834		0.959		0.941

		1bbt3		0.134		0.260		0.284		0.453		0.445

		1sbp		0.257		0.234		0.364		0.515		0.515

		1havA		0.255		0.292		0.276		0.514		0.500

		1uky		0.293		0.274		0.403		0.645		0.620

		2hsdA		0.423		0.230		0.458		0.627		0.598

		2pia		0.396		0.262		0.440		0.724		0.694

		3grs		0.257		0.217		0.424		0.625		0.589

		kinase		0.562		0.271		0.447		0.700		0.641

		1ad2		0.821		0.315		0.764		0.906		0.873

		1aym3		0.852		0.326		0.767		0.915		0.889

		1gdoA		0.683		0.331		0.627		0.875		0.813

		1ldg		0.900		0.288		0.800		0.906		0.899

		1mrj		0.915		0.329		0.793		0.951		0.924

		1pgtA		0.783		0.287		0.716		0.852		0.839

		1pii		0.758		0.329		0.679		0.886		0.850

		1ton		0.742		0.338		0.595		0.877		0.813

		2cba		0.613		0.321		0.541		0.790		0.747

		1amk		0.958		0.495		0.905		0.984		0.974

		1ar5A		0.897		0.426		0.817		0.933		0.911

		1ezm		0.959		0.584		0.888		0.981		0.973

		1led		0.866		0.426		0.779		0.951		0.913

		1ppn		0.942		0.456		0.851		0.958		0.940

		1pysA		0.891		0.450		0.818		0.986		0.975

		1thm		0.900		0.505		0.868		0.980		0.961

		1tis		0.911		0.494		0.796		0.970		0.956

		1zin		0.884		0.404		0.821		0.941		0.921

		5ptp		0.955		0.453		0.802		0.972		0.959

		1aboA		0.748		0.315		0.470		0.785		0.749

		1idy		0.178		0.189		0.353		0.505		0.490

		1r69		0.383		0.212		0.435		0.597		0.605

		1tvxA		0.093		0.151		0.437		0.566		0.565

		1ubi		0.537		0.233		0.471		0.649		0.640

		1wit		0.501		0.236		0.472		0.622		0.599

		2trx		0.502		0.209		0.530		0.652		0.690

		1aab		0.769		0.265		0.741		0.908		0.895

		1fjlA		0.871		0.308		0.771		0.953		0.920

		1hfh		0.814		0.366		0.651		0.887		0.871

		1hpi		0.740		0.376		0.637		0.868		0.842

		1csy		0.726		0.317		0.686		0.868		0.837

		1pfc		0.795		0.302		0.737		0.852		0.826

		1tgxA		0.587		0.347		0.557		0.830		0.762

		1ycc		0.872		0.323		0.663		0.898		0.868

		3cyr		0.760		0.341		0.633		0.883		0.862

		451c		0.566		0.299		0.483		0.699		0.698

		1aho		0.787		0.427		0.609		0.881		0.831

		1csp		0.887		0.515		0.755		0.956		0.929

		1dox		0.924		0.448		0.767		0.964		0.950

		1fkj		0.841		0.431		0.786		0.927		0.909

		1fmb		0.901		0.492		0.904		0.986		0.978

		1krn		0.926		0.421		0.862		0.966		0.956

		1plc		0.884		0.462		0.787		0.944		0.923

		2fxb		0.949		0.530		0.754		0.965		0.953

		2mhr		0.957		0.438		0.856		0.961		0.944

		9rnt		0.961		0.552		0.840		0.979		0.963
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				Data here are using substitution value when with COFFEE, block-gaps are exhaustively detected, and parameters made dynamic to dataset size

		Reference 1 - Small number of colinear sequences - Short, V1

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)		stafeeN denotes no local function

		1aboA		0.560		0.687		0.529		0.359		0.312		0.312		0.703		0.521		0.676		0.656		0.656		0.624		0.649

		1idy		0.606		0.705		0.342		0.018		0.145		0.062		0.566		0.080		0.270		0.136		0.136		0.237		0.136

		1r69		0.837		0.481		0.550		0.406		0.681		0.366		0.325		0.562		0.500		0.493		0.493		0.493		0.493

		1tvxA		0.378		0.438		0.278		0.306		0.344		0.344		0.228		0.344		0.082		0.058		0.058		0.056		0.058

