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ABSTRACT

A phylogenetic tree commonly represents evolutionary relationships within a set of protein sequences. Various methods 
and strategies have been used to improve the accuracy of phylogenetic trees, but their capacity to derive a biologically 
credible relationship appears to be overestimated. Although the quality of the protein sequence alignment and the choice of 
substitution matrix are preliminary constraints to define the biological accuracy of the overlapped residues, the alignment 
is not iteratively optimized through the statistical testing of residue-substitution models. The exact alignment protocol 
and substitution model information are by default used for every sequence set by a server to construct an often-irrelevant 
phylogenetic tree, and no sequence-based tailoring of phylogenetic strategy is implemented by any server. Rigorously 
constructing 270 evolutionary trees, constructed using IQ-TREE based on 13 different alignments (Clustal-Omega, Kalign, 
MAFFT, MUSCLE, TCoffee, and Promals3D, as well as their HHPred-based hidden Markov model [HMM] alignments 
using HHPred) and nine substitution models (Dayhoff, JJT, block substitution matrix62, WAG, probability matrix from 
blocks [PMB], direct computation with mutability [DCMUT], JTTDCmut, LG, and variable time), the present study 
highlights the failure of the current methods and emphasizes the need for a more accurate scrutiny of the entire phylogenetic 
methodology. MUSCLE alignment and the LG and Dayhoff matrices yield more accurate phylogenetic results for sequences 
shorter than 500 residues for the log-likelihood measure. Moreover, Kalign 1 HMM alignment yields the top-ranked tree 
with the lowest tree length score with only the PMB matrix, making this substitution model more accurate in terms of 
total tree length score. The suggested strategy would be beneficial for understanding the potential pitfalls of phylogenetic 
inference and would aid us in deriving a more accurate evolutionary relationship for a sequence dataset.

1. INTRODUCTION

The evolutionary relationship within a set of protein sequences is 
usually drawn based on sequence similarity [17-20]. The phylogenetic 
tree of a sequence dataset is constructed as the schematic depiction 
of the mutual sequence similarities of the individual entries, and 
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evolutionary distance/relatedness is assessed through several non-
absolute scores including branch length, log-likelihood score, and 
topology to select the best solution.

Multiple sequence alignment (MSA) is usually constructed through 
several tools, such as MAFFT [21], MUSCLE [22], Kalign [23], 
Tcoffee [24], Clustal-Omega [25], and Promals3D [26], to draw the 
evolutionary relationships. Multiple sequence comparison by log-
expectation (MUSCLE; https://www.ebi.ac.uk/Tools/msa/muscle/) and 
multiple alignments using fast Fourier transform (MAFFT; https://www.
ebi.ac.uk/Tools/msa/mafft/) protocols outperform Clustal [21,22]. While 
MUSCLE aligns the sequences on basis of the log-expectation score 
and refines the phylogeny using the tree-guided restricted partitioning, 
MAFFT uses an iterative progressive alignment methodology 
to iteratively compute the guide tree for accurately assessing the 
evolutionary divergence. Kalign is also a very fast MSA tool that is 
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applicable for large alignments. It uses the WU-Manber string-matching 
algorithm to quickly align the sequences [21,23]. Another tool, the 
PROfile Multiple Alignment with predicted Local Structures and 3D 
constraints (PROMALS3D), aligns sequences/structures on the basis 
of the sequence profile, predicted secondary structure, and topological 
restraints (http://prodata.swmed.edu/promals3d/promals3d.php). In 
contrast, Clustal-Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/) is 
capable of quickly aligning numerous sequences on the basis of a guide 
tree [25] and the hidden Markov model (HMM) profiles [27].

