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Ideal Properties of Genome Editing Tools:

k

High specificity (zero off-target effects)

High efficiency
Pos/Neg selection unnecessary
Exponential enhanced HR

Zero/low toxicity

Easy to design/construct

Low cost

Broad application base
Any site in genome
Any organism {,-
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Engineered Nucleases : @3 sioTooLs

Zinc Finger Nucleases (ZFNs)

- Represent the first generation of engineered nucleases

- DNA binding module: Zinc fingers
(each module recognizes 3 bp of target sequence)

- DNA cleavage domain: Fok | restriction enzyme nuclease domain
(requires dimerization for cleavage)

Recognition site Spacer Recognition site < Wlde.lv proven in many .ce"s HHS CRpetl His -

9~15 bp 5~6 bp 9~15 bp - Relatively lower resolution of target sequence programmability

- Relatively lower specificity

TAL Effector Nucleases (TALENS)

- DNA binding module: TAL effector unit
(each module recognizes 1 bp of target sequence)

- DNA cleavage domain: Fok | restriction enzyme nuclease domain
(requires dimerization for cleavage)

- High resolution of target sequence programmability

Recognition site Spacer Recognition site - High specificity and low toxicity
15~20bp  12~13 bp 15~20 bp

CRISPR/CAS

RNA-Guided ENdonucleases (RGENS)
- DNA binding module: Guide RNA that hybridizes to the
) target DNA (1:1 nucleotide base pairing)
- DNA cleavage module: Cas9 protein (contains two nuclease domains)
) - High resolution of target sequence programmablity
- High specificity and low toxicity

Target DNA

tracrRNA

20 bp (Guide RNA)
+ nGG (Cas9 protein)
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Invading virus

cas gene casette
1

CRISPR
1

\

Stage 1: Acquisition
CRISPR trancription

D T ,
b ...,!/.....{ cas)l Leader/promoter' Repeat "m

20000CC

New spacer
sequence

Stage 2: CRISPR RNA biogenesis
Type |
1

Leader/promoter | Repeat

acer Spacer ¢

Repeat
Repeat duplication

Type Il
1

Type Il
1

CRISPR transcription

CRISPR-
specific endoribonuclease

CRISPR transcription

>

RNase Il

CRISPR transcription

CRISPR-

tracrRNA tracrRNA tracrRNA

Target DNA

, N TV e——
LTS LTS 3'

5 Q
( 5 5 3’ 5" crRNA
= trimmin,
30-nt spacer No crRNA g
L trimming
3’-Seed?
A

g s

Stage 3: Interference

specific
endoribonuclease

3’ crRNA
trimming

5-Seed?

Target either RNA or DNA







Engineered l
Nucleases @
N
Targeted Indel by
Mutagenesis NHEJ

Gene Knockout == ||

v Gene knockout Cell Line

Establishment of gene knockout
cell line by targeted mutagenesis
(NHEJ-mediated indels)
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Cell Engineering Using Engineered Nucleases

Genome Targeted
Editing by HR Genome Editing

X X
Nl

Donor DNA

=
*

Gene Addition

Gene Correction

Gene Tagging

v" Gene Knock-in Cell Line !

Introduction of specific sequence
into target site in cultured cells
(HR-mediated genome editing)

Donor
Only  ponor

Xbal digestion of
amplified target locus
(3 days after electroporation)




Effect

Duration
Stability

Specificity

Knockdown vs Knockout
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Knockout
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Comparison of Site-Specific Nucleases

TALENSs CRISPR/CAS
Biallelic Targeting in 2n Cells

\
\
\
\
|
\
Generate Large Deletions

Mutagenesis of 1-Cell Zygote /

HDR with ssODN

A A\

Multiplex Targeting ?




nature
biotechnology

Targeted genome engineering in

a

human cells with the Cas9 s

CCR5

RNA-guided endonuclease

Seung Woo Cho'-?, Sojung Kim'-?, Jong Min Kim'* &
Jin-Soo Kim!:2

1

We employ the CRISPR-Cas system of Streptococcus pyogenes
as programmable RNA-guided endonucleases (RGENs) to
cleave DNA in a targeted manner for genome editing in human
cells. We show that complexes of the Cas9 protein and artificial
chimeric RNAs efficiently cleave two genomic sites and induce
indels with frequencies of up to 33%.

