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Phylogenetic analysis uses nucleotide or amino acid sequences or other parameters, such as domain sequences and three-dimensional
structure, to construct a tree to show the evolutionary relationship among different taxa (classification units) at the molecular level. Phylogenetic
analysis can also be used to investigate domain relationships within an individual taxon, particularly for organisms that have undergone
substantial change in morphology and physiology, but for which researchers lack fossil evidence due to the organisms' long evolutionary history
or scarcity of fossilization.

In this text, a detailed protocol is described for using the phylogenetic method, including amino acid sequence alignment using Clustal Omega,
and subsequent phylogenetic tree construction using both Maximum Likelihood (ML) of Molecular Evolutionary Genetics Analysis (MEGA) and
Bayesian Inference via MrBayes. To investigate the origin of eukaryotic Sugars Will Eventually be Exported Transporters (SWEET) genes, 228
SWEETs including 35 SWEET proteins from unicellular eukaryotes and 57 SemiSWEET proteins from prokaryotes were analyzed. Interestingly,
SemiSWEETs were found in prokaryotes, but SWEETs were found in eukaryotes. Two phylogenetic trees constructed using theoretically distinct
methods have consistently suggested that the first eukaryotic SWEET gene might stem from the fusion of a bacterial SemiSWEET gene and an
archaeal SemiSWEET gene. It is worth noting that one should be cautious to draw a conclusion based only on phylogenetic analysis, although
it is useful to explain the underlying relationship between different taxa, which is difficult or even impossible to discern through experimental
means.

Video Link

The video component of this article can be found at https://www.jove.com/video/56684/

Introduction

DNA or RNA sequences carry genetic information for underlying phenotypes that can be analyzed through physiological and biochemical
methods or observed through morphological and fossil evidence. In a sense, genetic information is more reliable than evaluating external
phenotypes because the former is the basis for the latter. In evolutionary study, fossil evidence is very direct and convincing. However, many
organisms, such as microorganisms, have little chance to form a fossil during long geologic ages. Therefore, molecular information such as
nucleotide sequences and amino acid sequences from related extant organisms are of value for exploring evolutionary relationships1. In the
present study, a simple introduction of basic phylogenetic knowledge and an easy-to-learn protocol was provided for newcomers who need to
construct a phylogenetic tree on their own.

Both DNA (nucleotide) and protein (amino acid) sequences can be used to infer phylogenetic relationships between homologous genes,
organelles, or even organismsz. DNA sequences are more likely to be affected by changes during evolution. In contrast, amino acid sequences
are much more stable given that synonymous mutations in nucleotide sequences do not cause mutations in amino acid sequences. As a result,
DNA sequences are useful for comparison of homologous genes from closely related organisms, whereas amino acid sequences are appropriate
for homologous genes from distantly related organisms3.

A phylogenetic analysis begins with the alignment of amino acid or nucleotide sequences4 retrieved from an annotated genome sequencing
database® listed in FASTA format, i.e., putative or expressed protein sequences, RNA sequences, or DNA sequences. It is worth noting that it

is critical to collect high-quality sequences for the analysis, and only homologous sequences can be used to analyze phylogenetic relationships.
Many different platforms such as Clustal W, Clustal X, Muscle, T-coffee, MAFFT, can be used for sequence alignment. The most widely used

is Clustal Omegae’7 (http://www.ebi.ac.uk/Tools/msa/clustalo/), which can be used online or can be downloaded free of charge. The alignment
tool has many parameters that the user can adjust before starting the alignment, but the default parameters work well in most cases. After the
process is complete, the aligned sequences should be saved in the correct format for the next step. They should then be edited or trimmed using

Copyright © 2018 Journal of Visualized Experiments August 2018 | 138 | 56684 | Page 1 of 14


https://www.jove.com
https://www.jove.com
https://www.jove.com
mailto:huyb@njau.edu.cn
https://www.jove.com/video/56684
http://dx.doi.org/10.3791/56684
https://www.jove.com/video/56684/

L]
lee Journal of Visualized Experiments www.jove.com

an editing software, such as BioEdit, because phylogenetic tree construction by MEGA requires the sequences to be of equal length (including
both amino acid abbreviations and hyphens. In the aligned sequence, any position without an amino acid or nucleotide is represented by a
hyphen "-"). Generally, all of the protruding amino acids or nucleotides at either end of the alignment should be removed. In addition, columns
containing poorly aligned sequences in the alignment can be deleted because they convey little valuable information, and can sometimes give
confusing or false information®. The columns containing one or more hyphens can be deleted at this time or in the later tree construction stage.
Alternatively, they can be used for phylogenetic computation. When the sequence alignment and trimming is finished, the aligned sequences

should be saved in FASTA format, or the desired format, for later use.