The residue substitution model is the crucial factor leading to an accurate 
alignment, which summarizes the residue variations at the overlapping 
loci across a sequence dataset. Sequence phylogeny is routinely derived 
through nine different substitution matrices, namely Dayhoff [2], JJT [3], 
block substitution matrix (BLOSUM62) [4], WAG [5], probability 
matrix from blocks (PMB) [6], direct computation with mutability 
(DCMUT) [7], JTTDCmut [7], LG [8], and VT [9]. As the Dayhoff 
matrix is dependent on the global alignment of substantially similar 
sequences, it is meaningless to align a large functionally equivalent 
dataset that only shares a local similarity for functionally crucial 
substructures, making the BLOSUM a better choice in these cases. 
The resolvent algorithm or the VT matrix is computed from a large set 
of sequence alignments to extend applicability of generic BLOSUM 
matrix to highly divergent datasets [9]. Shalini et al. later integrated 
it with the evolutionary distance score to develop the PMB, to make 
it easily applicable for phylogenetic analysis [6]. Like Dayhoff, 
WAG [5] and LG [8] are derived from the profile of many protein 
sequences, using several approximations, making it feasible for large 
sequence datasets. While WAG ignores the commonly observed factor 
of rate heterogeneity across sites, LG increases the evolutionary 
likelihood of a dataset and considers this parameter with a discrete 
gamma distribution system [28]. Meanwhile, models based on the 
Dayhoff matrix have been developed. While the JTT model [3] is 
developed by recounting the observed variations within the sequence 
dataset, clustered at 85% sequence identity, the DCMUT is dependent 
on the mutability and the variations observed within the clustered 
dataset [7]. JTTDCmut model is also developed to implement the 
DCMUT strategy over the JTT matrix [7].

The evolutionary relationship is usually drawn through several tools 
including a tree and reticulogram reconstruction (T-REX), molecular 
evolutionary genetic analysis (MEGA), PhyML, randomized 
axelerated maximum likelihood (RAxML), NGPhylogeny.fr, and 
IQ-TREE. PhyML [11] uses the maximum likelihood (ML) method 
along with bootstrap and other scoring parameters. While T-REX 
uses ML/parsimony methods [12] and MEGA5 [13] offers a 
customizable platform, NGPhylogeny.fr provides a simple platform 
for allowing easy use of several tools, including MAFFT, MUSCLE, 
and PhyML [16]. However, the RAxML protocol uses the scoring 
parameters to quantify the incongruence among phylogenetic trees. 
As the number of conflicting bipartitions can be significantly higher 
in the phylogenetic trees of larger sequence datasets, it proves to be 
a promising phylogenetic algorithm [14]. In comparison to these 
strategies, IQ-TREE (http://iqtree.cibiv.univie.ac.at/) [15] offers a 
customizable protocol to build even the complex trees more accurately. 
The method uses the ultrafast bootstrap algorithm, saving the runtime 
through statistical scoring, and is significantly faster than RAxML and 
PhyML [29,30].

Almost all phylogenetic algorithms depend on a few parameters, 
namely number of sequences, alignment quality, and substitution 
model, and the impact of a biologically inaccurate sequence 

alignment and an incompatible residue substitution matrix is greatly 
disregarded. Most of these methods utilize a default substitution/
alignment protocol for every sequence dataset [11-16]. Unfortunately, 
no substitution matrix consistently yields the most accurate and 
biologically reasonable alignments for all sequence datasets [10], and 
as an attempt to draw a more accurate evolutionary relationship, most 
of the phylogeny tools use the bootstrap methodology [31], or scoring 
measures like the approximate likelihood ratio, which performs faster 
than bootstrap [32].

Selecting the optimal alignment protocol and residue substitution matrix 
for any phylogenetic analysis can often prove to be a challenging task 
for researchers. Available servers do not consistently prioritize the most 
compatible options. To address this, the present study aims to assess the 
reliability of these algorithms by evaluating the topological accuracy 
of the resulting phylogenetic tree. Indeed, the present study stresses the 
limitations that may occur in phylogenetic analyses due to a lack of 
consideration for the different alignment procedures and substitution 
models. We benchmarked MSA tools and tree inference software 
for that purpose. By comprehensively assessing all the alignments 
and substitution models over an evolutionary tree, our study proves 
the importance of a well-trained substitution model and biologically 
correct alignment. It shows that we need a better algorithm for heuristic 
and iterative tailoring of input data. It would allow us to extract a more-
accurate functional relationship among the candidate sequences and 
increase the credibility of downstream methodologies of various allied 
research fields, including computational systems biology.

