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Genome Editing

Development and Application




Applications of Genome Engineering

Hsu et al., Cell 157, June 5, 2014 www.zgenebio.com.tw



Mutation

Natural variation

N\

Sexual recombination

ATGACTTCTGTCCGTGTTCGATGCGG
CCGTGGCGGAGTTCGGTTCGTCTGGA
TCTGCATCTACATCTGGATCTGCGTC
CGGGTCTACTTCGGCAAGTGCTGTTG
TGAGCAGTTCGAGTGCGACTGTGAGC
GGTGCTGGTATCGGGGCTGGTGTGTC
GGTGGAAGAGAAGGAGAGCATTTCGT
CGAGCTCCGCCGTGGGTACGACTGCT
GACGAGGTGTTAGCATCGAATGCTAC
TGCTATCGTGAGATCTTTAACCTTTG
GGAACCTGTACGCTCAGTCTGCGCAT
GACGTTTCGAGTGGATCGTCASTGGC
TGTGTACGCGGUAG

Reverse Genetics

ATGACTTCTGTCCGTGTTCGATGCGGCC
GTGGCGGAGTTCGGTTCGTCTGGATCTG
CATCTACATCTGGATCTGCGTCCGGGTCT
ACTTCGGCAAGTGCTGTTGTGAGCAGTT
CGAGTGCGACTGTGAGCGGTGCTGGTAT
CGGGGCTGGTGTGTCGGTGGAAGAGAAG
GAGAGCATTTCGTCGAGCTCCGCCGTGG
GTACGACTGCTGACGAGGTGTTAGCATC
GAATGCTACTGCTATCGTGAGATCTTTAA
CCTTTGGGAACCTGTACGCTCAGTCTGC
GCATGACGTTTCGAGTGGATCGTCASTG
GCTGTGTACGCGGUAG

Melinda B. Tierney and Kurt H

ﬁ

Mutagenesis

The Plant Health Instructor



Reverse genetics
In eukaryotes

Table 1 |Strategies to manipulate genes or gene expression in eukaryotes
—, not applicable; +/—, proof-of-principle; +, small-scale collections; ++-, service for the research community; +++, genome-wide

collections.
Organism
Strategy Yeast A. thaliana C. elegans Fruitfly Zebrafish Xenopus Mouse
Insertion - SFEE +++ +++ + Proofs-of- +/— +++
mutagen- Genome- Genome- Genome- principle for Genome-
esis wide wide wide retrovirus wide
collection collection collection and collection
of T-DNA of Mos1 of P transposon- of
mutants mutants in element mediated gene-trap
progress and mutagen- ES cells in
piggyBac esis progress
mutants
Random — (used in +++ + Middle- ++ Service ++ Service +/— Proof-of- -
chemical forward, Genome- scale for the for the principle
mutation not reverse wide collection research research
and genetics) collection of TILLING community community
screening of TILLING mutants
mutants,
service
Homologous +++ = +/— Few + Several - = ++
recombina- Genome- examples examples, Genome-
tion wide but no wide
collection systematic collection
of KO and approach of cKO ES
Kl mutants cells in
progress
Inserted - - ++ MosTIC, + = = =
element- MosSCl, Transposon-
mediated MosDEL controlled
gene deletions
engineering
RNAi - ++ ++4 +++ = = +/— Few
Genome- Genome- examples
wide wide
‘feeding UAS-driven
library’ library
MO - - - = ++ Middle- ++ Middle-
scale scale
screening screening

Hardy et. Al., Biol. Cell (2010) 102, 561i 580

www.zgenebio.com.tw



Specific Reverse Genetic approaches

Classical and contemporary approaches for establishing
gene functions

www.zgenebio.com.tw



oghc =
Genome Editing

Genome editing is a type of genetic engineering in which DNA is inserted, replaced,
or removed from a genome using artificially engineered nucleases, or "molecular

SCcCi ssorsn.
-

-

’I

http://en.hdbuzz.net

www.zgenebio.com.tw


http://en.wikipedia.org/wiki/Genetic_engineering
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Genome
http://en.wikipedia.org/wiki/Nuclease

73 NHEJ and HDR

=

Nonhomologous end joining Nuclease-induced  Homology-directed repair
double-strand break (HDR)

(NHEJ)
NHy

I8

Deletions
T W N E N B F — Donor
__Illllll_ temp'ate
e _—L
L I_ .

