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Morpholino L{E[R (cisen s, et al. Development. 2008.)
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MorpholinoE AR S &R 5= PRIRF

ztfpi-2 (Tissue factor pathway inhibitor-2) gene
CNS development
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lNssue factor pathway inhibitor-2: A novel gene involved in zebrafish & & A
central nervous system development o ztfpi-2 knockdown by MOs

Yanli Zhang*, Lina Wang *, Wenhao Zhou ®, Huijjun Wang ®, Jin Zhang*, Shanshan Deng®,
Weihua Li €, Huawei Li*, Zuohua Mao®, Duan Ma**
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1.2 RNAIfEAR: B 101111011111

@ ALESERINEERNAFEY] (dsRNA) ZisiRNA
RIRFRRLERINS BX;
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@) dsRNAZDicerl LTh%21-25ntAYsiRNA;
@ siIRNAFRIRXEIESESRINEAE SFRISC;
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Nature Reviews | Genetics

(Mittal V. Nat Rev Genet. 2004)
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non-injected

RNA'*ﬁ*Em :5& ?‘LEFB’],Tm control firefly

siRNAs work well in zebrafish cell :ucggf;se SiRNA ¥

lines (ZFL, SJD, ZF4)
- siRNA injected zebrafish embryos ZFL cells
showed severe unspecific defects.

lamin A siRNA eGFP siRNA

RNA Biology

SSN 15476286 (Pring) 15558584 (Oniine) Journal haomepage: NMIps/ fwww. Landlonline comAei/m 20

Specific RNAI Mediated Gene Knockdown in
Zebrafish Cell Lines

siRNA injected embryos at 48 hpf

Jens Gruber, Heiko Manninga, Thomas Tuschl, Mary Osborn & Klaus Weber showed severe unspecific defects.

J
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RNAIRARERD &R PRI I —I=

esi-ntl - dsDNA of nt/ digested by RNaselll, purified NS =

si-ntl - produced by SP6 RNA polymerase L e
esi-ntl, 50ng/pl = —

3383345

P satage 4 Srme

si-ntl, 4 ug/pL

Efficient RNA interference in zebrafish embryos using
siRNA synthesized with SP6 RNA polymerase

Wei-Yi Liv,"# Yan Wang," Yong-Hua Sun,"* Yun Wang,'* Ya-Ping Wang,’
Shang-Ping Chen’ and Zuo-Yan Zhu'*

) typical nt/ mutant
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CRISPRI: a modular RNA-guided genome regulation platform

1.3 CRISPRIERENHIHEAR :

@ KELIEIDNAKINAEAIdCas9 (RuvC-D10A/HNH-H840A) it 1 i v
S5%FMHEF (WEve. KRAB) FZHRIEER; PSSR

@ RESFEENERRATMISE, @it sgRNAIR b o
IMIR (FHF 41) ; EI“““""""

@ CRISPRIZRFta] N HIFE @ EE 2R AIFRA

@ CRISPRI gf#98 X0 PLUBIIRT-PCR JEKG ,

™ @ Transcription repressor
Effector -

dCas9 J,O | @ Transcription activator
® e
SgRNA &7 e e
T T

Tarm Human genome
L ] L ]

RNA-guided Effector-mediated
DNA targeting transcription regulation

dCas9: dead Cas9

(Gilbert LA, et al. Cell. 2013.)
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Zinc-finger nucleases (ZFNs) TAL effector nucleases (TALENS) CRISPR/Cas
‘aﬂn.(kn}__(;i’-' '."'. h’:’":""’ y .‘g~u‘ fow rul e ) @ "arpet segumsce e
I 1174 e el
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(Hgmotl_o gousHR) (Non-homologous end-joining, (Microhomology mediated end joining,
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2.1 ERELHEE

GREHIZE (Homologous recombination, HR) &fRiP
ERBRMENEZRG], PAIBRRERA/IDNA 12
h, ExExBENG, R&REES BAFG2 B,

