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Generation of Knockout (KO) animals by CRISPR/Cas
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v' Knockout mice can be generated in any background strain
within 2 - 4 months (ES cells: 12 - 18 months)

v" Multiple genes are modified by co-injection of several gRNAs

v' Co-injection of donor DNA with homology arms can provide
knock-in mice

v'  Genome editing is available in other species, rat, pig, monkey...

(Mashimo T, Dev Growth Differ. 2014)




Knockout by CRIPR/Cas system
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gRNA + Cas9 90 41 (45.6) 34 (82.9) 14 (41.2)




Allele-specific genome editing and correction of disease-
associated phenotypes in rats using CRISPR/Cas platform

(K Yoshimi et al. Nat Commun 2014 Jun 26;5:4240.)
khttp://www.kyoto-u.ac.jp/ja/research/research_resuIts/2014/140626_1.htmI
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Allele-specific genome editing
disease-associated phenotype
CRISPR-Cas platform

K. Yoshimi', T. Kaneko', B. Voigt' & T. Mashimo'

albino (Tyr¢): 1-bp missense mutation

exon 1 3%9???!?.?%’f..(._8°'b") p

gRNA: Tyre

The bacterial CRISPR/Cas system has proven to be an efficient gene-target:
organisms. Here we employ CRISPR/Cas for accurate and efficient genon (a c h)
The synthetic chimeric guide RNAs (gRNAs) discriminate a single-nucleoti -S4
(SNP) difference in rat embryonic fibroblasts, allowing allele-specific geno,

non-agouti (Asip?). 19-bp deletion mutation

ssODNs:Asip” (119-bp)

dominant phenotype in (F344 x DA)F1 hybrid embryos. Interestingly, th
initially assessed by the allele-specific gRNA, is repaired by an interallelic
between homologous chromosomes. Using single-stranded oligodeox:
recover three recessive phenotypes: the albino phenotype by SNP exchang
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phenotype by integration of a 19-bp DNA fragment; and the hooded phenoty
a 7,098-bp insertional DNA fragment, evolutionary-derived from an endog
Successful in vivo application of the CRISPR/Cas system confirms its impor(
engineering tool for creating animal models of human diseases and its pot|
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Genome engineering by ’

Pups

Target I.En‘.ibryos Two-cell delivered KO (%) Ki/offspring
locus injected embryos (%) (%) (%)
o
gRNA + Cas9
(+ ssODN) I12rg 64 58 (90.6) 32 (55.2) 3(9.4) -

gRNA + Cas9-polyA

+ sSODN I2rg 60 45 (75.0) 24 (53.3) 21 (87.5) 8 (33.3)

NEPA21 electroporator
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v’ Easy transfer (without special skills)

v" 5 min and low toxicity

v" KO and K| with ssODN
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Genome engineering by zygote electroporation
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Simple knockout by electroporation of
engineered endonucleases into intact rat
embryos

Takehito Kaneko', Tetsushi Sakuma?, Takashi Yamamoto® & Tomoji Mashimo'

"Institute of Laboratary Animals, Groduate School of Medicine, Kyoto University, Kyoto 606-8501, Japan, *Department of
Mathematical and Life Sciences, Graduate School of Science, Hiroshima University, HigashiHirashima 7 39-8524, Japan.

Engineered endonucleases, such as zinc-finger nucleases (ZFNs), transcription activator-like effector
nucleases (TALENSs), and the clustered regularly interspaced short palindromic repeat (CRISPR)/
CRISPR-associated (Cas) system, provide a powerful approach for g editing in animals. F , the
mlcmm}ecnnn of endonucleases into embryos requires a high skill level, is time consuming, and may cause
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Importantly, these new technologies provide genome-editing approaches for a wide variety of organisms that
were previously inaccessible without embryonic stem (ES) cells*'! and induced pluripotent stem (iPS) cells'>,
GM animals are usually produced by microinjecting engineered endonucleases into pronuclear-stage embryos®s.
Although this method is now the gold standard, it requires sophisticated manual skills to prevent cell damage.
Additionally, microinjection is not convenient when many cells need to be assessed simultaneously because the
DNA/RNA has to be injected into embryos one by one using a micromanipulator. Electroporation is another
method that introduces exogenous DNA/RNA into embryos. However, the current protocols require that the
20na pellucida of the embryos is weakened by treatment with Tyrode’s acid solution before electroporation for the
efficient introduction of DNA™*. To simplify these procedures, we introduced ZFN, TALEN, or CRISPR/Cas
mRNA into intact rat embryos without weakening the zona pellucida by electroporation using the Super
Electroporator NEPA 21 (NEPA GENE Co. Ltd., Chiba, Japan).

