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DNADNA SequencingSequencing 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
20032003 FirstFirst MicrobeMicrobe GenomeGenome ProjectProject
–– MoveMove togethertogether withwith MicroarrayMicroarray LaboratoryLaboratory toto CultivatorCultivator 22

20062006 GenomeGenome SequencerSequencer 2020

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

””ResearchResearch hotel”hotel”
–– DevelopeDevelope highhigh--throughputthroughput methodsmethods
–– ConsultingConsulting
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DNA Sequencing andDNA Sequencing and MicroarrayMicroarray PipePipe--LineLine
SequencersSequencers
–– ABI 3130 16ABI 3130 16--Capillary SequencerCapillary Sequencer
–– ABI 3730 48ABI 3730 48--Capillary SequencerCapillary Sequencer
–– GenomeGenome SequencerSequencer 2020

CentrifugesCentrifuges
–– 22 EppendorfEppendorf 58105810
–– 11 EppendorfEppendorf 58045804
–– 1 Beckman1 Beckman

OtherOther
–– TecanTecan SpectraFluorSpectraFluor MicroplateMicroplate ReaderReader
–– ImageMasterImageMaster VDS,VDS, GE HealthcareGE Healthcare
–– 8 Servers for analysis8 Servers for analysis

PhredPhred,, StadenStaden Program,Program,
AceDBAceDB, ARB etc., ARB etc.

–– SUNSUN clustercluster
–– ABIABI PrismPrism 70007000
–– LightCyclerLightCycler 480,480, RocheRoche
–– CoulterCoulter CounterCounter Z2Z2
–– BioanalyzerBioanalyzer
–– LIMS,LIMS, SapphireSapphire

Bacterial growthBacterial growth
–– QPixQPix Colony PickerColony Picker
–– QFillQFill 22 MicroplateMicroplate fillerfiller
–– 44 MultidropMultidrop 96 and 384 well96 and 384 well
–– 44 TitramaxTitramax shakersshakers

PCRPCR
–– 1 Tetrad1 Tetrad MjResearchMjResearch [1 x 96, 3 x (2x48)][1 x 96, 3 x (2x48)]

–– 2 Tetrad2 Tetrad MjResearchMjResearch ( 4 x 96 )( 4 x 96 )

–– 11 EppendorfEppendorf MastercyclerMastercycler (384)(384)

–– 1 ABI 97001 ABI 9700 ( 2 x 384 )( 2 x 384 )

–– 4 ABI 97004 ABI 9700 ( 96 )( 96 )

RoboticsRobotics
–– QiagenQiagen BiorobotBiorobot 96009600
–– QiagenQiagen BiorobotBiorobot 80008000
–– QiagenQiagen BiorobotBiorobot 30003000 ( 2m )( 2m )
–– 22 TecanTecan Genesis RSP100Genesis RSP100

low volumelow volume pipettingpipetting
–– TecanTecan FreedomFreedom EvoEvo

low volumelow volume pipettingpipetting
–– BiomekBiomek NXNXpp , 96, 96--pipettorpipettor
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What can we do?What can we do?
All kinds of serviceAll kinds of service

Sequencing projectsSequencing projects
Fragment analysisFragment analysis
–– TT--RLFPRLFP

SNP detectionSNP detection
Colony pickingColony picking
Plasmid,Plasmid, cosmidcosmid,, fosmidfosmid, BAC, BAC
purificationpurification
PCR, PCR purificationPCR, PCR purification
rDNArDNA sequencingsequencing
EST, SAGE sequencingEST, SAGE sequencing
Whole genome sequencingWhole genome sequencing
MetagenomicMetagenomic sequencingsequencing
MLSTMLST--SequencingSequencing
etc.etc.

HighHigh--throughputthroughput
––

Picking 3 500 colonies / hPicking 3 500 colonies / h
–– petripetri discs, 22 x 22 cm platediscs, 22 x 22 cm plate

Growth ~50 x 96 / dayGrowth ~50 x 96 / day
–– 7070 µµll -- 1 ml1 ml

PCR ~5 000 / dayPCR ~5 000 / day
–– 5050 -- 100100 µµll

PCR purification 12 x 96 / dayPCR purification 12 x 96 / day
–– 2 x 1002 x 100 µµll

Plasmid,Plasmid, CosmidCosmid,, FosmidFosmid, BAC, BAC
purificationpurification
–– 96 / 384 well96 / 384 well