@ DNAXEETZRERIIRABIFILLIE;
@ RAD51-ssDNAHJEA;
@ DNAREE,
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2.2 ERIR R imERE

EERARIHERE (Non-homologous end-joining,
NHEJ) #k$iFKu70-KuB0FIDNA EHZEE IV-XRCC4
FR_RIKIZEEDSB, EEZLMISINNRIRE
F5,

@ DNAEEETRAIRAFES
@ BERARIERIINTLEIE;
@ DNAKIRSERE, STMEETE,

Lig IV

NHEJ
(Anastazja G., et al., Am J Cancer Res 2012)



2. DNAXRBE#TRIZE C Z(ﬁc

Ll bt Bt
o -
4 — N ALl S Ve .
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1%@5%7?%3{]515&%&}%/%%\@%1@5 Ku70-Ku80 —’-_ = @
(MiCrOhomOlogy mediated end jOining, MMEJ / o m:v':\:;:(l’:)sla(:(l;m :...

Single Strand Annealing, SSA) ¥ B[E@EERERE -
5l (5-25 bp/MMEJ; >30bp/SSA) X1t SR imiE& - —— S —

Flap trimming

FEZENG, EwEEEETRE. MMEJBER Filsin synthosis by Suraiecion

Mismatch repair?
Y polymerases

EG1 /BSHTER. il
— —
() DNAFR BT B R iHIRS | o
@ 5'FRimAbIE; -
@ WEEFIIEERA, TRESTIE. e

Y Ligation

!

— 1
— 1.
Result: deletion, insertion of

(templated) nuciectides
TRENDS n Genetcs

2023-5-29 MEDJED (geneSCU|pt°Org) (McVey M, et al. Trends Genet. 2008.)
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24 RiRERDEBE

EEEM@EE (Homology directed
repair, HDR) S4RA—HMEE
DNAXR B {nautEl, SEEAEF
TS5 HPDNARNRAIDNA KR EZBY, 1
3G A% [E)EDNA F ERE 9 R AR AT
DNAA#HITIEE.
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Nuclease-induced
double-strand break
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indels ‘
v

d
Precise insertion or modification
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BERARERARZANMELERFIREREEISAVIBI . RALEFHR, SIERAVEER
SRR, NERBMBUERERR, MRERINE. NSBRTEMAN ZNATE
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REZREBNTESNBARE FREFNTENBARE
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The identification of genes with unique and essential functions in the
development of the zebrafish, Danio rerio

Pascal Haffter, Michael Granato®, Michael Brand®, Mary C. Mullins?, Matthias Hammerschmidts,

Donald A. Kane', Jérg Odenthal, Fredericus J. M. van Eeden, Yun-Jin Jiang, Carl-Philipp Helsenberg,

Robert N. KolshY, Makoto Furutani-Selki, Elisabeth Vogelsang**, Dirk Beuchle!, Ursula Schach,
Cosima Fablan and Christiane NUsslein-Volhard*
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Discovery of Use of engineered Zinc _

DNA double Homologous Finger Nuclease for gene- Fusing of TALE and . / .

Helix structure recombination specific transcriptional Fokl for sequence Use of CRISPR/Cas9 for

(1953) (1982) regulation specific double strand site specific DNA

(Beerli et al. 1998) ONA break Cieavage

(Christian et al. 2010) [linek etal. 2012)

- BERRBEANRRDE 2008 2011 2013
Timeline of genome ZFNs  TALENS  CRISPR-Cas9
engineering researCh First use for zebrafish

genome engineering
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3.1 ZFNsH: AR

(D ZFN=$EDNAG AL ZF +1ZERRIIES Fok I; b e zinc.A
Nuclease Combine zinc-finger modules
domain A

| |
$¥18#% B8 (Zinc-finger nuclease, ZFN) &— 2 - . \
R ALERNREIERNTIEE, HEFEDNASS ® or a) " }r>+ }r\>+}[:>+}[:\
i3 (zinc finger DNA-binding domain) 5%

