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,Next-Generation” Sequencing?

Sanger technique published in 1977, based on the polymerase chain
reaction (PCR)

= high quality, long reads
- slow, expensive
=» First Generation”

Human Genome Project: 1990 - 2004
Investments >3,000,000,000 S (~1S/bp)

Development of cheaper ,NGS” technologies
Compete with microarray technology*




INGS depends on massive, molecular parallelization|

* Four major platform types (and further ones):

— Solexa/lllumina (Genome Analyzer, MiSeq, HiSeq) g
— Applied Biosystems (ABi; SOLID)

— Roche/454 (GS FLEX, GS Junior) ! e —
— lon (Torrent PGM, Proton) —
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* Advantages: fast (massively parallel) & cheap (low cost per bp)

* Disadvantages: error-prone, extensive needs in
computation time and storage




Once upon-a time...

* Fredrik Sanger and Alan Coulson
Chain Termination Sequencing (1977)
Nobel prize 1980

Principle:
SYNTHESIS of DNA is randomly TERMINATED at different points

Separation of fragments that are 1 nucleotide different in size




1
i

Sanger’s sequencing
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Sequencing genomes
using Sanger’s method

Extract & purify genomic DNA
Fragmentation

Make a clone library

Sequence clones

Align sequencies ( -> contigs -> scaffolds)
Close the gaps

Cost/Mb=1000 S, and it takes TIME



Just an interesting comparison:

* Human genome project, 2007 1
— Genome of Craig Wenter costs 70 mIn S |

* Sanger’s sequencing

— Genome of James Watson costs 2 min S
* 454 pyrosequencing

— Ultimate goal: 1000 S / individual
Almost there!




Paradigm change

e Fromsingle genes to complete genomes
« From single transcripts to whole transcriptomes
e From single organisms to complex metagenomic pools

« From model organisms to the species you are studying
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* per-base quality (sequencing errors)
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* short length of reads:

* coverage problem in genomics (Lander-
Waterman 1988):

more gaps

l digestion/fragmentation
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more uncertain positions
may not bridge repetetive regions
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fragments

l denaturation & sequencing

How much read data must be generated in
order to ensure a certain statistical
correctness of the consensus sequence?

Poisson distribution of residing gaps
~Coverage” (e.g. 10x) applies to read length

> NGS technology requires a multiple of data to be
generated compared to the original sequence

2 but: massive cost reduction (per base)
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NGS technologies

| Company | Platform Amplification | Sequencing
method
lllumina HiSeq Bridge PCR Synthesis
MiSeq
LifeTech lon Torrent |emPCR Synthesis (pH)
lon Proton
Pacific Bioscience |RSII None Synthesis

Oxford Nanopore* | GridION None Flow

- RIP technologies: Helicos, Polonator, etc.
In development: Tunneling currents, nanopores, etc.



Differences between platforms

* Technology: chemistry + signal detection
* Run times vary from hours to days

* Production range from Mb to Gb

* Read length from <100 bp to > 20 Kbp

* Accuracy per base from 0.1% to 15%

* Cost per base varies



Products of base addition reaction

Polymerase integrates a nucleotide,

Hydrogen lon
- @D@@@

Hydrogen and pyrophosphate are released,



Second (next) generation sequencing

technologies

Company Platform Method Detection Length
Roche/d54 FLX genome Pyrosequencing Optical 0.4-1Kb
sequencer Datecion of
pyrophosphate
felease
Life Technologies lonPGM Sequencing by ReleasedH+ ions 200 bp
lenProton synthesis
|llumina HiSeq 2500 Rev. terminator Fluorescence/ 2x1500r
MiSeq sequencing by optical 2x250bp
synthesis
Lifetechnologies 5500SOLIDW  Sequencing by Flucrescence/ 1575 or
system ligation optical 2¢B0 bp

Advantages
Long read length

Rapid runs, low
cost

Vary high
throughput

Vary high
throughput

Disadvantages

High cost challenging
sample prep.

Lowar throughput
comparedto llumina;
Maturing technology

Long run time for standard
fung

Short read lengths; non-
standard data analysis

llumina platform is market leader — one 30x coverage human genome for $5-10k




Sequencing by synthesis:

Detection and estimation of pyrophosphate release

454/Roche: First NGS sequencer in market



Sequencing by detecting H* release after addition of the base

. Polymerase releases H+ during base incorporation
+ Measured by semi-conductor wafer
. Essentially a massively parallel pH meter

Life/lonTorrent 'Electrical' Sequencing



Dye sequencing by synthesis using
reversible terminator

Grow Measure Resel Grow

| ‘; | E I .*;\ /x I ‘:




Reversible dye chemistry
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Limitations of second-generation
sequencing

. Second generation sequencing requires amplification to get sufficient number of
sequences to meet detection thresholds,
» Coverage of GCrich sequences

« Amplification bias

+  Inherently a problem for quantitation
« Unique molecular Identifiers however may solve this problem (Islam et al,, Nat Methods, 2014;

Kivioja et al,, Nat Methods, 2012)=see Week 1
W
. Second Gen Seq technologies have practical limits in read length
+Mapping of long repeat regions in the genome

» |dentification and mapping of duplicate genes and pseudogenes



PacBio real-time sequencing

5
Pacific Blosystems RS
Pacific Biosciences RS 31 Generation Single Molecule Sequencer

Immobilized Polymerases + fluorescent dNTP +
really, really good optics

The particular polymerase used (“displacing’) is on the order of bp/sec



Detection of base incorporation
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Epifiuorescence detection

Extension results in different fluorescent signal for each base I



NGS technologies - SUMMARY

Platform Read length | Accuracy Projects / applications
454 Medium Homo- Microbial + targeted reseq
polymer runs

HiSeq Short High Whole genome +

MiSeq Medium transcriptome seq, exome

SOLID Short High Whole genome +
transcriptome seq, exome

lon Torrent | Medium High Microbial + targeted reseq

lon Proton | Short/Medium | High Exome, transcriptome,
genome

PacBio Long Low — ultra high* Microbial + targeted reseq

Gap closure & scaffolding
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