		1ubi		0.498		0.415		0.452		0.000		0.370		0.493		0.488		0.428		0.719		0.792		0.796		0.796		0.792

		1wit		0.991		0.982		0.899		0.851		0.963		0.444		0.842		0.773		0.916		0.949		0.921		0.942		0.895

		2trx		0.494		0.754		0.801		0.728		0.451		0.496		0.500		0.453		0.616		0.616		0.616		0.616		0.616

		average		0.623		0.637		0.550		0.381		0.467		0.360		0.522		0.452		0.540		0.529		0.525		0.538		0.520

		Reference 1 - Small number of colinear sequences - Medium, V1

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1bbt3		0.907		0.706		0.652		0.450		0.260		0.260		0.582		0.430		0.238		0.222		0.222		0.228		0.211

		1sbp		0.613		0.674		0.543		0.453		0.540		0.456		0.580		0.547		0.542		0.534		0.562		0.503		0.509

		1havA		0.656		0.446		0.411		0.130		0.300		0.466		0.419		0.536		0.650		0.609		0.568		0.569		0.639

		1uky		0.676		0.724		0.672		0.566		0.684		0.684		0.685		0.571		0.633		0.614		0.618		0.616		0.607

		2hsdA		0.885		0.691		0.771		0.679		0.470		0.470		0.470		0.646		0.507		0.487		0.656		0.494		0.487

		2pia		0.780		0.890		0.690		0.660		0.740		0.740		0.760		0.850		0.635		0.608		0.622		0.623		0.608

		3grs		0.447		0.635		0.689		0.327		0.416		0.416		0.380		0.446		0.422		0.378		0.387		0.378		0.410

		kinase		0.891		0.736		0.862		0.764		0.733		0.703		0.643		0.730		0.919		0.881		0.861		0.859		0.850

		average		0.732		0.688		0.661		0.504		0.518		0.524		0.565		0.595		0.568		0.542		0.562		0.534		0.540

		Reference 1 - Small number of colinear sequences - Long, V1

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1ajsA		0.636		0.571		0.531		0.142		0.486		0.471		0.424		0.556		0.420		0.424		0.424		0.428		0.414

		1cpt		0.862		0.827		0.780		0.829		0.792		0.792		0.835		0.865		0.696		0.694		0.692		0.690		0.696

		1lvl		0.694		0.632		0.619		0.699		0.559		0.559		0.570		0.587		0.556		0.539		0.539		0.556		0.543

		1pamA		0.724		0.582		0.596		0.694		0.513		0.549		0.596		0.641		0.731		0.691		0.690		0.736		0.690

		1ped		0.846		0.812		0.748		0.743		0.756		0.756		0.727		0.723		0.683		0.670		0.630		0.664		0.670

		2myr		0.506		0.381		0.285		0.284		0.670		0.613		0.422		0.621		0.742		0.731		0.731		0.738		0.731

		4enl		0.677		0.706		0.414		0.529		0.701		0.701		0.754		0.669		0.324		0.324		0.324		0.324		0.324

		gal4		0.742		0.407		0.500		0.581		0.445		0.445		0.368		0.543		0.583		0.581		0.601		0.605		0.599

		average		0.711		0.615		0.559		0.563		0.615		0.611		0.587		0.651		0.592		0.582		0.579		0.593		0.583

		V1 average		0.692		0.647		0.592		0.487		0.536		0.504		0.559		0.571		0.568		0.552		0.557		0.555		0.549

		Reference 1 - Small number of colinear sequences - Short, V2

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1aab		1.000		1.000		0.823		1.000		1.000		1.000		1.000		1.000		0.883		0.864		0.864		0.975		0.865

		1fjlA		1.000		1.000		0.993		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000

		1hfh		0.933		0.917		0.945		0.410		0.868		0.932		0.936		0.848		0.965		0.967		0.967		0.965		0.974

		1hpi		0.918		0.861		0.916		0.785		0.909		0.909		0.890		0.859		0.871		0.849		0.849		0.871		0.849

		1csy		0.949		1.000		0.969		0.980		0.976		0.968		0.981		0.932		0.969		0.962		0.976		0.976		0.962

		1pfc		0.975		0.988		0.994		0.894		0.927		0.927		0.975		0.964		0.979		0.972		0.979		0.979		0.972

