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ABSTRACT  

With the emergence of new NGS technologies, the genomic 

research is running at gigabyte speed with newly published 

completely sequenced genomes every day or once in a week. 

But what to do with the sequenced genomes? How to proceed 

further with the available genes or genomic sequences? To 

compete and utilize this explosion in the number of 

completely sequenced genomes for the mankind there is an 

urgent need of a well-established computational methodology 

for the analysis of different genes or gene families in these 

newly sequenced genomes to investigate evolutionary or 

syntenic relations, if any and correlate for any conclusions. 

While dealing with a comparison of different gene families 

among various plant species with complete genomes, we 

developed a computational strategy will be known as 

CGPSA- “A Methodolgy for the Comparative Genomics for 

Phylogenetic and Synteny Analysis” which can be used for 

any organism with available genome or genes. CGPSA 

pipeline comprised of 5 main steps including In-silico 

identification of genes, In-silico expression analysis, physical 

mapping, phylogenetic and syntenic analysis of the identified 

genes. Using CGPSA methodology we performed the 

comparativeanalysis of the seven defense response gene 

families such as Beta-glucanase and Chitinase in 23 plant 

species representing two major classes- dicots and monocots 

along with very diverse groups like legumes, fruits, 

vegetables, spices, flowers, medicinal and aromatic plants , 

grains, and trees. With this strategy, a total of 6864 defense 

response genes were identified and analysed comparatively in 

the 23 plant species. The developed strategy for comparative 

genomics of any gene or gene family with computational 

methods can be used effectively across the genomes. 
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OVERVIEW 

Over the past decade, we have seen an explosion in the number of completely sequenced 

genomes.It brought us to the urgency to develop a well established computational strategy or 

methodology for comparative analysis. We developed a methodology named as CGPSA -

„Comparative Genomics for Phylogenetic and Synteny Analysis‟, to analysegenes or gene 

families in different species with complete genomes to conclude any phylogenetic and 

syntenic relations between these genes and hence between the investigated genomes.Using 

CGPSA methodology basedstrategy, a total of 6864 genes were identified for seven defense 

response gene families such as Beta-glucanase and Chitinaseand analyzed comparatively in 

the 23 plant species (Table 1). 

Table 1. Data analyzed by CGPSA Methodology. 

Species analysed 23 Plant species 

Gene families analysed 7 Defense Response gene families 

Genes identified and analysed 6864 Genes 

Phylogenetic analysis 7 families and 6864 genes 

INTRODUCTION 

The advancement in the scientific genomic research brought us with the number of 

completely sequenced genomes in short time.  It gave birth to the comparative genomics 

which includes the study of different genes and genomes to find any evolutionary or syntenic 

relations between them. In future, we have to comparatively analyse different sets of genes 

and genomes, so a well established computational strategy or methodology for the same 

would be quite helpful. With our needs, we developed a methodology for comparative study 

of defense response gene families in completed plant genomes which includes very diverse 

groups like legumes, fruits, vegetables, spices, flowers, medicinal and aromatic plants , 

grains, and trees.This methodology, CGPSA can be used effectively across any genome for 

any gene or gene family. 

MATERIALS AND METHODS 

Once the gene family to be analyse is known, we can start with any known gene of that 

family present in a well-known or model genome(s) related to the genomes of analysis. This 
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known gene can be taken as query gene and CGPSA methodology can be used for further 

analysis (Fig.1). This methodology is comprised of 5 main steps including In-silico 

identification of genes using BLAST search, In-silico expression analysis against EST 

database, physical mapping to show the positions of genes in the genomes, phylogenetic and 

syntenic analysis of the identified genes and their orthologs. BLAST based strategy was used 

to search and identify genes of interest (Altschul et al. (1990)) and their physical positions 

were represented by using MapChart tool (Voorrips (2002). The identified genes were 

aligned and compared for evolutionary relations by generating phylogenetic trees using 

ClustalX and ClustalW (Larkin et al. (2007)).  Best-bidirectional hit based strategy was used 

to detect orthologs (Hulsen et al. (2006); Rawal et al. (2013)). Softwares like iTOL 

(Letunic& Bork (2006)) and Circos (Martin et al. (2009))were used to interactively show the 

phylogenetic and syntenic relations, respectively. 

 

Figure 1. CGPSA Methodology for comparative genomics. *BLAST hits with bit score 

>= 100 and E- Value =< e
-20
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RESULTS 

Using CGPSA methodology we identified: 

6864 defense response genes, representing 7 gene families, in 23 plant species, 

contributing even more than 1 % of total gene contents in some species (Table 1). 

In-silico physical mapping reveal some gene families as telomere or subtelomeric specific 

(Fig. 2). 

In phylogeny analysis, some gene families found to form species-specific groups/sub-

groups (Fig. 3). 

Synteny analysis brought us with orthology percent for each gene family between each 

possible pair of species and also the number of non-orthologous genes in each gene family 

(Fig. 4). 

 
Figure 2. Physical Mapping using MapChart 

 

Figure 3. Interactive Phylogenetic tree by iTOL for a gene family with different color 

for each species 
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Figure 4. Synetney analysis of a gene family showing orthology percent between 

different species 

CONCLUSIONS 

CGPSA methodology brought us with all the important analysis steps needed for comparative 

genomics analysis of gene families in different genomes. The included publicly available 

softwares not only makes it useful for everyone but also work well to represent large data in 

better way.  Once well established and automated, it will definitely fasten the speed of 

comparative genomics, especially when we are sequencing genomes rapidly these days. 
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