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Abstract— Phylogeny provides means to reconstruct the 

history of life by comparing the different species and 

explains the present diversity of living creature. The 

neighbor joining (NJ) method is one of the most widely used 

methods in phylogenetic analysis. This distance based 

method iteratively cluster taxa until all the taxa form an 

unrooted tree. The construction starts with the identification 

of a set of homologous sequences followed by downloading 

those sequences. The next step includes alignment of the 

sequences and then evaluating the tree from those aligned 

sequences. This paper aims to provide step by step 

description to generate phylogenetic tree with the help of 

molecular evolutionary genetics analysis (MEGA 6). The 

whole process is explained with an example of helicobacter 

Pylori Antigen. The latest version of MEGA can be 

downloaded from www.megasoftware.net. 
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I. INTRODUCTION 

The phylogenetic tree is a diagrammatic description of the 

evolutionary history of a set of species. The tree like 

structures tries to reconstruct the history of life by grouping 

the organisms according to their relationship with their 

ancestor. Phylogenetic trees are mostly constructed from 

molecular data: DNA or Proteins (Hall et al. 2013). Like 

real trees, phylogenetic tree consist two elements nodes and 

branches. Nodes are of two types; internal and external 

nodes. The external nodes are located at the extreme 

positions of tree whereas internal nodes represent ancestral 

sequence. These nodes are connected by branches which 

represents genetic changes occurred between the ancestral 

node or root node and its descendant. The branches are 

labeled with the amount change in sequence known as 

branch lengths. Moreover, the branch length is expressed in 

terms of changes per site.  

Building the phylogenetic tree requires four basic steps. 

 Step 1: Choose an appropriate set of homologous 

DNA or protein sequence and download them.  

 Step 2: Align those sequence.  

 Step 3:  Estimate the tree from the aligned sequence. 

 Step 4: Present the tree. 

A. STEP 1: Identify the DNA Sequence of Interest. 

1) Step 1.1: 

The first step is to choose the species or the genes to be 

included in the analysis.  The best way to do so is survey the 

literature. Both coding and non-coding genetic region can be 

used in analysis.  The main sources of data are published 

sequences of characterized genes, national databases such as 

NCBI and EST project databases. To acquire the sequence 

from NCBI simply download the sequence in FASTA 

format. If the subject of investigation is to determine the 

relationship of a gene to its homologs then all the taxas to be 

included should be homologous. Moreover, the basic 

assumption of evolutionary tree is that all the sequences on a 

tree are homologous so it is important to choose the 

sequences very carefully. The most reliable method to 

identify the set of homologous species is to do BLAST 

(Basic Local Alignment Search Tool) search (Hall et al. 

2013) using the query of interested gene. 

2) Step1.2:  

For BLAST search, open MEGA 6. The 6
th

 version of the 

Molecular Evolutionary Genetics Analysis (MEGA) 

software contains facilities for building sequence 

alignments, inferring phylogenetic histories, and conducting 

molecular evolutionary analysis (Tamura et al. 2013). 

From the align menu choose DO BLAST 

SEARCH. The software has its own built in browser 

window to retrieve nucleotide search page from NCBI. The 

top section of the page has various tabs such as blastn, 

blastx, tblastn and tblastx. By default the standard 

nucleotide BLAST is blastn. The middle section of the page 

allows choosing the database to be searched. The default 

database is nucleotide collection (nr/nt) but the database can 

be changed from the drop down text box. There are large 

numbers of alternatives to choose from such as human 

Genomic. The bottom section of the page allows choosing 

the variant of BLAST that suits best for particular purpose. 

For nucleotides there are two choices, megablast for highly 

similar sequences and discontinuous megablast for 

dissimilar sequences. If the purpose of the search is to 

identify the closely related homologs then choose 

megablast. Now, add the downloaded file or just copy the 

sequence into the large text box labeled as “Enter Query 

Sequence”.  Add the downloaded file of helicobacter pylori 

antigen to the text box and click on BLAST button. To 

display the result in a new window, optionally choose “show 

the results in a new window”. A new page will appear and 

updated within seconds. The page shows the unique request 

id and will show that it is searching the database. A result 

window will appear that illustrates the result in the form of a 

graph.  The color bar generated as a result of the BLAST 

SEARCH in figure 1.  

The top panel of the window displays the 

properties of the query along with the description of the 

database that was searched. The middle section of the page 

displays a graphical overview of the finds. The graph 

illustrates the top 109 hits. The hits vary with the query. The 

bars are colored to indicate the similarity of the hits with the 

query sequence. The longest bars are red which indicate the 

similarity score>200. Moreover, the length of the bars 

represents the region of the similarity. There are some 

shorter bars to represent the similarity over that particular 

region of the query. Scroll down to view the list of 

sequences producing the alignment.  
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Fig. 1: Top 100 Hits of the H.Pylori Antigen 

3) Step1.3: 

In the list, for each entry, all the necessary details are 

mentioned. These details can be used to determine the 

sequences to be added to alignment to include on the tree.  