Sequencing 0,5Sequencing 0,5 -- 1 Mb / 24h1 Mb / 24h
GriddingGridding 12 membranes / day12 membranes / day
–– 1536 spots in duplicate, 3841536 spots in duplicate, 384

controlscontrols
GenomeGenome SequencerSequencer FLXFLX
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EST Projects 1999EST Projects 1999 –– 20022002
BarleyBarley

44 82944 829 ESTsESTs
13 448 clusters13 448 clusters
–– 7 062  cluster 17 062  cluster 1

GerberaGerbera
GenomeGenome ResRes 2005, 15,4752005, 15,475--8686

16 99416 994 ESTsESTs
11 266 clusters11 266 clusters
–– 8 817 cluster 18 817 cluster 1

PoplarPoplar
GenomeGenome BiolBiol, 2005, 6, r101, 2005, 6, r101

13 84513 845 ESTsESTs
8 043 clusters8 043 clusters
–– 5 860 cluster 15 860 cluster 1

BirchBirch
Wood, Cold, OxidativeWood, Cold, Oxidative
stress, Pathogenstress, Pathogen

73 88173 881 ESTsESTs
20 103 clusters20 103 clusters
–– 10 554 cluster 110 554 cluster 1

SpruceSpruce
Plant MolPlant Mol BiolBiol 2007, 65, 3112007, 65, 311--328.328.

8 4328 432 ESTsESTs
5 817 clusters5 817 clusters
–– 4 343 cluster 14 343 cluster 1

TotalTotal

157 981157 981 ESTsESTs in Databasesin Databases
~260 000 sequencing reactions~260 000 sequencing reactions
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LeuconostocLeuconostoc gasicomitatumgasicomitatum genomegenome projectproject
Paulin, Björkroth and AuvinenPaulin, Björkroth and Auvinen

LeuconostocLeuconostoc gasicomitatumgasicomitatum

1 953 8721 953 872 bpbp

1 9231 923 genesgenes

FirstFirst describeddescribed byby JohannaJohanna
BjörkrothBjörkroth
–– ApplAppl EnvironEnviron MicrobiolMicrobiol. 2000. 2000,,

6666,, 37643764--72.72.
FoodFood spoilingspoiling bacteriabacteria
–– cancan growgrow at + 6at + 6 oCoC
–– marinadedmarinaded poultrypoultry productsproducts
–– fishfish andand meatmeat

Björkroth , J.
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LactobacillusLactobacillus rhamnosusrhamnosus GGGG
WidelyWidely usedused probioteprobiote

BiggestBiggest LactobacillusLactobacillus genomegenome soso farfar
–– 3 009 8773 009 877 bpbp
–– 3 1203 120 ORFsORFs

2 129 ORFS with assigned functions2 129 ORFS with assigned functions
991991 ORFsORFs without assigned functionswithout assigned functions

–– 55 rRNArRNA operonsoperons
–– G+C % 46,69G+C % 46,69
–– Annotation done at ERGOAnnotation done at ERGO

http://http://ergo.integratedgenomics.comergo.integratedgenomics.com/ERGO//ERGO/

–– AgilentAgilent microarraysmicroarrays donedone

–– The sequence announced at theThe sequence announced at the
conference:conference:
SSASSA GutImpactGutImpact 3rd Platform meeting3rd Platform meeting
on Foods for Intestinal Health 29.on Foods for Intestinal Health 29.--
31.8.2007,31.8.2007, HaikkoHaikko Manor & Spa,Manor & Spa,
FinlandFinland

http://ergo.integratedgenomics.com/ERGO/
http://ergo.integratedgenomics.com/ERGO/
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GenomeGenome ProjectsProjects

H.H. bizzozeroniibizzozeronii, 1,7 Mb, 1,7 Mb
-- 454,454, plasmidsplasmids
-- Status:Status: closingclosing phasephase

H.H. salomonissalomonis, 1,7 Mb, 1,7 Mb
-- 454,454, plasmidsplasmids
-- Status:Status: closingclosing phasephase

E.E. carotovoracarotovora, 5 Mb, 5 Mb
-- 454,454, fosmidsfosmids
-- Status:Status: closingclosing phasephase

S.S. islandicusislandicus, 2,7 Mb, 2,7 Mb
-- shotgunshotgun, 454, 454
-- Status:Status: closingclosing phasephase

A.A. brierleyibrierleyi, 2,7 Mb, 2,7 Mb
-- ShotgunShotgun, 454, 454
-- Status:Status: closingclosing phasephase

L. gasicomitatum,L. gasicomitatum,1,9 Mb1,9 Mb
-- ShotgunShotgun,, fosmidsfosmids

-- Status:Status: finishedfinished,, annotatedannotated

C.C. pneumoniaepneumoniae, 1,3 Mb, 1,3 Mb
-- PCRPCR productsproducts
-- Status:Status: almostalmost finishedfinished

