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USB Nanopore sequencer 

http://patentdocs.typepad.com/.a/6a00d83451ca1469e20168e7b77e3c970c-pi


Timeline 

1953: Watson J.D. and Crick 

F.H.C. ñA Structure for 

Deoxyribose Nucleic Acidñ  

 
1953: Watson J.D. and Crick F.H.C. 

ñGenetical Implications of the 

structure of Deoxyribonucleic Acidñ  

 

1944: Avery, O.T., et al ñStudies 

on the chemical nature of the 

substance inducing 

transformation of Pneumococcal 

typesò  

  

 

1959 ï First homeogenous DNA 

purified 



Timeline 

1972: sequencing of the first 

gene from RNA by Walter Fiers 

1976: sequencing of the first 

complete genome by Fiers 

(Bacteriophage MS2 which infects 

E.coli) 

http://bit.ly/nHn8Tw 

1977: Sanger F, Nicklen S, Coulson 

AR. "DNA sequencing with chain-

terminating inhibitors" 

http://1.usa.gov/noyyPO 

1977: Maxam AM, Gilbert W. "A new 

method for sequencing DNA". 

1970 ï First discovery of type II 

restriction enzymes 



Timeline 
1985-86: Leroy Hood use 

fluorescently labeled ddNTPs, 

set the stage for automated 

sequencing 

http://bit.ly/qlQD18 

1987: Applied Biosystems 

markets first automated 

sequencing machine (ABI 370) 

1995: Craig Venter at TIGR 

published the Haemophilus 

influenzae genome. First use of 

whole-genome shotgun 

sequencing 

http://bit.ly/2KrFp0 

1990: National Institutes of 

Health (NIH) begins large-scale 

sequencing trials ($0.75/base) 

Human Genome Project (HGP) 

begins, $3-billion and 15 years 

 



Timeline 

2000: Sydney Brenner and Lynx 

Therapeutics publishes ñMPSSò, 

parallelized bead-base 

sequencing tech, launches 

ñNext-Genò 

http://bit.ly/pNKUDJ 

1998: Green & Ewing publish 

ñphredò base caller/scorer 

2001: HGP/Celera draft assembly 

published in Nature/Science 

2003: HGP ñcompleteò genome 

released. ENCODE project 

launched 

2004: 454 releases pyrosequencer, costs 6-fold 

less than automated Sanger sequencing 



Illumina-era Timeline 

1998: Shankar 

Balasubramanian and David 

Klenerman patent òA method for 

reproducing molecular arraysò 

and found Solexa 

2001: £12 million series A 

funding 

2003: Mercier, J.-F., et al. ñSolid 

phase DNA amplificationò  

2004: Solexa acquires Solid 

phase DNA amplification method 



Illumina-era Timeline 

2007: Illumina acquires Solexa 

2006: Solexa release Genome 

Analyser I 

2008: Illumina releases GAII 

2008: Human microbiome 

project launched 

2010: Illumina HiSeq 2000 released 

2012: ENCODE publications 

2012: Illumina HiSeq 2500 released 

2011: MiSeq launched 

2013-2015: RIP 454 



Review of Sanger Sequencing 



Fred Sanger 1918-2013 
Double Nobel laureate and developer of the  
dideoxy sequencing method, first published in  
December 1977. [Credit: Wellcome Images] 

"Fred Sanger is a quiet giant, whose discoveries and inventions  

transformed our research world.ò (A.Bradley, WTSI.) 



The challenge of DNA sequencing 

Å1953 ς Double helix discovered 

Å1971 -  First DNA sequence determined  (12bp!) 

Å1977 ς Sanger sequencing method published 

 

ÅWhy did it take so long? 

 



Some possible reasons 

Å The chemical properties of different DNA molecules were so similar that it 
appeared difficult to separate them 
 

Å The chain length of naturally occurring DNA molecules is much greater 
than for proteins and made complete sequencing seem unapproachable. 
 

Å The 20 amino acid residues found in proteins have widely varying 
properties that had proven useful in the separation of peptides.  
ï Only four bases in DNA made sequencing a more difficult problem for DNA 

than for protein. 

 
Å No base-specific DNAases were known.  
ï Protein sequencing had depended upon proteases that cleave adjacent to 

certain amino acids 

 
Å DNA was considered boring compared to proteins 

Clyde A. Hutchison III 
DNA sequencing: bench to bedside and beyond Nucl . Acids Res.  (2007) 35 (18): 6227-6237 a 



Steps on the road to sequencing 

Å1959 ς First homeogenous DNA purified 
Å1970 ς First discovery of type II restriction enzymes 
Å1972 ς First RNA gene sequence published (lac 

operon)  
Å1975 ς Sanger first publishes his plus/minus 

method of sequencing (unable to distinguish 
homopolymers) 
Å1977 ς Maxam & Gilbert publish their method 

(could distinguish homopolymers) 
Å1977 ς Sanger publishes Dideoxy sequencing 

method  
 

Clyde A. Hutchison III 
DNA sequencing: bench to bedside and beyond Nucl . Acids Res.  (2007) 35 (18): 6227-6237 a 



Maxam-Gilbert Sequencing 



 
 

Maxam-Gilbert sequencing is performed by chain 
breakage at specific nucleotides. 
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Maxam-Gilbert Sequencing 
Dimethyl 
Sulfate 

Hydrazine  

Dimethyl Sulfate 
              + 
Formic Acid 

Hydrazine 
       +  
     NaCl  

Radio label 



 
 

Sequencing gels are read from bottom to top (5  to 3 ). 
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Maxam-Gilbert Sequencing 



Sanger di-deoxy sequencing method 