On the left hand side of the page is an accession 

number or a link to the Genbank file for each entry. In 

center, there is a brief description of the sequence and the 

next column describes the score. The first entry has the 

highest score. Higher the score, more nearer the sequence is 

to query sequence. The column on the right hand side 

represents the E-Value of the entry. When E value < 0.01, it 

almost corresponds to the probability that the hit sequence is 

not homologous to the query. When E value > 1.0, it 

corresponds to the probability that the hit sequence is likely 

to be a homolog of the query. It is vital to check the 

homologous property.  In other words, closer the e-value to 

0, higher the degree of similarity between the two sequences 

(Jill et al. 2006).A survey of literature can be used to 

identify the cut –off value if there is no clear cut –off then 

same can be used to identify genes in the list of retrieved 

sequences on the basis of their function. The e value can be 

used to set the threshold value. 

Now set the threshold value E value <     (Hall et 

al. 2004) and include the homologous sequence above the 

cut-off. There are many sequences from same strain. For 

ease, add only one sequence from the sequence with same 

strain.  The figure 2 shows the result of the BLAST search 

of helicobacter pylori antigen.  

 
Fig. 2: Result of Blast Search 

4) Step1.4:  

Next step is to add the selected sequences to alignment. 

Click on gi or accession number, the link that will direct to 

the Genbank file for that sequence. If the link directs to 

genome sequence or a large file that includes sequence of 

numerous genes then look at the alignment and note down 

the range of nucleotides that meet the needs. To do so select 

the triangle, Change region Shown box and enter the range 

of nucleotides then click Update View button. Do not forget 

to note that some sequences are reported as the negative 

strand (strand=plus/minus). These sequences need to be 

reversed before adding them to alignment. The reverse 

compliment can be done within the browser through 

customize View region. Select Show sequence box and tick 

the Reversed Complemented Strand and press refresh 

button. Now, press red plus button or Add to Alignment 

button near the top of the window.  Another method to 

reverse complement the DNA is to add the sequence to 

MEGA simply by clicking Add to Alignment and then right 

click on the sequence name and select Reverse Complement 

from the menu. 

If some problem arises in adding the sequence to 

alignment then click on accession number, the link will 

direct to the file for that sequence. Now, click on the left 

most link labeled as GO TO and choose FASTA format. 

This directs to the page with the sequence, now choose Send 

to file in FASTA format. Download all the sequences one by 

one. Do not forget to download the sequence in FASTA 

format.  

B. Step 2: Align the Sequences: 

1) Step 2.1:  

Once all the sequences are downloaded next step is to 

combine all the sequences into a single file for alignment. 

For this, click on ALIGNMENT from the main menu of 

MEGA 6 and choose edit/build a new alignment. The popup 

window will ask whether to proceed with DNA or proteins. 

In this case choose DNA. For further processing, add all the 

sequences one by one and save the contents in order to avoid 

any loss. To remove a sequence from the list, right click the 

sequence and select cut. From DATA menu choose export 

and click SAVE from submenu. The saved file has .mas 

extension which indicates alignment file. The alignment 

explorer displays the name of the sequence at the left side, 

followed by the sequence with colored residues. If the name 

of the sequence is too long then its right time to rename the 

sequence to something more suitable.  If the sequence is 

DNA, the window will display two tabs: DNA sequence and 

Translated proteins sequence. Double click the sequence to 

rename the sequence. The DNA sequence tab is selected by 

default. For H. Pylori Antigen add all the 18 selected 

sequences, one from each strain into a single FASTA file. 

Now save the session as final H. Pylori alignment session. 

The figure below depicts the screenshot of all the selected 

sequences added into a single FASTA file for alignment. 
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Fig. 3: Sequences Selected for Alignment 

2) Step 2.2: 

Align by ClustalW: since all the selected sequences are 

homologous, all the bases in a column are also homologous. 

Insertions and deletions in the sequence collectively are 

known as indets. This changes the length of the sequence 

and shifts the bases or amino acids. The ClustalW 

introduces gaps into the sequences to shift the bases back to 

their corresponding homologous position. The MEGA 6 

uses the embedded version of ClustalW to perform the 

alignment. It attempts to maximize the alignment score.   

For alignment, proceed through following steps: 

first, select all the sequences and choose align by ClustalW 

from the alignment menu.  A clustalW parameters window 

will appear. The original parameters are best for the DNA 

analysis so just press Ok button. Now a progress window 

will appear followed by window displaying the result of the 

alignment. In the aligned sequence, most of the sequences 

begin with a series of gaps, presented by dashes. While a 

gray bar just above the sequence show an asterisk on some 

columns where the base is identical in all sequences.  

3) Step 2.3: 

Improve the alignment: The alignment need to be adjusted 

manually for further improvements. Drag the cursor to the 

end of the sequence to select the adjacent terminator ATG 

bases for as many adjacent sequences as possible. Now, 

click on left pointing arrow (◄I) repeatedly to move the 

selected bases to the left end. Repeat the process for other 

set of sequences. But some sequences begin very far away 

from the original sequence so it is better to delete such 

sequences. Now alignment is complete, save the alignment 

in .MEGA format. Select data from menu and choose export 

from the submenu and then select MEGA file. .mega 

indicates a mega file. Now a pop up window will ask for the 

title of the input data. After proving the title, another dialog 

box will ask if these are protein coding simply click YES. 