Many software platforms provide tree construction functions using different methods or algorithms. In general, the methods can be classified as
either distance matrix methods or discrete data methods. Distance matrix methods are simple and fast to compute, while discrete data methods
are complicated and time-consuming. For very closely related taxa with a high degree of sharing of amino acid or nucleotide sequence identity,

a distance matrix method (Neighbor Joining: NJ; Unweighted Pair Group Method with Arithmetic mean: UPGMA) is approgriate; for distantly
related taxa, a discrete data method (Maximum Likelihood: ML; Maximum Parsimony: MP; Bayesian Inference) is optimal 8 In this study, the ML
methods in MEGA (6.0.6) and Bayesian Inference (MrBayes 3.2) were applied to construct phylogenetic trees®. Ideally, when the proper model
and parameters are used, the results derived from different methods may be consistent, and they are thus more reliable and convincing.

For a ML phylogenetic tree constructed using MEGAm, the aligned sequence file in FASTA format must be uploaded into the program. The

first step then is to select the optimal substitution model for the uploaded data. All available substitution models are compared based on the
uploaded sequences, and their final scores will be shown in a results table. Select the model with the smallest Bayesian Information Criterion
(BIC) score (listed first in the table), set ML parameters according to the recommended model, and start the computation. The computation time
varies from several minutes to several days, depending on the complexity of the loaded data (length of the sequences and number of taxa) and
the performance of the computer on which the programs are run. When the computation is finished, a phylogenetic tree will be shown in a new
window. Save the file as "FileName.mat". After setting parameters to specify the appearance of the tree, save once more. Using this method,
MEGA can generate publication grade phylogenetic tree figures.

For tree construction with MrBayes”, the first step is to transform the aligned sequence, which is usually listed in FASTA format, into nexus
format (.nex as the file type). Transforming FASTA files into nexus format can be processed in MEGA. Next, the aligned sequence in nexus
format can be uploaded into MrBayes. When the file is successfully uploaded, specify detailed parameters for the tree computation. These
parameters include details such as amino acid substitution model, variation rates, chain number for Markov chain Monte Carlo (MCMC) coupling,
ngen number, average standard deviation of split frequencies, and so on. After these parameters have been specified, start the computation. In
the end, two tree figures in ASC Il code, one showing clade credibility and the other showing branch lengths, will be displayed on the screen.

The tree result will be saved automatically as "FileName.nex.con". This tree file can be opened and edited by FigTree, and the figure displayed in
FigTree can be modified further to make it more suitable for publication.

In this study, 228 SWEET proteins, including 35 SWEETSs from unicellular eukaryotes and 57 SemiSWEETs from prokaryotes, were analyzed

as an example. Both the SWEETs and SemiSWEETs were characterized as glucose, fructose, or sucrose transporters across membranes' 3,
Phylogenetic analysis suggests that the two MtN3/saliva domains containing SWEETs might be derived from an evolutionary fusion of a bacterial
SemiSWEET and of an archaeon ™.

1. Sequence Alignment

1. Collect amino acid sequences of eukaryotic SWEET and prokaryotic SemiSWEET in separate documents and list them in FASTA
format. Download sequences from the National Center for Biotechnology Information (NCBI), European Molecular Biology
Laboratory (EMBL), and the DNA Data Bank of Japan (DDBJ) databases by similarity search with the Basic Local Alignment Search
Tool (BLAST) tool.

1. In the example files, collect 228 putative SWEET protein sequences possessing two MtN3/saliva domains (7 transmembrane helices)
of eukaryotes and 57 SemiSWEET protein sequences possessing a single MtN3/saliva domain (3 transmembrane helices) of
prokaryotes ”.

2. To simplify the process, select 35 candidate SWEET proteins from unicellular eukaryotic organisms among the 228 putative SWEETs
for phylogenetic tree construction. These sequences are attached so that the reader may practice on a real data set.

2. Align the 35 SWEET sequences by inputting them into Clustal Omega (http://www.ebi.ac.uk/Tools/msalclustalo/).
1. Copy and paste the protein sequences in FASTA format into the input box or upload a sequence file in FASTA format. Specify that they
are amino acid sequence by clicking the icon under the pull-down menu in the 'STEP 1' section.
2. Specify output format and other parameters in the 'STEP 2' section, if necessary. For this study, set output format as "clustal w/o
number”, and leave the other parameters on default settings. In most cases, the default parameters work well without any specification.

