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ABSTRACT 
 

The focuses of this study were to evaluate the performance of different statistical methods 

from the perspective of various genomic data such as phenotypic-genotypic data, gene 

expression (microarray/RNA-Seq) data, SNP data and meta-genomic data collected from 

different environmental samples. We also performed some in silico analysis of RNA 

silencing machinery genes in wheat (Triticum aestivum) based on the RNAi genes of 

arabidopsis thaliana and expression profile analysis of seven TaDCL genes in leaves and 

roots as well as against drought stress using qRT-PCR.  

In Chapter Two, we explored better QTL mapping approach by comparative study.  We 

found that Composite Interval Mapping (CIM) performs significantly better than the other 

four Simple Interval Mapping (SIM) methods in detecting QTL positions in backcross 

technique both on simulated data and on real rice genome dataset. In the case of real rice 

genome data analysis for backcross population, the CIM identified some vital positions 

that were not detected by the traditional SIM approaches.  

In Chapter Three, we have discussed the transcriptomics data (e.g. microarray, RNA-Seq) 

analysis from the robustness point of view. Transcriptomics datasets poses different 

computational challenges by virtue of the large number of transcripts surveyed with small 

sample sizes. Usually, these types of data analysis require identification of differentially 

expressed (DE) genes between two or more conditions and classification/clustering of 

samples (DE genes) based on the DE genes (samples). There are several statistical methods 

for these types of works. However, most of them are suffering from the small sample size 

and outlying observations. So transcriptomics data analysis by most of the conventional 

algorithms might be produced misleading results, since transcriptomics datasets are also 

often contaminated by outlying observations due to several steps involve in the data 

generating processes. To overcome these problems, in this chapter, we proposed logistic 

transformation of transcriptomics data for (i) robust identification of DE genes by SAM 

approach and (ii) robust classification of samples (DE genes) based on the reduced DE 

gene-set (samples). Simulation and real transcriptomics data analysis results showed that 



IX 

the proposed procedure outperform over the conventional procedure in presence of 

outliers, otherwise it keeps almost equal performance. It should be mention here that in the 

case of real rice genome data (control vs blast fungus disease) analysis, our proposed 

method detected two additional genes that were significantly associated with the rice blast 

fungus disease. This report is also supported by the literature review.          

DCL, AGO and RDR are known as RNA silencing machinery genes play significant role 

in the regulation of gene expression through the generation of small RNA (sRNA) 

molecules in plants. The wheat (Triticum aestivum) possesses 7 DCL, 39 AGO and 16 

RDR genes. The aim of Chapter Four was in silico identification and characterization of 

these genes and analyses of expression pattern of 7 TaDCLs. The phylogenetic analysis 

provided that all subfamilies of these three gene sets maintain their evolutionary 

relationships similar to their rice and Arabidopsis counterpart. Conserved domain structure 

analysis suggested that these genes were also contained consistent domain structure similar 

to rice and Arabidopsis. Although there was a difference in possessing cis-acting elements 

of the promoter regions of TaDCL genes but the promoters of TaDCL1a, TaDCL3a, and 

TaDCL4 contained a large number of stress-related cis-elements. GO investigation 

identified different metabolic process, biosynthetic process, molecular binding such as 

RNA, nucleic acid, protein binding, posttranscriptional, transferase and nuclease activities 

are significantly connected to RNAi gene regulation in wheat. Cytosol is however found to 

be the key molecular component that possesses the maximum number of wheat RNA 

silencing proteins. Expression analyses indicated that TaDCL3 and TaDCL4 genes are 

likely to play distinct roles in development and drought stress tolerance. This work 

provides the important indication of DCL, AGO and RDR genes evolutionary 

resemblances of their rice and Arabidopsis counterpart.  

 

Analysis for SNP biomarkers identification following this approach encompasses two 

major challenges such as existing embedded population structures or stratification along 

with polygenic effects or genetic relatedness among population subjects or individuals. To 

overcome these complexities recently linear mixed model has been widely used for GWAS 

for large-scale whole genome dataset. It is however observed that this method is sensitive 
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archaea etc.) obtained from different environmental samples. Metagenomics applies a suite 

of genomic technologies and bioinformatics tools to access the genetic content of entire 

communities of organisms directly. With the growing numbers of activities also comes a 

plethora of methodological knowledge and expertise that should guide future 

developments in the field(Simon and Daniel, 2011). This key area of bioinformatics 

research involves similar steps as like as previously mentioned bioinformatics research 

platforms viz., sample processing, sequencing technology, assembly, binning, annotation, 

experimental design, statistical analysis, data storage, and data sharing. Finally, the of late 

started area of bioinformatics research is called Genome wide association studies 

(GWAS).GWAS are hypothesis free methods to identify associations between genetic 

regions (loci) and traits (including diseases).It has long been known that genetic variation 

between individuals can cause differences in phenotypes. These causal variants, and those 

which are tightly linked to their region of the chromosome, are therefore present at higher 

frequency in cases (individuals with the trait) than controls (individuals without the trait) 

