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Single'cell'genomics'in'a'nutshell'

•  Single'cell'sor?ng'
•  Whole'Genome'Amplifica?on'(WGA)'

•  Library'prepara?on'and'NGS'
•  SCG'example'study'

•  The'Pros'and'Cons'of'SCG'
•  Future'direc?ons'of'SCG'
•  SiCell:'the'SciLife'plaLorm'for'Single'Cell'

Genomics'
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Single'cell'genomics'in'a'nutshell'

Clean'room'
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Single'cell'sor?ng'

Different+approaches+

MicroNmanipula?on' LightNcapturing''
microscopy'

FluorescenceNac?vated''
cell'sor?ng'(FACS)'

Microfluidics'

Cell+material,+some+consideraJons+
•  Fresh'material'='be8er'

•  Intact'cells'(do'not'freeze'without'cryoNprotectant)'
•  Cells'should'not'be'aggregated'
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Single'cell'sor?ng'

•  Advanced'Cell'sorters'can'do'6Nway'
sor?ng,'i.e.'sor?ng'in'different'

quadrants.'
•  Cells'0.2'–'100'um'in'diameter'

•  Typically'in'mul?well'plates,'e.g.'96,'
384'or'1536Nwell'plates'

FluorescenceNassisted'Cell'sor?ng'(FACS)'
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Single'cell'sor?ng'

•  Sor?ng'subpopula?ons'
•  �Endogenic�'markers'

(fluorophores)'

•  Cell'size'(Side'sca8er)'
•  Specific'probes'
'1.'Total,'High'and'Low'Nucleic'Acids'(staining'with'

SYTON9)'

2.'Prokaryotes'with'ac?ve'electron'transfer'system'

(probing'with'CTC)'

3.'Prokaryotes'with'intact'cell'membranes'(staining'

with'SYTON9'and'propidium'iodide)'

4.'Prokaryotes'with'esterase'ac?vity'(probing'with'

CFDA)'

5.'Mitotracker'and'Lysotracker'dyes'for'staining'of'

mitochondria'resp.'lysosomes'in'eukaryo?c'cells'
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Single'cell'genomics'in'a'nutshell'
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Whole'Genome'Amplifica?on''

•  Highly'processive'(>70'kb'DNA'fragments)'

•  StrandNdisplacement'ac?vity'allows'for'efficient'isothermal'(30'C)'DNA'amplifica?on''

•  3'→5''exonuclease'(proofreading)'ac?vity:''

•  3'Nmodified'primers'recommended'

•  High'accuracy'(~1'error'in'106−107'bases)'

•  Displacement'ac?vity'causes'chimeric'DNA'fragments'(1'chimeric'junc?on'per'~5'kb)'

•  Large'insert'libraries'not'recommended'

•  Amplifica?on'is'not'uniform:'severe'amplifica?on'bias'

•  Amplifica?on'is'not'complete'(typically'30'–'90%)'

MulJpleMstrand+Displacement+AmplificaJon+(MDA)+

Phi29+DNA+polymerase:++
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Single'cell'genomics'in'a'nutshell'
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NGSNbased'SAG'sequencing'

•  Select'SAGs'or'random'

•  Library'crea?on:''
•  ReNMDA'(expect'more'redundancy!)'

•  Alt.'Use'lowNinput'library'kits'
•  Chimera'forma?on''

•  Constraints'regarding'crea?ng'LIPE'libraries'
•  Illumina'HiSeq2000:'sequence'96'SAGs'per'

lane'(200N300X'per'SAG)'
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LowNinput'library'kits'

•  TransposonNbased'DNA'“tagmenta?on”'

•  NextEra:'input'='50'ng'($80/library)'

•  NextEra'XT:'input'='1'ng'($40/library)'

•  Insert'size'~300'bp'

•  Mul?plexing:'Currently'96'barcode'

combina?ons'available'(8X12)'

Illumina'NextEra'library'kit'