3. Submit and run the alignment in the 'STEP 3' section. It may take anywhere from several seconds to minutes until the alignment is
finished. In the "Result Summary" panel, right-click the link under the "Alignment in CLUSTAL format" and save the aligned sequences as
"35.clustal" (Figure 1).
4. Open the alignment result file in BioEdit.
1. On the main panel of BioEdit, click "Sequence" and select "Edit Mood"in the first pull-down menu, then click "Edit Residues" in the sub-
menu (Figure 2).
2. Select the protruding sequences on the left side of the alignment with the cursor (the selected sequence will be shown in black) and
click the "Delete" icon under the "Edit" menu to remove the selected sequences (Figure 3).
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3.

Select and delete the protruding sequences on the right side of the first MtN3/saliva domain, and save the trimmed first MtN3/saliva
domain sequences as 35-1.fas (Figure 4). Likewise, delete the left and right side protruding sequences of the second MtN3/saliva
domain and save it as 35-Il.fas. The first and the second MtN3/saliva domain sequences can be predicted with RHYTHM (http:/
proteinformatics.charite.de/rhythm/inndex.php?site=helix) or TMHMM (http://www.cbs.dtu.dk/servicess TMHMM)/) in advance.

5. Open the file 35-l.fas with MEGA, and click "align"” when prompted. Under the "Edit" menu, click "Select All", then click "Select
Sequence(s)"; the names and sequences of the taxa will be selected in black (Figure 5).

1.
2.

Choose "Copy" from the "Edit" menu to copy the sequences onto the clipboard, and then paste the copied sequences into a doc file.
In the doc file, replace all "#" with ">", and then delete any unrelated characters to convert them to FASTA format. Add "-I" at the end
of each taxon name to mark them as the first MtN3/saliva domain sequences. Process the second MtN3/saliva domain sequence
following the same method and add "-II" after each taxon name.

6. Combine the first and second MtN3/saliva domain sequences in FASTA format in a doc file.

1.

2.

Load the combined sequences into Clustal Omega again and align the sequences as described above. Save the result as "35
realigned.clustal".

Open the "35 realigned.clustal” file in BioEdit, delete the uneven (protruding) amino acid residues at either end of the aligned
sequences, and then save the sequences as "35 realigned.fas". Click "Yes" when warned that some non-standard characters cannot
be saved.

2. Computation of the Phylogenetic Tree

1.

Open "35 realigned.fas™ in MEGA.

1.

2.

Click the "Data" menu and choose "Export Alignment", and save the alignment in PAUP format (nexus) as "35.nex" for later use in
MrBayes (Figure 6).

Meanwhile, click the "Models" icon on the main panel of MEGA, choose "Find Best DNA/Protein Models (ML)", and click "OK" on the
pop-up window. Click "Compute" to begin the model searching process (Figure 7). A new progress panel will open; this process lasts
several minutes to several days, depending on the complexity of the loaded sequences and the computer's performance.

NOTE: A table showing the results will open after the model searching process is finished ( Figure 8). The smallest BIC score will be
listed first, followed by a series of different models with gradually increasing BIC scores. The first model "LG+G+F" with the smallest
BIC score is the recommended model for ML tree based on the "35 realigned.fas" file.

2. Click the "Phylogeny" icon on the main panel of MEGA, click "Construct/Test the Maximum Likelihood Tree", and then click "Yes"
on the pop-up panel. A new window will open showing different parameters that need to be specified (Figure 9).

1.

First, set the bootstrap value in the test of the phylogeny box; 500 or 1,000 is adequate in most cases. Under the substitution model,
choose "amino acid" as the substitution tgpe. The purpose of choosing a substitution model is to estimate the true difference between
sequences based on their present states”.

Select "LG with Fregs. (+F) model" (LG+F) in the model/method box. In the rates and pattern box, select "Gamma Distributed" (G)

to describe rate variations across sites, i.e., giving more weight to changes at slowly evolving sites®. In the data subset box, select
"Complete deletion" to remove all of the columns containing hyphens.

Keep all other parameters in their default states (Figure 9). After specification of these parameters, click the "Compute" icon to start the
calculation.