HDR

L
Variable length
indels

R

| I |
Precise insertion or modification

Jeffry D Sander & J Keith Joung, Nature Biotechnology, 2014 doi:10.1038 www.zgenebio.com.tw




Nuclease-induced genome editing

Nuclease-induced
4 DSB

v

NHE]-mediated repair HDR-mediated repair

Donor Donor
template template
Insertion or BIBHBH (indel) mutations Precise nucleotide alterations Precise sequence insertion
b /7 f> 4
i
// .
o q 7.8

Deletion Inversion y

Translocation

Nature Reviews | Molecular Cell Biology

Joung & Sander, Nature Reviews Molecular Cell Biology 14, 49-55 (2013) www.zgenebio.com.tw



Different classes of endonuclease used for

genome emgineering purposes

Meganucleases
(homing endonucleases)

s Natural proteins
» |* endonucleases used for genome engineering

PUPTOUDUP 2o oo™

Zinc-Finger Nucleases

= Artificial protein ; zine finger protein (DNA binding domain)
fused with a catalytic domain (FoklI)

* 1" engineered endonuclease used to edit a human gene

* High modularity (6-8 separable domains “polydactyls™)

Chemical endonucleases

. ""“. * Chemical DMNA binding domain (TFQ, polyamine) fused
P]‘ P Fi\ Pi b‘ to effector (chemical or resiriction enzyme)
l Jld M Jld M * High modularity

TALE Nucleases

* DNA binding domain from Transeription Activator Like
effectors from Xamthomonas fused Lo a catalylic domain

* Very high modularity

e simple Protein-DNA interaction (code)

* Early stage technology

Epinat et al. Topics in Current Genetics Volume 23, 2013, pp 147-185 www.zgenebio.com.tw



cEAES Zinc-finger nucleases (ZFNs)

y
'J"oy ﬁo’f_f
ZFN modules recognize triplets

5' GTGGCTCGC
3 TGATCCATCGCT
Foki 12-18 bp long half-sites

separated by a 4-6 bp spacer
Left ZFN

Fok1 - - Dimerized Fokl domains cut the DNA
5" GTGGCTCGC oA
3’ 19 O S TGATCCATCGCT

s 0 N B

Annu. Rev. Biochem. 79:213-31 Right ZF N
Double Strand Break
5’ GTGGCTCGC v
3' TGATCCATCGCT

http://ko.cwru.edu www.zgenebio.com.tw



Transcription Activator-Like Effector

Effector

34aa repeat modules domain NG = T

TTTATTCCCT ACC

g e - D-coon M = ©

NI = A

LLLLL

LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG

Variable Diresidues

Bacterial spots induced by Xanthomonas campestris in plants

http://www.genome-engineering.org/ www.zgenebio.com.tw



m&'s The Structure of TALE

Repeat Variable Di-residues (RVD): 34 aa

\AAD Y oL A ) o A )
LTPZQVVAIASXXGGKQALETVQRLLPVLCQAHG

123 456 7891011121314 1516171819202122 23 242526272829 30313233 34
NG=T

Dong Deng et al$cience2012 (121:5670) www.zgenebio.com.tw



- TAL effector

ww\

(D) Ckavage
Left TALE domain

N- T T T —@ €

CTCCAACCAGGTGCTAActgtaaaccatggaaaaggaTTAGCACCTGGTTGGA
GAGGTTGGTCCACGATTgacatttggtaccttttcctAATCGTGGACCAACCT

Key: - DT TR TETTIN
. NG C|eavage nght TALE

A . NI domain

=

& [ ]HD
[ | HN or NK

Gaj et al,, Trends in Biotechnology 2013, Vol. 31, No. 7I., 397-405 www.zgenebio.com.tw



ZFN and TALEN DNA binding mechanisms

Zinc Finger Protein (b) TAL Effector

Current Opinion in Chemical Biology

Pablo PerezPinera, et al., Current Opinion in Chemical Biology 2012 (26277) www.zgenebio.com.tw



