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About 300 people
30 Research groups

1 Research Programs :
— Developmental Biology
— Cellular Biotechnology
— Structural Biology and
Biophysics
— Genome Biology Research
Program

Director’s Laboratory

1 Core Facilities :

— NMR Laboratory

— Electron Microscopy

— Protein Chemistry

— DNA Sequencing and
Genomics Laboratory
Transgenic unit
Light Microscopy unit
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EX Short History of DNA Sequencing

77
— Maxam-Gilbert
— Sanger
1986
— First Automated DNA

Sequencer ABI 370 (373)
1988
— Pharmacia ALF
1995
— ABI 377

1 Up to 96 lanes

1996

— First Capillary DNA
Sequencer ABI 310

1 1998

— First 96 Capillary
instruments MegaBace,
ABI 3700

1 2000
— ABI 3100, 16 Capillary
1 2002
— ABI 3730, 48 or 96
Capillary
1 2005

— Genome Sequencer GS20,
454 Life Science, Roche

1 2006

— Genome Analyzer, Solexa/
lllumina

1 2007
— SOLID, Applied Biosystems
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Sanger DNA Sequencing [
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1. Template E—; mocemerce —
— ssDNA or dsDNA o
2. Primer annealing i e ane

— Sequencing primi e e evaare
3. Elongation

— DNA polymerase
1 Steps 2 and 3 can be done Geslelektroforeesi ja autoradiografia
repeatedly => cycle sequencing A

4. Electrophoresis

- Incorporating Labels

Labelled primers
1 or 4 labels

Labelled deoxynucleotides
1 label

Labelled
dideoxynucleotides

1 or 4 labels

*BigDye, ET =TT oeoksnukLEoTIDI

terminators
== oocoksukLEoTD!

Sarén, A-M et.al. Kemia-Kemi 1996, 23, 724-727
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- Automated DNA Sequencing

slab-gel systems
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Sarén, A-M et.al. Kemia-Kemi 1996, 23, 724-727
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- Strategies for Genome Sequencing

1 Shotgun approach 1 Libraries

— random sequencing — usually made by
of different sized random shearing of
libraries genomic DNA

— assembly using — 2 kb, 4-6 kb, 10 kb
different software plasmid libraries

— closing of gaps using — fosmid or cosmid
different methods libraries with 30 - 50
kb inserts
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Whole Genome Shotgun Sequencing

Whole Genome:
~ 3 Mb

Sheared DNA:
~2 kb

Random A e
Reads
Both ends

Sequencing
') Templates
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Shotgun Sequencing :ASSEMBLY

reads/kb) - ‘Skimming’ * 6.5 - 8.0 X (~18 reads/kb) - ‘pre-finished’

.5 - 4.0 X (~9 reads/kb) -’half-shotgun’ « 10 X (22-24 reads/kb) - ‘deep shotgun’
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Phred, Phrap and
Staden Package Program

Phred and Phrap Staden Program

1 University of Washington = Cambridge, Sanger Center
1 Phil Green, http://www.phrap.org/
1 Roger Staden,

Phred quality score: http://staden.sourceforge.net/
*logo( P, )
is the probability that = Trace editing

se call is an error.

Phred P, Accuracy of
score the base call
10 Lin 10 90% )
20 1in 100 999 — display of traces from sequencers
30 1in 1,000 99.9% — translations, orfs, RE etc.

40 1 in 10,000 99.99% — good capacity

50 1 in 100,000 99.999%

Phrap assembly and Gap4
editing
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New DNA Sequencing Technology

(Rev\ews Schendure, J & Ji, H Nat Biotechnol 2008,26,1135-1145; Pettersson, E et.al. Genomics
2009, 93,105-111; Mardis, E Annu Rev Genomics Hum Genet 2008, 9,387~ Metzker
ML. Nat Rev Genet. 2010, 11,31-46)

Parallel Sequencing Technology
Massive throughput
Fast sequencing
No cloning step
PCR
Currently four systems ready

— Genome Sequencer (www.454.com www.roche.com )
1 454 Life Sciences, Roche
1 Launched in October 2005

— Solexa, Genome Analyzer (www.illumina.com)
1 lllumina
1 Launched 2006

— SOLiD (www.appliedbiosystems.com)
1 Applied Biosystems
1 Launched in October 2007

— Helicos (www.helicosbio.com)
1 Helicos
+ Launched in 2009 Lars Paulin Institute of Biotechnology University of Helsinki




EX Genome Sequencer

(www.454.com, www.roche.com)
(Margulies, etal. Nature 2005,437, 376)