Chimeric RNA
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Active RGENs (aRGENS) DNA-directed RGENs (dRGENSs)
- Ready-to-inject - Ready-to-transfect
: Perfectfor KO animal production (plasmid-based system)
by embryoinjection : Compatible with general
- Directdeliveryinto culturedcells transfection protocols

In vitrotranscribed

single guide RNA (sgRNA) U6 sgRNA
S sgRNA-expression vector

+ +

cgrsc?tein ‘ Cas9-expression vector )

)

Target DNA

» Highly Specific
» Highly Active
» Multiplexing



1. Active RGENSs: for animal sample

Cas9 mRNA
maa

Custom-designed

single guide RNA

(sgRNA) INJECTION-READY

L A
|

In vitro RFLP : J M’—*




2. DNA-direct RGENSs: for cell line

DNA-directed RGENs (dRGENs)
- Ready-to-transfect
(plasmid-based system)
: Compatible with general
transfection protocols

U6 o SGRNA
sgRNA-expression vector Transfection

Electropration

=+ EEEEE———

MV/]
Cas9-expression vector

Analysis of mutation
induced at target loci
(2~3days)

Analysis of dRGEN-induced mutation by a T7E1 assay (293T cells)
ARID1A ATP13A2 Dicerl HIFIA MED12 PROM1 TLR2 TLR3

dRGEN Expression Vectors

PRGEN-Cas9-CMV PRGEN-U6-sgRNA

7383 bp 2490 bp




T7E1 protocol

E:::B 1. Nucleases(ZFN, TALEN) Transfection.

V—\\ 2. Genomic DNA prep.
m 3. Target site PCR.

_ = — 4. Denature/Reannealing

_(; — 4: 5. T7 endonuclease | reaction.

—_— 6. Agarose gel eletrophoresis
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Cas9andsgRNA — — — + + +

500 bp

dRGEN Expression Vectors

pRGEN-Cas9-CMV | PRGEN-U6-sgRNA

7383 bp | 2490 bp
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A. Procedure overview

Construction of donor DNA
(For Knock-in)

Preparation of dRGEN plasmids

l

Target PCR condition setup

|

Validation of dRGEN activity

|

Delivery of dRGEN
(with donor DMNA for knock-in)

| l

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Antibiotic-selection (optional / KI)

KO cell enrichment (optional / KO)

l !

Screening of positive clones

!

Confirmation of gene modification

U A
El
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E. Gene Knockout Cell Establishment

EN treatment

—

nsfection/

ie..

(1~40%)

Establishment of
mutant cell pool

ID of KO clones

(Genotyping,

Immunoblot)



® Fluorescence Surrogate Reporter (pRG2S)

engineered nuclease
— EGFP - EGFP
CMV or CAG PA

target site

promoter

® Cell Surface Surrogate Reporter (pPMRS)

engineered nuclease
[— EGFP Cell Surface Protein
CMV or CAG pA

target site

i |

promoter

® Hygromycin Surrogate Reporter (pHRS)

L“mineered nuclease
[R— in- EGFP ——
v Hygromycin-R G =

Eromoter target site

Product and Services

* Empty surrogate reporter vector
o Lineanzed surrogate reporter vectors (10 reactions)
© Protocol for designing and constructing surrcgate reporter

* Surrogate reporter synthesis service (Custom-synthesized surrogate reporter plasmid with reporter
plasmid containing the target site of your choice)
o Target sequence analysis (with stop codon editing, iIf needed)
© Reporter construction
o Sequence verification
o Turnaround time: 2 weeks
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Unseparated cells RFP* GFP* H-2KK* cells

Magnetlc

—:— _ — = — _ =

Unselected cells

RFP* HygroR*GFP* cells

DD e DS
Hygromycin ——— — ———

selection

PR @RI




Service: 1n vitro °:O\)BIC)TOC) LS

¥
¥

¥
T7E1 Assay Report

A 4

Select knock-in or knock-out Stable Cell Line
$

Genotyping Stable Cell Line




% ,VBIOTOOL Gene KO in Mouse/Rat

EN
In RNA
enzyme form Embryo injection
and transfer

—

Development of
aRGEN)

1.5 months

e ¥ 3

Identification of mice with Identification of F1
high % chimerism heterozygous KO mouse



Service: 1n vivo

°:OJBIOTOO LS

Determine inbred mouse strain

A 4
Design CRISPR/CAS

A 4

Microinjection of RGENs into mouse embryos

Transfer Embryos into the oviducts of pseudopregnant foster mothers

A 4

Produce founders

A 4

Genotyping of Chimera /Heterozygous /Homozygous founders




O
% BIOTOOL Gene KO in Zebrafish and Mouse

EN
In RNA
enzyme form

Genotyping
(Somatic mutation/
FO Chimerism)

Genotyping
(Germline mutation/
Founder)

Genotyping
(Somatic mutation/
F1 Hetero KO)



Service: 1n vivo
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Design CRISPR/CAS

Microinjection of RGENs into zebrafish embryos

A 4

Analysis CRISPR/Cas efficiency

¥

Produce larvae

A 4

Genotyping of Chimera /Heterozygous /Homozygous adults




Nicotiana Arabidopsis

Infiltrate A. tumefaciens

Rice, Wheat

Extract and tranform
carrying Cas9 and sgRNA into protoplast with plasmids
N. benthamiana leaf carrying Cas9 and sgRNA

!
g

-

Extract genomic
DNA

(i) protoplast transformation and

!