The applications of TALEN in different species

Knockout mice created by TALEN-mediated gene targeting
(Nature Biotechnology, 2013)

Generation of Ragl-knockout immunodeficient rats and mice using
engineered meganucleases (FASEB J, 2012)

Efficient targeted gene disruption in Xenopus embryos using engineered
transcription activator-like effetor nucleases (TALENs) (PNAS, 2012)

In vivo genome editing using a high-effeciency TALEN system
(Nature, 2012)

Efficient and specific modifications of the Drosophila genome by means of
an easy TALEN strategy (JGG, 2012)

Transcription Activator-Like Effector Nucleases Enable
Efficient Plant Genome Engineering (Plant Physiol., 2013)

High-efficiency TALEN-based gene editing produces disease-resistant rice
(Nature Biotechnology, 2012)

Efficient design and assembly of custom TALEN and other TAL effector- LW
based constructs for DNA targeting (Nucleic Acids Res., 2011) -/ 3

www.zgenebio.com.tw



Our TALEN Service

www.zgenebio.com.tw



20 2 4
N EFRE /“\)5& #2 59004 TALEN pairs

21RF{CBYGene KnockoutF:fiiy
TALEN sBo)BRiRE

B ATTALENA 47 & & s o JE B 7o M4 ~ KAGK BS54 ~ FTR463F - 25K ~ dafig ~ iPS ~
HIViG &% ~ B8 - RE- BB SR K~/ R~ ZIRR - JIRE £5BMEHAHAR
R R REABEAREARAGE LT RATAARA OARR i -

ZGENEBIO TALEN %1 %% AR #% 4% %5 ©

1L HEARMBDBF S REMN - SaEREERE — R 20X -

2B A3E s UIRFF S B RAHA RS RR AT ZRAINSL/2M04 -

3. B Fre & AEmAE - Bdh ~ M > el AR K B A ) AT IR -

4. (HER R b (B8) 685N 4E ~ RIFBMHZTPL IR SBE -

5. & B 5 s h F % (#4£70-80% £ %) ° S\

6. ABRHIRE MG FHIK- 25 Bl RN - J “\

7. R % AR K e RARE - % J

S RUEBUEMEFE=AEM  AF K RMW3-6EH8%E - -

9. Rt MeLik GFP /RFP B A RM Y @ H:E -

\

www.zgenebio.com.tw



ZGene TALEN Genome Editing System

A For Embryonic Stem Cells /'"Primary Cells /:In'Vitro Transcription

CAG SP6
promoter promoterNLS RVD Fokl PolyA

pzc24701 | ——gmp- - g

=

A For Mammalian Cells / Tumor Cells / In Vitro Transcription

CMV SP6

promoter promoterNLS  RVD Fokl PolyA
pZG24T02
CMV SP6
promoter promoterNLS RVD FokI GFP/RFP PolyA
pZG24T03
CMV T7
promoter promoterNLS RVD Fokl PolyA
pZG24T04

www.zgenebio.com.tw



ZGene TALEN Genome Editing System

A For InsectCells'//Egg / In Vitro Transcription

SW T7
prgmoter promoterNLS __ RVD Fokl PolyA
pZG24T05
DRO T7
pPomoter promoterNLS RVD Fokl PolyA
pZG24T06
A For Plants
L R
borderpros;r?aerl\lLS RVD Fokl PO'YApm?r’f?OSter Bar PolyA porde
pZG23T01
A For Yeast
GPD
PromoterNLS ~ RVD Fok  CYCL1T
rscenetr | —— s e
TEF
promoterNLS  RVD Fokl  ADH1T

AmpR

www.zgenebio.com.tw
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Ggs

REAL assembly

Repeat unit
plasmids

y

Transformation
Colony growth
Digestion & Ligation

Golden Gate
assembly

Repeat unit
fragments

v
C

PCR

\

H Em
PCR & Ligation

y

Transformation
Colony growth

Solidphase assembly

| >

I

Digestion & Ligation

Transformation

Colony growth

Assemblycost Solidphase > Ligatioh Y RS LISY RS y i
Assemblyspeed Solidphase> Ligationindependent > Golden GateREAL
Assemblysuccessful rate Solidphasex

[ AR RES2ZIBY RS Y U

Assembly technologies of TALEN

Ligatiorindependent
assembly

Repeat unit
fragments

!