3. Presentation of the Phylogenetic Tree

NOTE: A phylogenetic ML tree will be presented when the computation using MEGA is finished (Figure 10).

1.

2.

Under the pull-down menu of the "File" icon on the tree panel, choose "Save Current Session" to save the result (.mas is the default file
type). In the present study, the result was saved as "35.mas". On the tree panel, many parameters including length of clade, tree style, tree
topology, font of the taxon name, size, and color, are displayed and can be set to different options.

Save the final tree file by clicking the image icon, and save the figure in different formats or copy the image as the source for photo-editing.

4. Analysis of the Relationship of SWEETs and SemiSWEETs Using Sequence Alignment

NOTE: This step may not be needed in ordinary sequence analysis.

1.

Align the 228 eukaryotic SWEETs and 57 prokaryotic SemiSWEETs in Clustal Omega as described above. The alignment results can be
shown in Jalview, which is integrated in Clustal Omega, and copied to save in a photo editor (Figure 11).

NOTE: In the example alignment, some SemiSWEETs from a-Proteobacteria are aligned with the first MtN3/saliva domain of the SWEET
sequences, whereas SemiSWEETs from Methanobacteria (archaea) are aligned with the second MtN3/saliva domain of the SWEET
sequences.

5. Phylogenetic Tree Construction with MrBayes

1.

For Bayesian Inferences with MrBayes, open the MrBayes executable file and a DOS interface will come up in a new window. The first step
is to read the nexus data file. Input "execute 35.nex" after the prompt (remember to save the 35.nex file in the same directory of the MrBayes
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executable file, or point out the pathway of the file before uploading it). A "successful read matrix" message will be shown following the last of
the listed taxa (Figure 12). The 35.nex file has already been prepared and saved in MEGA (see 2.1 above).
2. Set the evolutionary model.

1. After the prompt, type "prset aamodelpr = fixed(lg); Iset rates = g". The "Ig" and "g" correspond to the "LG" and "G" model which is set
in MEGA. After successfully setting the model, type "mcmc nchains = 4 ngen = 5,000,000" after the prompt. Use of the "nchains=4"
entry signifies a total number of one cold chain and three hot chains for Metropolis coupling. "ngen = 5,000,000" means to run
5,000,000 generations of Metropolis coupling for convergence of the cold and hot chains. In this study, average standard deviation of
split frequencies below 0.01 was regarded as convergence of the hot and cold chains.

2. Note that the ngen number cannot be predicted accurately at the beginning of the process, and usually needs to be adjusted based on
the change in the average standard deviation of split frequencies. In addition, the ngen number for convergence may be different each
time when running the program based on the same data.

3. Run the analysis: This step lasts from several minutes to several days, depending on the complexity of input data and the performance
of the computer. After completing the preset computation, a prompt will ask "Continue with analysis (yes/no)?" If "no" is typed after the
prompt, the computing will stop (Figure 13), otherwise it will continue to compute after the number of further generations is input. When the
computation is finished (with an average standard deviation of split frequencies <0.01 or 0.05), stop the computation by typing "no" after the
inquiry prompt.

NOTE: 0.01 is a strict criterion, 0.05 is moderate and usually adequate.

4. Summarize the samples: Type "sump" after the prompt to summarize samples of model parameters (Figure 14). Then type "sumt
relburnin=yes burninfrac=0.25" after the prompt to summarize tree samples. Detailed information about phylogenetic tree construction will be
displayed as in Figure 15, followed by two tree figures that will appear in ASC Il code on the screen, one showing clade credibility and the
other showing branch lengths. At the same time, a tree file with the name of "35.nex.con" will be saved automatically.

5. For a better presentation of the phylogenetic tree, open the "35.nex.con" tree file with the FigTree tool (http://tree.bio.ed.ac.uk/software/
figtree/), select a style or size to display the result (Figure 16), or even edit it in a photo editor to make it more reader-friendly.

Representative Results

Phylogenetic trees show that all of the first MtN3/saliva domains of the 35 SWEET sequences clustered as one clade and the second MtN3/
saliva domains of the SWEET sequences clustered as another clade. In addition, alignment results of the SWEETs and SemiSWEETs show that
some SemiSWEETs from a-Proteobacteria aligned with the first MtN3/saliva domain of the SWEET sequences, whereas SemiSWEETs from
Methanobacteria (archaea) aligned with the second MtN3/saliva domain of the SWEET sequences. These results together suggest that the two
MtN3/saliva domains containing SWEETs might be derived from an evolutionary fusion of a bacterial SemiSWEET and of an archaeon.
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Figure 1: Save the aligned sequences of the 35 putative eukaryotic SWEETSs as "35.clustal” via Clustal Omega. Please click here to view
a larger version of this figure.
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F_i_gur_e_2: Select path in BioEdit to trim the aligned sequences of "35.clustal,” which wa; prepared in Clustal Omega. Please click here to
view a larger version of this figure.

