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ABSTRACT 

 

Study of protein data plays a vital role in the field of Bioinformatics. The functional and 

structural information of proteins and nucleic acid are of importance for Phylogenetic analysis. 

Recent research has shown that Honey bees (Apis mellifera) make a protein that they add to the 

honey, called defensin-1, which is rich in antibacterial properties that could be used in drugs for 

treating burns and wounds related to skin. This paper gives an insight about the usage of various 

MATLAB functions for retrieving Defensin-1 and other proteins from different families across 

the biological databases, and the analysis for various functionalities. The present work serves as 

a powerful tool that can aid in the interpretation, exploration and visualization of data in the field 

of biotechnology and molecular biology. 
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INTRODUCTION 

 

Bioinformatics is an Interdisciplinary research area of Molecular Biology and computer science. 

It deals with the storage and quantitative analysis of sequence, structure, function of genes and 

their products. Sequence alignment is the most common task in Bioinformatics. A sequence 

alignment is a way of arranging the primary sequences of DNA, RNA, or protein to identify 

regions of similarity that may be a consequence of functional, structural, or evolutionary 

relationships between the sequences [1]. Sequence alignments are useful in bioinformatics for 

identifying sequence similarity, producing Phylogenetic trees, and developing homology models 

of protein structures. Alignments are often assumed to reflect a degree of evolutionary change 

between sequences descended from a common ancestor [2]. In recent days lot of research work is 

in progress with respect to drug discovery and drug analysis.  As mentioned earlier, 

Bioinformatics basically deals with sequence handling and analysis. The process used to find 

information about amino acid or nucleic acid sequence using various computational techniques 

or methods is termed as SEQUENCE ANALYSIS. It involves various functions like the 

determination of the similarity between two or more genes of the same or different organism and 

the protein coded by a gene. A new research [3], explains for the first time how honey kills 

bacteria. Specifically, the research shows that bees make a protein that they add to the honey, 

called defensin-1, which could one day be used to treat burns and skin infections and to develop 

new drugs that could combat antibiotic-resistant infections. "Honey or isolated honey-derived 

components might be of great value for prevention and treatment of infections caused by 

antibiotic-resistant bacteria." The Scientists have developed a method to selectively neutralize 
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the known antibacterial factors in honey and determine their individual antibacterial 

contributions. Ultimately, researchers isolated the defensin-1 protein, which is a part of the 

honey bee immune system that is added by the bees to honey. After the analysis, the scientists 

concluded that the vast majority of honey's antibacterial properties come from that protein. This 

information also sheds light on the inner workings of honey bee immune systems, which may 

one day help breeders to create healthier and heartier honey bees [4]. The present study gives an 

insight about the utilization of various functions of MATLAB related to bioinformatics that can 

aid in the interpretation, exploration and visualization of data in the field of biotechnology and 

molecular biology.  

This paper is organized as follows: Related works; Need and importance of the problem; 

methodology; Experimental results and discussion and conclusion. 

 

RELATED WORKS 

Searching databases of DNA and protein sequences is one of the fundamental tasks in 

bioinformatics. The Smith-Waterman algorithm guarantees the maximal sensitivity for local 

sequence alignments, but it is slow. It should be further considered that biological databases are 

growing in an exponential rate, which is greater than the rate of improvement of 

microprocessors. This results in longer time and more expensive hardware to manage the 

problem [5]. As a solution many heuristic approaches are used to reduce the cost of sequence 

alignment. One such heuristic approach for local and global alignment of sequences is Dynamic 

programming [6]. The thorough survey of the genome sequence analysis [7] has led the 

researchers in a competitive path in the field of medicine. Various tools are available for 

sequence alignment and analysis [8][9][10]. One such tool which has a technical programming 

approach is MATLAB. A thorough survey of the literature pertaining to the subject reveals that 

very sparse literature is available in this direction. Absolutely no work is available with regard to 

the present work. Hence, the present investigation is carried out. 

 
NEED AND IMPORTANCE OF THE PROBLEM 
 

Honey bees (Apis mellifera) are said to have anti bacterial characteristics which play a vital role 

in drug industries. The bees add a protein to honey called defensin-1. The study of this protein is 

of equal importance for drug design and analysis. MATLAB being a technical computing 

language, aids the user in retrieving related data, analyzing it for various functionalities, plotting 

the characteristics of proteins and build a Phylogenetic tree. Application and utilization of 

different functions related MATLAB is of concern. Since not much work in this area has been 

done, the present investigation is carried out to throw some light on the qualitative as well as the 

quantitative aspects of the problem. 
 