Ligase
independent
Ligation

\

Transformation
Colony growth

WREM2E RSY

READ 2 f



The 3rd generation ZGene eTALEN

Vector backbone Relative activity

1st generation vector (Native form)

287aa RVDs 23laa Fokl 1

Homodimer

2nd generation vector (Goldy TALEN)

NLS

136aa RVDs 63 aa Fokl X 2 T

NLS

Homodimer

3dgeneration vector (e€TALEN)

X6 M

NLS

136aa RVDs 63aa Fokl

N Cmutati Heterodimer
Point mutation eterodime

The activity of ZGene eTALEN is sixfold greater than Native TALEN.

www.zgenebio.com.tw
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SEEK AND DESTROY

PAM sequences recuit and activate Cas9 endonuclease
in CRISPR/Ca89 genome-editing tool mets?

CRISPR System

Background and Principle

www.zgenebio.com.tw



Clustered regulatory interspaced short palindromic repeat
(CRISPR)

-

/' Infection
Viral DNA /
--------------------------- <
1% Cleavage Spacer
o 1 ) Bt @ ,
™, Insertionofa
- oL A new repeat-
Phasel : immunization \ spacer unit
Cas ™._____ N
complex ™ \
\ > v
Type X TracrRNA Cas9 Cas1 Csn2
& X = ] ) 'S &N
CRISPR locus e TR Kb | el
Cas2 TAT T A
& Repeats Spacers
O
71/
/7\1/\
Infection 'y
>
) DNA targeting if \_~ £
Vllral DNA  pAM is present C~ .~ \»r
cleavage J L
muuumumuugm € &Iﬂ € & =
L. . Processing to generate mature
Phase2 : immunity AN " ... crBRNA-tracrRNA-Cas9 complex
ase
.................. > o Lo L
------------- — s s s
_________ >
; <
Q) e AN R 42Ny
l[ ) “)1 S0 —~— P —
UL
e A Pre-CRISPR RNA transoription

Type Il

CRISPR locus m -
Cas2

S—— KR KR | KL

TATTA

Repeats Spacers

Mali et al., Nature methods, VOL.10 NO.10 957-963

www.zgenebio.com.tw



Clustered regulatory interspaced short palindromic repeat

(CRISPR)

custom guide RNA
hybridizing to
20 bp target

s 3
SI

PAM sequence required
DNA breaks adjacent to 20 bp target

catalyzed by
Cas9

http://ko.cwru.edu www.zgenebio.com.tw



CRISPR-Cas9 system components

Sv40

NLS

TK pA

Ué
¢ o
Ct:g
Q=4
Q-0
o < 2
O < a-a
- D 3’- Uuuy @
D- =
U= @
U= 0
Y
g:b guide
Cas3 3:5 RNA 3
; 0.5 Q
57 — GANANNATNANAATNNTHY AAGGCUAGUCCGUUAUCAA

Prashant Mali et al., Science 339, 823 (2013)

www.zgenebio.com.tw



ogtis .
Multiplex Genome Engineering m
Using CRISPR/Cas Systems

Le Cong,l'z* F. Ann Ran,*** David Cox,*? Shuailiang Lin,> Robert Barretto,® Naomi Habib,*
Patrick D. Hsu,** Xuebing Wu,” Wenyan Jiang,® Luciano A. Marraffini,® Feng Zhang't

Functional elucidation of causal genetic variants and elements requires precise genome

editing technologies. The type Il prokaryotic CRISPR (clustered regularly interspaced short
palindromic repeats)/Cas adaptive immune system has been shown to facilitate RNA-guided
site-specific DNA cleavage. We engineered two different type Il CRISPR/Cas systems and
demonstrate that Cas9 nucleases can be directed by short RNAs to induce precise cleavage at
endogenous genomic loci in human and mouse cells. Cas9 can also be converted into a nicking
enzyme to facilitate homology-directed repair with minimal mutagenic activity. Lastly, multiple
guide sequences can be encoded into a single CRISPR array to enable simultaneous editing of
several sites within the mammalian genome, demonstrating easy programmability and wide
applicability of the RNA-guided nuclease technology.

