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ABSTRACT 

 PHYLOGENY is the concept of phylogenetic trees which is 

typically a graphical representation of the evolutionary 

relationships among three or more genes or organisms. The 

tree construction can be done through different tree-building 

methods which include methods based on distances and 

characters. After a phylogenetic tree is being constructed, it is 

important to access its accuracy which refers to the degree to 

which a tree approximates the true tree. The best approach to 

test the phylogeneies is bootstrap analysis or simply 

bootstrapping. Bootstrapping is not a technique to check the 

accuracy of a tree. Instead, it describes the robustness of the 

tree topology. This paper discusses the searching and analyses 

of different possible inputs selected on the basis of family of 

genes or organisms so as to obtain the most optimal result. An 

algorithm was developed to determine the reliability of an 

inferred phylogenetic tree.  
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1. INTRODUCTION 

Bio-informatics is an interdisciplinary research area at the 

interface between computer science and biological science. 

The fundamental aspect of bioinformatics is phylogenetics. 

The evolutionary history of a set of taxa is usually represented 

by a phylogenetic tree, and this model has greatly facilitated 

the discussion and testing of hypotheses [1]. The construction 

of phylogenetic trees is done by various methods. The main 

existing methods for reconstructing phylogenetic trees are 

based on maximum likelihood, Bayesian inference, maximum 

parsimony or distance. There are many distance based 

programs for phylogenetic trees reconstruction [2]. After the 

tree is constructed, the accuracy measure is being done. When 

a tree approximately gives the value of the true tree, then 

accuracy is being measured. Even when the alignment is done 

carefully and conditions such as substitution methods or 

scoring matrices are carefully chosen, a meaningless tree can 

still be generated. It means that the consistency, efficiency and 

robustness of the data applied matters. Moreover, the problem 

with phylogenetic inference is that the data which is in a 

single set is of finite length. New methods for pairwise 

alignments are also built [3]. In order to understand, analyze, 

and make use of the huge amount of data, bootstrapping 

approach is proposed to meet the challenge. It gives a way to 

judge the strength on support for nodes on phylogenetic trees 

that are built. The objective of our paper is to describe the 

bootstrapping algorithm and to compute the confidence levels 

of the branches of an inferred phylogenetic tree. 

2. PROBLEM STATEMENT AND 

SOLUTION APPROACH 

Bioinformatics is the science of managing, analyzing and 

interpreting information from biological sequences and 

various biological structures. In this area of science, biology, 

computer science and information technology, all the three 

merges into a single discipline [4]. 

Tree comparisons are used for multiple purposes, from 

unveiling the history of species to deciphering evolutionary 

associations among organisms and geographical areas [5]. In 

the case of phylogenetic trees, the accuracy measure is most 

significant and is of much importance. The problem is to 

estimate the significance of the branches of the tree. Large 

number of samples had to be taken in order to have an 

accurate confidence estimate [6]. So it becomes necessary to 

do the analyses by bootstrapping technique. The more times 

the data are sampled, better the bootstrap analysis becomes. 

The importance of applying re-sampling is that by re-sampling 

a number of times, it is possible to put reliability weights on 

each internal branch of the inferred phylogenetic tree. That 

implies that if the data is bootstrapped a 100 times, a bootstrap 

score of 100 means that the corresponding branch occurs in all 

100 trees made from re-sampled alignments. Thus, a high 

bootstrap score is a sign of greater reliability [7]. 

The biological sequences are taken as input listed in Table 1. 

It contains the accession no‟s, name of the organism, the 

source of the organism and the gene index number. This list 

can be processed, taking some of the sequences at a time to 

find out the most optimal and probable result. The results can 

be shown graphically as the output.  

 

Table 1: Biological Sequences taken as input 

  

ACCESSION 

NO. 

ORGANISM SOURCE GENE INDEX NO.  

JQ362408 Rhipicephalus Sanguineus Mitochondrion Rhipicephalus Sanguineus  

(brown dog tick) 

>gi|379134831 

JN990983 Felis Catus Felis Catus (domestic cat) >gi|379067379 

JN190495 Carassius Auratus Carassius Auratus (goldfish) 

 

>gi|379998732 

NM_022414 Mus Musculus Mus Musculus (house mouse) >gi|31543322 

NM_001206572 Homo Sapiens Homo Sapiens (human) 

 

>gi|330864760 



International Journal of Computer Applications (0975 – 8887) 

   Volume 47– No.24, June 2012 

7 

3. SOLUTION METHODOLOGY 
Database is created for the different sequences of the family of 

organisms. It contains the names, accession no.‟s etc. written 

in FASTA format.  

