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DNA Sequencing Overview & Recap

Three Generations of DNA Sequencing

1st: Sanger sequencing [Sanger et al., 1977]
I Cost per Mb: USD 2,400
I Read length: 800 bp
I Run time: 3 hrs

2nd: Next-generation or high-throughput sequencing [Illumina]
I Cost per Mb: (less than) USD 0.07
I Read length: 50-150 bp
I Run time: 10 days

3rd: Single-molecule and/or long-read sequencing [PacBio]
I Cost per Mb: USD 0.13-0.6
I Read length: 1.4 kb
I Run time: 0.5-2h

Ease-of-use and through-put have been dramatically increased at the cost
of (some) accuracy.
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DNA Sequencing Overview & Recap

1st Generation: Sanger Sequencing

based on chain
termination
using ddNTPs
[Sanger et al.,
1977]

single fragment
sequenced at a
time (=<
1,000 bp
length)
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DNA Sequencing Overview & Recap

Three Generations of DNA Sequencing

Table from Keith [2017]
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DNA Sequencing Overview & Recap

Main steps of DNA sequencing experiments

TEMPLATE
PREPARATION

1. Obtaining the
molecules of
interest:

DNA, RNA,
nucleotide-protein

complexes

2. Library
preparation:

fragmentation and
ligation of

sequencing adapters

3. Amplification

SEQUENCING

Sequencing by
Synthesis

read length
single-end vs.
paired-end

number of reads

BIOINFORMATICS

Base calling

Alignment
Identifying loci of

the sequenced
fragments

Additional
processing

Interpretation
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Template preparation

Template preparation
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Template preparation

Template preparation

1 Nucleic acid extraction
2 Library preparation: adding adapters for sequencing
3 Clonal amplification: making sure the signal is going
to be strong enough
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Template preparation

Template preparation

1. DNA/RNA extraction
Nucleic acids must be purified out of a mix of all sorts of organic and
inorganic molecules.

Fig. from: https://en.wikipedia.org/wiki/Eukaryote
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Template preparation

1. DNA/RNA extraction

Basic steps
Goal: Little or no degradation and complete profiling of the entire length
of each DNA or RNA molecule.
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Template preparation

1. DNA/RNA extraction

Lysis
Lysis = release of nucleic acids (NA) from cells/nuclei using

I salt solutions, detergents, lytic enzymes
I physical forces: mechanical force, heat, freezing

different cells (bacteria, plant cells, mammalian tissues. . . ) have very
different optimal lysis properties (see Thatcher [2015]!)
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Template preparation

1. DNA/RNA Extraction

Separate NA: Liquid-liquid extraction (Phenol-Chloroform)
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Template preparation

1. DNA/RNA extraction

Separate NA: Solid-phase DNA extraction
liquid-liquid extraction relies on toxic chemicals and is difficult to
automate/standardize
solid phase extraction is based on

I silica molecules (e.g. within a column or as magnetic silica-based beads)
that will

I bind the nucleic acids
I in the presence of a chaotropic buffer a

non-DNA components are washed away, before releasing the DNA from
the solid adsorber

aA chaotrope is an ion that disrupts hydrogen bonding, leading to higher
protein solubility in water.
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Template preparation

2. Library preparation: getting the NA molecules ready for
the sequencer
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Template preparation

2. Library preparation

TruSeq Library Prep Protocol Nextera Library Prep Protocol
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Template preparation

Different library preparations yield different distributions of
PCR fragment sizes
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Template preparation

What to consider before choosing a library preparation

1 Sample type
I High quality DNA? Easy to extract?
I How much?

2 Experiment goal
I RNA-seq, ChIP-seq, variant identification, . . . ?

3 Beware of excess PCR cycles!

Library preps all come with their own advantages and disadvantages! Know
what to look for during and talk to other people (in your lab, the

sequencing facility, online. . . )!
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Template preparation

3. Clonal amplification = cluster generation

Flowcell

Clusters

To generate strong signals during
sequencing, every fragment is
"cloned", yielding physically
separate clusters of DNA
fragments with identical
sequences.

Ideally, the fragments represent
the full genome.
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Template preparation

3. Clonal amplification = cluster generation
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Sequencing-by-synthesis

Sequencing-by-synthesis
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Sequencing-by-synthesis

Identifying the order of the nucleotides for every fragment
Illumina’s sequencing is based on fluorophore-labelled dNTPs with reversible
terminator elements that will become incorporated and excited by a laser one at a
time.
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Sequencing-by-synthesis

The number of cycles determines the read length
50-150 cycle repetitions = 50-150 bp read length

The actual raw data of Illumina sequencing are images, but nowadays Illumina will
return the base calls, i.e. text files of As, Cs, Ts, Gs.
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