Le Cong et al. Science 339, 819 (2013) www.zgenebio.com.tw



Nature 2013 TOP 10 Science

THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

ONE YEAR.
TENusﬁlgTE\!EE% FENG ZHANG: DNAGs master editor
47y ' Borrowing from bacteria, a biologist helps to create a powerful tool for
CONSERVATION . ;  NATURE CoupAIRS customizing DNA.
LEGISLATING |- SANTA'SETI EVE = By Daniel Cressey
FOR SURVIVAL HELPE 1 OR

The Endangered Species How microbial ferm
Act turns forty " addsspicetolife
PAGEIT2

http://www.nature.com www.zgenebio.com.tw
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Relative characteristics of genome-editing tools

System Origin

Adapted from zinc finger

ZFNs proteins widely found in
nature
Adapted from TAL effector
TALENs proteins in plant pathogens
CRISPR/  Adapted from bacterial (S.
Cas pyogenes) immune system

Specificity lack
of off-target
effects

Ease of use
affordabillity

Typical genomic
target site

Flexibility in

site selection Efficay

Pair of 9- or 12-bp

sequences + + ++ ++
Pair of 13-bp or longer

sequences (no length ++ ++4+ ++ +++
limitation)

20-bp protospacer + 3-bp ++ F++ e+ +

PAM (23- bp sequence)

www.zgenebio.com.tw



Application of CRISPR-Cas9

Mammalian Cells

www.zgenebio.com.tw



Day 1
Steps 1-4
In silico design

sgRNA SpCas?

CRISP-Cas9 system
applied in cells

Days 2-5

pSpCas9(sgRNA)

Step 5
Reagent construction

Genomic locus - - | L -- b il == Repair template
[ ‘ h T.J--__“"H.__ -‘\'-. — 1 -~ / (Op‘ionan
o - e il ey
_____ i . G pSpCas?®  ~\_, I — [ 2 —
et © & (sgRNA) T
---------- - &2 I =
T3 “—3
& >
Target (20 bp) v PAM Cwd Transfect
85 SURVEYOR
5 .. AATGGGGAGGACATCGATGTCACCTCCAATGACTAGGGTGGECAACCAC. . 3 Q=8 o assay
DNA target RRRNRERNARRRARANA NERARRRENE 5 :
3" . .TTACCCCTCCTGTAGCFACAGTGGAGGTTACTGATCCCACCCETTGGTG. . 5 T Genotype
(ARRRRRRRRRRRRNRRRY . — =-—==
5' JGTCACCTCCAATGACTAGGGGUUYUAGAGCUAG 5 * - -
YL T
sgRNA GUUCAACUAUUGCCUGAUCGGAAUKAAAUU CGAUA
A LT GAA
AAAGU???";‘%TTG .’ : ~. Isolate clonal lines
3\ UUUUUUCGUGGCY Cas9 K 1
E _—
o< 2
87 &
own Z
Do
=0 —
[ o E
05 5
O

Ran et al., Nature protocols, 2013, VOL.8 11, 2281-2308 www.zgenebio.com.tw



Transfection Efficiency

I Transfection efficiency can be determined by
antibiotic selection or fluorescence presentation

A preferred method in Lab was used

More than 50%
efficiency is
recomanded

CRISPR plasmid is
~8-10K bp

Oligo DNA

ds DNA

Cell culture conditions

www.zgenebio.com.tw



ry
y-ai Mutation Screening

rr *-T

Annealing & TJ/ENl Digestion

2

\

G

Gel electrophoresis

\/

E k]