ALIEERIDNALIEIE, (DNA cleavage domain)

REE A,
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3.1 ZFNsH: AR

o ey + .04 2 : Variant Fokl
'\-1—/' ZFN—%F;E\’DNAéD S ZF+ 12BN YR8 Fok I Nuclease Combine zinc-finger modules
@) ZF: DNAIR%A!, 341 Cys2-His2¥iEER & domain A

BREBRN, ST HREERIRA— T FRI=EXIK

bRl 2 & S B B 8
%, Q « ) "‘r} "‘@“@‘“"‘F}

GAC GTC AGT GCA
\_1_]
3 i
\_ —
e

A

NH'.

. (
=

.
3
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N e + A £ : Variant Fokl
QD ZFN_%F}EDNA%C‘ =13 ZF+HZER YIRS Fok |; Nuclease Combine zinc-finger modules
2 ZF: DNAR3lI, 3-41 Cys2-His2#¥i5E R & domain A

HRZBPY, "/\'{#} E 1IR3 — T FAV=BX(R

il & ; .
@ Fok I: FZE —RAA3IDNAE [ B3 1) &\) ["> [’ [’}
BIfEXspacer: A5~7bpHE GAC GTC AGT GCA

e

.
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.
0
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.
.
.
.
.
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.
.
.

Obligate | ™
heterodimer ZFN-R
interaction

R J{*{@
ZFN-L e W Ve We

L JL J\ e
Ll

9-18 bp 5-7 nt 9-18 bp
binding site spacer binding site
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f (1) HyRea R A ZFP \

W5 ZFPIEL iy
£ MR (04
(e W i —zia B
w!.v.'.v.nfn'.lu/.w wzFA RV
"W ~ ~ S
| e B | ZFNigitHE X ki
| RELLETURR el ) )
L R ZFP ‘f : (2) ATk 50 : . . .
\ O 1_} [ ;.'..m,.vm;-..m] ZifBase, http://web.iitd.ac.in/~sundar/zifbase
| ‘ ZiFiT, http://zifit.partners.org/ZiFiT
<€
e = http://mccb.umassmed.edu/ZFPsearch.html
) Y 1 I AiHEN AR HR .
(srRid) Ry http://www.addgene.org/zfc

[(m-;lm;m;yi::;mm. L ZiFDB, http://bindr.gdcb.iastate.edu:8080/ZiFDB
BBt |

(7) B2 M o i
IERIR. RR

)R

« ZFNsEIRVRNIE (HLEF, 517 2011)
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ZFNEAREHRS 8RR PN
e 2008 FEERRINM{ERZFNE R RIEFA, WHSBEERAA#H I THEENASISTSERIE.

Paa

Nat Biovechnol. 2008 June ; 26(6): 702-708. doi:10.1038/nbt 1409 l .

Heritable Targeted Gene Disruption in Zebrafish Using Designed - R
Zinc Finger Nucleases o

HO-R  Chr IV

Yannick Doyon?* Jasmine M McCammon'4, Jeffrey C Miller?, Farhoud Faraji?, Catherine
Ngo’, George E Katibah?, Rainier Amora“, Toby D Hocking?, Lei Zhang?, Edward J Rebar?, Prcns
Philip D Gregory”, Fyodor D Urnov'“, and Sharon L Amacher'?

l DSB processing

HO-L T iR g Chr IV
Nar Biotechnol. 2008 June ;: 26(6): 695-701 l .
Prcx
) ) ) ) ) ) ) . HO-L HO-R Chriv
Targeted gene inactivation in zebrafish using engineered zinc :
finger nucleases Owesee Wp—

X|angdong2Meng1 4 Marcus B. Noye&."l 2 Lihua (Julie) Zhu', Nathan D. Lawson '3, and Scot
A. Wolfe' « Yeast-based system of identification of maximally

active ZFNs
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ZFNFEARTEN DS B HRR PN A
e 2008FEBERAINM{ERZFINERREFA, MM IBEEAHTEBNLUSISTEERIE.