2. MATERIALS AND METHODS

2.1. Building the Sequence Dataset and Evaluating the 
Sequence Identity
To rigorously perform the evolutionary analysis through several 
parameters and save computational time, we have prioritized families 
with <1000 sequences. As the accuracy of a phylogeny protocol is 
strongly dependent on the number of sequences and the sequence 
length, whereas computational time is heavily dependent on sample 
size, we have searched the Pfam database [33] (July 29, 2019) and 
have focused on three datasets encoding <1000 entries: Families 
IL4-i-Ig (interleukin-4 inducing immunoglobulin-binding domain; 
PF18258), ART-Polyval (ADP-ribosyltransferase in polyvalent 
proteins; PF18760), and the pancreatic ribonuclease (PF00074).

As simulating the sequence datasets on the basis of various constraints 
might lead to a biased estimation of sequence diversity within and across 
them, the three arbitrarily selected protein families with presumably 
similar residue compositions are selected for the study. Further, as the 
functional similarity of the datasets could lead to pre-defined biases 
in the phylogenetic scores, the three functionally different families 
are considered for the study. To avoid biases in the phylogeny, three 
non-redundant sets of 27, 105, and 419 entries are constructed through 
MMseqs2 [34] from the initially defined sets of 39, 129, and 724 
sequences to lay down the methodology, as shown in Figure 1. Since 
sequence identity is an essential basis for evolutionarily clustering the 
sequences for estimating their divergence, the mutual identity matrix is 
scrutinized for each dataset through Clustal-Omega [25].

2.2. Construction of Phylogenetic Trees
The constructed sequence datasets are aligned using the default 
settings through Clustal-Omega, Kalign, MAFFT, MUSCLE, TCoffee, 
and Promals3D. Moreover, to assess the impact of HMM on the 
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phylogenetic accuracy, the HMM-based Clustal-Omega (Clustal1), 
Kalign (Kalign 1), MAFFT (MAFFT1), MUSCLE (MUSCLE1), and 
TCoffee (TCoffee1) are also constructed through HHPred (https://
toolkit.tuebingen.mpg.de/tools/hhpred) [35]. For the computational 
limit of 2500-character length of an input alignment, the TCoffee 
protocol for both EBI and HHPred servers could not be employed to 
align the set 2 and set 3 datasets. Likewise, the MUSCLE alignment of 
the EBI server, which accepts only up to 500 sequences, is excluded 
from set 3. The alignments are then fed to IQ-TREE for the downstream 
analysis because it has been recently shown to be the best-performing 
methodology among various empirical phylogenomic matrices [36].

For each alignment, a set of nine substitution models - namely 
Dayhoff [2], JJT [3], BLOSUM62 [4], WAG [5], PMB [6], 
DCMut [7,37], JTTDCmut [7,37], LG [8], and VT [9] - are used to 
find the most compatible substitution model for a given dataset.

To quickly construct the evolutionary tree through an ultrafast bootstrap 
methodology based on a customized protocol, the IQ-TREE server is 
used [15]. The ML-based phenetic analysis parametrically estimates 
the evolutionary tree through several features, including branch 
length, nucleotide composition bias, and corrected distances between 
taxa [38]. As the theoretical probability is dependent on the observed 
data and not the experimental results, the correlation coefficient is 
further evaluated to find more accurate phylogenetic solutions [39-41]. 
The evolutionary trees are subsequently derived at the correlation 
coefficient of 0.9 for each of the constructed sequence alignments. As 
bootstrapping evaluates the robustness of a phylogenetic solution, a 
fast 1000-bootstrap run is utilized for the alignments to create their 
evolutionary tree to identify the most correct substitution matrix and 
alignment procedure based on the phylogenetic accuracy [42].