AAA

* Indel or mutant < Un-cut <« Cut ‘T?ENl

Cell Research (2013) 23:720-723. doi:10.1038/cr.2013.46 www.zgenebio.com.tw



n=50

AGGCTACGTCCAGGAGCGCACCATCTTC : TTCABBEACGACGGCAACTACAAGACC
AGGCTACGTCCAGGAGCGCACCATCTTCtTTCABGEACGACGGCAACTACAAGACC
AGGCTACGTCCAGGAGCGCACCATCTTC:TT: : B@@ACGACGGCAACTACAAGACC
AGGCTACGTCCAGGAGCGCACCATCTT: : : : : : @GEACGACGGCAACTACAAGACC
AGGCTACGTCCAGGAGCGCACCATCTTC: & 2 GACGACGGCAACTACAAGACC
AGGCTACGTCCAGGAGCGCACCATCTTC: : : : ABGBEBACGACGGCAACTACAAGACC
AGGCTACGTCCAGGAGCGCACCATC: :::: : : ABBEACGACGGCAACTACAAGACC

Cell Research (2013) 23:720-723. doi:10.1038/cr.2013.46

www.zgenebio.com.tw



High Resolution Melting (HRM)

¥ 38 8 8 8 8

Neemaksed Fhaxesconce
& 8 8 8 &

&

100 — homozygous wild type

9 — homozygous mutant (c. 20A>T)
E'; — single heterozygous mutant (c.20A>T)
2 — double heterozygous mutant [9C=T; 20A=T]
3
w
2
S 50
T
=
@
N
®
£
=]
=

0

80 85 90

Temperature (°C)

:/lhrm.gene-quantification.info/ www.zgenebio.com.tw



CRISPR/Cas9-Mediated Genome Editing in Adult Stem

3 ' -AUUUUGAG--UUUUCGCAAAACUCACGG-5’ sgRNA

AR ARARARNARAR

5" -GACTAGGAATCAACCCTC--AAAAGCGTTTTGAGTGCCTTATGGAAC-3"
- PAM A

A '

I R Rikai

aNAAIU A S AN Nl -

fl. A L I {1 \| [}/ \ll UIAN / f ' { ’ll i)
\l) Yy ' V U/ /| U HTRMG (Y \ f

(BA'AS SGAd SO AARAUADADTOANAL LA DS SYVYYY VUV UVVYUY

q‘; 5 —GACTAGGAATCAACCCTC AAAAGCGTTTTGAGTGCCTTATGGAAC 31

“B 5'—GA ——————————————————————————————————— CTTATGGAAC-3 '
' -GACTAGGAATCAACCCTC -AAAAGCGTTTTGAGTGCCTTATGGAAC-3 '
’—GACTAGGAATCAACCCT———AAAAGCGTTTTGAGTGCCTTATGGAAC 31

AiEF:‘ 5’ ~GACTAGGAATCAACCCTC " -AAAGCGTTTTGAGTGCCTTATGGAAC-3'

D hAPC

-- ™y
_—am- .-
- -
o .- -,

¢ 3’ -AUUUUGGGAGGAGUUUGUCGAGUUUG-5" sgRNA

& ARRRNRARARNRRANANNN

R h wt 5 -CCTCCACCACCTCCTCAAACAGCTCAAACCAAGCGAGA. .-3’
. p PAM A
A
] ’ E "
C jl}: L.l ’
P 5 5 " ~CCTCCACCACCTC~TCAAACAGCTCAAACCAAGCGAGA-3
=8 b . 4
~ A ' | 5'-CCTCCACCACCT--TCAAACAGCTCAAACCAAGCGAGA-3
Y~ Bl 5’ -CCTCCACCACCT------- CAGCTCAAACCAAGCGAGA-3 ’
W' W ) 5'-CCTCCACCACCT----- AACAGCTCAAACCAAGCGAGA-3
.* R APC 5'_CCTCCACCACT  CTCARACAGCTCAAACCAAGCGAGA-3’

Schwank et al., Cell Stem Cell 13, 653i 658, 2013 www.zgenebio.com.tw



Targeting Rates of

endogenous ‘native’ hAAVS1 locus sequence

v
C R I S P R / C aS Sys t e m . .TTATCTGTCCCCTCCACCCCACAGT :GGGCCACTAGGGACAGGATTGGTGA.. .