		1tgxA		0.895		0.806		0.873		0.871		0.782		0.768		0.819		0.718		0.934		0.909		0.909		0.911		0.909

		1ycc		0.856		0.935		0.837		0.749		0.815		0.815		0.932		0.939		0.950		0.931		0.940		0.940		0.940

		3cyr		0.907		0.805		0.908		0.750		0.887		0.887		0.858		0.854		0.862		0.935		0.935		0.861		0.861

		451c		0.681		0.719		0.662		0.729		0.541		0.552		0.683		0.668		0.825		0.845		0.795		0.817		0.790

		average		0.911		0.903		0.892		0.817		0.871		0.876		0.907		0.878		0.924		0.923		0.921		0.930		0.912

		Reference 1 - Small number of colinear sequences - Medium, V2

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1ad2		0.943		0.984		0.917		0.960		0.934		0.934		0.960		0.960		0.974		0.974		0.993		0.974		0.974

		1aym3		0.976		0.969		0.955		0.962		0.976		0.958		0.969		0.952		0.954		0.954		0.954		0.954		0.954

		1gdoA		0.926		0.929		0.907		0.810		0.911		0.911		0.935		0.882		0.936		0.910		0.890		0.875		0.847

		1ldg		1.000		0.963		0.989		0.966		0.996		0.996		0.989		0.958		0.961		0.968		0.968		0.985		0.968

		1mrj		1.000		1.000		0.949		0.977		1.000		1.000		0.994		1.000		1.000		1.000		1.000		1.000		0.990

		1pgtA		0.969		1.000		0.982		0.996		0.993		1.000		0.937		0.975		0.966		0.999		0.970		0.928		0.928

		1pii		0.883		0.864		0.896		0.890		0.832		0.788		0.884		0.854		0.918		0.894		0.894		0.887		0.884

		1ton		0.965		0.935		0.945		0.867		0.904		0.844		0.899		0.826		0.939		0.918		0.917		0.918		0.906

		2cba		0.946		0.926		0.946		0.941		0.928		0.935		0.855		0.846		0.876		0.923		0.937		0.854		0.888

		average		0.956		0.952		0.943		0.930		0.942		0.930		0.936		0.917		0.947		0.949		0.947		0.931		0.927

		Reference 1 - Small number of colinear sequences - Long, V2

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1ac5		0.940		0.992		0.911		0.926		0.941		0.941		0.942		0.898		0.925		0.930		0.930		0.923		0.932

		1bgl		0.979		0.959		0.972		0.959		0.934		0.929		0.959		0.958		0.948		0.953		0.953		0.951		0.953

		1dlc		0.977		0.961		0.916		0.897		0.952		0.952		0.980		0.984		0.934		0.920		0.931		0.923		0.920

		1eft		0.934		0.911		0.910		0.925		0.926		0.926		0.929		0.913		0.912		0.913		0.913		0.921		0.908

		1fieA		0.965		0.944		0.947		0.979		0.905		0.926		0.958		0.958		0.957		0.958		0.959		0.952		0.957

		1gowA		0.749		0.898		0.814		0.902		0.872		0.872		0.878		0.921		0.902		0.858		0.859		0.888		0.852

		1pkm		0.942		0.921		0.955		0.927		0.907		0.911		0.946		0.931		0.944		0.949		0.958		0.945		0.921

		1sesA		0.985		0.968		0.954		0.968		0.899		0.899		0.973		0.963		0.995		0.981		0.989		0.985		0.989

		2ack		0.909		0.907		0.904		0.882		0.907		0.880		0.848		0.870		0.901		0.887		0.885		0.906		0.889

		arp		0.956		0.945		0.933		0.930		0.914		0.927		0.938		0.925		0.947		0.938		0.938		0.936		0.944

		glg		0.982		0.941		0.972		0.959		0.978		0.968		0.954		0.977		0.976		0.984		0.979		0.977		0.973

		average		0.938		0.941		0.926		0.932		0.921		0.921		0.937		0.936		0.940		0.934		0.936		0.937		0.931

		V2 average		0.935		0.932		0.920		0.893		0.910		0.909		0.927		0.911		0.937		0.935		0.934		0.933		0.923

		Reference 1 - Small number of colinear sequences - Short, V3

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1aho		0.990		0.971		1.000		1.000		1.000		1.000		0.913		0.938		1.000		1.000		1.000		1.000		1.000