Figure 3: Select and delete the uneven sequences at the left side of the first MtN3/saliva domain sequences of the 35 putative
eukaryotic SWEETSs in BioEdit. Please click here to view a larger version of this figure.

[l

Fi_gure_4: The trimmed sequences of the first MtN3/saliva domain of the 35 putative eukaryotic SWEETSs in BioEdit. Please click here to
view a larger version of this figure.
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Figure 5: Select and copy the first MtN3/saliva domain sequences of the 35 putative eukaryotic SWEETs in MEGA. The copied
sequences will be pasted in a doc file for the editing. Please click here to view a larger version of this figure.
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Figure 7: Search for the best-fit substitution model by MEGA for Maximum Likelihood (ML) phylogenetic tree construction based on

the "35 realigned.fas" file. Please click here to view a larger version of this figure.

& MEGA Caplion Expert; Rird Best-Al Substilution Mods! (ML) - O =
File Edit View Help
H 5 1 B
Table. Maximum Likelihood fits of 48 different aminn acid sabstitation models
Model F BIC AlCc inL ¢+ G AA) AB) AN) AD) ACH AQY AE) AG) AH)
LGIGHF 157 20245224 19224108 -9450182 np@ 227 G097 0020 0046 0015 D031 G018 0008 D067 (LODE
LG+GH+F 138 20253790 19226234 0450182 0. 0097 0.020 0.046 0.015 0.031 0.008 0.067 0.002
AREV-G+F 157 20343805 19311.68E oz 2.0 ) D046 0016 D031 0.008 0.067 0.0DE
AREVHGATT 158 20352371 19324815 9499473 000 204 0097 D046 0018 D031 0008 0067 (DDE
WAGHGF 157 20386.690 19365273 0520915 o 245 0007 20 0046 0.018 0.031 0.008 0.067 0.002
WAG-GHI+F 138 20393256 19367.600 -9510.515 0.00 1.45 0.097 0020 0.046 0016 0.031 0.008 0.067 0.0DE
LG+ 158 20401172 19502573 9609533 na 250 0079 0.042 0083 D3 10057 0022
LG+G+T 129 20400938 19504 683 -0609.533 0.00 230 0.07T9 5 0042 0.083 0.013 0.072 0.057 0.022
ITT+G-F 157 5 19501.720 -9388.993 ala 131 0097 0.046 0016 D031 0.008 0.067 0.0DE
JTTHGHIE 158 19505 B85 OS8R 853 000 231 0087 D046 0018 D031 0.008 D067 0DDE
Dayhol+G+F 157 20636170 19615034 9645685 o 185 0007 20 0046 0.018 0.031 0.008 0.067 0.002
Dayboff-G+I-F 138 20644736 19617180 -9643.655 0.00 185 Q097 ) 0046 0016 D031 O 0.008 0.067 0.0DE
WAGG 138 20646046 19747446 9731570 na 240 GO0RT 0.044 0039 0057 0019 03T 0058 0083 0024
WAGHGT 139 20654612 19749236 -0731970 0.00 240 0.08T 0.044 0.039 0087 0.019 0.03T7 0.058 0.033 0.024
< B

Figure 8: A table of the best-fit substitution model computed for ML tree based on the "35 realigned.fas" file. Please click here to view a
larger version of this figure.
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Figure 9: Specify the parameters for ML tree computation based on the best-fit substitution model for "35 realigned.fas" in MEGA.
Please click here to view a larger version of this figure.
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Figure 10: An original ML tree constructed by MEGA based on "35 realigned.fas". At this stage, many options for figure style, size,

color, etc., are available. Please click here to view a larger version of this figure.
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Figure 11: Alignment of 228 eukaryotic SWEETs ahd 57 prokaryotic SemiSWEETs by Clustal Omega. The results were shown in Jalview,
integrated into Clustal Omega. In the alignment, some SemiSWEETs from a-Proteobacteria were aligned with the first MtN3/saliva domain of the
SWEET sequences, whereas SemiSWEETs from Methanobacteria (archaea) were aligned with the second MtN3/saliva domain of the SWEET

sequences. Please click here to view a larger version of this figure.

