New developments in DNA sequencing

Method of the Year

There are events of the year, persons of the year, images of the year.... We could not resist: why

not a Method of the Year?

Methods are a driving force of scientific progress. We think
they should be celebrated as such. So the editors set out, a
couple of months ago, to select the most notable method
of 2007—not a method just off the inventor’s bench but
rather one that came into its own in 2007 and had a wide-
ranging impact. But our discussion was quick: we soon
had a clear winner in next-generation sequencing.

It is actually not one single method but several, devel-
oped in parallel. The first two next-generation sequenc-
ing methods made their official entry on the scene in
2005, with publications by the groups of Jonathan
Rothberg and George Church, and two related plat-
torms became available within two years. A feature on
page 11 recounts the development of these methods
and some of the events in 2007 that contributed to
tirmly establish them in the community.
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”old” way of genome sequencing

Cloning and clone handling are
very labor intensive

Throughput of capillary
sequencing machines 1s limited

ABI 3730XL
(Applied Biosystems/Sanger)

up to 1.100 bases/read
96 reads/run
approx. 1 MB/day and machine

First choice for finishing projects; full
length cDNA sequencing; single
sample sequencing.
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The human genome 2001

A 2.91-billion base pair (bp)
consensus sequence of the
euchromatic portion of the human
genome was generated by the whole-
genome shotgun sequencing method.
The 14.8-billion bp DNA sequence
was generated over 9 months from
27,271,853 high-quality sequence
reads (5.11-fold coverage of the
genome) from both ends of plasmid
clones made from the DNA of five
individuals.
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The human genome in the future

Massive high-throughput 1s needed
Avoiding manual manipulations as much as possible

Such as
*Clone picking
*Clone administration
*Plate handling

Bias introduced 1in genome sequencing by the use of bacteria for
cloning and producing the DNA =» not all sequences are well
tolerated and reproduced in E. coli

Methods in Molecular Biology 791.117 WS 2007 Florian Riiker IAM / BOKU // 125



454 DNA sequencing

DNA Library Preparation Sequencing
and Titration

—-—

4.5 HOURS 10.5 HOURS

Ligation Genome fragmented
by nebulization

Selection No cloning: no colony
{isolate AB — picking
fragments

onlyl sstDMNA library created

with adaptors

A/B fragments
selected using avidin-
bhisting purification

sstDMNA Library
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Genome sequencing in microfabricated
high-density picolitre reactors

DNA Library Preparation Sequencing
and Titration

—

B HOURS

Anneal sstDNA to an Emulsify beads and Clonal amplification Break microreactors

excess of DNA PCR reagents in oceurs inside enrich for DNA-

Capture Beads water-in-oil microreactors positive beads
microreactors

gDMNA sstDMA Library
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Genome sequencing in microfabricated
high-density picolitre reactors

DNA Library Preparation Sequencing
and Titration

—

4.5 HOURS

Well diameter: average of 44um
200,000 reads cbtained in parallel

A single cloned amplified sstDNA
head is deposited per well

Amplified sstDNA library beads Quality filtered bases
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Genome sequencing in microfabricated
high-density picolitre reactors

DNA Library Preparation Sequencing
and Titration

————

4.5 HOURS

4 bases (TACG) cycled 42
times

Chemiluminescent signal
generation

Signal precessing to
determine base sequence
and quality scora




solexa sequencing technology

Sequencing-By-Synthesis Demo

.'Q::- DNA

N
e

N

Prepare genomic DNA sample
Adapters

Randomly fragrment genomic DNA and ligate
adapters to both ends of the fragments

NEXT -»
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Sequencing by Synthesis Solexa

T P Single “tube” reaction

Fragmented DNA molecules

/ Single oligonucleotide
molecules of between
100 and 200 bases

. Proprietary primer and
*x'\ anchor molecules
/

Primed sequence

(
B X XX

Anchor

© Solexa Ltd, 2005



solexa sequencing technology

Sequencing-By-Synthesis Demo

/ ! Adapter
..f’f & DNA fragment
(§ .4 |
. y
/o l H T Dense lawn of primers
IIIII ", i |7
/ : - Adapter
~ 4
| i i E'| i i Attach DNA to surface
i ; i Bind single stranded fragments randomly to
i L the inside surface of the flow cell channels
: :
+ PREV NEXT =+
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solexa sequencing technology

