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Introducing a DNA piece into mouse

Deleting a DNA piece from mouse 

Transgenic mouse 

Knockout mouse 

Effect of CRISPR 
on this?



Targeting this gene ?



CRISPR-guide RNA

Cas9 Nuclease

CRISPR/Cas9 system



cut it





the gene is cut

…what is next?
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Provide a longer repair template

The new DNA cassette gets inserted at the cut site

Homologous Recombination (HR)
 Longer homology arms
 Usually dsDNA
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The new DNA cassette replaces the cut piece

Homologous Recombination (HR)
 Longer homology arms
 Usually dsDNA



Gene disruption/inactivation <1%
Subtle changes ~5%
Large cassette insertions
Gene replacements

Types of Genome editing in mice

] 95%
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Efficiency?       

~1 to 10%

Knocking-in
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Common Types of Genetically 
Engineered mice

Type Ease of making
(1: easy, 4; very difficult)

Knockout/Gene disruption (indels) 1

Point mutation knock-In 2

Insertion of new sequences 3
(GFP, Cre, rtTA etc)

Replacement of gene segments 4
(conditional knockout)

Easi‐CRISPR



Can we use longer single stranded 
DNA templates to increase HR?





Easi-CRISPR:
Efficient additions with ssDNA inserts- CRISPR
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In vitro transcription

Reverse transcription

Degradation of RNA

cDNA

RNA
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(Figure from Miura et al., 2015 Scientific Reports 5, Article number: 12799 )

IvTRT: In vitro Transcription and Reverse Transcription
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University of Utah



Gene‐insertion 
cassette

ssDNA length
Left Arm‐Cassette‐
Right Arm (bases)

Zygotes
injected

Zygotes
transferred

Live‐
born

animals

Targeted 
animals 
(%)

Fgf8‐P2A‐FlpO 105 + 1368 + 98 22 13 4 1 (25%)

Slc26a5‐P2A‐
FlpO

99 + 1368 + 72 28 22 3 1 (33%)

Mafb‐P2A‐FlpO 85 + 1368 + 96 58 53 8 2 (25%)

Otoa‐rtTA 96 + 1220 + 98 19 18 2 1 (50%)

Mmp9‐T2A‐
mCitrine

60 + 782 + 60 52 50 12 8 (67%)

Mmp13‐T2A‐
mCherry

60 + 779 + 60 55 52 10 4 (40%)
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Generation of conditional KO (floxed) models 

Left sgRNA
cut site

Loxp Loxp       

Exon 5Exon 3

Exon 3 Exon 5

4

Rt sgRNA
cut site

4

4
Left Arm Right Arm

74 bases 86 bases
372 bases

532 bases

WT    1      2     3      M

3’ PCR
Wild Type: 397bp;
Mutant: 431bp;

M Wt 1      2     3  

5’ PCR
Wild Type: 126bp;
Mutant: 166bp;

Efficiency 100% (3/3) 



Gene‐
insertion 
cassette

ssDNA length
Left Arm‐
Cassette‐Right 
Arm (bases)

Zygotes
injected

Zygotes
transferred

Newborn 
pups

Targeted 
pups (%)

Pitx1‐exon 2 
floxing

93 + 862 + 91 85 76 10 4 (40%)

Hal‐exon 9 
floxing

83 + 517 + 85 61 56 7 5 (71%)

Paf1‐ exon 4 
floxing

74 + 372 + 86 91 82 3 3(100%)

Ppp2r5a‐
exon 3 floxing

95 + 619 + 84 34 33 3 3 (100%)

Ambra1‐exon 
4 floxing

96+589+103 67 63 8 6 (75%)

Syt1 Exon 6 
floxing

75 + 635 + 75  29 26 8 1 (12.5%)



Easi-CRISPR:
Efficient additions with ssDNA inserts- CRISPR



https://genomebiology.biomedcentral.com/articles/10.1186/s13059-017-1220-4



Easi-CRISPR
Summary
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GFP
At the end

Easi-CRISPR can fuse expression cassettes 
(at the beginning, or at the end)
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ATG TAATarget Exon

ssDNA donor

Creating conditional knockout models



Easi-CRISPR 
Protocol?



http://www.biorxiv.org/content/early/2017/05/23/141424
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Guide search 
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DNA
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b
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d Knock-in locus

~50-80 base sequence used as an in put for searching 
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Upstream arm (~55‐100 bases) New sequence Downstream arm (~55‐100 bases)

Knock-in design
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A

ssDNA Donor

ctRNP Complex

crRNA

tracrRNA

B

guideRNA
Cas9 

Protein

Left 

Arm

Right

Arm
New sequence

Components of Easi-CRISPR  (ssDNA Donor + ctRNP)

+



Microinjection

What to inject? Guide RNA: Cas9 protein: Donor DNA

How much to inject? 10:10:10 (ng/ul)

Where to inject? Primarily Pronucleus



Can Easi-CRISPR be done in situ?

(without handling the zygotes ex vivo)
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Demonstration of

GONAD: Genome-editing via Oviductal Nucleic Acids 
Delivery system, a novel microinjection-independent genome 

editing method

https://www.nature.com/articles/srep11406
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http://www.biorxiv.org/content/early/2017/08/04/172718



Easi-CRISPR + GONAD = a total solution 
http://www.biorxiv.org/content/early/2017/08/04/172718



Acknowledgements.

All technology developers….



Acknowledgements.

All technology developers….

Masato Ohtsuka,
Hiromi Miura 

Tokai University, Japan

Masahiro Sato
Kagoshima University



Acknowledgements.

All technology developers….

Masato Ohtsuka,
Hiromi Miura 

Tokai University, Japan

Suzanne Mansour, 
University of Utah

Guy Richardson, 
University of Sussex

Masahiro Sato
Kagoshima University



Acknowledgements.

All technology developers….

Masato Ohtsuka,
Hiromi Miura 

Tokai University, Japan

Our lab members: 
Don Harms, Rolen Quadros

Suzanne Mansour, 
University of Utah

Guy Richardson, 
University of Sussex

Masahiro Sato
Kagoshima University



Acknowledgements.

All technology developers….

Masato Ohtsuka,
Hiromi Miura 

Tokai University, Japan

Our lab members: 
Don Harms, Rolen Quadros

Funding support 
Institutional funds, 

User Fees, NIH COBRE.

Suzanne Mansour, 
University of Utah

Guy Richardson, 
University of Sussex

Masahiro Sato
Kagoshima University











Thank You!
cgurumurthy@unmc.edu


