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Efficiency?

~1to 10%



Conditional Knockout

LoxP LoxP

N N

b/ VvV




Conditional Knockout

LoxP LoxP

N N

V/ VvV

N N
> >




Conditional Knockout

LoxP LoxP
RN N
— | e L
ol
D\ N
L V"




Conditional Knockout

LoxP LoxP
RN N
— | e L
ol
D\ N
L V"
U%JWH—&EMH—M_[III 111111




Conditional Knockout

LoxP LoxP
= | > >
ol
P\, N
L Vo
’_UEJ _V_!_FH—D EMU—MI I I llllll
r“‘gé‘_. - | r IWUI i —
DT I i e




Conditional Knockout

LoxP LoxP
N N
— } e L

I\ l\
" -
Vi D [EmPAUD<ULL
. T TTTT I AAMMfeeees— === T rnrrra
Visia o>l
a—— T e A _<A—— I
gl |
. ~TTTTTR =




Conditional Knockout

LoxP LoxP
N N
— } e L

N
> * >




Conditional Knockout

LoxP

LoxP
b > _Eons

N N
> * >

@@-@@HH IIIII?@@W

J
! iy g

>>> ’ ([>T




Conditional Knockout

LoxP LoxP
N N

— : > D> : —
a2l
— >
‘O\Q(o @@@@HH |||||9@m
‘0
Q‘Q Rt
\QQ oo [ <D
2 ~gi___ DAL



itional Knockout

Cond




Conditional Knockout

LoxP LoxP
| | > > | -
Ul
DN N
L~ * e

ey D> mmrADUL @@%IIII |||||9@>m




Conditional Knockout

LoxP LoxP
| | > > | -

DN N




Conditional Knockout

LoxP LoxP
| | > > | -
2l
N N
el 2 EEPAUPUL
| ips s AU
“Visi ; <UL
DL i

~1-10% 22
correct (if (um
lucky!) " -




Common Types of Genetically
Engineered mice

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

1 QUL DT TITTT T T Tt
5% | §

Left Right

Knockout/Gene disruption (indels)

Point mutation knock-In

Insertion of new sequences B T

(GFP, Cre, rtTA etc) 95%

Replacement of gene segments 4 oovow DDD
(conditional knockout)

<<

Left Right




Common Types of Genetically
Engineered mice

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

Easi-CRISPR




The CRISPR Imbalance

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




The CRISPR Imbalance
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ssDNA can shift the imbalance




Easi-CRISPR:
Efficient additions with ssDNA inserts- CRISPR
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Plasmid PCR product
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(Figure from Miura et al., 2015 Scientific Reports 5, Article number: 12799 )
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Insertion of ~1.5 kb new sequence at the Cas9 cut sites

crRNA Target site ﬂ
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ssDNA donor = |
105 bases 98 bases
|<——| 1368 bases
— 1571 bases
) Fgf85’ F FlpO 5’ R v FlpO 3’'F Fgf8 3’ R
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—— Last coding Exon | [ TAG | f—

5’ junction PCR (434bp) 3’ Junction PCR (283bp) Flanking primer PCR
WT1234 M WT1 234 M M WT 4 kb

- g — .: Mutant: 1749bp
o S | WildType: 380bp
Suzanne Mansour,
- \| University of Utah
’ CCCCGA TAGGCGCTCGCCCAGCTCCTCCCCACC p
Fgf8left arm | P2A-FlpO P2A-FlpO | Fgf8right arm
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Gene-insertion ssDNA length Zygotes Zygotes Live- Targeted
cassette Left Arm-Cassette- | injected | transferred born animals
Right Arm (bases) animals (%)
Fgf8-P2A-FlpO 105 + 1368 + 98 22 13 4 1(25%)
Slc26a5-P2A- 99 + 1368 + 72 28 22 3 1(33%)
FlpO
Mafb-P2A-FIpO 85+ 1368 + 96 58 53 8 2 (25%)
Otoa-rtTA 96 + 1220 + 98 19 18 2 1 (50%)
Mmp9-T2A- 60 + 782 + 60 52 50 12 8 (67%)
mCitrine
Mmp13-T2A- 60+ 779 + 60 55 52 10 4 (40%)

mCherry
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Generation of conditional KO (floxed) models

Left sSgRNA Rt sgRNA
cut site cut site
] \ 1 \ |
| — E— L
é < | 532 bases B =§
P SSAM ~Ridhiarm,
74 bases ‘l/ 1”186 bases
<« 372bases |
Loxp Loxp
1 l\ ,\ I
J — V- —- 7 o« I
WT 1 2 3 M M W1 2 3
=
E pe—
= —aean
5 PCR 3 PCR
Wild Type: 126bp; Wild Type: 397bp;
Mutant: 166bp; Mutant: 431bp;

Efficiency 100% (3/3)



Gene- ssDNA length | Zygotes | Zygotes Newborn | Targeted
insertion Left Arm- injected | transferred | pups pups (%)
cassette Cassette-Right

Arm (bases)
Pitx1-exon 2 |93 +862+91 85 76 10 4 (40%)
floxing
Hal-exon 9 83 +517 +85 61 56 7 5(71%)
floxing
Pafl-exon4 |74+ 372 + 86 91 82 3 3(100%)
floxing
Ppp2r5a- 95+ 619 + 84 34 33 3 3 (100%)
exon 3 floxing
Ambral-exon | 96+589+103 67 63 8 6 (75%)
4 floxing
Syt1 Exon 6 75+ 635+ 75 29 26 8 1(12.5%)

floxing
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Quadros et al. Genome Biology (2017) 18:92
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RESEARCH Open Access

Easi-CRISPR: a robust method for one-step @
generation of mice carrying conditional

and insertion alleles using long ssDNA

donors and CRISPR ribonucleoproteins

Rolen M. Quadros'™, Hiromi Miura®*", Donald W. Harms', Hisako Akatsuka®*, Takehito Sato®, Tomomi Aida>®”,
Ronald Redder®, Guy P. Richardson®, Yutaka Inagaki*'®"", Daisuke Sakai'®'?, Shannon M. Buckiey'*"*,
Parthasarathy Seshacharyu]u”, Surinder K. Batra''® Mark A. Behlke'® Sarah A. Zeiner'®, Ashiey M. Jacobi'®,
Yayoi lzu'?, Wallace B. Thoreson'®, Lisa D. Urness'?, Suzanne L. Mansour'?’, Masato Ohtsuka®*'®"

and Channabasavaiah B. Gurumurthy %

https://genomebiology.biomedcentral.com/articles/10.1186/s13059-017-1220-4
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Easi-CRISPR can fuse expression cassettes
(at the beginning, or at the end)

At the beginning




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

At the end
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The CRISPR/Cas9 tool can easily generate knockout mouse models by disrupting the gene
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sequence, but is efficiency for creating models that require either insertion of exogenous Subject Areas

DNA (knock-in) or replacement of genomic segments is very poor. The majority of mouse

. A A All Articles
models used in research are knock-in (reporters or recombinases) or gene-replacement (for

example, conditional knockout alleles containing LoxP sites flanked exons). A few methods Animal Behavior and Cognition
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Knock-in design

Genomic locus
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Guide search 0 most suitable

results 4—¢ ,
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[\ . . 4\=>. : /I\=’. ¢<=4\ j
guide option # 3 -16 second best  +7 +19  |east preferred
guide guide

Schematic of donor Sequence of ssDNA
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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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