Results

Tutundimtinm af wDAA nolne an slodeanasbns FEA TATEN e FDICDD saDATA wae alastenmnsstad fntn

(Kaneko et al, Sci Rep. 2014)
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Simple Genome Editing of Rodent Intact
Embryos by Electroporation

Takehito Kaneko'*, Tomoji Mashimo®

1 Institute of Laboratory Animals, d School of Medicine, Kyoto University, Kyoto, 606=8501, Japan,
2 Institute of Experimental Animal Sciences, Faculty of Medicine, Osaka University, Osaka, 565-0871,
Japan

* tkaneko@ anim.med kyoto-u ac {p

Abstract

The clustered regularly interspaced short palindromic repeat (CRISPR)/CRISPR-associ-
ated (Cas) system is a powerful tool for genome editing in animals. Recently, new technol-
ogy has been developed to genetically modify animals without using highly skilled
techniques, such as pronuclear microinjection of endonucleases. Technigue for animal
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[Data Availability Statement: All relevant data are
within the paper and Its Supporting Information fles.

Many types of genetically modified (GM) animals have been produced to study human diseases
[1=3]. Mice and rats have been used widely as important human diseases model animals [4-6].
Engineered endonucleases, including zinc-finger nucleases (ZFN), transcription activator-like
effector nucleases (TALEN) and the clustered regularly interspaced short palindromic repeat
(CRISPR)/CRISPR-associated (Cas) system, are recently developed high-impact technologies

(Kaneko et al, Sci Rep. 2015)



Knock-in technologies with CRISPR/Cas

Electroporation

(Kaneko et al.

" SciRep 2014 —— ‘
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High Efficiency

Custom DNA (ssODN) Prepare | Construct homology arms

Short (<50bp) nsert Long (<10kb)

} New technology for large DNA Knock-in is needed!




Protocol to make long single-stranded DNA (IssDNA)

Nicking endnucleases (1 hour)

targeting sequences

nicking site nicking site Double nicking methods
plasmid

double-stranded DNA plasmids

‘ Gel extraction (1 hour) —

Electrophoresis (1 hour)
' v' ~3 kbp single-strand oligo (LssDNA)
\Q can be prepared by easy protocols

(25

(Yoshimi Nat Commun 2016)



Long ssODN (IssDNA) can be used for GFP—KIs
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(Yoshimi Nat Commun 2016)
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PCR, Sequencing

Thyl-TGA target

Wistar BCGGACTTCATTTCTCT TCOTT

ISODN- TCTGAGG-CCHATG-—-TAR TGACTGGTG
TGA()  Ha (60bp) 2A (69bp) GFP (720bp) 3UTR (45bp) HA (300bp)

#7 KIKO
#9  KIIKO
#10 Kl [TCTGAGG-CCHAATG---TAA GACTGGT

#11 K CECTOACESCOARTEeSSSe -~ -~~~ ———————
T ——
#24 K [CTCTGAGG-CCARTG---TAR GACTGGIG

11.1% (4/36 knock-inftotal offspring) €= Nigh efficiency

cortex cerebellum



- ssODN-mediated knock-in with CRISPR/Cas for

large genomic regions in zygotes

(K Yoshimi et al. Nat Commun 2016 Jan 20;7:10431. )
\HP - http://resou.osaka-u.ac.jp/ja /

2PN

nature ‘\.