2.3. Evolutionary Analysis
The ML-based trees are assessed through log-likelihood, total 
tree length, and the total internal branch length score to evaluate 
the phylogenetic relationships robustly. An evolutionarily closer 
sequence pair, often sharing a higher sequence identity, results in a 
smaller evolutionary divergence/branch length; it should strengthen 
the approximation of the log-likelihood metric [1]. Branch length 
reflects the sequence variation within the selected sequence dataset, 
and by excluding the terminal branches, the internal branch length 
score indicates the putative ancestral divergence [43]. When assessing 

the evolutionary trees, constructed through every alignment based 
on all the substitution models used herein, the most-accurate tree is 
defined as the one with the highest log-likelihood value. The mutually 
synchronous behavior of the other two scores is subsequently evaluated 
for a given set of alignment and substitution models, as an attempt 
to highlight the current pitfalls of these measures. Visualizing the 
evolutionary trees using IToL (https://itol.embl.de/), the topological 
differences across the trees are rationalized [44].

3. RESULTS AND DISCUSSION

3.1. Building the Sequence Dataset
To nullify the impact of sequence length on deriving the accurate 
phylogenetic trees, the protein families encoding less than 1000 entries 
are considered. These non-redundant sequence datasets 1–3 contain 
27, 105, and 419 sequences with lengths of 100–484, 78–4427, and 
38–754, respectively, and encode a total of 5612, 140131, and 69311 
residues. Given the vast sequence space of these sets and the absence 
of a high-performance computing cluster machine, our methodology 
is drafted on the basis of only a few online alignment servers. While 
datasets 1, 2, and 3 show a sequence identity within the range of 
2.5–91, 1.85–80.1, and 1.61–99.4 respectively, their average sequence 
identity is orderly found to be 28.260 ± 4.179, 16.916 ± 2.966, and 
28.314 ± 4.476, suggesting a higher evolutionary divergence among 
the set 2 sequences.

3.2. Evolutionary Analysis for Three Datasets
For the sequence datasets, the ML-based phylogenetic tree is 
constructed through the ultrafast bootstrap methodology of IQTree 
to save computational resources and time [15]. For the three datasets 
1–3, we orderly constructed 117, 81, and 72 trees and assessed these 
270 trees using the log-likelihood score [1,45], total tree length [15], 
and the sum of the internal branch lengths [46]. These datasets and 
their assessment scoring files are available at our online repository 
(https://github.com/ashishr123/phylogenydatasets). Among the three 
available strategies, the server maximum parsimony (MP) attempts 
to estimate the tree with the fewest evolutionary changes to explain 
the available sequence data under the assumption that the genuine 
phylogeny reflects the tree produced through the fewest number of 
mutations [47,48]. Similarly, the neighborhood joining (NJ) method, 
which is computationally efficient for handling massive datasets, 
generates a phylogenetic tree from the distance matrix of the mutual 
dissimilarities among the sequences [49,50]. On the other hand, 
ML predicts the evolutionary tree with the highest likelihood score 
to explain the given sequence data, assuming a probabilistic model 
of sequence evolution [50-52]. Due to its simplicity, MP is only 
effective for smaller sequence datasets, evolving under a very simple 
evolutionary model, and does not consider the variance in substitution 
rates across different sites. Likewise, NJ relies on a distance matrix, 
which might not adequately depict the complexity of the evolutionary 
process, and as a result, NJ cannot estimate branch lengths inside a 
tree. Contrary to these strategies, ML is computationally demanding 
and needs more complex models for accurate estimation, making it 
more suitable for large datasets. Hence, ML is used for the current 
study as well.

As the objective of the study is to select the most optimal sequence 
alignment and its best-fitted residue substitution model based on the 
topological scores of the resultant evolutionary tree, algorithms like 
ProtTest [53] are not used to evaluate the likelihood under every 
candidate residue substitution model. Likewise, the PhyML is not used 

Figure 1: Flowchart representation of the methodology for the construction of 
three diverse sequence datasets and the evolutionary analysis of their several 

alignments through diverse substitution models.
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extensively to automatically prioritize a model selection parameter for 
any alignment.

