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INTRODUCTION 

  There has been an explosive growth in recent years in biological sequence data. There is a great 

need for the storage and managing of this data to be protected and secure. Bioinformatics is the science that 

deals with storing, extracting, organizing, analyzing, interpreting and utilizing information. Basically, 

bioinformatics is the combination of using applications of computer technology  in management of 

biological information.The central challenge of bioinformatics is the rationalization of the mass of sequence 

information, with a view not only to deriving more efficient means of data storage but also to designing more 

incisive analysis tools. The imperative derives that analytical process is the need to convert sequence 

information into biochemical and biophysical knowledge, to decipher the structural, functional and 

evolutionary clues encoded in the language of biological sequences. (Attawood and Perry-Smith, 2006). 

 A living cell is a biological system where cellular components such as genome, the gene transcript 

and the proteins interact with each other, and these interactions determine the fate of the cell, e.g., whether a 

stem cell is going to become a liver cell or cancer cell. The characterization of these three types of 

components and the associated development of analytical methods lead to the establishments of three closely 

related branches of bioinformatics:  

1. Genomics,  

2. Transcriptomics and  

3. Proteomcs.  

The primary database like Protein Data Bank (PDB), Cambridge structural database (CSD), Bio Meg 

Res Bank (BMRB), Nucleic Acid structure Database (NDB) are main constituent of structural 

bioinformatics. They work as the repositories of knowledge regarding the structure of a molecule as well as 

experimental (raw/unprocessed) data used for deducing the structures. Developing analytical tools to 

discover or decipher the knowledge in data is another aspect of bioinformatics. The ultimate goal of 

analytical bioinformatics is to develop predictive methods that allow scientists to model the function and 

phenotype of an organism based only on its protein and genome sequences data. It includes following tasks- 

1. Biological data research on the web. 

2. Sequence analysis, pair-wise alignment. 

3. Multiple sequence alignment, trees and profiles.  

4. Visualizing protein structures and computing structural properties. 

5. Predicting protein structure and function from sequence. 

6. Tools for genomics and proteomics.  

The scope of bioinformatics lies in the fact that it has empowered the research and development in the 

biological field, right from the level of single nucleotide to the vast classification. Online floras provide 

description about plants and simply by inserting the characters user can get the genus to which the plant 

belongs. Days are not far when a world of flora will be available and any local plant can be easily identified. 

Also one can access required data using such online information. The concept of e-herbarium has been 

already introduced and has generated overwhelming response (Attawood and Perry-Smith, 2006). Work on 

virtual taxonomy is in the pipeline where in a 360
0 

view of herbarium along with its description using simple 

mouse would be quite possible. Decoding of genomes of various organisms will prove vital in comparing 
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and assigning taxon to each individual. Moreover it will play decisive role in understanding evolution 

migration and adaptations of various organisms. Data of DNA barcodes has a potential for the development 

of e-museum for identification of particular animals.      

 Bioinformatics is a lot more than just a useful tool in biological research and the development of 

drugs. It is quickly becoming indispensable to all researchers and scientists alike. The technology of 

bioinformatics is both versatile and is able to be applied wherever research is being done on genetics, 

proteins and cells for the use of discovering and development of new drugs, evaluation of drug toxicology, 

pharmaceutical products and clinical trials have also been able to benefit from the use and technology of 

bioinformatics.  

MOLECULAR PHYLOGENY AND EVOLUTION 

Every living  organism contains DNA, RNA and Proteins. Closely related organisms generally have a 

high degree of agreement in the molecular structure of these substances, while the molecules of organisms 

distantly related usually show a pattern of dissimilarity. Conserved sequences, such as mitochondrial DNA, 

are expected to accumulate mutations over time, and assuming a constant rate of mutation and provide a 

molecular clock for dating divergence. Molecular phylogeny uses such data to build a "relationship tree" that 

shows the probable evolution of various organisms. Not until recent decades, however, has it been possible 

to isolate and identify these molecular structures. Early attempts at molecular  systematic were also termed as 

chemotaxonomy and made use of proteins enzymes, carbohydrates  and other molecules which were 

separated and characterized using techniques such as chromatography. These have been largely replaced in 

recent times by DNA sequencing which produces the exact sequences of nucleotides or bases in either DNA 

or RNA segments extracted using different techniques. These are generally considered superior for 

evolutionary studies since the actions of evolution are ultimately reflected in the genetic sequences. 

The most common approach is the comparison of homologous sequences for genes using sequence 

alignment techniques to identify similarity. Another application of molecular phylogeny is in DNA 

barcoding, where the species of an individual organism is identified using small sections of mitochondrial 

DNA. Another application of the techniques that make this possible can be seen in the very limited field of 

human genetics, such as the ever more popular use of genetic testing to determine a child's paternity, as well 

as the emergence of a new branch of criminal forensic focused on evidence known as genetic fingerprinting. 

