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Institute of BiotechnologyInstitute of Biotechnology
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Independent Research Unit of the University of HelsinkiIndependent Research Unit of the University of Helsinki
About 300 peopleAbout 300 people
3030 ResearchResearch groupsgroups

Core Facilities :Core Facilities :
–– NMR LaboratoryNMR Laboratory
–– Electron MicroscopyElectron Microscopy
–– Protein ChemistryProtein Chemistry
–– DNA Sequencing andDNA Sequencing and

Genomics LaboratoryGenomics Laboratory
–– Transgenic unitTransgenic unit
–– Light Microscopy unitLight Microscopy unit

Research Programs :Research Programs :
–– Developmental BiologyDevelopmental Biology
–– Cellular BiotechnologyCellular Biotechnology
–– Structural Biology andStructural Biology and

BiophysicsBiophysics

Director’sDirector’s LaboratoryLaboratory

http://www.biocenter.helsinki.fi/bi/
http://www.biocenter.helsinki.fi/bi/
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DNADNA SequencingSequencing andand GenomicsGenomics LaboratoryLaboratory
CultivatorCultivator 2,2, ViikinkaariViikinkaari 44

StartedStarted in 1990in 1990 withwith DNADNA SynthesisSynthesis
1991 DNA1991 DNA SequencingSequencing
1994 EU1994 EU YeastYeast GenomeGenome ProjectProject
19991999 -- 20002000 HighHigh--throughputthroughput pipelinepipeline
19991999 –– 20022002 FiveFive ESTEST SequencingSequencing ProjectsProjects
20002000 MicroarrayMicroarray LaboratoryLaboratory
20032003 FirstFirst MicrobeMicrobe GenomeGenome ProjectProject
–– MoveMove togethertogether withwith MicroarrayMicroarray LaboratoryLaboratory toto CultivatorCultivator 22

20062006 GenomeGenome SequencerSequencer 20, 2007 FLX20, 2007 FLX
2008 DNA2008 DNA SequencingSequencing andand GenomicsGenomics LaboratoryLaboratory

CoreCore FacilityFacility
–– Service DNAService DNA sequencingsequencing andand wholewhole projectsprojects
–– CollaborativeCollaborative projectsprojects

””ResearchResearch hotel”hotel”
–– DevelopeDevelope highhigh--throughputthroughput methodsmethods
–– ConsultingConsulting
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ShortShort HistoryHistory of DNAof DNA SequencingSequencing
19771977
–– MaxamMaxam--GilbertGilbert
–– SangerSanger

19861986
–– FirstFirst AutomatedAutomated DNADNA

SequencerSequencer ABI 370 (373)ABI 370 (373)
19881988
–– PharmaciaPharmacia ALFALF

19951995
–– ABI 377ABI 377

UpUp to 96to 96 laneslanes

19961996
–– FirstFirst CapillaryCapillary DNADNA

SequencerSequencer ABI 310ABI 310

19981998
–– FirstFirst 9696 CapillaryCapillary

instrumentsinstruments MegaBaceMegaBace,,
ABI 3700ABI 3700

20002000
–– ABI 3100, 16ABI 3100, 16 CapillaryCapillary

20022002
–– ABI 3730, 48ABI 3730, 48 oror 9696

CapillaryCapillary
20052005
–– GenomeGenome SequencerSequencer GS20GS20

20062006
–– SolexaSolexa ((IlluminaIllumina))

20072007
–– SOLiDSOLiD
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Sanger DNA SequencingSanger DNA Sequencing
1.1. TemplateTemplate

–– ssDNAssDNA oror dsDNAdsDNA

2.2. PrimerPrimer annealingannealing
–– SequencingSequencing primerprimer

3.3. ElongationElongation
–– DNADNA polymerasepolymerase

StepsSteps 2 and 32 and 3 cancan bebe donedone
repeatedlyrepeatedly =>=> cyclecycle sequencingsequencing

4.4. ElectrophoresisElectrophoresis
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Incorporating Labels

Labelled primers
•1 or 4 labels

Labelled deoxynucleotides
•1 label

Labelled
dideoxynucleotides

•1 or 4 labels
•BigDye, ET
terminators

DEOKSINUKLEOTIDI

DIDEOKSINUKLEOTIDI

ALUKE

TEMPLAATTI

SYNTETISOITU JUOSTE

Sarén, A-M et.al. Kemia-Kemi 1996, 23, 724-727
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A C G T

1. 1.
2.

RAW DATA

PROSESSING

DATA COLLECTION

PROCESSED
        DATA

Single-dye systems

1.
2.