Sequencing-By-Synthesis Demo

Bridge amplification
Add unlabeled nucleotides and enzyme to
initiate solid-phase bridge amplification,

+ PREV NEXT =
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solexa sequencing technology

Sequencing-By-Synthesis Demo

Attached terminus

Free terminus

Frogments become
double stranded

+ PREV NEXT -+
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solexa sequencing technology

Sequencing-By-Synthesis Demo

Attached

Denature the double
stranded molecules

+ PREV MEXT =+
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solexa sequencing technology

Sequencing-By-Synthesis Demo
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Clusters

Completion of amplification

On completion, several million dense clusters
of double stranded DMNA are generated in each
channel of the flow cell,

+ PREV NEXT =
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Sequencing by Synthesis Solexa

Cycle 1 Proprietary enzymes ensure
nucleotide-specific
G incorporation
A T
L
) A
G Enzyme

© Solexa Ltd, 2005



We Have Developed a New SoleXxa
Sequencing Chemistry

Reversible fluorescent terminators

— all 4 labelled nucleotides in 1 reaction
- higher accuracy

— no problems with homopolymer repeats

Novel polymerases tolerant of
nucleotide modifications

- high fidelity
— efficient incorporation

—«— Original
—m— Ver1.
—&— Ver2.
—@— Ver3.

© Solexa Ltd, 2005



solexa sequencing technology

Sequencing-By-Synthesis Demo

First chemistry cycle:
determine first base

To initiate the first sequencing cycle, add all
four labeled reversible terminators, primers and
DMNA polymerase enzyme to the flow cell,

+ PREV NEXT -+
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Sequencing by Synthesis Solexa

Cycle 1 Incorporated nucleotides
detected by laser-excited
fluorescence

Detected by a CCD
N\ camera that rapidly scans
O\ the entire array

Fluorescence is then
removed

© Solexa Ltd, 2005



solexa sequencing technology

Sequencing-By-Synthesis Demo

U

Image of first chemistry cycle

After laser excitation, capiure the image of
emitted fluorescence from 2ach cluster on the
flow cell. Record the identity of the first base
for each cluster

Before initiating

the next chemistry cycle

The blocked 3' terminus and the fluorophore
from each incorporated base are removed,

+ PREV NEXT -
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solexa sequencing technology

Sequencing-By-Synthesis Demo

Second Chemistry Cycle:
determine second base

To initiate the next sequencing cycle, add all
four labeled reversible terminators and
enzyme to the flow call,

+ PREV NEXT =+
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Solexa Sequencing

DNA
(0.01 - 1.0 pg) ® e
| “o
®
— ©
€]
®
®
© @
Sample @
preparation Cluster growth 5
Sequencing

1 2 3 5 6 7/ 8 9
(LA L U A

Image acquisition Base calling



solexa sequencing technology

Sequencing-By-Synthesis Demo

Ul O O Oom v
Yo Ypgu Ygu Yo 999y

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
l |
GCTGA.... Sequence read over multiple

chemistry cycles

Repeat cycles of sequencing to determine
the sequence of bases in a given fragment
a single base at a time

+ PREV NEXT =
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solexa sequencing technology

Solexa System Workflow

. Sample Preparation

= Shear genomic DNA

* Repair ends
+ Ligole adapters

. Sequencing-by-Synthesis

=

Duration: 48-72 hours*

* Floce reagents onta the Solexa
1G Genstic Analyzer

* Floce flow cell onto the Solexa
IGGuwnﬁc:ﬁ.nnlyzar

= Prass “storl” button

. Cluster Generation

Duration: < 4 hours

* Place reagents onto Cluster Station
* Ploce flow cell anto Cluster Station
+ Add somples