Genome Sequencer GS20;FLX; Titanium
— 454 Life Science, Roche

= Parallel Sequencing
— Shotgun sequencing
1 No plasmid libraries
1 Linkers ligated to fragments
1 Emulsion PCR
1 Picotiter plate, 1 600 000 wells
1 Titanium 3 400 000 wells

— Pyrosequencing
(Nyren, P. et al Anal Biochem. 1993, 208,171-5)

1 Detection with sensitive CCD camera

1 Run time ca. 4,5 h; 7,5 h; 10h

1 Read lenght 100 -120 bp; 250 — 300 bp; 400+ bp

1 Raw sequence ca. 25 — 35 Mb/run; 80 — 100 Mb/run; 400-600 Mb/run
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Genome Sequencer GS 20/FLX

DNA Library Preparation emPCR Sequencing emPGR Sequencing
DNA Uibrary Preparation Emublon PCR Ampiifization Sequencing Output
Ganoma Sequancer 20 Opsration
1. DHA fragnantation 1. Praparation of tha ive amp fcation mix 1 FASTA e
2 Frogmant and polishing 2 coIDNA Nbrary capture 1. The pre-wash Run 2 Aesambly
3 Adaptor ligation 3 Enubification 2 PleaTharPlate™ preparation 2 Mapping
& Ubrary immobilsation & Amplification 3 The PREP Fun
5 Fikin raction 5 Bead rec & The Sequencing Run
& Singk-strandad terplate DNA 5 SSHDNA Ibrary besd snrichment
(LN ibiary lsolation 7 Saquencing primr annsaling

7 ss1DNA lbrary qualiy asssssmant
and quantiatian
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Library preparation

L*NA Loy Prsporrsiam

:
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Emulsion PCR
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PicoTiterPlate (PTP)

- v o wd g

& G e ]
L S

B 0 R (I

o pepm e

Ay ¥ ] alRA [y Bearids Ml v euls

Lars Paulin Institute of Biotechnology University of Helsinki

Pyrosequencing

g = oy Lime

Airma e DA My e ——————————— & iy

Adaptor Taq TCAG -- CTGA
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Genome Sequencer GS20/FLX
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2 Eazh wedl's dois
Elracted,
quantizad and
no sz

4 Fead data
sanyeried Into
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Adaptor Tag TCAG -- CTGA
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4 Life Science/Roche

GS Junior

1 100 000 reads

1 400 bp read length

1 35 Mb

1 10 h run time, 2 h data processing
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[llumina/Solexa Genome Analyzer

(www.illumina.com ; Bentley,DR Curr Opinion Genet Dev 2006, 16,545-552 )

1 Clonal Single Molecule Array technology
o n Cluster Station

— Sequencing-by-synthesis technology
— Reversible terminator-based sequencing

1 removable fluorescence

Flow cell with > 10 million clusters

1 Each cluster ~1,000 copies of template /cm?

— 1-8 samples / run

— 3 laser system (660, 635, and 532 nm)
— Read length 35 - 100 bp, up to 30 Gb / run
1 Run time 3 — 10 days,
- rovet
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1 Sample preparation
— 100ng-1ug
— Attaching to Flow cell
— Bridging
- PCR
1 Elongation
1 Denaturation
1 Clonal amplification
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lllumina/Solexa sequencing

Sequencing

- First bases

- Fluorescent bases
reversible detected
terminators after
Detection removal of
with laser label gnd
and CCD blocking
camera

Sequencing
- Second
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lllumina Instruments

Genome Analyzer lIx

+2x 100 bp
« Upto 500 million
reads/ flowcell

URE R RR ]

R

Paired-End Module

Genome Analyzer lle
*2 x 100 bp
* Medium throughput

HiSeq 2000

*2 x 100 bp

«.Upto 300 Gb/run

« 2 billion paired-end
reads

cBot Cluster Generation System
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EX SOLiD, Applied Blosystems

(Life Technologies; www.appliedbiosystems.col

Sequencing by Ligation

emPCR

1 Small beads, 1um
Attaching to glass slides
Labelled probes

1 Fuor colours

1 2 base encoding system
Repeated ligation steps
Detection with 4 Mpixel
camera
Read lenght 50 bp + 35 bp
1-2 slides / run
30 Gb / run/ slide

Run time 5 -10 days . ]
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Shendure, J. et.al. Science 2005,
309, 1728-1732

SOLID™ Winrkflow
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SOLID Libraries

Fragmam Bkrary

Bead | e | SHABTeprs

Mrte—psirard lihrary

T [ Tea
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|
I Bead ] e

Lars Paulin Institute of Biotechnology University of Helsinki




FETTET
Efonmzcesx

[T

Prokses are ocltamers
H=daganerate bases, T=wmiarsal bases
1034 prodses, 256 probes per cokor
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2 Base Pair Encoding
Using 4 Dyes