4-dye systems

slab-gel systems capillary systems

ELECTROPHORESIS

LOW CAPACITY HIGH CAPACITY

AutomatedAutomated DNADNA SequencingSequencing

Sarén, A-M et.al. Kemia-Kemi 1996, 23, 724-727
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StrategiesStrategies forfor GenomeGenome SequencingSequencing

ShotgunShotgun approachapproach
–– randomrandom sequencingsequencing

ofof differentdifferent sizedsized
librarieslibraries

–– assemblyassembly usingusing
differentdifferent softwaresoftware

–– closingclosing ofof gapsgaps usingusing
differentdifferent methodsmethods

LibrariesLibraries
–– usually made byusually made by

random shearing ofrandom shearing of
genomic DNAgenomic DNA

–– 2 kb, 42 kb, 4--6 kb, 10 kb6 kb, 10 kb
plasmid librariesplasmid libraries

–– fosmidfosmid oror cosmidcosmid
libraries with 30libraries with 30 -- 5050
kb insertskb inserts
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Whole Genome Shotgun Sequencing

Whole Genome:Whole Genome:
~ 3 Mb~ 3 Mb

Sheared DNA:Sheared DNA:
~ 2 kb~ 2 kb

SequencingSequencing
TemplatesTemplates

RandomRandom
ReadsReads
Both endsBoth ends
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Shotgun Sequencing :ASSEMBLY

ContigContig 11

SequenceSequence
GapGap

Low BaseLow Base
QualityQuality

SingleSingle
StrandedStranded
RegionRegion MissMiss--AssemblyAssembly

(Inverted)(Inverted)

• 0.5 -1.0 X (2 reads/kb) - ‘Skimming’

• 3.5 - 4.0 X (~9 reads/kb) -’half-shotgun’

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

• 10  X (22-24 reads/kb) - ‘deep shotgun’

Consensus sequenceConsensus sequence
ContigContig 22
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PhredPhred andand PhrapPhrap
University of WashingtonUniversity of Washington
Phil Green, http://Phil Green, http://www.phrap.orgwww.phrap.org//

PhredPhred,, PhrapPhrap andand
StadenStaden Package ProgramPackage Program

StadenStaden ProgramProgram
Cambridge, Sanger CenterCambridge, Sanger Center
RogerRoger StadenStaden,,
http://http://staden.sourceforge.netstaden.sourceforge.net//

Trace editingTrace editing

PhrapPhrap assembly and Gap4assembly and Gap4
editingediting
–– display of traces from sequencersdisplay of traces from sequencers
–– translations,translations, orfsorfs, RE etc., RE etc.
–– good capacitygood capacity

Phred quality score:
QV = - 10 * log10( Pe )
where Pe is the probability that
the base call is an error.
Phred Pe Accuracy of
score the base call
10 1 in 10 90%
20 1 in 100 99%
30 1 in 1,000 99.9%
40 1 in 10,000 99.99%
50 1 in 100,000 99.999%

http://www.phrap.org/
http://www.phrap.org/
http://staden.sourceforge.net/
http://staden.sourceforge.net/
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New DNANew DNA SequencingSequencing TechnologyTechnology
ParallelParallel SequencingSequencing TechnologyTechnology

MassiveMassive throughputthroughput
FastFast sequencingsequencing
NoNo cloningcloning stepstep
PCRPCR

CurrentlyCurrently threethree systemssystems readyready
–– GenomeGenome SequencerSequencer ((http://www.454.com/,http://http://www.454.com/,http://www.roche.comwww.roche.com))

454 Life454 Life SciencesSciences,, RocheRoche
LaunchedLaunched inin OctoberOctober 20052005

–– SolexaSolexa ((http://http://www.illumina.comwww.illumina.com))
IlluminaIllumina
LaunchedLaunched 20062006

–– SOLiDSOLiD ((http://http://www.appliedbiosystems.comwww.appliedbiosystems.com))
AppliedApplied BiosystemsBiosystems
LaunchedLaunched inin OctoberOctober 20072007

http://www.454.com/,http://www.roche.com
http://www.454.com/,http://www.roche.com
http://www.illumina.com
http://www.illumina.com
http://www.appliedbiosystems.com
http://www.appliedbiosystems.com
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GenomeGenome SequencerSequencer
(http://www.454.com/,http://(http://www.454.com/,http://www.roche.comwww.roche.com))

GenomeGenome SequencerSequencer GS20;FLXGS20;FLX
–– ManufacturerManufacturer 454 Life Science454 Life Science
–– MarketingMarketing RocheRoche

ParallelParallel SequencingSequencing
–– ShotgunShotgun sequencingsequencing

NoNo plasmidplasmid librarieslibraries
LinkersLinkers ligatedligated toto fragmentsfragments
Emulsion PCREmulsion PCR
PicotiterPicotiter plateplate, 1 600 000, 1 600 000 wellswells

