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Abstract 

DNA is the vital constituent of all organisms driving them through their 

course of sustenance. DNA molecule, consisting of just four bases and two strands, 

has been studied through various techniques and methods, to develop an 

understanding of its structural, dynamic and functional aspects. But, even after 60 

years of the discovery of the double-helix, its language, viz., inference of function 

from an inspection of its sequence remains elusive.  

The entire DNA content of an organism is termed as ‘Genome’. The 

arrangement of various functional units (mRNA genes, tRNA genes, rRNA genes, 

promoters, exons, introns, splice sites etc.) on a genome is termed as genome 

organization. The problem of interpreting the nucleotide sequence data, to provide 

annotation on the position and functionality of these regions encompasses the area 

of genome analysis. 

Experimental genome analysis techniques have not been able to keep pace 

with the exponential increase in the sequence data as these are extremely time and 

resource consuming. With the spate of genome sequence data, in silico genome 

annotation has become an integral part of the genome analysis and sequencing 

projects. A variety of genome annotation methods have been reported in the past, 

utilizing either similarity with the existing data or training of 
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statistical/mathematical models on the available data or a combination of both. 

Also, most of the genome analysis methods focus only on the protein-coding 

regions (mRNA genes). The probability of extension of these methods to other 

functional regions utilizing the same parameters is also very less as they lack the 

physico-chemical characterization of DNA.  

The present thesis attempts to develop physico-chemical approaches to solve 

the problem of genome annotation and presents the necessary parameters, models 

and methods to discriminate various functional regions of DNA. The approach 

draws strength from energetic contributions of DNA, such as hydrogen-bonding, 

stacking and solvation energies as obtained from molecular simulations. The 

methods have been thoroughly validated on large datasets. This thesis is divided 

into eight chapters.  

Chapter I gives an introduction to genome organization and an overview of 

different computational methodologies for genome analysis. It provides information 

about the current scenario of genomic data, and the tools to analyze them. This 

chapter also gives a general idea about the physico-chemical approach utilized in 

this thesis. 

Chapter II describes the development of hydrogen-bonding, stacking and 

solvation energy parameters for dinucleotides. Methods for determining the 

thermodynamic stability of DNA in terms of their melting temperatures have also 
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been developed. The reliability of the parameters and the methods has been verified 

by their ability in predicting the melting temperatures of oligonucleotides. The 

correlation coefficients obtained between predicted and experimental melting 

temperatures in all the cases are > 0.98 and the average error in prediction is lower 

than any of the existing melting temperature prediction methods for 

oligonucleotides. 

 Chapter III deals with the problem of computational melting temperature 

prediction of long DNA sequences extending to the level of genomes. This chapter 

explains the procedure to calculate thermodynamic stability of long DNA sequences 

of any length in terms of their melting temperatures along with the variation of 

stability (melting profiles) along the sequence. The correlation coefficient obtained 

between the predicted and experimental melting temperatures for genomic 

sequences is ~0.99. It also illustrates that the thermodynamic stability of 

experimentally verified promoter region is generally lower as compared to their 

genic counterparts as observed in the case of 496 Escherichia coli promoter-gene 

sequences.  

Chapter IV discusses a physico-chemical approach to identify protein-coding 

regions in prokaryotic genomes. It describes the development of a protocol for 

predicting new genes utilizing the melting profiles as obtained by the methodology 

laid out in Chapter III. Prediction results on 16 prokaryotic systems of varied GC-
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content are also presented. The reliability of prediction has been checked by an 

application to a synthetic genome (Synthia) and the error is found to be just about 

2%. It also highlights the fact that there is a serious need for new approaches in 

genome analysis methods as substantial number of new genes/annotations have 

been predicted even in highly annotated systems such as Escherichia coli and 

Bacillus subtilis. 

Chapter V discusses the role of physico-chemical properties of DNA 

sequences as a guide to developing insights into both coding and non-coding RNA 

genes. It describes the development of energy-based fingerprints for various RNA 

genes (mRNA, tRNA and rRNA). The separation of t-RNA and m-RNA genes 

utilizing solvation energies is very clear, with 99% accuracy in over 1500 

prokaryotic systems. Separation of mRNA, tRNA and rRNA genes is also evident at 

the genomic level clearly indicating presence of physico-chemical signatures of 

different functional units. 

Chapter VI provides a solution for the development of sequence based 

statistical-thermodynamic model of DNA, tractable for any sequence length. The 

model is further harnessed for determining the thermodynamic stability variation in 

terms of nucleotide stability of the DNA. The model is in excellent agreement with 

the experiment and gives a correlation coefficient of -0.97 between the computed 

average free energy per base pair and the experimental melting temperatures of 
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oligonucleotides. The nucleotide stability profiles for promoter and gene sequences 

of Escherichia coli follow the same trends as observed with the melting profiles.  

Chapter VII addresses the issues encountered with eukaryotic genome 

analysis. As the methods developed in the previous chapters are based on the 

physico-chemical properties of DNA, these should be extendable to eukaryotic 

systems as well. This chapter inspects the capability of the thermodynamic stability 

methodology (both melting and statistical thermodynamic) in terms of identifying 

the exons and introns in eukaryotic gene sequences with encouraging results.  

Finally, Chapter VIII provides the summary and perspectives emerging from 

this thesis work and some ideas for future explorations in this regard. The strong 

message that comes out of this thesis work is that the diverse functional units on 

genomic DNA carry unique physico-chemical signatures. 
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