Part One
Sanger DNA Sequencing
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1 Sanger DNA Sequencing

have to be bacteria friendly and compatible with the replication machinery of the

E. colicells. It has been shown that some parts of chromosomes, such as centromeres
and heterochromatic knobs, are practically unclonable. This limitation, in some
cases, can be overcome by generating and directly sequencing PCR products but
practically itis a very low-throughput and tricky approach. The second challengeis the
very restricted ability of Sanger sequencing to handle and analyze allele frequencies.
Often, even nding a heterozygous SNP in a PCR product is cumbersome, let alone
any bases that are not represented at 1:1 ratios.

The third and the most signi cant burden of the Sanger methodology is the cost. At
about $1 per kilobase, it would cost $10 000 000 to sequence a 1 Gb genome o 10
coverage! It means that average research laboratories cannot even contemplate
sequencing projects that go beyond a megabase scale, thus often totally relying on
the large genome centers to get the job done when it comes to sequencing your
favorite genome.

Another limitation of Sanger sequencing lies at the genome assembly stage.
Although Sanger reads are still the longest on the markdg novassembly of single
reads containing repeats is practically impossible without high-resolution physical
maps of those regions if a high-quality genome draft is the goal. In regard to the
length of a single read, with the current setup of CE separation of dye-tagged
extension products, it probably will not reach far beyond 1 kb, despite the develop-
mentof new uorophores, with better physical characteristics, and new recombinant
polymerases. Nevertheless, further miniaturization of the CE setup or replacing
capillaries with chip-based systems with nanochannels that would allow analysis of
molecules in the picomolar concentration range, combined with amptiation of and
signal detection from single template molecules [6], potentially looks like something
that will keep Sanger sequencing in the game. In addition, options of combining
Sanger outputs with the next-generation reads are quite promising. There of course
will be still plenty of low-throughput projects that require only a few reads to be
performed for a particular task, for which Sanger sequencing undoubtedly is an
excellent and mature technology and will remain the gold standard for quite some
time.

1.4
Bioinformatics Holds the Key

In the past 5 years, about a dozen genomes larger than a billion nucleotides in size
were sequenced and assembled to variousished stages. There are 905 eukaryotic
genomes currently in production as of February 2008 (http://www.genomesonline.
org/gold.cgi). Most importantly, every new bit of data is being immediately made
available to the general research community through databases such as the Trace
Archive (http://0-www.ncbi.nlm.nih.gov.catalog.llu.edu/Traces/trace.cgi and http://
www.tracearchive.ntu.ac.uk) (Figure 1.3). This enormous terabyte-sized data
generates previously unseen possibilities for computer-based analysis and boosts
elds such as comparative and population genomics to new levels of biological