The trees with the lowest internal branch length scores and highest 
log-likelihood values are selected as the most accurate. By correlating 
the maximum, minimum, average, and standard deviation scores for 
the 13 constructed alignments against the 9 substitution models for 
set 1, we have observed that the total tree length and total internal 
branch length follow a similar scoring pattern, as expected [Figure 2]. 
However, the scoring undulations for the log-likelihood score are 
found quite different, and it fell in line with the results of a recent 
publication [27]. A similar trend is also observed for the set 2 and set 3 
datasets [Figures 3 and 4, respectively].

For all the set 1-set 3 trees, total internal branch length and total tree 
length scores overlap, as expected [Figure 5]. According to these 
scores, clustal alignment with the BLOSUM62 substitution matrix 
shows the most accurate phylogenetic tree. In contrast, PROMALS3D 
alignment for the DCMut matrix provides the least accurate result for 
all of the set 1-set 3 trees. It suggests that the structure-based sequence 
alignment should not be directly employed for a study unless explicitly 
evaluated for the selected dataset. Hence, the biologically correct 
sequence alignment and residue substitution model should be used to 
derive a more accurate evolutionary relationship, as also pinpointed 
earlier [54].

3.3. Finding the Top-ranked Alignments and Substitution 
Models
The evolutionary likelihood of a phylogenetic tree is assessed through 
three scoring measures, i.e., log-likelihood, total tree length, and 
total internal tree length [55]. A set of 270 trees (117 for set 1, 81 
for set 2, and 72 for set 3) are constructed for the three datasets, and 
assessing each of it using the three scores [Tables 1-3], it allowed us 
to conclude the following facts/figures. Among these trees, the top-

ranked phylogenetic solutions, yielded by the best alignments and the 
more accurate substitution models, are summarized in Table 4. The 
lower and upper limits of these three scores and the most-accurate 
alignments and substitution models yielding these trees are orderly 
reported in Tables 5 and 6.

Ranking the evolutionary trees finds the top-ranked alignment 
protocols for the three sets [Table 5]; it is observed that MUSCLE, 
MUSCLE, and MUSCLE1 show the lowest log-likelihood scores. 
Further, for all the sets, Kalign 1, Kalign 1, and MUSCLE1 are found 
to yield the most accurate phylogenetic solutions, with the lowest 
total tree length and total internal branch length scores, against the 
respective solutions of MUSCLE, MUSCLE and PROMALS3D, and 
PROMALS3D, PROMALS3D and PROMALS3D. Among these best-
scoring alignment protocols, Kalign 1, MUSCLE1, and MUSCLE are 
orderly found to yield the best solutions for 4, 3, and 2 cases [26,56].

Evaluating the trees with log-likelihood and as per the substitution 
models, LG, Dayhoff, and BLOSUM62 are found to yield the most 
accurate solutions through MUSCLE, MUSCLE, and PROMALS3D 
alignments. In contrast, VT, LG, and JTT models yield the 
corresponding worst solutions for the Kalign 1 alignments [26]. For 
the lowest total tree length and total internal tree length scores for sets 
1-3, Kalign 1 consistently yields the best trees through PMB, PMB, 
and BLOSUM62 matrices, against the respective worst trees produced 
by LG, DCMut, and Dayhoff and Dayhoff, DCMut, and Dayhoff 
substitution models through MUSCLE, MUSCLE, and PROMALS3D 
and PROMALS3D, MUSCLE, and MUSCLE1 alignments. However, 
screening the best nine trees based on the substitution models 
[Table 6], PMB, LG, BLOSUM62, and Dayhoff-based solutions are 
found the best for 4, 2, 1, and 1 cases, and 7 KAlign 1 and 2 MUSCLE 
alignments are only found to yield the more accurate solutions.