27 Bage
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SOLID d-calor ligation
Ligaticn reaction
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Each baese i interrogated baioe, by T independaml
probes
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* Lowest start up cost
« Seamless upgrade and scale up
to 5500xI

5500

“lab scale”

| = Lowest price per sample
+ Nano-bead ready for maximum
throughput

“Production-scale”
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i Throughput
— 5500 model 10-15 Gb/day
— 5500xI model 20-30 Gb/day
(30-45 Gb/day nano-beads)
o
. — Read length
1 FlowChip 1 Fragment 75 bp
— 6 lanes — 1day35bp, 1lane
— Multiple experiments per 1 Paired-end 75 bp + 35 bp
lane — 7 days 6 lanes
1 Mate-pair 60 bp + 60 bp
— 7 days 6 lanes

Barcodes
1 Upto 1152 multiplexing
— 12 lanes, 96 BC
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Helicos

(www.helicosbio.com)
(Harris, T etal Science 2008, 320; 106-9

1 HeliScope™ Single Molecule Sequencer

True Single Molecule Sequencing (tSMS)
Sequencing-by-synthesis
Template 100 — 200 bp
1 Addition of polyA A
— No PCR amplification
— 1000 000 000 reads /
experiment
— 25-90Mb/h
— 2+ Gb/day

Lars Paulin Institute of Biotechnology University of Helsinki
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Helicos

Flow cell Paired-end Sequencing
(100 — 200 bp)

25 discrete channels per flow cell
Single molecule capture by
hybridization, allowing densities of
100 million strands of DNA per
square centimeter or higher
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Applications

= Whole genome sequencing Transcriptome sequencing
— de novo sequencing — cDNA
1 Genome Sequencer FLX 1 All four systems
1 Comparativi ncin e
SIIZERNGS HeeiEeing 1 All four systems
— All four sys.tems chiP sequenci g
1 Metagenomics — All four systems
— Genome Sequencer FLX Methylation sequencing
1 Amplicon sequencing — Al four systems
— Mutations / SNP Sequence capture
— All four systems — SureSelect or NimbleGen
1 Genome Sequencer FLX
1 SOLID
1 lllumina
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Pacific Biosciences

(www.pacificbiosciences.com)
(Korlach, J. et.al. PNAS 2008, 105, 1176-81, Levene, MJ. et.al. Science 2003, 299, 682-86
Eid, J etal. Science 2009, 323, 133 - 138)
1 Technology
— Single-Molecule Real-Time (SMRT) DNA sequencing technology
— SMRT chip
1 Thousands of zero-mode waveguides (ZMWs)
1 Holes 100 nm metal film, 20 zeptoliters (102! liters)

— Real-time detection of DNA synthesis
1 Fluorescent dNTPs

Lars Paulin Institute of Biotechnology University of Helsinki
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SMRT chip

aulin Institute of Biotechnoloy
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VisiGen

(www.lifetechnologies.com)

1 Techno|ogy — Fluorescent donor on tip of
the Polymerase attached on a

glass slide
— Intact DNA fragments — Acceptor fluorescent moiety
— Real-time detection of on the nucleotides

DNA synthesis, FRET 1 On the gamma-phosphate

— 1Mb/sec/machine

— No cloning or amplification

Lars Paulin Institute of Biotechnology University of Helsinki
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- lon Torrent

(www.iontorrent.com, www.lifetechnologies.com)

1 Semiconductor sequencing
Real-time detection of Polymerase

Use normal dNTPs

Nucleotide incorporation releases
an H* ion

Detection of pH change with the
ion detector

Cheap to use

Currently 100-200 bp reads

Lars Paulin Institute of Biotechnology University of Helsinki

lon Torrent, Detection Chemistry
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- Other Sequencing Technolgies

Complete genomics Oxford Nanopore Technologies

1 www.completegenomics.com 1 www.nanoporetech.com

1 Science 2010,327, 78 - 81 1 Nat Nanotechnol 2009, 4, 265 - 270
—  DNA Nanoballs on array — Exonuclease DNA sequencing

—  Combinatorial probe-anchor — Strand sequencing
ligation

Lars Paulin Institute of Biotechnology University of Helsinki
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(www.genomics.xprize.org)

$10M to the First Team to Sequence
100 Human Genomes in 10 Days

RegisteredTeams
454 Life Sciences (Roche) (www.454.com )

VisiGen (www.visigenbio.com )

FfAME (www.ffame.org )

Reveo (www.reveo.com)

Based4innovation (www.base4innovation.co.uk )

Personal Genome X-Team (PGx) (www.personalgenomes.org)
ZS Genetics, Inc. (www.zsgenetics.com)

Cracker (www.crackerbio.com)
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