–– PyrosequencingPyrosequencing
((NyrenNyren, P. et, P. et alal AnalAnal BiochemBiochem.. 1993, 208,1711993, 208,171--5)5)

DetectionDetection withwith sensitivesensitive CCDCCD cameracamera
RunRun timetime caca. 4,5 h; 7,5 h. 4,5 h; 7,5 h
ReadRead lenghtlenght 100100 --120120 bpbp; 250; 250 –– 300300 bpbp
RawRaw sequencesequence caca. 25. 25 –– 35 Mb/35 Mb/runrun; 80; 80 –– 100 Mb/100 Mb/runrun

http://www.454.com/,http://www.roche.com
http://www.454.com/,http://www.roche.com
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GenomeGenome SequencerSequencer GS 20/FLXGS 20/FLX
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LibraryLibrary preparationpreparation
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Emulsion PCREmulsion PCR
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PicoTiterPlatePicoTiterPlate (PTP)(PTP)
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PyrosequencingPyrosequencing

AdaptorAdaptor TaqTaq TCAGTCAG ---- CTGACTGA
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GenomeGenome SequencerSequencer GS20/FLXGS20/FLX
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FlowgramFlowgram

AdaptorAdaptor TaqTaq TCAGTCAG ---- CTGACTGA
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AmpliconAmplicon sequencingsequencing
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PairedPaired--endend SequencingSequencing
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IlluminaIllumina//SolexaSolexa GenomeGenome AnalyzerAnalyzer
((http://http://www.illumina.comwww.illumina.com))

ClonalClonal Single Molecule Array technologySingle Molecule Array technology
–– SequencingSequencing--byby--synthesis technologysynthesis technology
–– Reversible terminatorReversible terminator--based sequencingbased sequencing

removable fluorescenceremovable fluorescence
–– Flow cell with > 10 million clustersFlow cell with > 10 million clusters

EachEach clustercluster ~1,000 copies of template /cm~1,000 copies of template /cm22

– 1–8 samples / run

– 3 laser system (660, 635, and 532 nm)

–– Read length 35Read length 35 -- 5050 bpbp, 1, 1-- 22 GbGb / run/ run
RunRun timetime 33 –– 66 daysdays,,

Cluster Station

Flow cell

http://www.illumina.com
http://www.illumina.com
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IlluminaIllumina//SolexaSolexa

SampleSample preparationpreparation
– 100ng–1 g
– Attaching to Flow cell
– Bridging
– PCR

Elongation
Denaturation
Clonal amplification
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IlluminaIllumina//SolexaSolexa sequencingsequencing

Sequencing
- First bases
- Fluorescent

reversible
terminators

- Detection
with laser
and CCD
camera

Sequencing
- Second

bases
detected
after
removal of
label and
blocking
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SOLiDSOLiD,, AppliedApplied BiosystemsBiosystems
(http://(http://www.appliedbiosystems.comwww.appliedbiosystems.com))

SequencingSequencing byby LigationLigation
–– emPCRemPCR

SmallSmall beadsbeads, 1, 1µµmm
–– AttachingAttaching toto glassglass slidesslides
–– LabelledLabelled probesprobes

FuorFuor colourscolours
22 basebase encodingencoding systemsystem

–– RepeatedRepeated ligationligation stepssteps
–– DetectionDetection withwith 44 MpixelMpixel

cameracamera
–– ReadRead lenghtlenght 2525--3030 bpbp
–– 11--22 slidesslides // runrun
–– 11--22 GbGb // runrun
–– RunRun timetime 55 --1010 daysdays

SOLiDSOLiD

Shendure, J. et.al. Science 2005,
309, 1728-1732

http://www.appliedbiosystems.com
http://www.appliedbiosystems.com
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SOLiDSOLiD

LibraryLibrary preparationpreparation
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SOLiDSOLiD
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SOLiDSOLiD
ProbesProbes
–– 1 0241 024 OctamerOctamer ProbesProbes
–– 44 DyesDyes
–– 44 dinucleotidesdinucleotides
–– 256256 probesprobes // dyedye

N =N = degeneratedegenerate basesbases

Z =Z = universaluniversal basebase

CleavageCleavage sitesite
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SOLiDSOLiD
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SOLiDSOLiD
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SOLiDSOLiD
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SOLiDSOLiD
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SOLiDSOLiD
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ApplicationsApplications
WholeWhole genomegenome sequencingsequencing
–– dede novonovo sequencingsequencing

GenomeGenome SequencerSequencer FLXFLX

ComparativeComparative sequencingsequencing
–– AllAll threethree systemssystems

MetagenomicsMetagenomics
–– GenomeGenome SequencerSequencer FLXFLX

AmpliconAmplicon sequencingsequencing
–– MutationsMutations / SNP/ SNP
–– AllAll threethree systemssystems