The final result of the alignment is illustrated in the figure 3. 

Three sequences were deleted from the file to improve the 

alignment. 

 
Fig. 4: Result of Alignment. 

C. Step 3: Construct the Phylogenetic Tree: 

There are various methods to estimate the tree such as 

neighbor joining, UPGMA, maximum parsimony, Bayesian 

inference and maximum likelihood. But in this article 

neighbor joining is illustrated. Neighbor joining is a distance 

based method; it gives the least total branch length at each 

step of the algorithm. 

1) Step 3.1: 

Before construction of evolutionary tree, the file needs to be 

activated. To activate the data file in MEGA 6, open the file 

with mega extension. MEGA will open the file in sequence 

data explorer window to indicate the successful activation of 

the file. In order to construct phylogenetic tree select 

Construct phylogenetic tree using neighbor joining from 

PHYLOGENY menu. The analysis preference window 

opens that allows setting the conditions for the analysis. The 

window displays the standard parameters like data type, 

method of analysis, codon positions, and substitution model 

to use. The figure shows the current parameters and 

selections of the neighbor joining method.  

 
Fig. 5: Neighbor joining method 
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The yellow area indicates that choices can be 

altered according to the needs. The parameter gaps/missing 

data determines how Neighbor Joining (NJ) handles gaps.  

By default the value is complete deletion, which means that 

the program ignores all sites that include a gap anywhere in 

the column. Complete deletion is fine for data set with fewer 

gaps. However, for large data with many gaps this is not a 

good option. Change the option and choose Pairwise 

Deletion. In this, gaps are removed from site only when 

need arises during pairwise computation of distances. The 

next parameter is codon position. The default is to use all 

the three position. Next parameter is substitution model. As 

data is nucleotide sequence choose Nucleotide from the 

menu. Also, choose the model in the submenu. The default 

model is maximum composite likelihood model; it increases 

the accuracy of calculating the pairwise distance.  When 

choices are made, click compute button to generate the tree. 

Continuing with the example, activate the saved aligned 

session of H.Pylori Antigen and compute the tree. The 

explorer window will display the result of the phylogenetic 

analysis. The figure below shows the resultant tree with 

branch lengths written on the branches.  

Now save the tree so that further modifications can 

be done if necessary. The file will have the .mts extension. 

 
Fig. 6: Phylogenetic tree of helicobacter pylori antigen 

2) Step 3.2: Estimating the reliability of the tree 

The tree generated as a result of phylogenetic analysis is not 

a true representation of the relationships among the 

sequence and their ancestors. It is an estimate of those 

relationships so it is necessary to check the reliability of that 

estimate. The most widely used method to know the 

reliability is bootstrap method. To perform bootstrap test 

return to the analysis preferences window mentioned in step 

3.1. This window allows setting the conditions for neighbor 

joining analysis. Concentrate on the parameter Phylogeny 

Test which was earlier set to none. Now set phylogeny test 

to Bootstrap method, then No. of bootstrap Replicates to an 

integer value between 100 and 2,000. It is important to note 

that the increase in number of replicates increases the time 

to perform the test. In the example the no. of replicates are 

500 (Hall et al. 2004). Now click compute. A window shows 

the proceeding with the help of a progress bar. This results 

into a tree with numbers on every node. Those numbers 

known as bootstrap percentage indicate the reliability of the 

descending from that node. It is important to note that the 

bootstrap method estimates the reliability of each node 

instead of estimating the reliability of the tree.  

D. Step 4: Present the Tree: 

A tree is a graphical representation of the relationship 

between sequences so it is important to present the tree in 

appropriate manner. The external nodes represent the 

present sequence while the internal nodes represent 

hypothetical ancestors and branches connect nodes to each 

other. The phylogenetic tree can be drawn in various ways. 

In the rectangular format, vertical lines represent interior 

nodes and the horizontal lines represent branches. The 

horizontal branch lines are drawn in such a way that the 

lengths of the lines are proportional to the branch lengths. A 

scale at the bottom of the tree shows the number of 

substitutions per site. Another important layout is cladogram 

ot topology only. For this, choose topology only from the 

View menu, so that the length of the branch lines is 

unconnected to the branch lengths. The branches are simply 

labeled with the branch length. The branch length conveys 

important information but the information can be hidden by 

selecting Show/Hide from the View menu and then choose 

Branch Lengths from the sub menu. In order to publish the 

tree, save the outcome in appropriate format. For Pdf 

format, select save as pdf from image menu.  

II. CONCLUSION 

Helicobacter pylori are a helix shaped, gram negative 

microaerophilic bacteria found in stomach. The evolutionary 

tree of this bacteria generated with neighbour joining 

method is illustrated in the paper. 
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