		1csp		0.943		0.993		0.993		0.980		1.000		1.000		0.987		1.000		0.956		0.941		0.941		0.956		0.941

		1dox		0.887		0.919		0.879		0.859		0.868		0.868		0.799		0.812		0.979		0.979		0.979		0.979		0.947

		1fkj		0.982		0.981		0.981		0.958		0.944		0.987		0.951		0.913		0.979		0.973		0.973		0.967		0.973

		1fmb		0.959		0.981		0.979		0.959		0.952		0.952		0.995		0.995		0.949		0.950		0.950		0.950		0.950

		1krn		1.000		1.000		0.993		1.000		0.986		0.986		0.993		1.000		1.000		0.980		0.980		1.000		0.980

		1plc		0.979		0.934		0.958		0.931		0.904		0.875		0.964		0.958		0.967		0.951		0.967		0.967		0.935

		2fxb		0.945		0.945		0.951		0.945		0.945		0.945		0.945		0.945		0.985		0.985		0.985		0.985		0.985

		2mhr		0.980		0.985		0.952		0.951		0.975		0.908		0.962		0.965		0.976		0.991		0.991		0.976		0.973

		9rnt		0.965		0.974		0.965		0.864		0.970		0.961		0.965		0.970		0.994		0.990		0.990		0.994		0.990

		average		0.963		0.968		0.965		0.945		0.954		0.948		0.947		0.950		0.979		0.974		0.976		0.977		0.967

		Reference 1 - Small number of colinear sequences - Medium, V3

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1amk		0.986		0.989		0.997		0.993		0.987		0.987		0.991		0.993		0.993		0.993		0.993		0.993		0.993

		1ar5A		0.971		0.994		0.971		0.920		0.994		0.963		0.990		0.980		0.954		0.950		0.969		0.960		0.975

		1ezm		0.941		0.948		0.932		0.911		0.956		0.956		0.958		0.948		0.968		0.963		0.963		0.963		0.955

		1led		0.969		0.946		0.923		0.516		0.987		0.930		0.940		0.933		0.975		0.969		0.969		0.972		0.972

		1ppn		0.973		0.989		0.983		0.648		0.962		0.979		0.973		0.978		0.982		0.962		0.968		0.969		0.968

		1pysA		0.931		0.922		0.906		0.936		0.935		0.935		0.926		0.931		0.961		0.961		0.961		0.961		0.962

		1thm		0.956		0.961		0.956		0.946		0.971		0.971		0.966		0.961		0.980		0.980		0.980		0.980		0.980

		1tis		0.971		0.977		0.953		0.971		0.951		0.965		0.942		0.985		0.985		0.985		0.985		0.985		0.984

		1zin		0.988		0.977		0.977		0.966		0.916		0.916		0.954		0.961		0.991		0.967		0.967		0.988		0.980

		5ptp		0.977		0.966		0.940		0.888		0.966		0.960		0.954		0.972		0.983		0.979		0.979		0.983		0.979

		average		0.966		0.967		0.954		0.870		0.963		0.956		0.959		0.964		0.977		0.971		0.973		0.975		0.975

		Reference 1 - Small number of colinear sequences - Long, V3

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1ad3		0.972		0.968		0.967		0.963		0.962		0.962		0.979		0.970		0.989		0.989		0.988		0.989		0.989

		1gpb		0.988		0.986		0.982		0.958		0.964		0.964		0.987		0.983		0.982		0.974		0.975		0.982		0.974

		1gtr		0.992		0.986		0.995		0.994		0.961		0.961		0.976		0.995		0.994		0.995		0.995		0.994		0.995

		1lcf		0.980		0.981		0.967		0.947		0.962		0.964		0.979		0.971		0.989		0.992		0.992		0.991		0.992

		1rthA		0.961		0.977		0.960		0.958		0.962		0.952		0.966		0.982		0.972		0.964		0.964		0.964		0.965

		1taq		0.963		0.963		0.931		0.889		0.961		0.934		0.944		0.942		0.947		0.947		0.946		0.940		0.934

		3pmg		0.987		0.995		0.989		0.985		0.985		0.985		0.994		0.994		0.991		0.984		0.986		0.991		0.984

		actin		0.979		0.965		0.965		0.968		0.968		0.980		0.975		0.969		0.987		0.980		0.980		0.974		0.983

		average		0.978		0.978		0.970		0.958		0.966		0.963		0.975		0.976		0.981		0.978		0.978		0.978		0.977