Computational phylogenetics is the application of computational algorithms, methods and programs 

to phylogenetic analyses. The goal is to assemble a phylogenetic tree representing a hypothesis about the 

evolutionary ancestry of a set of gene, species, or other taxa. For example, these techniques have been used 

to explore the family tree of hominid species (1) and the relationships between specific genes shared by 

many types of organisms.(2) Traditional phylogenetics relies on morphological data obtained by measuring 

and quantifying the phenotypic properties of representative organisms, while the more recent field of 

molecular phylogenetics uses nucleotide sequences encoding genes or amino acid sequences encoding 

proteins as the basis for classification. Many forms of molecular phylogenetics are closely related to and 

make extensive use of sequence alignment in constructing and refining phylogenetic trees, which are used to 

classify the evolutionary relationships between homologous genes represented in the genomes of divergent 

species. The phylogenetic trees constructed by computational methods are unlikely to perfectly reproduce the 

evolutionary tree that represents the historical relationships between the species being analyzed. The 

historical species tree may also differ from the historical tree of an individual homologous gene shared by 

those species. 

Producing a phylogenetic tree requires a measure of homology among the characteristics shared by 

the taxa being compared. In morphological studies, this requires explicit decisions about which physical 

characteristics to measure and how to use them to encode distinct states corresponding to the input taxa. In 

molecular studies, a primary problem is in producing a multiple sequence alignment (MSA) between the 
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genes or amino acid sequences of interest. Progressive sequence alignment methods produce a phylogenetic 

tree by necessity because they incorporate new sequences into the calculated alignment in order of genetic 

distance. 

MITOCHONDRIAL DNA (mtDNA) AND PHYLOGENETIC RESEARCH 

With the development of DNA sequencing methods and the extensive sequencing experiments 

undertaken in the last two decades in a wide variety of organisms, the order of the genes in the mitochondrial 

DNA molecule has begun to be disclosed. A great number of phylogenetic studies using mitochondrial gene 

sequences have been done and reported, some dealing with the use of mitochondrial genes in the 

establishment of different levels of phylogenetic relationships (Kumazawa and Nishida, 1993; Zardoya and 

Meyer, 1996). For example, the control region of the mitochondrial genome is frequently used in population 

studies due to the high variability in its nucleotide sequence, while protein-coding genes, such as cytochrome 

b (Cytb), are generally used for phylogenetic analysis of taxa above the species level. The success of mtDNA 

sequences in phylogenetic studies is due to several characteristics:  

(a) Compact gene packing, with little noncoding intergenic nucleotides and some nucleotide overlapping 

between genes encoded in opposite strands (Cantatore and Saccone, 1987; and other genomes 

completely sequenced by several researchers); 

(b) Lack of recombination (Clayton, 1982, 1992; Hayashi et al., 1985);  

(c) Mainly maternal inheritance (Kondo et al., 1990; Gyllesteinet al., 1991); 

(d) Faster sequence evolution as compared to nuclear sequences, perhaps due to repair inefficiency  

     (Brown et al., 1979), and 

(e) Multicity status in a cell (Michaels et al., 1982; Robin and Wong, 1988).  

 Until recently this approach was not used in vertebrate phylogeny due to the belief that there was a 

"conserved gene order" for the vertebrate mitochondrial genome. The reason for this is that the first complete 

mitochondrial genome sequences found in vertebrate taxa had no variation in the position of the genes along 

the molecule. This has been seen in taxa as diverse as Xenopuslaevis(Roe et al., 1985) humans and other 

mammals (Bibb et al., 1981; Anderson et al., 1981, 1982; Brown et al., 1982; Gadaletaet al., 1989; Árnason 

and Johnsson, 1992; Árnason and Gullberg, 1993), and some fish species (Johansen et al., 1990; Tzenget al., 

1992; Chang et al., 1994; Zardoyaet al., 1995; Zardoya and Meyer, 1996).  Thus, the typical vertebrate 

mitochondrial genome was assumed to have a noncoding control region, 13 protein-coding genes, two 

ribosomal RNAs (rRNA), and 22 transfer RNAs (tRNA) spread along the circular DNA molecule (Anderson 

et al., 1981; Bibb et al., 1981; Roe et al., 1985; Gadaletaet al., 1989; Johansen et al., 1990, Figure 1).  
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PHYLOGENY OF FISHES (PISCES) 

All modern fishes except cyclostomes belong to either Osteichthyes or Chondrichtyes. Fishes are 

diverse in morphology and worldwide in distribution. They outnumber all other vertebrates combined and 

one of the most successful group of animals.In the case of fishes, molecular approaches have not been widely 

used in phylogenetic studies. So far, only mitochondrial DNA sequences (Kocher et al. 1989; Meyer et al. 