RE PAM

MNHNNNNNNNNNNNNNNNNNNNNNGGNNNN...

Target

Primer F
—

—
Primer R

PCR amplify across the target site

}

+ RE
Lane 1 2 3
sgRNA - - +
Cas9 - - +
— —— |+—RE-resistant

band

Digest PCR product with a restriction enzyme (RE)

v

-

Clone the restriction enzyme-
resistant band from lane 3

'

(LY

(ii) leaf tissue transformation using the agroinfiltration method. Seauence

Belhaj et al. Plant Methods 2013, 9:39



nature International weekly journal of science

Home | Me nent | Research | Careers & Jobs | Curren > | Archive | Audio & Video | For Authors

< B &= Top Story

CRISPR technology leaps from lab to industry

Scientists launch company to develop the therapeutic potential of gene-snipping

enzymes. CRISPR CUTS
The RNA sequence, linked
Scientists have developed a B to a DNA~cuCtItL:ng enzlyme,
Helen Shen precise way to disable genes. finds the right spot on the
genome.
Engineer a section of DNA-cutting
03 December 2013 n RNA to target a specific enzyme

region of DNA. /

nature International weekly journal of science E The double helix is

unzipped and the gene
) ; ) is snipped. When the
Home | I ment | Research | Careers & Jobs | Current Issue | Archive | Adio & Vi —— DNA is repaired, the
gene is disabled.

_<: n While the DNA is broken, it R——

]
is vulnerable to strategic - /
insertions of small amounts

Precision gene editing paves way for transgenic coud sher e gene. //’///
monkeys '

Despite political challenges, engineered primates could be better disease models than

mice.

Helen Shen

06 November 2013 Ancient DHA
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RGENs have recently been shown to support efficient genome
engineering in human cells, zebrafish and bacteria

( Cho et al. 2013. Nature Biotech ., Cong et al. 2013. Science ,
Hwang et al. 2013 Nature Biotech ., Jiang et al. 2013 Nature
Biotech ., Mali et al. 2013. Science ).

In addition, the use of RGENs allows multiplexing of genome
engineering processes (e.g., knockout of multiple genes in a cell at
one time). RGEN applications will expand to various plant and
animal cells/organisms soon.
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ATTAACCACTACATTCTCAARGE
AATGACCACTACACCCAGAADGD
AATGACCACAGCATCCTCAGEGE

AATGACCACTACATTCTCTTEGE

CAGAATTCCTTCATCCTCAARGE
ATGGCTCACGACATCCTCAARGE

TATACTAAGTACATCCTCAARGD

CTGAAGGGCTACATCCTCAATGG
GTACACAGCTACATCCTCAAIGG
AAGAAGCACTACATCCTCAATGE

AATGACCACTACATCCTCAARGE
100 Indals [%)

Offz Off3 OfMS5 o6 OfftT Offa

<1 <1

Off

15 161 162 16

B RGENM {-)
BRGEM (+)
0.1 1 10
CCR5
Target sequence . (-) On  Off1
cleaved (%) 93 3 3 4
Target sequence - On -} On1 181 152
cleaved (%) 93 92 27 67
On TGACATCAATTATTATACATCGG  On-1
Off15 TGACATCACTTATTATGCATEGG  OFF16
0Off15-1 TGACATCAATTATTATGCATEGGE Offle-1
Off15-2 TGACATCACTTATTATACATEGGE OFfl6-2

28 a3

TGACATCAATTATTATACATEGE
TGACATAAATTATTCTACATEGE
TGACATCAATTATTCTACATEGE
TGACATAAATTATTATACATEGE

CCRS
Off28
Off27
Off26 g
Of25
Off24  —
Off23
022 |
Ofi21
Off20 .
Off19 j—
off1g ™
Of17 ==k
Off1E ™
Off15 s

TGACTTCACTTATGATACATEGE
TGTCACCAATTATTACACATLGE
TGAAATGAATTATTAAACAT GG
TGACATCAATTAATTTTCATLGE
TGAAATCAATTTTTATACTTEGE
TGACATAAATTATTTTACTTaGG
TCACATCAATTATTATAGCTLGE
TGACTTCAATCATTATACAGEGG
TTACATCAATTATGATACAGLGE
TGACATCAAATATTACACAALGD