 MATERIALS AND METHODS 

 

For the present study, MATLAB which is a language of technical computing that helps in 

computation, visualization, and programming in a user friendly manner, where the problems and 

the solutions are expressed in mathematical notation is used. MATLAB has various toolboxes 

which cater to majority of the science stream problems. It has much functionality like plotting of 

graphs, handling images, crating GUIs, constructing and manipulating data structures, etc. 

MATLAB provides a command-line interface and integrated software environment for the 
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Bioinformatics Toolbox. It provides the user with an option to connect with external interfaces, 

programs, devices and data related to their application. Since the present study is related to 

bioinformatics i.e study of sequences, MATLAB provides various tool boxes which cater to the 

researchers needs. Bioinformatics toolbox is one such tool which provides integrated software 

environment for genome and protein analysis. It finds its application in fields of drug discovery 

and design, genetic engineering, and biological research. This toolbox has many functions and 

algorithms for sequence analysis, for constructing Phylogenetic trees and to manipulate them, 

handling of Microarray and Mass spectrometry data and many statistical functions for analysis 

purpose [11].  

In this research article utilization of various functions of MATLAB like, fetching the sequences 

from various biological databases, converting amino acids to nucleic acids, sequence alignments 

with Smith-Waterman and Needleman Wunsch algorithms [12][13], and the plot of protein 

behavior and the construction of Phylogenetic tree are discussed in detail, for Defensin-1 protein 

present in Honey Bees (Apis mellifera) and other organisms. The proposed work serves as a 

useful tool that can aid in the exploration, interpretation and visualization of protein data and 

functions associated with it which also finds a vast application in the field of Bioinformatics. 

 

The following steps were used in the analysis process: 

 

Step1: The Proteins are retrieved from biological databases like NCBI, Pubmed Central,          

            PDB etc. 

Step2: The amino acid sequence of defensin-1 was converted to nucleotide sequence using   

aa2nt function of matlab. Later it was used in seqtool Function to study the nucleotide 

composition, to calculate the base count and for other details about the sequence. 

Step3: The protein sequence defensin-1 is being fed into the Plot window to analyze and  

compare properties of the amino acid sequence. 

Step4:  Pairwise Sequence Alignment is performed on seq1 (Defensi-1) and seq2 (Homo  

sapiens).  

Step5: The sequences are further subjected to global alignment to find the scoring matrix value  

using PAM250, and to get the optimal path between the alignments using ShowScore  

property by setting the showscore value to true. 

Step6: A Phylogenetic tree is constructed for various organisms having defensin-1 protein as a  

main component. The tree is constructed using the following set of matlab program code. 

seq = fastaread('fulldefensin.txt'); 

num_seqs = length(seq) 

orig_seq_dist = seqpdist(seq); 

orig_seq_tree =  seqlinkage(orig_seq_dist,'complete',seq); 

phytreetool(orig_seq_tree); 

Step7: Finally the tree so obtained is Converted into relationship matrix using the function  

[Matrix, ID, Distances] = getmatrix(PhytreeObj). it converts the  phytree object into a 

logical sparse matrix, Matrix, in which 1 indicates that a branch node (row index) is 

connected to its child (column index). The child can be either another branch node or a 

leaf node. 
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EXPERIMENTAL RESULTS AND DISCUSSION 

 
In this section, the results of the present investigation are presented in figures 1 to 6. The 

experiments are conducted as per the steps mentioned in section IV. 

The FASTA format of Defensin-1 protein sequence obtained from „pubmed‟ 

 

>gi|254910938|ref|NP_001011616.2| defensin-1 preproprotein [Apis mellifera] 

MKIYFIVGLLFMAMVAIMAAPVEDEFEPLEHFENEERADRHRRVTCDLLSFKGQV

NDSACAANCLSLGKA 

 

The defensin-1protien sequence is being converted to nucleotide sequence as shown below, 

which is being used further for various analyses purpose. 

