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Sequencing — 3 generations

1. Capillary sequencing (ABI3700) Q R

One template -> one capillary -> 0,5-1 kb ® o e

Separate by size and detect

2. ”"Next generation sequencing” or "Ultra-deep sequencing”
Short reads, extremely high throughput , cost-effective
— but requires lots of computer power!

* Roche (454): GS FLX Titanium and GS Junior ..'

* Illlumina (Solexa): Genome Analyzer (GAllx) and .

* ABI: SOLID

3. ”Next-next generation sequencing” or “Single-molecule sequencing”
Longer reads, less throughput, fast cheap runs, single-molecule: easier analysis
* Pacific Biosciences: PacBio RS — SMRT sequencing
* lon Torrent
* Oxford Nanopore
* Visigen/Starlight
e Helicos
e Complete Genomics

llumnination



High throughput sequencing

Extremely high output at low per base cost (but
expensive per run!)

Massively parallell — need to design projects carefully
For small genomes sample identification essential

Requires lots of computer power (and knowledge) for
analysis

|deal for large-scale genome projects and
metagenomics

Also for ultra-deep sequencing to discover minor
populations



IT infrastructure:

* For every TB of sequence ->
need 15TB for analysis

* Need to be ruthless—no
storage of primary data
(images converted on the
instruments)

* One lllumina run — 64 cores
needs 2-3 days for processing

* Approx $100,000 needed per
sequencing machine to cope
with IT




High throughput sequencing for HIV

Millions of parallell
—> reactions (short reads)
detected by extremely

i ) high resolution cameras
Roche, 454
U Consensus sequence generated from short
I S + _ fragments aligned to reference. Mutation
T * prevalence can be accurately quantified!
_—_*_—_—_—_—;':—_
[ A With longer reads — defining minor
B quasispecies
- _* -

+* * Consensus sequence




Roche 454

www.my454.com

a
DNA library preparation
o e = Ligation y B «Genome fragmented
| ——— by nebulization
Selection -No cloning; no colony
—_ Sy, S—— SORMAE AR picking
fragments Z «sstDNA library creatad
only) with adaptors
.z A ’) o -A/B fragments selected
usmg avidin-biotin
purification
gDNA P sstDNA library
b
Emulsion PCR )
~ - -3 3~ »
3 -: Av 4
& | :
(s -~ L
Anneal sstDNA to an excessof  Emulsify beads and PCR Clonal amplification occurs  Break microreactors and
DNA capture beads reagents in water-in-oil inside microreactors enrich for DNA-positive
microreactors beads
sstDNA library P Bead-amplified sstDNA library
C
Sequencing

%
3 ' ]
].‘g \

Amplified sstDNA library beads

“Well diameter: average of 44 pm
+400,000 reads obtained in parallel

A single cloned amplified sstDNA
bead is deposited per well

P Quality filtered bases

Sequencing by synthesis — pyrosequencing
(detection of pyrophosphate release on
nucleotide incorporation)

Sequential flow of four bases - picture after
each flush
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Illumina HiSeq =
www.illumina.com/systems.ilmn . r'

Paired-End Library Prep
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l Make clusters and sequence

Cluster Amplification:

R1 sequencing primer

Reverse compllment of
R2 primer

Hybridization + First Extension
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Sequencing by synthesis with
reversible terminator and
fluorescent dye

All four dNTPs at once —>
competition —>
higher accuracy
No problem with
homopolymers

s Ad
Base —=

PPP o > X
Fluorescent
dye

Reversible
terminator

SURFACE

~ 60,000 clusters per image in
each colour

4 colours = 240,000 clusters
per image (tile)

120 tiles per lane (~1 hr
imaging per cycle)

2*108bp -> 10 days

Paired-end sequencing:

*Select fragments of certain
length (up to 500 bp)

*Regeneration of cluster after
1st round (without moving chip
relative to camera)

*Matching pairs — greatly
facilitates genome assembly




ABI SOLID

www.appliedbiosystems.com
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Single molecule sequencing

No amplification needed (less error)

Longer reads, know the haplotype
immediately

Fast and more cost-effective for smaller
projects

Emerging technologies allow for direct
sequencing from RNA



ntarsity

Pa C B i O Single-molecule sequencing in real-time

www.pacifichiosciences.com
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. . Fluorophore naturally cleaved off by polymerase
DNA polymerase as sequencing engine — but needs DNA synthesized is uninterrupted

to be slowed down (750 bp/s ->1-3 bp/s) Eliminates steric hindrance and noise

 Time
Step 1: Fluorescent phospholinked labeled nucleotides are introduced into the ZMW.
Step 2: The base being incorporated is held in the detection volume for tens of milliseconds, producing a bright flash
of light.
Step 3: The phosphate chain is cleaved, releasing the attached dye molecule.
Step 4-5: The process repeats.

80,000 ZMWs monitored simultaneously (1/3 have one polymerase)

Circular consensus
sequencing

Raw Read i

sense
Sub-read sequences NIRRTV o

AR anti-sense

Consensus [...AGGTCTAGGATCGATGA..]




ion torrent
0% AO0OXDO+
www.iontorrentcom

REMARKABLE SCALABILITY:

TOMb TO 1 GbIN ONE YEAR [ax )

316 318*

JAN:20T1 JuL20m 0s:20M

sbin womb |1Gb

Two bases
are incorporated

“lon Torrent uses the simplest
sequencing chemistry including
natural nucleotides, no enzymatic
cascade, no fluorescence, no
chemiluminescence, no optics, no
light: The Chip is the Machine”

Two hydrogen ions
are released




Oxford

NANOPORE

Technologies®

About nanopores

www.nanoporetech.com

A nanopore is, essentially, a very small hole. This hole may be formed either by a protein pore set into 2 membrane (biological nanopores),
ar by artificially creating a hole in solid materials (solid state nanopores).

Ananopore may be used to identify a target analyte as follows:

A current is passed through the nanopore.
This diagram shows a pore created by the
protein a-hemaolysin in an electrically resistant
lipid bilayer.

If an analyte passes through the pore or past
itz aperture, this event creates a characteristic
disruption in current. By measuring that
current it is possible to identify the molecule in
question. For example, this system can be
used to distinguish the four standard DMNA
bases and G, A Tand C, and also methylated
C. It can be used to tell the difference between
enantiomers of ibuprofen or to identify reactive
compounds such as explosives.
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Can be
applied DNA,
RNA,
proteins. No
amplification
needed
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DNA SEQUENCING (SOLID STATE NANOPORES)

Graphene sheet