Among the 18 evolutionary trees constructed for the various sequence 
alignments and substitution models of the three sets, MUSCLE, 

Figure 2: Maximum, minimum, average, and standard deviation scoring undulations for (a) log-likelihood score, (b) total tree length, (c) total internal branch 
length for the deployed substitution models (blue) and alignments (red) for the 27-sequence set 1.
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b
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MUSCLE1, Kalign 1, and PROMALS3D protocols consistently yield 
the best trees for 4, 1, 11, and 2 cases for various substitution models, 
namely LG, PMB, Dayhoff, JTT, and BLOSUM62. Hence, the 
alignment and substitution matrix protocols are statistically evaluated 
to find the consistently correct evaluation measure [26]. Screening the 

best alignment protocols based on the average statistics of the three 
measures, Kalign 1, MUSCLE1, and MUSCLE protocols are found to 
yield the best trees for the 4, 3, and 2 cases, and MUSCLE1 yields the 
consistently correct evolutionary relationships for set 3 for all scoring 
parameters. However, for sets 1 and 2, MUSCLE yields the best log-

Figure 4: Maximum, minimum, average, and standard deviation scoring undulations for (a) log-likelihood score, (b) total tree length, (c) total internal branch 
length for the deployed substitution models (blue) and alignments (red) for the 419-sequence set 3.

a

b

c

Figure 3: Maximum, minimum, average, and standard deviation scoring undulations for (a) log-likelihood score, (b) total tree length, (c) total internal branch 
length for the deployed substitution models (blue) and alignments (red) for the 105-sequence set 2.
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Figure 5: Scoring alterations of the total tree length and internal branch length of the three sequence datasets set 1-set 3 for the phylogenetic trees constructed 
through the alignments on the basis of the selected substitution models.

likelihood trees while Kalign 1 produces the trees with the lowest total 
tree length and internal tree length scores. The standard deviation score 
for these three protocols varies between 4.251 and 5.304. Conversely, 
the Kalign 1 alignment orderly shows the worst tree with the highest 
log-likelihood score for VT, LG, and BLOSUM62 matrices for sets 
1–3, and likewise is the case for MUSCLE and PROMALS3D for the 
tree length-based scores.

A similar analysis of the substitution measures likewise reveals 
another complication. It is observed that PMB, LG, Dayhoff, and 
BLOSUM62 yield the best trees for 5, 2, 1, and 1 cases, respectively, 
with the PMB model consistently being more accurate for the tree 
length-based measure. As per the total tree length measure, the PMB 
matrix yields the best solutions for all the three datasets, as also 
proven earlier [6,57]. For the internal tree length, BLOSUM62 and 
PMB substitution models yield the best tree for set 1 and sets 2 and 3. 
For log-likelihood, LG and Dayhoff models orderly aided us to derive 
the most optimal evolutionary solution for sets 1 and 3 and set 2. 
Further, for set 3 and set 2, the standard deviation against the mean is 
found within the percentage range of 4.02-34.84 for the LG and PMB 
matrices for the log-likelihood and total tree length score.

The analysis proves that both alignment protocol and substitution 
matrix are equally responsible for the construction of a biologically 
meaningful evolutionary tree [58], and it strongly indicates that the 
accuracy of a phylogenetic algorithm is highly dependent on the 
correct combination of these two protocols [46]. Hence, the large 
set of phylogenetic trees is reanalyzed to identify the top-ranked 
pairs of sequence alignment and substitution models and to find their 
consistently correct algorithmic set [Table 7].

The analysis highlights several intriguing features. First, MUSCLE 
alignment is found successful only for the smaller sequence datasets 
1 and 2 [59]. Along with the LG and Dayhoff matrices, it orderly 
yields the tree with the lowest log-likelihood score for 92.307% and 
55.556% of the cases for sets 1 and 2. For 270 constructed trees, the 
MUSCLE alignment yields correct evolutionary trees for only the 
LG and Dayhoff substitution matrices for sequences shorter than 500 
residues for the log-likelihood measure [60], although for the distance-
based measure, the PMB matrix yields a more accurate tree through 
the Kalign 1 alignment [61]. Further, only the log-likelihood and not 
the other scores clearly support the accuracy of these trees-this is not 
acceptable for drawing a robustly accurate phylogenetic relationship 
given the rapidly growing amount of sequence data [62].

