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Adstract 

The genome sequence represents the book of life. Buried in this large volume are 

genes, which are scattered as small DNA fragments throughout the genome and 

comprise a small percentage of the total text. Finding these indistinct 'needles' in a 

vast genomic 'haystack' can be extremely challenging. 

The computational gene identification problem is an endeavor to interpret nucleotide 

sequences, in order to provide an annotation on the location and hopefully the 

functional class of protein-coding genes (mRNA) as well as genes for other RNAs 

(rRNA, tRNA etc.). This problem is of self-evident importance and remains far from 

full resolution. With the advent of whole-genome sequencing projects, there is 

considerable use for algorithms which scan genomic DNA sequences to find genes, 

particularly those that encode for proteins. Even though there is no substitute to 

experimentation in determining the exact locations of genes in a genome sequence, a 

prior knowledge of the approximate location of genes will hasten the process to a 

great extent apart from saving huge amount of laboratory time and resources. 

Several algorithms have been reported in the past for analysis of prokaryotic 

genomes based on sophisticated, statistical and mathematical methods. A physico-

chemical understanding of the characteristics of the genes is lacking. The present 

thesis attempts to address this issue. 
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This thesis work presents an ab initio model for gene prediction in prokaryotic 

genomes based on physico-chemical characteristics of double helical trinucleotide 

sequences corresponding to the 64 codons calculated from molecular dynamics 

(MD) simulations. The methodology combines filters based on stereochemical 

properties of protein sequences and frequencies of occurrences of codons via their 

corresponding amino acids from 175000 Swissprot proteins to reduce false 

positives. The methodology has been validated on 372 prokaryotic genomes with 

sensitivity, specificity and correlation coefficients averaged over 356208 genes and 

an equal number of frame-shifted genes (non-genes) reaching 97.50%, 97.20% and 

94.25% respectively. The protocol has been automated in the form of a web server 

(http://www.scfbio-iitd.res.inichemgenome2) and is made freely accessible for 

usage by the scientific community. 

This thesis is divided into eight chapters. Chapter 1 gives an introduction of the gene 

prediction methodologies. An overview of the computational methodologies 

(extrinsic, intrinsic, hybrid and comparative genomics approaches) is also presented. 

Chapter 2 describes the methodology developed as a part of this thesis for the 

evaluation of DNA sequences and prediction of protein-coding genes from the 

whole genome sequence of the organisms. The modular form of the methodology 

has been explained which allows for the automation of the methodology as a web 

server. Chapter 3 describes the results obtained from the gene evaluation 
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methodology explained in Ch. 2 on 372 prokaryotic genomes. An evaluation of the 

methodology with the virus genomes is also presented. Chapter 4 describes the 

results obtained from the gene prediction methodology explained in Ch. 2 on 372 

prokaryotic genomes. Chapter 5 describes the performance appraisal of the gene 

evaluation methodology for eukaryotic genomes. Chapter 6 explains the protocol 

devised for extracting the physico-chemical information hidden in DNA sequences. 

The methodology explained in Ch. 2 has been automated in the form of web servers 

which are described in Chapter 7. Finally in Chapter 8, summary and some 

perspectives emerging from this thesis work on genome analysis are provided. 
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