Comparing and computing distances between phylogenetic 

trees are important biological problems, especially for models 

where edge lengths play an important role[8]. First of all, a 

phylogenetic tree is constructed by computing the pairwise 

distances between the sequences. Sequences can also be a 

vector of structures or a matrix of characters as well. It will 

return a vector „D‟ containing biological distances between 

each pair of sequences stored in the M elements of the cell. D 

is an 1-by-(M*(M-1)/2) vector, corresponding to the M*(M-

1)/2 pairs of sequences. The output D is arranged in the order 

of ((2,1),(3,1),..., (M,1),(3,2),...(M,2),.....(M,M-1), i.e., the 

lower left triangle of the full M-by-M distance matrix.  To get 

the distance between the Ith and Jth sequences (I > J), we use 

the formula:  

D ((J-1)*(M-J/2) + I –J) 

To calculate the distance we use the formula: 

for NT (nucleotide sequences): 

d =  

 
for  AA (amino acids):   

d =  

 
where d = evolutionary distances between the sequences and p 

= observed sequence distance measured by the proportion of 

substitutions over the entire length of the alignment. Then the 

sequences are linked with the distances by taking the average 

of the distances and a phylogenetic tree is build.  
Ahead of that, bootstrapping process starts. The bootstrap 

replicates are made from the data i.e the tree data on which the 

tree is being build. It is a shuffled representation of the DNA 

sequence data. The bases of the data are sampled randomly 

from the sequences with replacement and get concatenated to 

make new sequences. The gaps between the pairs of 

sequences are removed to force a new pairwise alignment. 

After a new pairwise alignment has taken place i.e the re-

sampled alignment, it represents an estimate of how a 

different set of sequences from the same genes and the same 

species may have evolved on the same tree. After it is 

completed, the computation of the new alignments and the 

phylogenetic tree distances is being done again by the same 

method.  

When the computation is being performed, different bootstrap 

i.e the replicate trees are generated from the original tree. The 

topology of every bootstrap tree is compared with that of the 

original tree. Any interior branch that gives the same partition 

of species is counted. Since branches may be ordered 

differently among different trees but still represent the same 

partition of species it is necessary to get the canonical form  

for each subtree before comparison[9]. The first step is to get 

the canonical subtrees of the original tree. The canonical trees 

have the similar topology as of the original tree. To be 

considered as similar they must have the same topology and 

span the same species. After counting the species, the process 

is repeated. It builds up a new tree with the same branches. 

But this new tree contains the confidence information of all 

the branches of the phylogenetic tree build earlier [10]. Now 

this comes to a conclusion that if a new tree reconstruction on 

the re-sampled alignment results in a tree similar to the 

original one, the confidence level in the original tree is being 

increased. If, on the other hand, the new tree looks very 

different, it means that the inferred tree is unreliable [11].  

MATLAB is utilized to build the phylogenetic trees in the 

Graphical User Interface (GUI). The original tree is shown 

first then after replacement, the newer tree with confidence 

values is being shown. The methodology is being explained in 

the flow chart shown. 
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4. CONCLUSION 
The present model computes the accuracy of the phylogenetic 

tree and provides the result in the form of percentage count 

that can be compared for different sets of input as well. The 

results are also shown pictorially which further provides a 

detailed and complete description of the confidence intervals 

at their respective stage level. In comparison, Toress, M. 

developed a tool Digafu to exploit the best characteristics of 

phylogenetic programs. He stated the validation of the 

solution and was presented using real data. In comparison, the 

proposed work ensures the correctness and reliability of data 

stated. The screen shots are represented here in the paper. 

Such a model will help to determine the accuracy of the 

branches and there reliability as well. 
Screenshots 

 

 
Fig 1: Home page 

 

 
Fig 2: Entering accession no. of the sequences and 

calculating the paiwise distance among them 

 

 
Fig 3: Showing the distances 

 

 

Fig 4: Phylogenetic Tree being created 

 

 
Fig 5: Calculating the bootstrap replicates 

 

 
Fig 6: Showing bootstap replicate trees 

 

 
Fig 7: To build a phylogenetic tree with bootstrapping 

 

 

 
Fig 8: Displaying distance-based phylogenetic tree with 

confidence intervals 
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