Efficient knock-in for large DNA fragments in zygotes

2-hit 2-oligo with plasmids (2H20P)

_gRNArRosa26

ssODN- medlated knock in wit
large genomic regions in zygo

&
Kazuto YoshimiZ, Yayoi Kunihira'?, Takehito Kaneko', Hitoshi N4 exon - 2
[ | F1 ]
4
rat Rosa26 = é= =
—
| R1 —
The CRISPR-Cas system is a powerful tool for generating genetically
however, targeted knock-in (KI) via homologous recombination remains di
Here we show efficient gene Kl in rats by combining CRISPR-Cas with| ;-
oligodeoxynucleotides (ssODNs). First, a 1-kb ssODN co-injected Bui L ]
and Cas9 messenger RMA produce GFP-KI at the rat Thy? locus. Then, two A
80-bp ssODNs direct efficient integration of a 5.5-kb CAG- GFF‘ ector info CAG G FP p-
via ssODNM-mediated end joining. This protocol also achieves KI of a 200-kb pCAG‘G FP

the human SIRPA locus, concomitantly knocking out the rat Sirpa g Final
and two ssODNs replace 58-kb of the rat Cyp2d cluster with a 6.2 uma
These ssODN-mediated Kl protocols can be applied to any target site with 2

=\: double strand break (DSB)

\

without the need to construct homology arms, thus simplifying genome englis

organisms

rat Rosa26°™ A"
SfDN -1 550 Ii-:"
e - X X —
= == CAG GFPpA— =——=—= =

¥ : Homology-directed repair (HDR)




CAG-GFP Knock-in at Rosa26 locus by 2H20P

st gRNA:rRosa26
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rat Rosa26 =
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Primer 1 2 3 4 5 6°7"8"M 9 10111213 14w

2
A [TCTTCCCTCGTGATCTGCAACTGGAGTC TTTCT]

w E ATTTATCAGGGTTATTGICTCATGAGCGGATACA
Rosa26 ¢ [zcrrccgh----- GCGGATACA
6 D [TCAGGGTTATTGTCTCATGATCTGCAACTGGAGICT]
GFP C (A256bp) ~GAGCGGATACA
! D [TTATTGTCTCAFGTC (+30bp) TAC--[LCTGCAACT]
Rosa-F A  [GCCTG-—--(1506bp) ———-TTGTA|
CAG-R 8 E ATTTATCAGGGTTATTGTCTCATGAGCGGATACA
CAG-F c [TCTTCCCTCETEAGC! *TACA
Rosa-R 1 TCAGGGTTATTGTCTCATM@RA(:TGGW

Injected RNA and DNA Embryos Two-cell Pups Knockout Knock-in Kl phenotype
plasmid injected  Embryos (%) Delivered (%) (%) (%) (n, %)

rRosa26, rRosa-pCAG, 66 17 15 3 GFP positive
0CAG  pCAG-rRosa PCAGTGFP 119 o0 g (258)  (88.2)  (17.6)  (n=4, 23.5%)




Human BAC (200-kb) Knock-in by 2H20P

15t STEP
rat Sirpa
gRNA:rSirpa
exon 1 © 1”2 3456 7 8
" L N -
| | -E--l_l I-
gRNA:PISecl
== human SIRPA (45-kbp)
F& 199.5-kbp
>

_ R2 ' LI 2
~——__ RP11.933C19 == 116kbp
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rSirpa Knockout & hSIRPA Knock-in (humanization)
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ssODN-1 ssODN-2

, BB @-X @ B8 STTERT 4@._._._._._._. -
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(F3-R3)

#1 2 3 45 6 7M 8 9101112131415

[GCACTGTGTCCTCCCTGACGCCTGT GGGACCCA]

A
Wi <
E [TTATCTATGTCGGGTGCGGAGAAAGAGGTAATG]
Cc [GCACTGTGTCCTCCCTGACGCCRAGAGGTAATG|
2
D [TTATCTATGTCGGGTGCGGAGA[LGT GGGACCCA]




Genome engineering In mouse zygotes
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onditional knockout mice by CRISPR/(Cas9 '

How can you knock-in two loxP at one allele?

(CRISPR with IssDNA inserts condltlonal knockout alleles)




conventional

ES

Floxed alleles generated by CLICK

CRISPR

/Novel method

CLICK
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. CRISPR with IssDNA inducing

conditional knockout alleles

Electroporation

~

. car NN Ae Cas§ N
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o> IssDNA

exon 3 4 5

gRNA-1 gRNA-2

&

> =
mSerpina3n -ﬂ#_=x=-
— X —— X R1

HA_' ___V 5 HA

(300-bp)

loxP loxP
A\
N B4

IsSDNA (-)
3
R : double strand break (DSB)  (60-bp)

X : homology-directed repair (HDR)

floxed- — £

mSerpina3n .