 

ATGAAGATATACTTTATAGTGGGCCTATTATTTATGGCGATGGTAGCTATAATG

GCAGCGCCAGTCGAGGATGAGTTTGAACCTTTAGAGCACTTTGAGAATGAAGA

AAGAGCGGATCGACATCGGAGAGTGACCTGCGACTTATTATCATTCAAAGGAC

AAGTGAATGACAGTGCGTGCGCAGCTAATTGTCTGTCCCTAGGTAAGGCCGGT

GGCCACTGTGAAAAGGGAGTATGCATTTGCAGAAAAACATCTTTTAAGGACCT

GTGGGACAAACGTTTTGGT 

 

Figure1 shows the output of the function seqtool, which aligns the nucleotide sequence. It gives 

the user an option for translating, complementing and reverse complementing the sequence. It 

gives the base count also. 

 

 
Figure 1. Seqtool output of defensin-1 nucleotide sequence 

The Protein Plot window lets you analyze and compare properties of a single amino acid 

sequence. It displays smoothed line plots of various properties such as the hydrophobicity of the 

amino acids in the sequence.  
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The Properties of Amino Acids can be viewed by selecting a property from the Properties 

drop-down list box which displays a smoothed plot of the property values along the sequence. 

More than two properties can also be shown easily with PLOTYY-style layout, with one y-axis 

on the left and one on the right. Figure 2, depicts the percentage of amino acid composition in 

defensin-1 protein. 

 

Figure 2. Protein plot of Defensin-1 

Searching for similarities in protein and DNA databases has become a routine procedure in 

Molecular Biology. Dynamic programming algorithms are recursive algorithms modified to store 

intermediate results, which improves efficiency for certain problems. The Smith-Waterman 

(Needleman-Wunsch) algorithm uses a dynamic programming algorithm to find the optimal 

local (global) alignment of two sequences [14]. The alignment algorithm is based on finding the 

elements of a matrix H where the element Hi,j is the optimal score for aligning the sequence. Two 

similar amino acids receive a high score, and two dissimilar amino acids receive a low score. The 

higher the score of a path through the matrix, the better is the alignment. Matlab provides an 

efficient alignment functions (nwalign and swalign) which perform the Pairwise alignment for 

the given sequences. Figures 3 and 4 depict the alignment made for Defensin-1 and homo 

sapiens using nwalign and swalign respectively.  The main way of analyzing biological 

sequences is by comparing and aligning them to each other. A sequence analysis procedure in 

which a series of characters (nucleic acid or amino acid symbols) or character patterns that are in 

the same order in both sequences are identified. The similarities and differences are noted in turn 

which also give an optimal alignment of the sequences. The Needleman and Wunsch algorithm 

was the first rapid method in the biological literature for determining sequence homology [13]. It 

was based on dynamic programming and was used to align sequences globally. 
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Figure 3. Globally aligned sequences of defensin-1 and homo sapiens using Needleman-Wunsch 

algorithm. The score of alignment is 0.6667 

 

 The Smith-Waterman algorithm has been available for more than 29 years. It is based on a 

dynamic programming approach that explores all the possible alignments between two 

sequences; as a result it returns the optimal local alignment. 
  

 
Figure 4. Locally aligned sequences of defensin-1 and homo sapiens using Smith-Waterman 

algorithm. The score of alignment is 14.3333 
 

Several substitution matrices have been developed in order to numerically evaluate the tendency 

of amino acids substitution along evolution and thus help to better identify equivalent positions 

between homologous proteins. These matrices are widely used to align sequences but their use to 

further understand the meaning of sequence evolution has also shown to be pertinent. One such 

substitution matrices is PAM. PAM matrices [15] are conceived to compare pairs of sequences at 

k units distance (we speak about a PAM-k matrix). Figure 5 and 6 show resulting PAM matricies 

of for Defensin-1 and homo sapiens respectively. We say that two sequences S1 and S2 are at 1 

PAM unit distance if S1 is converted into S2 with an average of 1 point wise mutation per 100 

residues. A PAM-k matrix is obtained by multiplying k times PAM-1 with itself and PAM-1 is 

calculated from global alignments of closely related proteins. Smaller the k, closer the 

evolutionary distance. Figures 5 and 6 shows the global alignment of amino acid sequence using 

the PAM250 scoring matrix and the default values for the GapOpen and ExtendGap properties. It 

Return the optimal global alignment score in bits and the alignment character array.  

 
Figure 5. Sequence Alignment using „Pam250‟ scoring matrix with Needleman-Wunsch 

algorithm. The score is   13.3333 
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Figure 6. Sequence Alignment using „Pam250‟ scoring matrix, with Smith-Waterman algorithm. 

