
Comparative Genomics 

 
 

Comparative genomics is the study of the relationship of genome structure and function 

across different biological species or strains. It is an attempt to take advantage of the 

information provided by the signatures of selection to understand the function and 

evolutionary processes that act on genomes. Though it is a very new field, it holds great 

promise to yield insights into many aspects of the evolution of modern species.It includes 

the study of analyzing and comparing genetic material from different species to study 

evolution, gene function, and inherited disease. It exploits both similarities and 

differences in the proteins, RNA, and regulatory regions of different organisms to 

determine how selection has acted upon these elements. Those elements that are 

responsible for similarities between different species should be conserved through time 

(stabilizing selection), while those elements responsible for differences among species 

should be divergent (positive selection). Finally, those elements that are unimportant to 

the evolutionary success of the organism will be unconserved (selection is neutral). It 

involves the use of computer programs that can line up multiple genomes and look for 

regions of similarity among them.  

 

The following are the comparative genome sizes of humans and other organisms being 

studied in the recent past: 

 

organism estimated size 

estimated average gene 
density 

chromosome 

gene number number  

Homo sapiens 2900 million 
bases ~30,000 

1 gene per 
100,000 bases 46 (human) 

Rattus norvegicus 2,750 million 
bases ~30,000 

1 gene per 
100,000 bases 42 (rat) 

Mus musculus 2500 million 
bases ~30,000 

1 gene per 
100,000 bases 40 (mouse) 

Drosophila 
melanogaster 

180 million bases 13,600 
1 gene per 9,000 
bases 8 (fruit fly) 

Arabidopsis thaliana 

125 million bases 25,500 
1 gene per 4000 
bases 5 (plant) 

Caenorhabditis elegans 

97 million bases 19,100 
1 gene per 5000 
bases 6 (roundworm) 

Saccharomyces 
cerevisiae 

12 million bases 6300 
1 gene per 2000 
bases 16 (yeast) 

Escherichia coli 

4.7 million bases 3200 
1 gene per 1400 
bases 1 (bacteria) 

H. influenzae 

1.8 million bases 1700 
1 gene per 1000 
bases 1 (bacteria) 



 

Gene Finding 

 

 
 

Source: http://www.ncbi.nlm.nih.gov/books/NBK21230/ 

 
 

Gene-centric comparisons 
 

 Homologs: genes that have the same ancestor; in general retain the same function 

 Orthologs: homologs from different species (arise from speciation) 

 Paralogs:   homologs from the same species (arise from duplication)  

o Duplication before speciation (ancient duplication) 

• Out-paralogs; may not have the same function 

o Duplication after speciation (recent duplication) 

• In-paralogs; likely to have the same function 
 

Applications of comparative genomic: 
 

 Gene finding 

 Microarrays 

 Knockout populations 

 Transformation 
 

 

There are many online tools are available for comparative genomics. 

 

Comparative Gene Prediction Tools 
 

 GenScan:  ab initio gene prediction. 

 GeneWise:  Procrustes : homology guided. 



 GenomeScan: ab initio modified by BLAST homologies. 

 SGP-2, TwinScan, SLAM, DoubleScan: modification of GenScan scoring schema 

to incorporate similarity to known proteins. 
 

1.  GeneScan 
 

 A general probabilistic model for the gene structure of human genomic sequences. 

 Gene identification by identifying complete exon/intron structures of genes in 

genomic DNA. 

 Includes the capacity to predict multiple genes in a sequence, to deal with partial 

as well as complete genes, and to predict consistent sets of genes occurring on 

either or both DNA strands. 

 Markov Model of coding regions: These predictions do not depend on presence of 

a similar gene in the protein sequence databases and complement the information 

provided by homology-based gene identification methods (BLASTX). 

 Maximal Dependence Decomposition (MDD): New statistical model of donor and 

acceptor splice sites which capture important dependencies between signal 

positions. 

 The Web server at the MIT can be found at: http://genes.mit.edu/GENSCAN.html 

 

 
 

It provides access to the program GENSCAN for predicting the location and exon-intron 

structures of genes in genomic sequences from a variety of organisms. The DNA 

sequence can be pasted in the space provided or can be uploaded through the browse 

option. 

 

 
 

http://genes.mit.edu/GENSCAN.html


After pasting the sequence, the required option from the drop-down menu are to be 

chosen like Organism type, and Print options where there is given two sub-options like to 

predict peptides only or predict CDS and peptides both. After setting all the parameters 

the Run GENSCAN button to be clicked, and then it will generate an output file as shown 

below: 

 
 

 
 

In the result file, it will show the predicted genes/exons and simultaneously it provide all 

the information of the predicted genes like, beginning coordinate and end coordinate, 

length of the predicted gene. It will give the sequence of the predicted genes too.  