Figure 12: Load the "35.nex" file into MrBayes in the DOS window. In order to show the overall results, content that was similar was deleted

to reduce the figure length. Please click here to view a larger version of this figure.
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Figure 13: Information displayed on the screen after computation of the "35.nex" file using MrBayes. To show the overall results, content
that was similar was deleted to reduce the figure length. Please click here to view a larger version of this figure.
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Figure 14: Summarized samples of model parameters for the "35.nex" file. Please click here to view a larger version of this figure. Please
click here to view a larger version of this figure.
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Figure 15: Summarized tree samples of the "35.nex" file. To show the overall results, content that was similar was deleted to reduce the
figure length. Please click here to view a larger version of this figure.
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Figure 16: The phylogenetic tree of "35.nex.con” displayed by FigTree. Please click here to view a larger version of this figure.

It is becoming increasingly popular in biological research to make a phylogenetic tree based on nucleotide or amino acid sequencesg. Generally,
there are three critical stages of the practice including sequence alignment, evaluation of the aligned sequences with the proper method or
algorithm, and visualization of the computational result as a phylogenetic tree. In the presented study, three rounds of sequence alignment
were conducted: first, the SWEET protein sequences, including the first and second MtN3/saliva domain, were aligned; second, each of

the individual MtN3/saliva domain sequences of the SWEETs as an independent taxon were gathered and aligned together; and finally,

Copyright © 2018 Journal of Visualized Experiments August 2018 | 138 | e56684 | Page 12 of 14


https://www.jove.com
https://www.jove.com
https://www.jove.com
https://cloudflare.jove.com/files/ftp_upload/56684/56684fig15large.jpg
https://cloudflare.jove.com/files/ftp_upload/56684/56684fig16large.jpg

lee Journal of Visualized Experiments www.jove.com

SemiSWEET sequences and SWEET sequences were jointly aligned. Only one round of sequence alignment is usually needed for phylogenic
tree construction.

In the preliminary stage, homologous sequences can be downloaded from NCBI or other databases. These downloaded sequences may need to
be screened if they are not well annotated. In the first and second stage, alignment and computation cannot be started if the sequence format is
incorrect. For example, Clustal Omega will reject any departure from the FASTA format in the sequence file. In the computational stage, note that
the sequence lengths including both amino acids or nucleotides and hyphens are required to be equal before being evaluated by MEGA.

Despite the wealth of methods and models for tree construction that are available, none of them is foolproof. Robust and convincing results
are those that are consistent with each other when different algorithms or models are used to evaluate the same data'®. In the ML method,
the reliability of tree topology largely depends on the bootstrap value of each clade; a bootstrap value of 70 or greater is generally regarded as
reliable. In the present study, all of the first MtN3/saliva domain sequences clustered as a large clade with a bootstrap value of 83. The value
of the other clade containing all the second MtN3/saI|va domaln sequences, however, was only 6 (Figure 10). To verify the tree architecture,
MrBayes, which employs a completely different method'® than ML, was used to analyze the relationship of the taxa. The posterior probabllltles
of the first and second domain clades obtained from MrBayes were 100 and 68, respectively (Figure 16).

Another limitation of the ML and the MrBayes computation is that both are time-consuming to run. Usmg a computer with multi-core processors
and graphical processing units (GPU) is helpful to improve computational performance and speed 718 For the operatlon of MrBayes, a computer
with a discrete graphics card and the appropriate CUDA drivers can significantly speed up the likelihood calculations "

Selecting the proper model for phylogenetic tree computation is difficult for those with little experience. In this respect, MEGA provides an easy
way to find the best model by comparing the BIC scores of candldate models. In addition, the recently upgraded MEGA 6.0 integrates several
sequence alignment tools such as MUSCLE and Clustal W', which are very convenient to use. It also provides both a sequence editing and
phylogenetic tree construction function. These features partly explain why this software is so popular in the computational molecular evolution
field. As for MrBayes, a significant advantage of this tool is that it can process mixed datatypes together (e.g., morphological and molecular
data) and thus the results are more comprehensive.

In conclusion, the present study provides a method to analyze the molecular origin of protein-encoding genes that have undergone complex
variation such as fusion after duplication or horizontal gene transfer (HGT) during evolution. Hopefully, more findings will be revealed with broad
application of phylogenetic analysis in the evolutionary research field.
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