
01/10/2012 

1 

NGS Technologies for Genomics and 
Transcriptomics 

Massimo Delledonne  

Department of Biotechnologies - University of Verona  

http://profs.sci.univr.it/delledonne 

13 years and $3 billion required for the Human Genome Project's 
reference genome 

http://www.scienze.univr.it/fol/main
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Clone-by-clone shotgun sequencing Whole-genome shotgun sequencing 
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The $300,000,000 Celera effort was intended 

to proceed at a faster pace and at a fraction of 

the cost.. 4 
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• 96 samples  
• 800 nt / sample 
• 1.600.000 nt / day 

• Human genome: 3.000.000.000 bp 
• Minimum coverage for an accurate 

analysis: 8X = 24.000.0000.000 nt 
 
     24.000.000.000 
 

          1.600.000 
= 15.000 days! 

Sanger sequencing 
(invented in the early 1970s) 

“No Generation” Sequencing 
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New Generation Sequencing!  

GS20 (2005) 
100 bp x 200.000 Reads = 20 Mbp 

GS FLX (2007) 
200 bp x 400.000 Reads = 100 Mbp 

x5 

GS FLX Titanium (2008) 
400 bp x 1  M. Reads = 500 Mbp 

x5 

454 “Revolution” 

>00405_2045_2005 
CAGTCTCGTCGTCGTACGATCGTACGTAGCTTCACTTACGTACGCGGCG 

GGGCGCATCTGCGCGCGCGATTATATCATCATCATACTCAGCATCGTCC 

ATC 

GS20 (2005) 
100 bp x 200.000 Reads = 20 Mbp 

>00343_3489_2007 
CAGTCTCGTCGTCGTACGATCGTACGTAGCTTCACTTACGTACGCGGCG 

GGGCGCATCTGCGCGCGCGATTATATCATCATCATACTCAGCATCGTCC 

ATCGATCGATCGATGATCGACGATCGTAGTCTACGTAGTACGTAGCTAG 

CTTCGATCGATCGTACGTACGTCGTACGTAGTCAGACGTCAGCTACAGT 

CATCTACGTAGCTCTACGTCGTGCATGCTAGCTATCGATCACGACTTAT 

GCATC 

GS FLX (2007) 
200 bp x 400.000 Reads = 100 Mbp 

x5 

>01384_3992_2008 
CAGTCTCGTCGTCGTACGATCGTACGTAGCTTCACTTACGTACGCGGCG 

GGGCGCATCTGCGCGCGCGATTATATCATCATCATACTCAGCATCGTCC 

ATCGATCGATCGATGATCGACGATCGTAGTCTACGTAGTACGTAGCTAG 

CTTCGATCGATCGTACGTACGTCGTACGTAGTCAGACGTCAGCTACAGT 

CATCTACGTAGCTCTACGTCGTGCATGCTAGCTATCGATCACGACTTAT 

GCATCCTCGGTATTCGGCGTACGATCGCTGACTGCTCGATTTTCGATCG 

TACGTACCGTCAGCTAGCTAAAAAAAAAGCTGCGCGGTCAGCATCGTTG 

CATGCGCTACTGCTAGTACGTAGTAGTGCTACGTTTTATATCGTCGCCA 

AATCTCTTCGGCTTTCG 

GS FLX Titanium (2008) 
400 bp x 1  M. Reads = 500 Mbp 

x5 
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2 months and  2.000.000 USD with 454 Life Sciences 

April 2008 

apoE unknown 

GSJunior 
100.000 reads (400-500 nt) 
 

GSFLX  
1.100.000 reads (῀800 nt)   

Now Generation Sequencing  
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End 2007: 30 million reads, 33 nucleotides each (1 Gbase) 

 

End 2008: 50 million reads, 50 nucleotides each (2.5 Gbases) 

 

2010: 300 million single reads, 150 nucleotides each 

          600 million paired reads, 150 nucleotides each (90 Gbases) 

  

Genome Analyzer II (x) 

12 

HiSeq 2000 

 

HIGHEST OUTPUT 

600 Gb per run 

 

HIGHEST NUMBER OF READS 

Three billion (100 or 2 x 100) reads 
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5500xl SOLiD™ System 
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The commercial PacBio RS instrument generates 
average read lengths of 1,000 bases, with a small 
fraction of reads longer than 10 kilobases, and have a 
typical run time of 30 minutes. The commercial 
instrument runs chips with 75,000 wells, or zero-mode 
waveguides. The commercial raw read accuracy is 
between 85 and 90 percent. 

September 27, 2011 
 
 
With the C2 chemistry, the Expression Analysis team achieved average read 
lengths of 2,715 base pairs, with a mean maximum read length of 13,091 base 
pairs. "Our personal best is just over 14,000 bases," Hurban said. 
 
Despite the potential of PacBio's platform to produce very long reads, which 
would enable better assemblies, adoption of the instrument since its launch in 
the second quarter of this year has been slower than expected. As a result, 
PacBio last week announced that it would have to lay off around 130 
employees 
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December, 2010  
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MiSeq January, 2011  

Ion Proton™ Sequencer  
The Benchtop Genome Center 

24 

• Supports Ion Proton™ I and 

Proton™ II chips 

• €209,800 system list price 

(sequencer and server) 

– $164,900 for Ion PGM™ owners 

• State-of-the-art electronics to 

support highest throughput 

 

January 10th, 2012  

Next Generation Sequencing  
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January 10th, 2012  

Long reads sequencing 

26 

Short reads sequencing 

Reference genome 

700-800 bases 35-150 bases 

Resequencing vs. de-novo assembling 
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Resequencing is good only if the 
reference genome is good 

Next Next (Next) Generation Sequencing 
Technologies for haplotyping and de-novo 

assembling 



01/10/2012 

15 

Biological nanopores 

http://www.nanoporetech.com/sequences 
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Current Status: alpha testing (beta testing to start by end of 

2012) 

Projected commercial availability: 2013 

Human Genome Project James Watson Personal genome 

1988 – 2001 
13 years 

3.000.000.000 dollars 

2007 
2 months 

2.000.000 dollars 

2010 
7 days 

10.000 dollars 

Sequencing the Human Genome 
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Verona, 9 Febbraio 2007 

Center for Functional 
Genomics 

Illumina HiSeq 1000 
PowerEdgeTM  R900 

– 4 Intel Xeon® 7450 6-core 

– 128 Gb RAM 

Cluster HP DL380 G7  
• 6 Xeon® 5645 6-core  
• 144 Gb RAM 

Grid-ION-Proton ? 

http://www.scienze.univr.it/fol/main
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