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Historical note: ���
Proof that DNA is the Genetic Material	



	


•  Griffith - 1928	


	

When he added dead, virulent pneumonia bacteria to a mouse, it lived; but if he first added 
dead virulent bacteria to live non-virulent bacteria and then to mice, some mice died. He 
termed the material that changed the non-virulent bacteria to virulent the transforming 
principle.	



•  Avery, MacLeod and McCarty - 1944	


	

They used biochemical purification of cellular fractions to determine that DNA and not RNA 
or protein was the transforming principle.	



	


•  Watson and Crick - 1953	


	

The structure of DNA; double helix ���
The structures implication for chromosome replication (duplication)	
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FREDERICK SANGER	



The Nobel Prize in Chemistry 1958



"for his work on the structure of 
proteins, especially that of insulin"


The Nobel Prize in Chemistry 1980



"for his contributions concerning 
the determination of base 
sequences in nucleic acids"


Since 1940 he has carried out research in the Department of Biochemistry at Cambridge. From 1940 
to 1943 he worked with Dr. A. Neuberger on the metabolism of the amino acid lysine and obtained a 
Ph.D. degree in 1943.
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SANGER’S DIDEOXY METHOD - 1975	



SEPARATION OF 
FRAGMENTS BY 

ELECTROPHORESIS ���
- single nucleotide resolution	
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THE FIRST SEQUENCED GENOMES – 1977���
Virus	



≈ 5,000bp	



Automation – faster and faster and….	
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CAPILLARY ELECTROPHORESIS 
SEQUENCING	



• Average read 500 - 900 bp	


• Many capillaries - up to 384	


•  > 2Mbases per day/machine	


• 96, 384  well plates	
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SEQUENCING CENTRES	
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Cost of DNA sequencing	



•  100SEK per base 	

 	

(1990)	


•  1SEK per base 	

 	

(2004)	


•  0.1SEK per base 	

 	

(2006)	



•  0.0001SEK per base 	

(2008)	


•  0.00001SEK per base 	

(2010)	


•  0.000001SEK per base 	

(2011)	



Sanger 	



NGS	
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$ 1,000 human genome	



Craig Ventor	



NEXT GENERATION  
SEQUENCING (NGS)	



454 SEQUECING ���
	


ILLUMINA SEQUENCING ���
	


SOLID SEQUENCING ���
���
……	


	


	





18/2/13	



9	



Important innovations I: ���
Sequencing by light emission - Pyrosequencing	



454 sequencer result	
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Important innovations II: ���
Sequencing on surfaces - Polony sequencing	



• Polonies are PCR colonies on a surface	


• Acrylamide matrix on slide	


• DNA greatly diluted	


• Cycles of fluorescent nucleotide incorporation	


• In-between scanning	


• Read about 20-25 nucleotides per polony 	



Illumina sequencer	
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Illumina sequencing	



≈ 25 -> 100nt reads; 1-> 45 Gbases per run 	



Each Nation/University has its 
own sequencing centre	
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For the ”science fiction” future���
- Nanopore DNA sequencing	



Summary sequencing	


•   Sanger sequencing has been extremely successful, but 
is currently a not so common way of DNA sequencing; 
still good since it provides long sequences.	


•  Several large centres in the world do the majority of 
sequencing projects – and is now being complemented by 
national/university centres.	


•  Who can reach the goal of the 1,000 dollar genome? We 
are in principle there. 	


• Soon reaching 1Gbase per hour…….or even faster….	





18/2/13	



13	



GENOME PROJECTS	



The first organellar genome (1981)	



16571bp	


13 protein genes	


2 rRNA	


22 tRNA	
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FULLY SEQUENCED GENOMES ���
- some landmark species	



•  1995 - Haemophilus influence	


•  1996 - Saccharomyces cerevisiea	


•  1998 - Caenorhabditis elegans	


•  2000 - Arabidopsis thaliana	


•  2001 - Homo sapiens	



March 2008 roughly 750 genomes	


March 2009 roughly 980 genomes	


March 2010 roughly 1220 genomes	


March 2011 roughly 1660 genomes	


March 2012 roughly 3000 genomes	
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Genomes On Line Database���
currently (Feb 2013) 4132 completed genomes	



Geography of finished genome projects	



Genomes on line database Feb. 2013	
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Step I - Constructing a genome library	



Who is being sequenced?���
Genome differences among S. cerevisiae strains	



Liti et al., Nature 2009 	



Genome difference 
between type strain 
S288c and the 
Malaysian strains is a 
roughly 1%; about the 
difference between 
humans and chimps	
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VARIOUS SEQUENCING STRATEGIES	



•  Hierarchical sequencing: generate and align 
large BAC or YAC clones	



	


•  Shotgun sequencing: fragment and sequence 

entire genome	



the past	



today	
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II. SHOTGUN SEQUENCING	



•  Make fragement from whole genome	


•  Sequence a lot	


•  Allign and make contigs in the computer	
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Forming contigs	



Shotgun sequencing���
- endsequencing of short and long inserts ���

form contigs and scaffolds	
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Filling gaps	



sequence	



When are we finished?	
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Is de novo genome assembly using 
short reads possible?	



•  Jan	
  2010:	
  Panda	
  genome	
  published	
  (ca	
  2GB)	
  
•  37	
  libs	
  of	
  sizes	
  150,	
  500,	
  2kb,	
  5kb,	
  10kb.	
  [to	
  handle	
  repeats]	
  
•  Illumina,	
  read	
  length	
  average	
  52	
  bp	
  
•  176	
  GBases	
  in	
  total,	
  73x	
  coverage	
  
•  Assembled	
  with	
  SOAPdenovo	
  on	
  	
  32	
  core	
  512GB	
  computer	
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A marine infrastructure – IMAGO ���
Infrastructure for marine genetic model organisms	
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Diatome genomics ���
Surirella  brebissonii	



Photo Elisabeth Ruck	
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Surirella sequencing���
Illumina - HiSeq	



Raw data from Surirella samples	


•  DNA 150 bp library, “paired-end” (2x100 nt, 50bp overlap)���

125 million sequence pairs = 18 Gbases ���
 	



•  DNA 3kb library, “mate-pair” (2x100 nt, 3kb gap)���
106 million sequence pairs = 20 Gbases ���
	



•  RNA 300 bp library, “paired-end” (2x100 nt, 100 nt gap)���
48 million sequence pairs = 10 Gbases (24,000 contigs, >300 nt)	



Chloroplast genome	
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Surirella-Phaeodactylum ���
almost complete plastid genome sequences (ca 120 kb)	



IR	


Phaeodactylum	



Surirella 	



IR	



Small Single Copy cluster (Ssc)	



Small Single Copy cluster (Ssc)	

Large Copy cluster (Lsc)	



IR	



Large insertion in Surirella petB = group II intron	



petB	
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•  The petB gene in Surirella 
contains a 2kb region not 
found in Phaeodactylum.	



•  This insertion contains an 
ORF which is part of a 
self-splicing group II 
intron.	



•  Conserved structure and 
nucleotides of group II 
introns are also found in 
insertion.	



•  This is the first intron 
found in diatom plastids.	



Bonen et al. 2001	





18/2/13	



26	



Barnacle genomics ���
Balanus improvisus	



2-3% 

0.4% 

0.8% 

0.2% 

Biofouling organism	

 Adaptation to low salinities	



Why are barnacles interesting? 	
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Differential splicing of Na+/K+ ATPase (NaK)	
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