T1 target T2 target
AAVS1-TALENS target site NHEJ rates evaluated using NGS of targeted AAVS1 locus
TAATACTTTTATCTGTCCCCTCCACCCCACAGT GGGCCACTAGGGACAGGATTGGTGACAGAAAAGCCCC
________________ 11 Target T2Target . hCas9 + T1 gRNA hCas9 + T2 gRNA
T — S — £ — 4 —
-l > e _ ' B 2.3% ! - 39%
repair donor wv) 8 [ ' ' '
¢ DNA break stimulates HR = 2 8 : - o ; -
-J s - ) ' ] "
repaired o 3 - | ' = ' '
I:,\> target locus 8 g : : : :
e | ) ' i ' v
= ‘—iﬂ#h-ﬁm—: ! "_—'_"‘L_
B
‘ 84 96 110 126 142 158 174 81 83 107 123 138 155 1M
| -
m 1 o
T | 8 - — '
Y 1 8 ' "
e} H S 133%
0.) ] ]
P} 1 8 ‘ .
© 3¢ 8 -
% ‘ 28 4 -
S ‘ g | . v
=S ‘ & o
&
2.00 A
86 08 112 128 144 160 176 87 90 113 120 145 161 177
0.00 - ‘ — - — .
e ' '
plain donor donor + donor + donor + 2 ' —
AAVS1 hCas9+T1 hCas9 + T2 ) AR ‘
TALENS gRNA gRNA e 81 b
m s ' .
: > ~ o o . - ~ 2 il ' '
.| <0.01%| 1 <0.01% 0.37% | 3.26% - 8.07% § b o
w ] : ! : B !
| i S ‘
g o o ..——.—#;;..

82 04 108 124 140 156 172 82 94 108 124 140 156 172

locusibp locus/bp

Prashant Mali et al., Science 339, 823 (2013) www.zgenebio.com.tw



Application of CRISPR-Cas9

Transgenic Animals

www.zgenebio.com.tw



In-vitro transcription of Cas9 and gRNA

Human codon optimized Caso NLS | Us _mn-

lln-vitro transcfCAPtion with 56 lln-vitro transcr i-GAPi o

AAAAAAA AAAAAAA

l Co-microinjection

www.zgenebio.com.tw



Generation of targeted mouse mutants by

embryo microinjection

Embryo
Donors Collection injection Transfer Founder mutants Heterozygous mutants Homozygous

Oil M2 Embryos mutants

ll-__
YD) ; : Transler Pnpe
: ~ | oo |
“Q Holding Injection _,.‘_3-§CD1(5.';-.,_' Genotypmg @ Genotyping @ Genotyping
capillary capillary "-----\_-,,---._;:;-5.-;“' § ?

d (Steps 56-58) (Steps 59-76) (Steps 77-79) d . (Step 80) @ (Step 330)

Day 1-3 Day 4 74 weeks §
\ 18 weeks »

29 weeks i

_ >

o
- e
'—@@—’ ﬁ
»—-@Lﬁ)@ P

PMSG —qrrmyg
hCG —rm4

18 days later pups are born Screen DNA to identify
Fertilized eggs are collected DNA is microinjected (~ 25% success rate: Live-born per transgene incorporation
and allowed to mature until into the male pronucleus total embryos transfered) (~ 10% are transgene positive)
the male pronuclei starts to (200-400 eggs/day)
move to the center 75% survival
of the zygote

Doyle et al., Transgenic Res. 2012 April ; 21(2): 327 349. Wefers et al., Nature Protocols 8, 2355i 2379 (2013) Www.zgenebio.com.tw



Correction of a Genetic Disease

GEAES
- IN Mouse via Use of CRISPR-Cas9

G deletion
gagatgcctaactaccgaggccgccagtatctgetgaggecctcaagagtaccggegettce
3 i 3 ' ' i 4 ' 3 ' i '
T T T T T T T T T v T
ctctacggattgatggctccggcggtcatagacgactccggagttctcatggccgcgaag
135 140 145 150

¥ -crystallin Crygc mutation (dominant inheritance)

Glu Met Pro Asn Tyr Ai Gly Ari Gin Tyr Leu Leu A!i Pro Gln Gly Tyr A!i A!i Phe
Cryge

Stop

caggactggggctctgtagatgctaaggcgggetctttgcggagggtggtagatttatac
4 i 4 ! : I 4 ' 3 ' 3 i
T T T T + T + T + 1 +

