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Why do capture?

Using lllumina HiSeq 2000:
1 run = 10 days = 200 Gb => 1 Human Genome at a cost of ~$10,000

- GWAS
- Exome sequencing

- Candidate gene sequencing
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Capture Methods

Stanford.edu




Many different methods...

1. |V|u|t|plex PCR Some key features
*High specificity and coverage

«200-20,000 primer pairs target 10Kb to
10Mb

‘¥ RainDance

Genomic DNA input: 2 ug

*Requires capital equipment

2. Hybridization approaches; in-solution or array based
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Agilent SureSelect

SureSelect

Some key features: ; P Target Enrichment System

Capture Process

eArray: free of charge custom CO000C |, emes 1 AMS
array design tool 0000+ \ﬂﬂ +

RNA probes: 100 bases COPMESURLIRETEOL | SurstBAEY - aeAg R o

One array can capture up to
3.3Mb after masking

Genomic DNA input: 3ug or
less

No capital equipment!
Sample cost: ~$1000

Automation friendly and
Scalable

If done manually many hands-
on steps

http://www.chem.agilent.com/Library/brochures/5990-3532en_10%20CMS.pdf




Some key features:

Febit HybSelect

“Microfluidic Biochip” contains 8 separate micro
channels for independent capture

Requires capital equipment or use of a service
provider

30 min hands-on time

Genomic DNA : 1-5 ug

Oligo length: 60-mer

One array can capture up to 125Kb after
masking

Sample cost: over $2000

of the microarray irage within the biachip.

hybridization stringent wash elution sequencing
http://www.febit.com/microarray-sequencing/services/hybselect/



NimbleGen Array Capture

Some key features:

[AHGET IARGED TARGED

REGION A REGION B REGION C

e Requires a hybridization and N I X X
elution systems or use of a
service provider

e Charged array design (waived if
more than 5 arrays)

Genomic DNA input: 3ug or less

One array capture 5-30 Mb after
masking

e Validated arrays for human
studies

e Sample cost: ~$1000

e 2010: In-solution capture is
available

http://www.nimblegen.com/products/seqcap/



2009/10 DSRG study

*Coriell DNA: "The Human Reference
Genetic Material Repository DNA Sample’
(catalog ID: NS12911) http://huref.jcvi.org/

*Two types of regions selected
(total ~3.5MDb):
1. 2Mb continuous region

2. 31 individual genes*®

* The genes selected ranged widely in regards to size (2kb to 400kb),
exon numbers, GC content, number of transcripts and repetitive
nature of the sequences. All companies were provided with ensembl
gene IDs and genomic locations.




2009/10 DSRG study

sample prep kit provided

to all participants!




QC and lllumina Run Statist

e Samples were run on the Agilent High Sensitivity
chip to assess the quantity and quality

e Samples were loaded in equal nM
concentrations for each technology on two
lllumina paired-end flowcells

e Two lanes were dedicated for each technology
and the flowcells were run at different centers

lllumina Primary Analysis

Lane Info Tile Mean +/- SD for Lane

Lane |Lane Yield (kbases) | Clusters (raw) Clusters (PF) st Cycle Int (PF) | % intensitv after 20 cycles (PF) | % PF Clusters | %/ Align (PF)

103444 +/- 2114 | 97432 +/- 1972 | 183 +/- 10 88.11 +/-2.05 9419 +/- 0.26 f89.54+/-0

26049 1. 2321 | 8277147 2126 | 179.47- 0 86.27 +/- 1.89
146260 +/- 1424 | 163 +/- 6 T

333 | 174+- 6

92 | 157 +- 6

174141 +/- 8715 27425 157 +-7

13203 +/- 1977

173167 +/- 10933

Elizabeth Ketterer, Kendra Young
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Alignment Score (PF)

11340 +/-0.30

% Error Rate (PF)



Data Analysis

1. Combined the datasets from both sequencing centers for
each replicate

2. Filtered each data set so that sequences have quality
score > 10 for 100% of the bases

3. Mapped reads against the hg19/GRCh37 genome using
bowtie 0.12.0

4. Normalized the data sets to equal sizes

5. A series of ‘perl’ scripts were then used to calculate
coverage per position in every targeted region, creating
a coverage map

6. Coverage maps were imported into the R statistical
computing environment (2.1.0), to find the sensitivity,
specificity, and reproducibility for each sample

/. Plots and figures were generated using the "ggplot2"
library and MS Excel

Kip Bodi, Aaron Noll
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Sensitivity: How much was
captured?

*Converted hg18 genome build co-
ordinates to hg19 co-ordinates

*Determine the overlapping regions
between the two different targeted
regions

*Reanalyze all the data for only the

- overlapping regions.
Agient: Replicate 1~ Agient. Replicate 2 Febit: Lane 1 Febit: Lane 2 Nimblegen: Replicate Nimblegen: Replicate
1 2
Technology 2 . 1 M b

Kip Bodi, Aaron Noll




Sensitivity: How much of the 2.1Mb
was captured by at least 1 read?
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Specificity: How many of the reads
mapped to the intended targets?
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% Coverage vs. Read Depth
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Coverage of Overlapping Genes

Mean Read Depth In Genomic Regions By Replicate
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Coverage of the Continuous
Region




In Summary...

Cost per sample \

Sample input requirement N N

Quality of captured
sample

Reproducibility v

Sensitivity

Specificity

2 | < | 22| <& =<

Coverage
Scalability N




Future Directions...

e Repeat Agilent capture with probes
designed to the 3.5Mb region of hg19

e Febit capture: What went wrong? Repeat?

e Determine reasons for low coverage areas
that are common to all three technologies

e Perform SNP analysis

- check how well each technology can
detect SNPs in a given region

- look for false positives and negatives




Many Thanks!!!

Alexander Wong Jonathan Pinter David Bintzler
CFSraerCrIicI:El:rll’aeTers Deborah Srove
Katie Weaver Aaron Noll izrr], 'E)'glﬁgfawa
Ken Olinger Kip Bodi Michael Zianni
Nick Mapara Rcl)cbearte Ly:)ans |

Christine B Robert Steen

ristine brennan Scottie Adams

Han Lee '

Constance Esposito Sushmita Singh
Jack Leonard Elizabeth Ketterer

Natalie Oliveira Karen Staehling

Kendra Young

Daniel Burgess
Lance Brown
Michael Frawley
Xinmin Zhang





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