(www.ebi.ac.uk).The first successful GWAS was published in 2002 studying myocardial 

infarction. In genetics, GWASs typically focus on associations between single-nucleotide 

polymorphisms (SNPs) and traits like major plant diseases, but can equally be applied to 

any other genetic variants and any other organisms. GWA studies identify SNPs and other 

variants in DNA associated with a disease, but they cannot on their own specify which 

genes are causal(Manolio, 2010; Pearson and Manolio, 2008). As of 2017, hundreds or 

thousands of individuals are tested in a typical GWA study. Over 3,000 human GWA 

studies have examined over 1,800 diseases and traits, and thousands of SNP associations 

have been found(Pearson and Manolio, 2008). Bioinformatics research in agriculture help 

researchers identify DE genes for distinct phenotypic variations in crops, genesis of 

diseases for diagnosis, prognosis and to predict as well as evaluate the response of certain 

treatments even at molecular level. Researchers however sometimes experience very 

challenges for statistical computing and analysis in terms of making inference, estimation, 

prediction or classification and draw precise conclusion from such voluminous data that 

definitely leads to consider or develop modern and robust statistical algorithms or methods 

http://www.ebi.ac.uk/
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and bioinformatics tools. The results will be misleading unless the statistical hypotheses 

and methods are appropriately selected and employed for such high-throughput data that 

hold different characteristics. The next subsequent subsections will be presented with the 

basic terminology of molecular biology and several OMICS technologies in bioinformatics 

research. Next, a brief discussion on different genome data characteristics and their 

analytical process in terms of statistical methods and bioinformatics tools will be discussed 

to address the some specific challenges and issues arise from these different genome 

dataset to draw precise and valid conclusions. Then we will conclude this first chapter with 

different objectives and outline of our study. 

1.1 Biological Terminology Related to This Thesis 

Cell:  A cell is the smallest unit of life. Cells are often called the "building blocks of life". 

The study of cells is called cell biology or cellular biology. Cells consist of cytoplasm 

enclosed within a membrane, which contains many biomolecules such as proteins and 

nucleic acids(Bruce Alberts 2002). Organisms can be classified as unicellular (consisting 

of a single cell; including bacteria) or multicellular (including plants and animals). Cells 

are of two types: eukaryotic, which contain a nucleus, and prokaryotic, which do not.  

Prokaryotic cells: Prokaryotes are single-celled organisms, while eukaryotes can be either 

single-celled or multicellular. Prokaryotes include bacteria and archaea, two of the three 

domains of life. The DNA of a prokaryotic cell consists of a single circular chromosome 

that is in direct contact with the cytoplasm.  

Eukaryotic cells: Plants, animals, fungi, slime molds, protozoa, and algae are all 

eukaryotic. These cells are about fifteen times wider than a typical prokaryote and can be 

as much as a thousand times greater in volume. The main distinguishing feature of 

eukaryotes as compared to prokaryotes is compartmentalization: the presence of 

membrane-bound organelles (compartments) in which specific activities take place. Most 

important among these is a cell nucleus (NCBI document: "What Is a Cell?". 30 March 

2004). An organelle that houses the cell's DNA. This nucleus gives the eukaryote its name, 

which means "true kernel (nucleus)". 
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Genome and Genomics: In the fields of molecular biology and genetics, a genome is the 

genetic material of an organism. It consists of DNA (or RNA in RNA viruses). The 

genome includes both the genes (the coding regions) and the noncoding DNA, as well as 

mitochondrial DNA and chloroplast DNA. The study of the genome is called genomics. 

Biomarker: A biomarker or biological marker is a measurable indicator of some biological 

state or condition. Biomarkers are often measured and evaluated to examine normal biological 

processes, pathogenic processes, or pharmacologic responses to a therapeutic 

intervention(Siderowf et al., 2018). They can be used to create genetic maps of whatever 

organism is being studied. The term "biological marker" was introduced in 1950s. 

Agricultural Biomarker: An agricultural biomarker (identified as genetic marker) is a 

DNA or RNA or protein sequence that causes disease, is associated with susceptibility to 

disease, or is associated to the variation of particular phenotype.  

1.2 Central Dogma of Molecular Biology 

The Central Dogma is the process by which the instructions in DNA are converted into a 

functional protein. DNA, or deoxyribonucleic acid, is the hereditary material in all living 

species. Nearly every cell in an organism has the same DNA. Most DNA is located in the cell 

of a nucleus though a small amount of DNA can also be found in the mitochondria. The 

information in DNA is stored as a code made up of four chemical bases: adenine (A), guanine 

(G), cytosine(C), and thymine (T). DNA bases pair up with each other, A with T and C with G, 

to form units called base pairs. Each base is also attached to a sugar molecule and a phosphate 

molecule. Together, a base, sugar, and phosphate are called a nucleotide. Nucleotides are 

arranged in two long strands that form a spiral called a double helix.  

An important property of DNA is that it can replicate, or make copies of itself. There is 

another molecule produced from DNA also formed of the four nucleotides, but instead of 

the Thymine (T), it has another nucleotide called uracil (U). Unlike DNA, RNA is a single-

stranded molecule. 
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Fig.1.4. (a) The Central dogma of molecule biology and (b) Process of gene expression 

1.3 Field of OMICS Technologies in Genome Research 

OMIICS technology is a newly evolved domain of molecular biological research focuses 

to deal with the generating various omics data and eventually identify the significant DE 

genes against different experimental conditions. It however refers to the collective 

technologies used to explore the roles, relationships, and actions of the various types of 

molecules that make up the cells of an organism. OMICS technologies use high-throughput 

(HT) computing methods to analyze very large set genes, gene expression, or proteins 

either in a single procedure or in a combination of procedures. Bioinformatics tools have 

been used to analyze this huge amount of data generated by OMICS technologies. 

Bioinformatics is therefore act as the interface between molecular biology, computer, and 

statistical science. Classical and modern statistical methods as well as up-to-date 

computing technologies are nowadays widely used by bioinformaticians to cope with the 

all kinds of molecular data produced from OMICS technology. There are well established a 

pool of OMICS databases (NCBI, EMBL-EBI, DDBJ, Gene Bank, SwissProt, Uni ProtKB, 
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