		V3 Average		0.968		0.970		0.962		0.922		0.961		0.955		0.960		0.962		0.979		0.974		0.976		0.977		0.973

		Ref1 Ave		0.865		0.850		0.825		0.767		0.802		0.789		0.815		0.815		0.828		0.820		0.822		0.822		0.815

		W/Ref1 Ave		0.877		0.864		0.841		0.788		0.821		0.810		0.834		0.832		0.847		0.840		0.841		0.841		0.834

		Reference 2 - 1 orphan

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1aboA		0.256		0.650		0.489		0.384		0.391		0.220		0.528		0.000

		1ajsA		0.227		0.324		0.311		0.000		0.000		0.000		0.311		0.227

		1cpt		0.821		0.660		0.776		0.425		0.184		0.277		0.777		0.688

		1csy		0.350		0.154		0.154		0.000		0.000		0.000		0.154		0.114

		1havA		0.520		0.480		0.448		0.000		0.259		0.238		0.500		0.493

		1idy		0.370		0.515		0.548		0.000		0.000		0.000		0.401		0.000

		1lvl		0.772		0.746		0.726		0.783		0.620		0.688		0.614		0.678

		1pamA		0.711		0.761		0.623		0.576		0.393		0.386		0.566		0.702

		1ped		0.881		0.834		0.835		0.773		0.651		0.647		0.741		0.749

		1r69		0.675		0.675		0.475		0.675		0.675		0.675		0.675		0.450

		1sbp		0.231		0.217		0.374		0.043		0.043		0.054		0.186		0.177

		1tgxA		0.695		0.727		0.773		0.630		0.678		0.543		0.696		0.318

		1tvxA		0.207		0.552		0.448		0.000		0.241		0.241		0.138		0.345

		1ubi		0.056		0.482		0.492		0.000		0.129		0.129		0.000		0.000

		1uky		0.351		0.656		0.476		0.216		0.256		0.306		0.585		0.562

		1wit		0.760		0.557		0.694		0.724		0.469		0.463		0.500		0.476

		2hsdA		0.404		0.484		0.498		0.262		0.390		0.561		0.593		0.278

		2myr		0.582		0.904		0.825		0.840		0.727		0.750		0.894		0.786

		2pia		0.767		0.752		0.763		0.612		0.730		0.695		0.765		0.766

		2trx		0.870		0.870		0.870		0.734		0.850		0.702		0.870		0.870

		3grs		0.363		0.192		0.282		0.350		0.183		0.211		0.192		0.159

		4enl		0.668		0.375		0.739		0.122		0.096		0.092		0.384		0.224

		kinase		0.896		0.848		0.867		0.692		0.755		0.651		0.830		0.799

		average		0.541		0.583		0.586		0.384		0.379		0.371		0.517		0.429		0.000		0.000		0.000		0.000		0.000

		Reference 3 - Sub-groups of sequences

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1ajsA		0.128		0.163		0.186		0.000		0.000		0.000		0.000		0.110

		1idy		0.000		0.273		0.364		0.000		0.000		0.000		0.045		0.000

		1pamA		0.683		0.678		0.579		0.683		0.546		0.590		0.546		0.754

		1ped		0.679		0.627		0.646		0.641		0.450		0.507		0.665		0.722

		1r69		0.905		0.524		0.524		0.524		0.000		0.905		0.000		0.000

		1ubi		0.415		0.146		0.585		0.000		0.000		0.000		0.000		0.268

		1uky		0.139		0.130		0.269		0.139		0.083		0.148		0.241		0.083

		1wit		0.742		0.565		0.484		0.500		0.645		0.323		0.242		0.210

		2myr		0.646		0.538		0.494		0.272		0.278		0.494		0.253		0.310

		2pia

		4enl		0.736		0.547		0.672		0.050		0.393		0.438		0.652		0.498

		kinase		0.783		0.720		0.758		0.650		0.541		0.682		0.688		0.599

		average		0.532		0.446		0.506		0.314		0.267		0.372		0.303		0.323		0.000		0.000		0.000		0.000		0.000