Second, Kalign 1 HMM alignment yields the top-ranked tree with the 
lowest tree length score with only the PMB matrix for 10 of the 13 
set 1 trees (76.923%) and 7 of the 9 set 2 (77.778%) trees. However, 
for set 2 and set 3, PMB matrix yields the more accurate tree with 
the lowest tree length score. Hence, PMB substitution matrix produces 
more accurate trees with the lowest total tree length score for all the 
three functionally similar datasets, and it has already been proven to 
be robustly accurate in handling the diverse datasets with varying size 
and length [14].

Third, as reported earlier, the top-ranked tree topologies are found 
substantially different than the sub-optimal solutions [63]. It implies 
a specific biological threshold for each alignment protocol to derive 
the meaningful results of the overlapping residues, again in line with 
a previous study [64]. Evaluating the trees for the location of various 
branches, we realize that an accurate alignment is mandatory to draw 
the best possible evolutionary relationship, as shown earlier [65]. 
However, a significant disparity is found among all the trees for the 
scoring parameters [13], and selection of the best tree is difficult, 
especially for a very large dataset [15].

To build more accurate evolutionary trees, the protocols including RaxML 
iteratively construct the alignments based on a guide tree [14]. The 
“phylogeny-aware” tools such as PRANK [66] and PAGAN [67] presume 
such guide trees as the true trees to ensure that the constructed alignments are 
evolutionarily correct and are thus termed as the post-tree analysis methods. 
Although the interdependence of MSA and inference of a phylogeny tree has 
been described in these methods, the consistently accurate set of alignment 
method and substitution matrix has remained largely unexplored.

3.4. Required Strategic Improvement over the Existing 
Phylogenetic Protocols
The sequence alignments are usually constructed through several 
methodologies and are substantially different for the number and 
placement of gaps. As incorrectly placed gaps lead to an inaccurate 
evolutionary tree, the alignments have even been iteratively 
constructed to derive the more accurate alignment and an optimal 
phylogenetic solution [68-71]. Likewise, different substation models 
have been tested to construct more accurate trees [72-74]. While the 
current research appears to be in dire need of such a methodology, 
and such a methodology will be helpful for various biological studies, 
be it a sequence characterization or a proteomic study, the phylogeny 
servers never iteratively optimize the evolutionary tree for a sequence 
dataset to save their processing time and computational resource.
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Table 5: Lower and upper limits of the three scores for the phylogenetic trees, constructed using the most-accurate sequence alignments.

Dataset Log-likelihood alignment protocol Total tree length alignment protocol Total internal tree length alignment protocol

Set 1

Lowest −11800.865±51.083
MUSCLE

10.066±0.435
Kalign 1

5.712±0.303
Kalign 1

Highest −8986.079±7685 013
PSI TCoffee

18.366±1.539
MUSCLE

10.978±1.511
PROMALS3D

Set 2

Lowest −390685.369±628.278
MUSCLE

51.254±2.24
Kalign 1

12.113±0.515
Kalign 1

Highest −285276.218±2031.102
Kalign 1

229.908±38.641
MUSCLE

52.41±7.867
PROMALS3D

Set 3

Lowest −127100.2±914.485
MUSCLE1

179.305±7.585
MUSCLE1

77.491±3.421
MUSCLE1

Highest −121429.103±1105.85
PROMALS3D

190.593±9.087
PROMALS3D

80.327±3.580
PROMALS3D

Table 4: Highest and lowest limits of the three scoring measures for the three datasets.