 

 
 
 

2.  GenomeScan 

GenomeScan incorporates protein homology information when predicting genes. This 

server allows you to input proteins suspected to be similar to regions of your DNA 

sequence. Such proteins can be identified by doing a BLASTX comparison of 

thesequence to all known proteins, or by running GENSCAN and then comparing the 

results to known proteins using BLASTP. The protein sequences are to be provided in 

FastA format; the file may contain multiple proteins so long as each is separated by a 

header on its own line. Files should contain less than one million bases. The software is 

available at http://genes.mit.edu/genomescan.html 

 

http://genes.mit.edu/genomescan.html


 
 

3.  SGP-2 

SGP2 is a program to predict genes by comparing anonymous genomic sequences from 

different species. It combines tblastx, a sequence similarity search program, with geneid, 

an ab initio gene prediction program. The server is available at http://genome.crg.es/ 

software/geneid/geneid.html 

 
 

 
 

 
 

4.  TwinScan/N-SCAN 

Twinscan/N-SCAN is a software for gene-structure prediction. It is currently available 

for Mammals, Caenorhabditis (worm), Dicot plants, and Cryptococci. N-SCAN is 

available for human and Drosophila (fruitfly). The web server is available at 

http://mblab.wustl.edu/nscan 

 

http://genome.crg.es/%20software/geneid/geneid.html
http://genome.crg.es/%20software/geneid/geneid.html
http://mblab.wustl.edu/nscan


 
 

5. SLAM 

SLAM is a program that simultaneously aligns and annotates pairs of homologous 

sequences. The SLAM web server integrates SLAM with repeat masking tools and the 

AVID alignment program to allow for rapid alignment and gene prediction in user 

submitted sequences. Along with annotations and alignments for the submitted sequences, 

users obtain a list of predicted conserved non-coding sequences (and their associated 

alignments). The web site also links to whole genome annotations of the human, mouse 

and rat genomes produced with the SLAM program. The server can be accessed at 

http://bio.math.berkeley.edu/slam.  
 
 

 

6.  DoubleScan 
 

Doublescan is a program for comparative ab initio prediction of protein coding genes in 

mouse and human DNA. It takes two input DNA sequences (one from mouse, one from 

human) which are known to be or which seem to be similar to eachother and 

simultaneously predicts the genes of both sequences as well as the alignment of the two 

sequences. Doublescan can model partial, complete and multiple genes (as well as no 

genes at all) and can also align pairs of genes which are related by events of exon-fusion 

or exon-splitting. The mathematical method underlying Doublescan is a pair hidden 

Markov model. The server is available at http://www.sanger.ac.uk/cgi-

bin/doublescan/submit 

 

 
 

 

http://bio.math.berkeley.edu/slam
http://www.sanger.ac.uk/cgi-bin/doublescan/submit
http://www.sanger.ac.uk/cgi-bin/doublescan/submit


 

7. OpenHelix by VISTA:  

o Its mainly focuses on comparative genomics 

o Broad range of species for comparative analysis (animals, plants, fungi, bacteria)   

o Full set of pre-computed comparative data 

o Comparative analysis of user-submitted data 

 

 

 

VISTA homepage- http://genome.lbl.gov/vista 

Access servers, browsers, and other information 
 

 

 

VISTA Servers 
 

 mVISTA- Align and compare sequences 

 rVISTA- Search for TFBS combined with a comparative sequence analysis 

 GenomeVISTA- Align DNA sequence to a genome 

 wgVISTA- Align and compare sequences, including microbial assemblies 

http://genome.lbl.gov/vista


Precomputed Alignments 
 

 VISTA Browser- Browse through pre-computed whole-genome alignments 

 VISTA-Point- Browse and obtain sequence and alignment data 

 Whole Genome rVISTA- Whole genome analysis for  conserved TFBS over-

represented in upstream regions of genes 

 

mVISTA Interface 
 

 It can align upto 100 sequences. 

 

 
 

mVISTA: input of sequences 
 

 

 

 email address is to be provided 

 Embank ID can be entered or sequence can be uploaded 

 



mVISTA: Input Parameters 
 

 AVID 

o multiple pair wise alignments 

o accepts finished or draft sequences 
 

 

 
 

 

 LAGAN 

o true multiple alignments 
 

 Shuffle-LAGAN 

o multiple pair wise alignments 

o detects sequence rearrangements and inversions 
 

 

 

 

mVISTA results: 
 

 

 

 



rVISTA: Access 
 

rVISTA results: 

 

 

 

 Blue     all transcription factor (TF) binding sites 

 Red TF sites which are aligned in both sequences 

 Green   TF sites which are aligned & in conserved regions 

 

 

Determination of conserved synteny between the genomes of the two organisms.  

 

Synteny- conserved gene order along the chromosomes of different species. All loci on 

one chromosome are said to be linked. Loci may appear to be unlinked by conventional 

genetic tests for linkage but still be syntenic. Synteny also describes the preserved order 

of genes (between related species). 

 

In classical genetics, synteny describes the physical co-localization of genetic loci on the 

same chromosome within an individual or species. The concept is related to genetic 

linkage: Linkage between two loci is established by the observation lower-than-expected 

recombination frequencies between two or more loci. In contrast, any loci on the same 

chromosome are by definition syntenic, even if their recombination frequency cannot be 

distinguished from unlinked loci by practical experiments. Thus, in theory, all linked loci 

are syntenic, but not all syntenic loci are necessarily linked. Similarly, in genomics, the 

genetic loci on a chromosome are syntenic regardless of whether this relationship can be 

established by experimental methods such as DNA sequencing/assembly, genome 

walking, physical localization or hap-mapping. 

 

 This approach does not require the comparison of two homologous genomic 

sequences. 



 A query sequence from a target genome is compared against a collection of 

sequence from a second (informant, reference) genome and the results of the 

comparison are used to modify the scores of the exons produced by underlying 

“ab initio” gene prediction algorithms.  

 Gene prediction and sequence alignment are separated. 

 

The conserved synteny can be determined between the genomes of the two organisms 

with the NCBI. 

 

 
 

Now search organism or group from the drop-down menu with the organism of our own 

interest.  
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