TranscriptomeTranscriptome sequencingsequencing
–– cDNAcDNA

AllAll threethree systemssystems
–– Small RNASmall RNA

AllAll threethree systemssystems

ChIPChIP sequencingsequencing
–– AllAll threethree systemssystems

MethylationMethylation sequencingsequencing
–– AllAll threethree systemssystems
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HelicosHelicos
((www.helicosbio.comwww.helicosbio.com))

HeliScopeHeliScopeTMTM SingleSingle MoleculeMolecule SequencerSequencer

–– True Single Molecule Sequencing (True Single Molecule Sequencing (tSMStSMS)™)™
–– SequencingSequencing--byby--synthesissynthesis
–– TemplateTemplate 100100 –– 200200 bpbp

AdditionAddition ofof polyApolyA
–– No PCRNo PCR amplificationamplification
–– 1 0001 000 000000 000000 reads /reads /

experimentexperiment
–– 2525--90 Mb / h90 Mb / h
–– 2 +2 + GbGb // dayday

http://www.helicosbio.com
http://www.helicosbio.com
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HelicosHelicos
PairedPaired--endend SequencingSequencing
(100(100 –– 200200 bpbp))

FlowFlow cellcell

25 discrete channels per flow cell25 discrete channels per flow cell
Single molecule capture bySingle molecule capture by
hybridization, allowing densities ofhybridization, allowing densities of
100 million strands of DNA per100 million strands of DNA per
square centimeter or highersquare centimeter or higher
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VisiGenVisiGen
((www.www.visigenbio.comvisigenbio.com))

–– FluorescentFluorescent donordonor onon tiptip ofof
thethe PolymerasePolymerase attachedattached on aon a
glassglass slideslide

–– AcceptorAcceptor fluorescentfluorescent moietymoiety
on theon the nucleotidesnucleotides

On theOn the gammagamma--phosphatephosphate
–– 1Mb/sec/machine1Mb/sec/machine

TechnologyTechnology
–– NoNo cloningcloning oror amplificationamplification
–– IntactIntact DNADNA fragmentsfragments
–– RealReal--timetime detectiondetection ofof

DNADNA synthesissynthesis, FRET, FRET

http://www.visigenbio.com
http://www.visigenbio.com
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((KorlachKorlach, J., J. et.alet.al.. PNAS 2008, 105, 1176PNAS 2008, 105, 1176--81, Levene, MJ.81, Levene, MJ. et.alet.al.. Science 2003, 299, 682Science 2003, 299, 682--8686))

TechnologyTechnology
–– SingleSingle--Molecule RealMolecule Real--Time (SMRT) DNA sequencing technologyTime (SMRT) DNA sequencing technology
–– SMRT chipSMRT chip

Thousands of  zeroThousands of  zero--mode waveguides (mode waveguides (ZMWsZMWs))
Holes 100 nm metal film, 20Holes 100 nm metal film, 20 zeptoliterszeptoliters (10(10--2121 liters)liters)

–– RealReal--timetime detectiondetection of DNAof DNA synthesissynthesis
FluorescentFluorescent dNTPsdNTPs

PacificPacific BiosciencesBiosciences
((www.pacificbiosciences.comwww.pacificbiosciences.com))

http://www.pacificbiosciences.com
http://www.pacificbiosciences.com
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SMRTSMRT chipchip
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((www.genomics.xprize.orgwww.genomics.xprize.org/genomics)/genomics)

$10M to the First Team to Sequence$10M to the First Team to Sequence
100 Human Genomes in 10 Days100 Human Genomes in 10 Days

RegisteredTeamsRegisteredTeams
454 Life454 Life SciencesSciences ((RocheRoche) () (www.454.comwww.454.com ))

VisiGenVisiGen ((www.visigenbio.comwww.visigenbio.com ))

FfAMEFfAME ((www.ffame.orgwww.ffame.org ))

ReveoReveo ((www.reveo.comwww.reveo.com))

Base4innovation (Base4innovation (www.base4innovation.co.ukwww.base4innovation.co.uk ))

PersonalPersonal GenomeGenome XX--TeamTeam ((PGxPGx) () (www.personalgenomes.orgwww.personalgenomes.org))

ZS Genetics, Inc. (ZS Genetics, Inc. (www.zsgenetics.comwww.zsgenetics.com))

http://www.genomics.xprize.org/genomics
http://www.genomics.xprize.org/genomics
http://www.454.com
http://www.454.com
http://www.base4innovation.co.uk
http://www.base4innovation.co.uk
http://www.personalgenomes.org
http://www.personalgenomes.org
http://www.zsgenetics.com
http://www.zsgenetics.com