1990; Meyer and Wilson 1990; Normark et al. 1991; Martin and Palumbi 1992) or nuclear ribosomal 

sequences (Stock et al. 1991; Bernardi et al. 1992) have been used for recon- structing some fish phylogenies 

(in fact, either for several closely related taxa, or for a small number of taxa separated by large evolutionary 

distances). Indeed, very few genes coding for proteins have been sequenced in fishes (less than 200 for all 

fishesvs over 3,000 for man). Among them, the coding sequences of the growth hormone gene are the most 

widely known in primary structure and are potentially useful for phylogenetic studies covering broad 

phylogenetic spectra both in cold- and warm- blooded vertebrates. 
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Fig. 2.Phylogram of all groups of modern fishes showing their evolution from a common ancestor 

Phylogenetic reconstruction is an attempt to discern the ancestral relationship of a set of sequences. It 

involves the construction of a tree, where the nodes indicate separate evolutionary paths, and the lengths of 

the branches give an estimate of how distantly related the sequences represented by those branches are.Genes 

from different species may not have the same phylogenetic history as the species from which those 

sequences are taken have (although they do, obviously, have the same evolutionary history).Only shared and 

derived (synapomorphic) characters can be used to clearly establish a phylogenetic relationship. 

There are several methods of constructing phylogenetic trees - the most common are: 

1. Distance based methods 

2. Character based methods 

All these methods can only provide estimates of what a phylogenetic tree might look like for a given 

set of data. Most good methods also provide an indication of how much variation there is in these estimates. 

 

DISTANCE BASED METHODS: 

1. This method is preferred for work with immunological data, frequency data, or data with some 

impreciseness in its methods. It is very rapid, and easily permits statistical tests e.g. bootstrapping. It derives 

some measure of similarity or difference between the input sequences. 1. UPGMA: One algorithm for 

inferring a tree from a distance matrix is a progressive clustering method (much like those used for sequence 

alignment described above) known as the unweighted pair group method with arithmetic mean (UPGMA) 

algorithm. This method constructs a tree by identifying the shortest distance (D) in the matrix, clustering 

those two taxa into a single OTU for use in all subsequent calculations, calculating a new distance matrix, 

and then repeating these steps.  

 2. Neighbor Joining (NJ): Many other distance algorithms have been created that attempt to infer 

trees accurately, even in the face of the vagaries of evolution such as the unequal rates problem outlined in 

the discussion of UPGMA above.  In this case we can make use of an alternative method—neighbor joining. 

This method resembles the UPGMA clustering method but has some unique properties. Most importantly, it 

allows for unequal rates of evolution in different branches of the tree. Furthermore, if the distance matrix is 
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an accurate reflection of the real tree, neighbor joining will always infer the true tree. It corrects several 

assumptions made in the UPGMA method. It yields an unrooted tree. 

 

CHARACTER BASED METHODS: 

It is a popular method for reconstructing ancestral relationships. 

1. Maximum parsimony:It evaluates all possible trees for that given character and infers the 

number of evolutionary events implied by a particular topology. The most likely tree is then one that requires 

the minimum number of evolutionary changes needed to explain the observed data. Problems: Most 

parsimonious tree may not be unique; difficult to make valid statistical statements if there are many steps in a 

tree; branches with particularly rapid rates of change tend to attract one another, especially when the 

sequence lengths are small. 

2. Maximum likelihood: it is a very slow method and preferred mostly when homoplasies 

(Convergences of a particular character at a site) are expected to be concentrated in a few sites only, whose 

identities are known in advance. The method works by estimating, for all nucleotide positions in a sequence, 

what the probability of having a particular nucleotide at a particular site is, based on whether or not its 

ancestors had it (and the transition/transversion ratio). These probabilities are summed over the whole 

sequence, for both branches of a bifurcating tree. The product of the two probabilities gives you the 

likelihood of the tree up to this point. With more sequences, the estimation is done recursively at every 

branch point. Since each site evolves independently, the likelihood of the phylogeny can be estimated at 

every site. This process can only be done in a reasonable amount of time with four sequences. If there are 

more than four sequences, basic trees can be made for sets of four sequences, and then extra sequences added 

to the tree and the process of finding the maximum likelihood re-estimated. The order in which the 

sequences are added and the initial sequence chosen to start the process critically influences the resulting 

tree. To prevent any bias, the whole process is done multiple times with random choices for the order of the 

sequences. A majority rule consensus tree is then chosen as the final tree. 
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