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Genomics

The study of the structure, 
organization, function, 
evolution of genomes 
(including interactions with 
the environment) 



Genomics before NGS
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Methods	of	sequencing	

•  Sanger	dideoxy	method	
			(primer	extension	–	termina@on)	
	
•  Maxam-Gilbert	chemical	cleaved	method		
			(DNA	labelled,	chemically	cleaved	in	sequence-					
			dependent	manner.	
	
•  Next	Genera@on	Sequencing	(pyrosequencing,	
reversible	dye-terminators,	etc.)	



•  Single	stranded	DNA	template	
•  A	primer	for	DNA	synthesis	
•  DNA	polymerase	
•  Deoxynucleoside	triphosphates	(normal	dNTP)	–	extends	DNA	strand	
•  Dideoxynucleo@de	triphosphates	(ddNTP)	–	terminates	synthesis	





Cost for sequencing genomes 
rapidly reduced







What is NGS?



NGS plaBorms

Illumina		
454		

ABI	SOLiD	



General steps of illumina NGS technologies
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General steps of illumina NGS technologies
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General steps of illumina NGS technologies



General steps of Illumina NGS technologies

Amplifica@on	step		

Genomic	
DNA/	cDNA	

Library		





Illumina	
HiSeq	2000		

454	GS	FLX		 SOLiD	v4	

Read	length 	 	700bp	 											 				2*100bp 												50*2	bp	
	
		
Accuracy 	 	 	99.9% 	 	98% 	 	 	99.94%	
	
	
Output	data 	 	0.7GB 	 	600GB 	 	 	120GB	
	
	
Cost/million	bases 	 	$10 	 	$0.07 	 	 	$0.13	



Illumina technologies



Nextera 	 	DNA	
	
Nextera	XT 	small	genomes	
	
TruSeq 	 	total	RNA	
	
TruSeq	Stranded	 	RNA	ribosomal	RNA	removed	



Scope of Sequencing



Metagenomics (viral/bacterial) 



Compilation of complete  
genomes, metagenomes,  

annotation and  
curation of metadata  

(meta)genome sequencing 

Extraction of  
important biological  

information 

Vaccine dvlpmt 

Diagnostics 

Global diseases  
surveillance 

Drug dvlpmt 

Improved Public  
health intervention 

geographical 
mapping 

sequence 
variation 
analysis 

Primer, 
microarray 

phylogenetic 
analysis 

protein 
modeling Databases 

Improved drug 
selection 

discovery of  
new micro- 

organisms and  
pathways 

Environmental 
sustainability 

From Sequence to impact 



Diversity studies

 

A reference genome for common bean and 
genome-wide analysis of dual domestications 
Schmutz et. al 2014 Nature Genetics 46	



Expression studies

The	developmental	transcriptome	of	Drosophila	
melanogaster	
	



Sequencing ancient genomes

Miller,	W.	et	al.	Sequencing	the	nuclear	
genome	of	the	ex@nct	woolly	mammoth.	
Nature	456,	387–390	(2008).		



Biological Ques3on?
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