L.L. rhamnosusrhamnosus , 3 Mb, 3 Mb
-- ShotgunShotgun,, fosmidsfosmids, 454, 454
-- 22 StrainsStrains, GG and, GG and LcLc
-- Status: 2Status: 2 finishedfinished, 1, 1 annotatedannotated

L.L. oligofermentansoligofermentans, 1,8 Mb, 1,8 Mb
-- 454 ,454 , fosmidsfosmids
-- Status:Status: closingclosing phasephase

C.C. botulinumbotulinum, 3,8 Mb, 3,8 Mb
-- 454,454, fosmidsfosmids
-- Status:Status: closingclosing phasephase
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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

AACGGTACACG

5' 3'

5'3'

AACGGTACACG
5'3'

dATP+ddATP
dCTP
dGTP
dTTP

dATP
dCTP+ddCTP
dGTP
dTTP

dATP
dCTP
dGTP+ddGTP
dTTP

dATP
dCTP
dGTP
dTTP+ddTTP

Alukkeen hybridisointi

Sekvensointireaktiot

ssDNA tai denaturoitu plasmidi

A C G T

TTGCCATGTGddC
TTGCddC
TTGddC

TTGCCATGTddG
TTGCCATddG
TTddG

TTGCCATGddT
TTGCCAddT
TddT
ddT

TTGCCddA

A C G T

5'

3'

Geelielektroforeesi ja autoradiografia

C
G
T
G
T
A
C
C
G
T
T

deoksi TTP dideoksi TTP
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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
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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
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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



Lars Paulin Institute ofLars Paulin Institute of BiotechnologyBiotechnology University of HelsinkiUniversity of Helsinki

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



Lars Paulin Institute ofLars Paulin Institute of BiotechnologyBiotechnology University of HelsinkiUniversity of Helsinki



Lars Paulin Institute ofLars Paulin Institute of BiotechnologyBiotechnology University of HelsinkiUniversity of Helsinki



Lars Paulin Institute ofLars Paulin Institute of BiotechnologyBiotechnology University of HelsinkiUniversity of Helsinki

AmpliconAmplicon sequencingsequencing



Lars Paulin Institute ofLars Paulin Institute of BiotechnologyBiotechnology University of HelsinkiUniversity of Helsinki

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



Lars Paulin Institute ofLars Paulin Institute of BiotechnologyBiotechnology University of HelsinkiUniversity of Helsinki

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



Lars Paulin Institute ofLars Paulin Institute of BiotechnologyBiotechnology University of HelsinkiUniversity of Helsinki

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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OtherOther technologiestechnologies
HelicosHelicos ((www.helicosbio.comwww.helicosbio.com))
–– SequencinSequencin--byby--synthesissynthesis
–– No PCRNo PCR amplificationamplification
–– 2525--90 Mb/h90 Mb/h

VisiGenVisiGen ((www.www.visigenbio.comvisigenbio.com))
–– RealReal--timetime detectiondetection of DNAof DNA

synthesissynthesis, FRET, FRET
–– IntactIntact DNADNA fragmentsfragments
–– 1Mb/sec/machine1Mb/sec/machine

http://www.helicosbio.com
http://www.helicosbio.com
http://www.visigenbio.com
http://www.visigenbio.com
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http://http://genomics.xprize.orggenomics.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.uk/www.base4innovation.co.uk/ ))

PersonalPersonal GenomeGenome XX--TeamTeam ((PGxPGx), George Church), George Church

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

PhrapPhrap, Phil Green, Phil Green
University of WashingtonUniversity of Washington

TIGR assemblerTIGR assembler
TIGRTIGR

CeleraCelera
CeleraCelera CorporationCorporation

EulerEuler
University ofUniversity of CaliforniaCalifornia

ArachneArachne
BroadBroad InstituteInstitute

CAP3, PCAPCAP3, PCAP
IowaIowa StateState UniversityUniversity

gsAssemblergsAssembler
RocheRoche, 454 Life Science, 454 Life Science

AmosAmos
University of MarylandUniversity of Maryland

SHARCGSSHARCGS
GenomeGenome Res,2007,17,1697Res,2007,17,1697

SAKESAKE
Bioinformatics,2007,23,500Bioinformatics,2007,23,500

SHRAPSHRAP
PlosONE,2007,2:e484PlosONE,2007,2:e484

NewNew EulerEuler
GenomeGenome Res,2007,Dec14Res,2007,Dec14


