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Introduc3on	  

Sequencing	  the	  genomes	  

h/p://www.yourgenome.org/facts/9meline-‐organisms-‐that-‐have-‐had-‐their-‐genomes-‐sequenced	  



Why	  sequencing	  these	  genomes?	  
	  
Complete	  inventory	  of	  the	  genes	  of	  various	  organisms	  
	  
Informa9on	  about	  the	  sequence	  of	  every	  polypep9des	  
	  
Basis	  for	  new	  technologies	  
	  
Global	  data	  at	  the	  level	  of	  the	  whole	  cell	  
	  
New	  data	  for	  evolu9onnary	  and	  species	  classifica9on	  analysis	  
	  
Medical	  applica9ons	  

Introduc3on	  

Sequencing	  the	  genomes	  



I.	  Genome	  sequencing	  

The	  Sanger	  Method	  (1977)	  

Denatura9on	  
+priming	  

Polymeriza9on	  

Arrest	  



End	  of	  
polymeriza9on	  
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I.	  Genome	  sequencing	  

The	  caveats	  of	  the	  Sanger	  Method	  	  

Technically	  cumbersome	  and	  9me	  consuming	  (limited	  samples	  processing)	  
	  
High	  amounts	  of	  star9ng	  material	  
	  
èNot	  well-‐suited	  for	  high-‐throughput	  analyses	  (genome	  sequencing)	  



1st	  genera9on	  sequencing	  :	  Improvement	  of	  sequence	  analysis	  (column	  
electrophoresis)	  

I.	  Genome	  sequencing	  

The	  Sanger	  Method	  (1977)	  



1st	  genera9on	  sequencing	  :	  Improvement	  of	  sequence	  analysis	  (capillary	  
electrophoresis)	  

I.	  Genome	  sequencing	  

The	  Sanger	  Method	  (1977)	  



Parallel	  random	  sequencing	  :	  aSer	  fragmenta9on	  (shotgun	  sequencing)	  and	  cloning	  
	  

1st	  genera9on	  sequencing	  :	  Improvement	  of	  the	  methodology	  	  

I.	  Genome	  sequencing	  



2nd	  genera9on	  and	  next	  genera9on	  (NGS)	  sequencing	  :	  Areas	  of	  improvement	  

I.	  Genome	  sequencing	  

Shotgun	  Sanger	   NGS	  

amplifica9on	  by	  PCR	  



2nd	  genera9on	  sequencing/NGS	  	  :	  
	  
Improvement	  of	  template	  prepara9on	  :	  amplifica9on	  by	  PCR	  
	  
Emulsion	  PCR	  (emPCR)	  

I.	  Genome	  sequencing	  

Used	  by	  454	  (life	  science),	  Polonator,	  Ion	  torrent	  and	  Solid	  



2nd	  genera9on	  sequencing	  :	  
	  
Improvement	  of	  template	  prepara9on	  :	  amplifica9on	  by	  PCR	  
	  
Bridge	  PCR	  (illumina	  plateform)	  

I.	  Genome	  sequencing	  



2nd	  genera9on	  sequencing	  :	  
	  
Improvement	  of	  template	  prepara9on	  :	  Single	  Molecule	  Sequencing	  (SMRT)	  

	   	   	   	   	   	   	   	  	  

I.	  Genome	  sequencing	  

-‐  Requires	  less	  stra9ng	  material	  

-‐  Provides	  longer	  con9gs	  



SMRT	  Sequencing	  Technology	  :	  Single-‐Molecule	  Real-‐Time	  Sequencing	  
	  
A	  true	  con9nous	  imaging	  of	  dye-‐labelled	  nucleo9des	  incorpora9on	  

2nd	  genera9on	  sequencing	  :	  real-‐9me	  sequencing	  	  

I.	  Genome	  sequencing	  

Pacific	  Biosciences	  :	  SMRT	  :	  Single	  Molecule	  Real-‐Time	  Sequencing	  



Sequencing	  by	  reversible	  terminator	  (illumina/Solexa	  genome	  Analyzer)	  

2nd	  genera9on	  sequencing	  :	  real-‐9me	  sequencing	  	  

I.	  Genome	  sequencing	  



Sequencing	  by	  reversible	  terminator	  	  
	  
Used	  in	  combina3on	  with	  bridge	  PCR	  in	  the	  illumina/Solexa	  genome	  Analyzer	  

2nd	  genera9on	  sequencing	  :	  real-‐9me	  sequencing	  	  

I.	  Genome	  sequencing	  

h/ps://www.youtube.com/watch?v=fCd6B5HRaZ8	  



Pyrosequencing	  

2nd	  genera9on	  sequencing	  :	  real-‐9me	  sequencing	  	  

I.	  Genome	  sequencing	  

Used	  in	  the	  454	  
plateform	  (Life	  Sciences)	  
	  
emPCR+Pyrosequencing	  



2nd	  genera9on	  sequencing	  :	  real-‐9me	  sequencing	  	  

I.	  Genome	  sequencing	  

Ion	  proton	  sequencing	  (Ion	  torrent)	  



Ligase-‐based	  sequencing	  (ABI’s	  Solid	  technology)	  

2nd	  genera9on	  sequencing	  :	  real-‐9me	  sequencing	  	  

I.	  Genome	  sequencing	  



Ligase-‐based	  sequencing	  

2nd	  genera9on	  sequencing	  :	  real-‐9me	  sequencing	  	  

I.	  Genome	  sequencing	  

SOLiD	  DNA	  Sequencing	  Technology	  (Applied	  Biosystems)	  



I.	  Genome	  sequencing	  

Today's	  technologies	  generate	  huge	  amount	  of	  short,	  high	  quality	  sequencing	  data	  



II.	  Data	  analysis	  



II.	  Data	  analysis	  



III.	  NGS	  Applica3ons	  



III.	  NGS	  Applica3ons	  