* Press “start” button

Data Analysis

Duraticn: ~8 hours *

+ Start automated analysis:
- Imoge processing
- Base calling
* Transfer data to automated unn|:.mis
pipeline for secondory analysis

http://www.illumina.com/pages.ilmn?ID=203
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Wichtige Shortcuts v
Sequenzierung
RUN24Barcode
Gute Grinde fur GATC

GATC Viewer

Software

GRATIS Demo Software

Schulung & Support
Lasergene V7 (DMNASTAR)

Softgenetics Mutation
Surveyor

Softgenetics GeneMarker

Unternehmen

Forschung & Entwicklung

Seguenzierung

Sie sind hier: = Willkormmen

Home | Kontakt | Impressum | Sitemap

Software ...und mehr Unternehmen myGATC

GATC plant die Sequenzierung
von bis zu 100 Humangenomen bis Ende 2010!

Sehr geehrter Leser,

Wergangene offentlich gefdrderte Humangenom-Projelte
haben ein beispielloses Wissen Uber das menschliche Genom
generiert. Jetzt geht es darum, Aufschluss Gber genetische
Zuzammenhange fir eine verbesserte Diagnoze und fir die
Medikamentenentwicklung zu erlangen. Es geht auch um
perzonalizierte Medizin - weag vom jetzigen &nsatz .one-drug-
zuitz-all”.

Doch niemand kommt nun auf die Idee, sein komplettes
Genom im nachsten Labor analysieren zu lassen. Die
Sequenzierung des ersten Genoms bendtigte 12 Jahre und
lcostete (ber 3 Milliarden US4, Heute belaufen sich die Kosten
auf etwa 5 Millionen US$ und die Zeit fir eine Analyse betragt
nur noch ein paar Jahre.

GATC hat es =sich zur Aufgabe gemacht, die Kosten fir die Genomseguenzierung weiter
drastisch zu =enken und gleichzeitig mitzuwirken, die Wissenzbasiz rund um das Humangenom
zu vergralfern.

Die Sequenzierung vieler individueller Humangenome ist der erste Schritt um diese Vision des
"500-Euro-Humangenoms" innerhalb der kommenden 10 Jahre zu realizieren.

Mit fast zwei Jahrzehnten Erfahrung in DNA-Sequenzierung und Bioinformatik in nahezu 100
mikrobiellen Genomprojekten ist GATC hervorragend positioniert, um die Sequenzierung von
Humangenomen noch weiter zu optimieren.

Mahear histen wir nneere lannishrine Fynarrtice 1ind Sennenzierlanazitat ienen ostratenicrhen
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Comparison of sequencing technologies

Choose the technology that fits your project! Benefit from our experience to

tailor complete sequencing solutions and programmes to meet your individual

requirements!

‘ = . ‘
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GS FLX /454
(Roche Diagnostics)

up to 250 bases/read
up to 400.000 reads/run
up to 100 MB/run,/7.5 hours

Optimal for in-depth analysis of
whole transcriptomes; bacterial
genomes;

small eukaryotic genomes.

ABI 3730XL
(Applied Biosystems/Sanger)

up to 1.100 bases/read
96 reads/run
approx. 1 MB/day and machine

First choice for finishing projects; full
length cDNA sequencing; single
sample sequencing.

Genetic Analyzer/Solexa
(Ilumina)

up to 50 bases/read

up to 60 Mio reads/run (paired-end)
up to 2.000 MB/run/&.5 days
Sequencing by synthesis

Highly attractive for resequencing
projects of e.g. production strains;
small RMA, SAGE and ChIP; ultra-
deep sequencing of SNPs or
mutations.

S0OLID DNA Sequencer
(Applied Biosystems)

up to 35 bases/read

up to 85 Mio reads/run (paired-end)
up to 3000MB/run/6 days
Sequencing by ligation

To be installed
in autumn 2007!

Highly attractive for resequencing
projects of e.g. production strains;
small RMNA, SAGE and ChIP; ultra-
deep sequencing of SNPs or
mutations.
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Sequence-ability:
Human Genome 3,000 Mbp

Percentage of fragments which match back

uniquely to the human genome
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