The score is 22. 

 

The figures 7 and 8 depict the scoring space which is a heat map displaying the best scores for all 

the partial alignments between defensin-1 and Homo sapiens sequences. The winning path is 

represented by black dots in the scoring space, and it illustrates the pairing of positions in the 

optimal global alignment. The color of each (n1, n2) coordinate, in the scoring space represents 

the best score for the pairing of subsequences Seq1 (1:n1) and Seq2 (1:n2), where n1 is a 

position in Seq1 and n2 is a position in Seq2. The best score for a pairing of specific 

subsequences is determined by scoring all possible alignments of the subsequences by summing 

matches and gap penalties. The color of the last point (lower right) of the winning path 

represents the optimal global alignment score for the two sequences and is the Score output 

returned by nwalign function of Matlab.  The scoring space visually indicates if there are 

potential alternate winning paths, which are useful when aligning sequences with big gaps. 

Visual patterns in the scoring space can also indicate a possible sequence rearrangement 

 

 
Figure 7. A Heat map displaying the best score for all partial alignments between defensin-1 and 

homo sapiens using Needleman-Wunsch algorithm. 

 

 
Figure 8. A Heat map displaying the best score for all partial alignments between defensin-1 and 

homo sapiens using Smith-Waterman algorithm. 
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The study of the relationships between groups of organisms is called taxonomy. The branch of 

taxonomy that deals with numerical data such as DNA sequences is known as Phylogenetics. 

The results of Phylogenetic analysis may be depicted as a hierarchical branching diagram, a 

"cladogram" or "Phylogenetic tree" as shown in Figure 9. The tree represents the genealogical 

evolution of the different species, linking them through a certain set of similarities and 

differences. All the trees are assumed to be binary, meaning that each node branches into two 

daughter edges as shown in Figure 9. The edges meet at a branch node, a node being at the 

endpoint of an edge. Each edge has a certain amount of evolutionary divergence associated with 

it, quantified by some distance between DNA sequences. These distances are referred to as „edge 

lengths‟ or „branch lengths‟. Terminal nodes or leaves correspond to the observed sequences that 

might connect up to an ultimate ancestor or „root‟ of the tree. Phylogenetics has a significant 

impact on the development of evolutionary biology. Comprehensive Phylogenetic trees are 

essential tools to better understand evolutionary processes. For many groups of organisms or 

projects aiming to build the Tree of Life, comprehensive Phylogenetic analysis implies sampling 

hundreds to thousands of taxa. Figure 9, shows such a Phylogenetic tree with a data set of 9 

sequences related to the families of honey bees having defensin-1 protein in common. 

 

 
Figure 9. Phylogenetic tree object with 9 leaves (8 branches) 

 
The phytree object can be converted into relational (Logical sparse) matrix. The relational Matrix 

is one, in which 1 indicates that a branch node (row index) is connected to its child (column 

index). The child can be either another branch node or a leaf node.  ID is a column vector of 

strings listing the labels that correspond to the rows and columns of Matrix, with the labels from 

1 to Number of Leaves being the leaf nodes, then the labels from Number of Leaves + 1 to 

Number of Leaves + Number of Branches being the branch nodes, and the label for the last 

branch node also being the root node. Distance is a column vector with one entry for every 

nonzero entry in Matrix traversed column-wise and representing the distance between the branch 

node and the child. Figure10 gives the details about the branch numbers with corresponding 

node, branch distance and the sequence ID. 
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Figure 10.  The column vectors of distance, Id and Matrix for the above Phylogenetic tree. 

 

CONCLUSION 

 

Researchers have shown that bees make a protein called Defensin-1, which they add to the honey 

which in turn could be used to treat burns and skin infections. From the experiments, scientists 

have concluded that vast majority of honey‟s antibacterial properties come from that protein. 

Further, this facilitates the development of new drugs that could combat antibiotic-resistant 

infections. The Bioinformatics Toolbox provided by MATLAB, gives an easy and a better way 

of data analysis. The various functionalities of the given data can be studied in a fast and a better 

way compared to other existing tools related to Bio.  The present work discusses the various 

functions of Matlab applied on Defensin-1 protein, and thorough information regarding the 

protein sequence and its characteristics, the best alignment score and path. The phylogenic tree 

construction leaves the user to make optimum decision about the ancestral relationships, the 

distances among the different branches and to learn about the consensus tree. 
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