Embryo transfer

Foster mother

Delivery
#1

= #2%%

FO (genotyping)

mSerpina3n
gRNA-1 BAM gRNA-2 PAM

B6 (WT) GTAGAGAAGCCCCAGCGTCACAGTGGACTNNNNNNNNNNNNNNNNNNAACGTGGMGGTGAGGGCCACGAGGGCAT

-7,-9  GTAGAGARGCCCCA------- AGTGGACTNNNNN‘NNNNNNNNNNNNNAACGTGGATGGTGAGGGC ————————— AT

-1345,-9 GTAGRGAAGCCCCA---——--- CGGGGCTN'NNN'N'NNNNNNNNNNNNNAACGTGGATGGT GAGGGC-———————— AT

LD(KO) GTAGAGAAGUCCCAGCG===========——————-———e (A273bp) ======m e -GCAT

LD(KO)  CRARG -~~~ (A351bp) ————— ~GCAT

flox (KI) CCAGCGTCATANNNNNTATACAGTGGACTNNNNNNNNNNI EXON 4 FNNNNNNNNNTGAGGGCCATANNNNNTATACGAGGGCAT

LoxP LoxP
mTyr
PEM gRNA-1 PAM gRNA-2

B6(WT) ATGCCTAGCATGGTAGGTTAAGTTCACTTNNNNNNNNN NNNNNNNNNATACCCATGGTGATAGTAAACT TAGCTAG

-7+1,-3 ATGUCTA--—---- ARGGTTARGTTCACTTNNNNNNNNN NNNNNNNNNATACCCATG- - -ATAGTARACTTAGCTAG
-5,+1  ATGCCT----- GGTAGETTAAGTTCACTTNNNNNNNNN NNNNNNNNNATACCCATGGGTGATAGTARACTTAGCTAG

LD (KO)  ATGOC (A48Bbp) — - GTARACTTAGCTAG

flox (KI) ATGCCTAGCATANNNNNTATATGGTAGGTNNNNNNNNNNNNNNNNNNATACCCATGATANNNNNTATGTGATAGTA

LoxP LoxP




Flox rats generated by CLICK !

Genotyping
PCR, sequencing

Primerset 1: ——1
Primerset2: 1

| — [

=N —

<a 1 : Vapb-exon2-Small-F + Small-R (Loxp-KI 508bp, Control 440bp)

2 : Vapb_down_loxP_F + Vapb_check_R_out (193bp)

14 51l

Exon LoxP-KI LoxP-KI SNP
deletion Up Down mutation
X O O O
x O O O
@) X X X
O X X X
X X X X

Homozygous Kl of flox alleles!




Conditional knockout mice by CLICK'!

Conventional (1 ~ 2 year)

m%

ES
CRISPR injecticiny *loxP mice lipiecti®
(ssODN)

Kl mice of single loxP site

CLICK (3~6 month)

DAL

CRISPR
(IssDNA)

Cre-expressing
embryos

)




Genome engineering In mouse zygotes
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— 66— ssODNs

(Miyasaka under review)



Genome engineering in mouse zygote !

Goal

Repair

Efficiency

Advantage

ssODN

Knockout Knockin

SNP
Knockout gene Tag, LoxP Flox alleles
~50 bp

SDSA

20-40%

Electroporation

(Kaneko et al.
- Sci Rep 2014)

2H20P
Knock-in

GFP. Cre
BAC. Replace
~200 Kbp

NHEJ
+ SDSA

5-30%

O Simple
© Large DNA
APrecise ?

Yoshimi 2016
Nat Commun




Severe combined immunodeficiency (SCID)

Rats & Rabbits

Rag2 & 112rg KO rats Foxnl or 112rg KO rabbits

SCID F344

\Q.c
%
NBRP-Rat P KITAYAMA LABES CO.,LTD.
www.anhim.med.kyoto-u.ac.jp/nbr WWW.0VC.co.jp/company/group.html
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Human cell or tissue xenograft models (Humanization) !




Humanized rats

Humanized animals:

Mice carrying human cells, tissues, and/or organs.
Immunodeficient animals are often used as recipients.

teratoma

ndoderm Ectoderm Mesoderm

Teratoma Assay !

— =

= —

Tumor

hepatocytes

hall {ng/mi)

mr

Portal
vein

6-10w l'

Liver humanized !

(Mashimo et a/. Cell Reports, 13 Sep 2012)
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Genome Editing Research and Development Center
(GERDC) launched in 14th December 2016
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