Dataset Log-likelihood alignment protocol 
(Substitution model)

Total tree length alignment 
protocol (Substitution model)

Total internal tree length alignment 
protocol (Substitution model)

Set 1

Lowest −11898.259 
MUSCLE (LG)

9.453
Kalign 1 (PMB)

5.289
Kalign 1 (PMB)

Highest −9982.515
Kalign 1 (WAG)

20.227
MUSCLE (LG)

12.423
PROMALS3D (Dayhoff)

Set 2

Lowest −391294.242
MUSCLE (Dayhoff)

48.06
Kalign 1 (PMB)

11.301
Kalign 1(PMB)

Highest −281093.705
Kalign 1 (LG)

272.449
MUSCLE (DCMut)

62.593
PROMALS3D (LG)

Set 3

Lowest −128789.188
PROMALS3D (LG)

129.367
Kalign 1 (VT)

51.48
Kalign 1 (PMB)

Highest −120287.5159
MUSCLE1 (JTT)

202.405
PROMALS3D (Dayhoff)

84.51
PROMALS3D (DCMut)

Table 6: Lower and upper limits of the three scores for the phylogenetic trees, constructed using the most-accurate substitution models.

Dataset Log-likelihood Best substitution 
model

Total tree length best substitution 
model

Total internal tree length best substitution 
model

Set 1

Lowest -11376.241±487
047 LG

13.072±1.637 
PMB

7.861±0.973 
BLOSUM62

Highest −9474.36±6320.371 
WAG

15.418±2.271 
Dayhoff

9.513±1.54 
Dayhoff

Set 2

Lowest −358941.659±29511.738 
Dayhoff

112.637±39.248 
PMB

30.21±9.284 
PMB

Highest −357079.167±31845.036 
WAG

155.0811±67.738 
LG

41.579±15.52 
Dayhoff

Set 3

Lowest −120369.906±4838.96 
LG

159.124±14.712 
PMB

65.974±7.549 
PMB

Highest −117866.669±5195.16 
JTT

175.996±18.798 
Dayhoff

70.992±8.940 
JTTDCMut
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3.5. Strategic Steps to Assess and Achieve Biological Accuracy 
of Alignment and Phylogeny
Prior knowledge of protein functions is given little priority in most 
evolutionary studies. However, it should be one of the most important 
factors in judging the accuracy of phylogenetic clustering. This 
idea is illustrated by a recent evolutionary study that analyzes the 
transaminases in the so-called fold-type IV group with experimentally 
solved structures [75]. In this study, all the four functionally distinct 
subfamilies (namely, l-branched chain aminotransferases, d-amino acid 
aminotransferases, (R)-selective transaminases [RATAs], and 4-amino-
4-deoxychorismate lyases [ADCLs]) are found clustered into different 
clades, as also shown earlier [76,77]. However, for the promiscuous 
nature of several transaminases [78] and unclear metabolic role of RATAs, 
the phylogenetic analysis failed to accurately classify two functionally 
characterized RATA sequences CpuTA1 and MgiTA1, sharing a 49% 
sequence identity and containing conserved amino acids for both 
RATAs and ADCLs [75]. This confirms that the initially constructed/
prioritized sequence dataset should have a sufficiently higher number 
of entries, with ample phylogenetic diversity and minimal redundancy. 
Moreover, evolutionary biologists should construct the consensus tree, 
as implemented by IQ-TREE server [15] and investigate the chance of 
shrouded negative factors through iterative assessments. A phylogenetic 
meta-server is thus the need of the hour to classify the protein sequences 
reliably, and it would be significantly helpful in bridging the ever-
increasing sequence gap between the UniProtKB and Swissprot entries.

4. CONCLUSION

Evolutionary trees have long been used for several research methodologies. 
Here, we have focused on constructing an improved phylogenetic tree for 
a sequence dataset. The constructed set of 270 phylogenetic trees for the 
three sequence datasets shows that the accuracy of an evolutionary study 
is significantly determined by the compatibility of the sequence alignment 
and the residue substitution model, and it is not simply governed by the 
usually parameterized bootstrap and minimum correlation coefficient 
features. As bootstrapping or building numerous phylogeny trees for a 
sequence alignment is not the correct way to derive its more accurate 
evolutionary solution, the best complementary set of biologically closest 
alignment and the substitution model should be rigorously constructed. 
This study streamlines the methodology and opens avenues to design a 
robustly accurate phylogeny protocol by assessing the phylogeny trees 
based on log-likelihood and total internal branch length.
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