		Reference 4 - N/C terminal extensions

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1ckaA		1.000		0.000		0.375		1.000		1.000		0.000		0.000		1.000		0.770		0.815		0.815		0.792		0.815

		1csp		0.000		0.000		0.000		0.889		0.000		0.000		0.000		0.000		0.818		0.818		0.818		0.818		0.818

		1dynA		0.000		0.000		0.000		0.600		0.600		0.600		0.000		0.000		0.000		0.000		0.000		0.000		0.000

		1lkl		1.000		1.000		0.000		1.000		1.000		1.000		0.000		1.000		1.000		1.000		1.000		1.000		1.000

		1mfa		0.385		1.000		0.385		1.000		0.846		1.000		0.385		1.000		0.824		0.805		0.805		0.824		0.805

		1pfc		1.000		0.969		1.000		0.719		1.000		1.000		1.000		1.000		0.944		0.944		0.944		0.944		0.944

		1pysA		0.000		0.000		0.250		0.750		1.000		1.000		0.000		0.750		0.750		0.750		0.750		0.750		0.750

		1vln		0.000		0.879		0.606		0.545		0.636		0.576		0.636		0.848						0.956		0.961		0.955

		1ycc		0.485		0.485		0.485		0.727		0.970		0.818		0.485		0.455		0.819		0.807		0.807		0.806		0.807

		2abk		0.000		0.000		0.000		1.000		0.471		0.471		0.000		0.471		0.872		0.708		0.708		0.708		0.708

		kinase1		0.000		0.000		0.000		1.000		1.000		1.000		0.000		1.000		0.923		0.923		0.923		0.923		0.923

		kinase2		0.000		0.000		0.364		1.000		1.000		1.000		1.000		1.000

		average		0.323		0.361		0.289		0.853		0.794		0.705		0.292		0.710		0.772		0.757		0.775		0.775		0.775

		Reference 5 - internal insertions

				PRRP		CLUSTALX		SAGA		DIALIGN		SB_PIMA		ML_PIMA		MULTALIGN		PILEUP8		AIMSA (coffee)		AIMSA (stafee)		AIMSA (stafeeN)		Greedy (coffee)		Greedy (stafee)

		1eft		0.211		0.000		0.000		0.579		0.000		0.000		0.000		0.211		0.529		0.529		0.529		0.529		0.529

		1ivy		1.000		0.735		0.735		1.000		1.000		0.882		0.735		1.000		1.000		1.000		1.000		1.000		1.000

		1pysA		0.429		0.429		0.429		0.762		0.190		0.762		0.429		0.190		0.781		0.775		0.775		0.780		0.775

		1qpg		1.000		1.000		0.521		1.000		1.000		1.000		1.000		1.000		0.960		0.960		0.960		0.960		0.960

		1thm1		0.765		0.412		0.765		0.765		0.765		0.412		0.412		0.765		0.919		0.919		0.919		0.919		0.889

		1thm2		0.645		0.774		0.774		1.000		0.194		0.194		0.774		0.645		0.908		0.862		0.862		0.908		0.862

		2cba		0.867		0.717		0.767		1.000		0.533		0.767		0.550		0.600		0.929		0.958		0.916		0.929		0.916

		S51		0.662		0.938		0.831		0.646		0.338		0.631		0.646		0.646

		S52		1.000		1.000		1.000		1.000		0.515		0.515		1.000		0.515		1.000		1.000		1.000		1.000		1.000

		kinase1		1.000		0.806		0.484		0.806		0.677		0.677		1.000		0.677		0.871		0.871		0.871		0.871		0.871

		kinase2		0.489		1.000		0.667		0.667		0.556		0.444		0.333		0.689						0.918		0.926		0.930

		kinase3		0.333		0.646		0.729		0.812		0.333		0.583		0.646		0.729

		average		0.700		0.705		0.642		0.836		0.508		0.572		0.627		0.639		0.877		0.875		0.875		0.882		0.873

		W/Average		0.735		0.732		0.711		0.698		0.680		0.678		0.680		0.702		0.842		0.835		0.838		0.838		0.832

		Average		0.592		0.589		0.569		0.631		0.550		0.562		0.511		0.583		0.000		0.000		0.000		0.000		0.000

		StdDev		0.203		0.196		0.196		0.260		0.242		0.191		0.222		0.203		0.000		0.000		0.000		0.000		0.000
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