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Preface

Genomes encode the rules for life-forms. Differences in genomes underlie most organismal diver-
sity, and aberrations in genomes underlie many disease states. With the rapid advances in DNA
sequencing, we now have near-complete genomes for a range of organisms and a fairly comprehen-
sive catalog of human germline and somatic variants, as well as rich annotations of functional
genomic elements. The next frontier in the field is to obtain a complete functional annotation of
genetic variants and genomic elements at the cellular and organismal levels. Such an understanding,
especially in the human context, will not only pave the way for a deeper understanding of the
genomic code but will also power therapeutic interventions directed at both effecting cures and
eventually also engineering disease resistance. Consequently as we move from reading genomes to
interpreting genomes and ultimately engineering genomes, technologies to directly and precisely
perturb genomic elements and combinations thereof will be a most critical toolset in these basic
science cum engineering endeavors.

In this regard, the recent advent of RNA-guided effectors derived from clustered regularly inter-
spaced short palindromic repeats (CRISPR)—CRISPR-associated systems (Cas) has dramatically
transformed our ability to engineer the genomes of diverse organisms. As unique factors capable
of colocalizing RNA, DNA, and protein, tools and techniques based on CRISPR-Cas are paving
the way for unprecedented control over cellular organization, regulation, and behavior.

Notably, CRISPR—Cas systems evolved as adaptive immune defenses of bacteria and archaea
and use short RNA to direct degradation of foreign nucleic acids. They provide immunity by incor-
porating fragments of invading phage and plasmid DNA into CRISPR loci and using the corre-
sponding CRISPR RNAs (crRNAs) to guide the degradation of homologous sequences. Each
CRISPR locus encodes acquired “spacers” that are typically separated by repeat sequences. Tran-
scription of the locus yields a pre-crRNA, which is processed to yield crRNAs that guide effector
nuclease complexes to disrupt sequences complementary to the spacer. CRISPR systems are thus
readily retargeted by expressing or delivering appropriate crRNAs, and progressive mechanistic
insights into these fundamental processes thus paved the way for their recent engineering into a
range of prokaryotic and eukaryotic organisms.

In considering the developments in this rapidly evolving field and its applications for under-
standing basic biology and engineering of new therapeutic paradigms, our goal in developing this
book was to highlight the major advances that have been made that have led to the current state
of research, while also providing a guide for implementation of these approaches. As such, the
book is divided into multiple parts and, focusing specifically on the CRISPR-Cas9 targeting meth-
odology, it details protocols for applications in a range of species and in ex vivo cum in vivo genome
targeting scenarios. We begin with an overview of CRISPR-Cas9 biology, followed by computa-
tional and experimental protocols for prediction and validation of native and engineered Cas9
orthologs and guide sequences. Toward harnessing the massively multiplexable and scalable genome
engineering enabled by this platform, we next detail protocols for constructing CRISPR libraries for
effecting large-scale genetic screens in human cell lines. Given the impending applications of
CRISPR-Cas in engineering therapeutics, protocols on establishing an adeno-associated virus—
based delivery system into cells and mice are provided next. High-resolution assaying of genomic
changes induced by this platform are critical for effectively implementing this approach, and thus
we also detail highly sensitive polymerase chain reaction (PCR)-based assays to quantify genome-
editing events. We follow this with a collection of protocols for precision genome engineering in
a range of organisms including yeast, fruit flies, zebrafish, and mice, as well as human induced plu-
ripotent stem cells. We conclude by detailing protocols to enable targeted genome regulation using

iX
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the CRISPR-Cas9 platform. These chapters provide a comprehensive, in-depth overview of the
experimental procedures prevalent in the field. Looking forward, we anticipate the versatility and
ease of use afforded by CRISPR—Cas effectors, coupled with their singular ability to bring together
RNA, DNA, and protein in a fully programmable fashion, to form the basis of a progressively
expanding experimental toolset for the perturbation, regulation, and monitoring of complex biolog-
ical systems.
We would like to thank the many scientists who have contributed to this book. We are very grateful
for their enthusiasm, hard work, and attention to detail in preparing this book, which can serve as a
broad resource for technicians, graduate students, postdocs, and any investigator engaged in genetic
studies. Special thanks also go to Maryliz Dickerson at Cold Spring Harbor Laboratory Press for helping
make this book a reality.
Jennifer Doudna
Prashant Mali

General Safety and Hazardous Material Information

This manual should be used by laboratory personnel with experience in laboratory and chemical
safety or students under the supervision of such trained personnel. The procedures, chemicals,
and equipment referenced in this manual are hazardous and can cause serious injury unless per-
formed, handled, and used with care and in a manner consistent with safe laboratory practices.
Students and researchers using the procedures in this manual do so at their own risk. It is essential
for your safety that you consult the appropriate Material Safety Data Sheets, the manufacturers’
manuals accompanying equipment, and your institution’s Environmental Health and Safety
Office, as well as the General Safety and Disposal Cautions in the Appendix for proper handling
of hazardous materials in this manual. Cold Spring Harbor Laboratory makes no representations or
warranties with respect to the material set forth in this manual and has no liability in connection
with the use of these materials.

All registered trademarks, trade names, and brand names mentioned in this book are the prop-
erty of the respective owners. Readers should please consult individual manufacturers and other
resources for current and specific product information.

Appropriate sources for obtaining safety information and general guidelines for laboratory
safety are provided in the General Safety and Hazardous Material Information Appendix.




<<
  /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
  /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

  /CreateJDFFile 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