T

gtcctgaccccgagacatctacgat:ccgcccgagaaacgcctcccaccatctaaatatg
170

SS 160 165
Gln Asp Trp Gly Ser Val Asp Ala Lys Ala Gly Ser Leu Ari Ari val Vval Asp Leu Tyr

Cryge

taaaataggttaacgc(acca(tltctcattttggaacctaataaagtatttagtctgta
t { + t + t + t + t
autlatccaaugcgatggtaaaagagtaaaaccttggauatuca:aaatcagacat
175
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Cas9 mRNA+sgRNA-4 CJILY,
WTauele|_-_____- \9 AN

DHDR FI\T — (@

/ epalred offspring
Mttt o I — — — — N > |\ i
Wild type Crygc mutant o
(Cryge™”) (ot
Deletion - ! : ¢
| MZI PN Cataract offspring
5-ACCGGC - CTTCCAGGACTGGGGCTCTGTAGATGCTA-3 o
3'-TGGCCG - GAAGGTCCTGACCCCGAGACATCTACGAT-5 W
PAM Tergel Cataract offspring
(Cryge™)
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Correction of a Genetic Disease

£,

IN Mouse via Use of CRISPR-Cas9

B HDR mediated
WT allele AGTACCGGCGCTTCCAGGACTGGGGCTCTG repair
Mutant allele AGTACCGGC-CTTCCAGGACTGGGGCTCTG %
@ é | WTalele AGTACCGGCGCTTCCAGGACTGGGGCTCTG %{\‘\
% 'g § Mutant allele AGTACCGGCGCTTCCAGGACTGGGGCTCTG HDR(X4) { ) (/
¢ ¥
WT allele AGTACCGCGCGCTTCCAGGACTGGGGCTCTG },’ Y
a%.;_; Mutant allele AGTACCGGCCTTCCaAGGACTGGGGCTCTG #+1 \ ", ’__
pe g 3 WT allele AGTACCGGCGCTTCCAGGACTGGGGCTCTG &
Mutant allele AGTACCcag==-=-=-~-~ AGGACTGGGGCTCTG -8+3
e WT allele AGTACCGGCGCTTCCAGGACTGGGGCTCTG ‘\
@ | Mutantallele AGTACCGGC = === == == == mmmmm—— == !
@ f : B .
é WT allele AGTACCGGCGCTTCCAGGACTGGGGCTCTG N o N
£ | Mutant allele AGTACCGGC=========~ CTGGGGCTCTG -9(X2) )
‘;’ WT allele AGTACCGGCGCTTCCAGGACTGGGGCTCTG e ‘
Mutant allele C TT---- ( R "
nt al AGTACCGGCCTT GGACTGGGGCTCTG 4 HDR medlated COﬂtI‘OI )
repair
Table 1. CRISPR-Cas9-Mediated Gene Correction in Cataract Mice
Blastocysts Genetic Modification
Injected (Percentage of Transferred Live-Born NHEJ-Mediated HDR-Mediated
Oligo Embryos Injected Embryos) Blastocysts Pups WT allele mutant allele Repair/Nonrepair Repair
- 172 157 (91%) 135 22 0 10 2/4 4
Oligo-1 245 213 (87%) 178 29 0 14 4/5 5
Oligo-2 221 190 (86%) 159 27 0 12 5/3 4

Cas9 mRNA and sgRNA-4 targeting mutant allele of Crygc gene were coinjected into fertilized oocytes with or without exogenous oligonucleotides
(Oligo-1 or Oligo-2). The blastocysts derived from the injected embryos were transferred into uteri of pseudopregnant females. Newborn pups
were obtained and genotyped. See also Figures 1, S1, and S2.

www.zgenebio.com.tw



Mice with Reporters in the Endogenous Genes

60 bp 42 bp 60 bp

Oligo donor

Zlastocys | Targeted Target | Transferre Knockin pre-
ts/injecte Blastocys | ESCs d embryos and postnatal
d Zygotes | ts [Total (recipients) | mice/Total

/Total

414/498 ND 7/16 200(10) 12/35
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