TEAAATCAATTATCATAGAT GG

TGACATCAA%TATTATAGATEGA
TGACATAAATTATTCTACATEGG

TGACATCACTTATTATGCATEGG

Off13
R —
Off{] f—
C'fﬁlﬂ F
Oﬁg —
Ofi8 ll""
Off7 If
Off6

off5

Ofig =

GTGATGTGATTATTATACATCGT
ATGATGTGATTATTATACATCGE
AGACTCATATTATTATACATCTG
GTAAGCCAATTATTATACATCCG

 TTTTGGATATTATTATACATCAG

TCACTGGAATTATTATACCT GG
TGAAATAGATTATTATAGATCGG

JTTAGCCCATTATTATOCATCRG

TTATAGCAATAATTATACATCGG
AGGGAGATAGTATTATACAT GG
TATAAGCTCTTATTATACATCGG

o3 I-
Off2

CTGTGTTCATTATTATACAT aGG
GTTTCAGAATTATTATACATAGE
AAGAALARATTATTATACAT GG

TGACATCAATTATTATACATCGG

100 Indels (%)

Genome Research. published online November 19, 2013
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SgRNA vector
Ca9 WT vector
dRGEN (359 EGFP/Hygro and RFP/puro vector
Cas9 D10A vector
Surrogate reporter

SERNA mRNA
Cas9 mRNA
Recombinant Cas9 protein

aRGEN

Talen Talen
Surrogate reporter



°';QBI()TOC) LS

v Highly Efficient

v Highly Specific

v Multiplexing

v More options to use

v' in vivo and in vitro



RGENSs are not ¢

Nature Biotechnology 31, 230 -232(2013) doi:10.1038/nbt.2507

No treatment RGEN  Etoposide

CCRS5
= Day 3 Day 5 Day 8
W — — ——
- - “‘Il““l“““““\‘\l“““\
C4BPB
- Day 3 Day5 Day38
) v G —) —
el —
Indels 20 19 18
(%)

Indels 11
(%)

0.2x0.1 0.8+0.1
(n=51) (n=66)
m-sm
 RGEN-induced mutations are stably maintained

* RGENSs induce ~1 DSB per cell.



Unlike Cas9 nucleases that cleaved both strands of DNA substrates, Cas9
nickases composed of guide RNA and a mutant form of Cas9 in which a catalytic

aspartate residue is changed to an alanine (D10A Cas9) cleaved only one strand,
producing site-specific nicks

B AAVS1 locus

S5 S6
v v v v v v
A A A
AS1 AS2 AS3
C
v o—
5'- -3 Lower strand cut Upper strand cut
e | EEEERERY - —
&
Both strands cut
D
sgRNA AAVS1-AS1 AAVS1-AS2 AAVS1-S2 AAVS1-S3 AAVS1-S4 AAVS1-S5

Uncut control

[

s

L

Cas9-WT

1L

*
Al
*

Cas9-D10A




- 2-plasmid system vs 1-plasmid system for dRGEN

Unlike plasmids for dRGEN from Systembio is all-in-1 vector system which
contains Cas9 and guide RNA expression cassette in one plasmid, our
expression system is composed of separate expression vectors for Cas9 protein
and guide RNA.

We see that the high level of sgRNA expression in cell is critical for efficient
genome engineering. For all-in-1 vector system, the ratio of expression
cassette for sgRNA and Cas9 protein will be always 1:1. However, for 2-
plasmids system allows varying the ratio of each expression cassette and will

be able to optimize the genome engineering efficiency in various cell lines.
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Low Dose
Cas9 B0Ong
sgRNA 200ng

High Dose
Cas9 200ng
sgRNA 800ng

RGEN transfection in HelLa cells: T7E1 results

Cas9-WT

2 #3 4 #15

Indels (%) 48 3.5 37 20
CasS-WT

#2 #3 #4 H5

Indels (%) 56 50 44 34

= sgRNA plasmids but not Cas9 plasmid are limiting.

Confidential Information
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Cre Mouse LoxP (Floxed) Mouse

Stop Stop Stop

F, Generation

Cre LoxP Mouse

Cells with active Cre recombinase Cells lacking active Cre recombinase

Stop Stop Stop

loxP Target gene loxP eGFP

F, Generation

Original gene function is disrupted, Original gene function is untouched.
a reporter gene is transcribed
instead.



One-Step Generation of Mice Carrying
Reporter and Conditional Alleles by
CRISPR/Cas-Mediated Genome Engineering

1 Tag ofigo

Zygote Mouse with conditional allele

Cell 154, 1370-1379, September 12, 2013