Alterna?ve'lowNinput'libraries'available'
from'New'England'Biolabs'(NEBNextN

Ultra)'and'several'others'
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Single'cell'genomics'in'a'nutshell'
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Assembly'(more'details'lecture'Kasia)'

•  Uneven'coverage'is'bo8leneck'in'assembly'of'

SC'sequencing'data'

Available+SCMassemblers:++
•  VelvetNSC'(Chitsaz'et#al.#(2011)'Nat.'Biotech.'29,'915N21)'
•  SPADes'(Bankevich'et#al.'(2012)'J'Comput'Biol.'19,'455N77)'
•  IDBANUD'(Peng'et#al.'(2012)'Bioinforma?cs'28,'1420N8)'
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Assembly'(more'details'lecture'Kasia)'

•  Dedicated'SC'assemblers'outperform'‘normal’'assemblers'

•  VelvetNSC:'itera?ve'removal'of'lowNdepth'erroneous'con?gs'

•  IDBANUD:'iterate'kNvalues'from'small'to'large'to'build'a'more'

efficient'de'Bruijn'graph'

•  SPAdes:'ErrorNcorrec?on,'Paired'de'Bruijn'graphs'(PDBGs),'kNbimer'

adjustment'
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The'pros'and'cons'of'SCG'(cf.'metagenomics)'

•  Pros''
•  Obtaining'genomic'informa?on'of'individual'cell'
(“Who'is'doing'what?”,'within'popula?on'varia?on)'

•  Assessment'of'rare'cell'types'via'targeted'sor?ng'

•  Low'sequencing'costs,'low'computa?onal'demands'

•  Cons'
•  Current'throughput'is'limited'

•  High'contamina?on'risk'

•  Forma?on'of'chimeric'artefacts'

•  (Incomplete'genomes)'
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SCG'example'study'

Rinke'et'al,'Nature'499,'431–437'



SCG'example'study'

Rinke'et'al,'Nature'499,'431–437'

Highlights+
+
•  Sequencing'of'201'SAGs'

across'the'Tree'of'Life'

•  Several'representa?ves'of'
proposed'novel'bacterial'

and'archaeal'phyla'

•  Several'newly'proposed'
superphyla:'

•  Terrabacteria'(B)'
•  Patescibacteria'(B)'

•  DPANN'(A)'

•  Several'cases'of'HGT'across'
the'Domains'of'life'

•  Bacteria'with'alterna?ve'
gene?c'code'(opal'stop'

codon)'



Future'direc?ons'of'SCG'

•  Fully'automatedNbased'approaches''

JCVI+
•  CustomNmade'SCG'robo?cs'setup'

•  “Normal”'FACSNbased'single'cell'

sor?ng'

•  All'steps'fully'automated,'except'

FACS'and'qPCR'screen'

•  Throughput'5000'SAGs/week'
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Future'direc?ons'of'SCG'

•  MicrofluidicsNbased'approaches''

•  Fluidigm'C1:'Integrated'solu?on'
for'single'cell'WGS'and'RNANseq''

•  OnNchip'cell'capture,'lysis,'
(cDNA'synthesis)'and'

amplifica?on.'
•  Limited'cell'sizes'(diameter'

~5N25'um)'

•  Up'to'96'wells'per'chip'
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Future'direc?ons'of'SCG'

Picoliter'volume'droplets'(contamina?on'less'of'an'issue)'
Droplet'based'cell'sor?ng,'lysis,'amplifica?on'and'screening'

Throughput:'Millions'of'droplets'per'experiment'

•  MicrofluidicsNbased'approaches''
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PlaLorm'for'Single'Cell'Genomics'@'Uppsala'University'

Stefan'Ber?lsson'
Director'

Thijs'E8ema'
PlaLorm'manager'

Claudia'Bergin'
Scien?st'

AnnaNMaria'Divne'
Scien?st'

•  Open'as'a'serviceNbased'plaLorm'

•  Na?onal'SciLife'PlaLorm'in'2015'
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