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To sequence DNA, specificity has to be ensured in two distinct ways: (i) the reaction 
needs to be targeted specifically to a unique location in the DNA, and (ii) the 
extension reaction has to provide a base-specific signal. All sequencing strategies 
are subject to these fundamental requirements1, they solve them in different ways. 
Sanger sequencing provides location specificity with a uniquely matching primer, 
signal specificity with termination nucleotides that control the size of the reaction 
product in a base-specific manner. 
 
1   Single-molecule sequencing is an exception. The requirement arises from the need 
to produce identical signals from multiple molecules, which in turn arises from a need 
to amplify the signals from individual molecules. 
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Shotgun sequencing strategies solve the location specificity problem by multiplying 
individual molecules through PCR after separating them, and sequencing them from 
known adapters. 
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Pyrosequencing provided the first massive drop in sequencing costs. The sequence is 
deduced from the location, the type of nucleotides added, and the intensity of the 
signal, e.g. GGG creates a three-times stronger signal than G. For long homo-
oligomeric sequences this degrades accuracy. 
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Ion torrent technology senses pH changes as the reaction proceeds in on-chip 
microcompartments. Just as in pyrosequencing, homo-oligomeric stretches are 
inferred from higher signal strengths and errors limit accuracy. 
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Illumina technology is the currently most widely used sequencing technology. It is 
also the technology that poses the most challenges regarding data processing since 
the data volumes are very, very large, and the short reads require considerable 
ingenuity for efficient processing. The technology has other applications however, 
such as RNAseq, which has largely displaced microarrays for expression profiling. 
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Oxford Nanopore is marketing sequencers at the price of and with the form-factor of 
an iPhone. It plugs into your laptop computer's USB port...  
Reports have it that an entire lambda phage genome can be sequenced in one go. 
The technology is already impressive, and still maturing. There may be a problem 
with deletion errors (i.e. bases being skipped). Experience in 2014 has shown that 
these problems are significant and they need to be addressed - but single-molecule 
sequencing has the potential to displace everything else. 
Moreover, many of the information-processing problems of NGS data arise from the 
need to sequence short reads at high-coverage and to reassemble them. With the very 
large read-lengths of nanopores, these problems will be obviated. That said, Illumina 
technology is catching up. 

see also:  
http://biomickwatson.wordpress.com/2014/09/07/thoughts-on-oxford-nanopores-minion-mobile-dna-sequencer/ 
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The Pacific Biosciences system is essentially a highly-parallel confocal microscope. 
Since the microscope can restrict illumination to a zeptoliter scale volume, 
fluorescence of the phosphate-bound flourophore is only detected when the new 
nucleotide is bound, until it is released. In effect, the instrument acquires a movie of 
a single polymerase molecule doing its work. 
 
The only disadvantage is the very large and expensive instrument.  
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The PacBio technology is indeed practical – in this paper it has been used to 
sequence a plant genome. 
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Note that the modest cost of reagents needs to be seen in the context of the 
instrument price which is several hundred thousand dollars. 
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The result of “base calling” is sequence, commonly stored in FASTQ files that store 
sequence and sequencing quality for further processing. 
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For example the 1000 Genomes Project (http://www.1000genomes.org/) made its 
data publically available on the Amazon Web Services (AWS) cloud storage in 2012–
about 200TB. But if you want to analyze this, how are you going to read it into your 
machine? You don't. These analyses actually have to be run on distributed servers as 
well. The golden age of the desktop bioinformatician may be coming to an end. (See: 
http://aws.amazon.com/1000genomes/ for access details and how to compute with 
the data.) It must however be emphasized, that a part of the problem lies in 
technical issues with the determination process that make it prudent to store raw 
experimental data - the actual genomes are much more compact. Some advocate 
therefore not storing the experimental data at all, but only the biological sample–to 
be resequenced whenever necessary. Indeed, obtaining properly validated and 
consented human genome samples is a bottleneck in itself.  
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