2195 inserten

IFN site site (1544 bop)
Nat Biovechnol. 2008 June ; 26(6): 702-708. doi:10.1038/nbt 1409 .
e . aw 151 bp *

OJ—— D _
Heritable Targeted Gene Disruption in Zebrafish Using Designed t" B
Zinc Finger Nucleases : e
Yannick Doyon“*, Jasmine M McCammon'#, Jeffrey C Miller?, Farhoud Faraji“, Catherine g 2PN ngacind |
Ngo“, George E Katibah’, Rainier Amora’, Toby D Hocking?, Lei Zhang’, Edward J Rebar?,
Philip D Gregory”, Fyodor D Urnov' <, and Sharon L Amacher'? "O -4

E

« Injection of no tail ZFN-encoding mRNA into zebrafish
embryos induces targeted lossof-function mutations in
somatic cells
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3.2 TALENs#EAR
@) TALEN=TALE+{ZE2ALIEEFOK |;
136aa 63aa
TALEN  NH ! === Fokl COOH
NLS TALFE 78 28 iR

TALEN (transcription activator-like effector
nuclease) B—XRALERRIRFIEATIEE, HA]
ISR EATALEE RIS % BN ) EBRIDNAL)E
15 (DNA cleavage domain) BEE AL,
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3.2 TALENsH: AR
(1) TALEN=TALE+#%E AtIEEFok |;

@) TALE: DNA1R%I, —&TALEE B4R,
TALEERIR 34T FIERT ; 13628 B 63

TALEN NH ! p—— | [ —— Fok! COOH
NLS TALF 7 iR B HR1R

TALE (transcription activator-like effector) \‘\‘ RERIEESHERNNNKA:
AvrBs3EH (Xanthomonas, BEEWRE) , & <\ NG->T
HD -
17 5N 34T R ER AR E S EIR Q@ A AL
) € -==> A
129 Ll3'; > G (>(NK->G))
TALSE

=
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3.2 TALENsHEAR
(1) TALEN=TALE+i%E& R t]EEFok |;
@) TALE: DNA1R3l, —&TALEERAHER, Nucleolytic target site

. TALEEMIRGMS SR ; Fo'lmm
@ Fok I FR-RANONAZ DY), 3 mﬂmmim

Left TALEN Right TALEN
Generate double-strand break

1 58

je——14 10 20 bp ——>

BN R HONA S
TALENYI I, A2
—-

DNAM U Y NHES

[ — \»-—

A rINML) (Non-homologous End Joining) 8 HNENANEEENE, MRUTTAIN AT -
NONA, B2V ENRE. TV EE S (Homologous Recombination) N M R DONA, X
RNERERA T-YRENWSE. Am RHEMEPH \MEARIAREAR, W)
B, NEENE MR R TS EHNBONANEN, NART. WENR. uN

_w oy mAN
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3.2 TALENS:’QK 't gtt x"L'ernwrwm-:t ||q2;\"l‘?|( 11 CGGGC ATTTTTGAGCTH G A3

aalLaaaagagggga ttcCTAG CCCC TAAAAAC l"N‘N‘ T

1) TALEN=TALE+i%& R E)EEFok |; . " Righ

@ TALE:DNAIRS), —BTALEZAEA, Sl ol
TALEERIRF4SFEERT —— e |

@ Fok I: BB —RAE3IDNAE [BEI ). - NoIo ndualvc N

Y \ Y
L —

e e
r

"~ NG NG/NI NG NG NG NG HD.NGHD HD HD HD

5-¢ T T A T T 7T T C TC C CC ¥

RERAESHENNNKA - O O O

%—’%—"—v—’\ﬁ—’

NG->T nG vo NN R NN N
HD -> C — ' | '

T Y
SA oo N N
T
NN (>NK) - G HD HD 'l‘ HD HD H:

5-C € A C C AGC TCAAAAAJZ

2023-5-29 « Construction of TALE repeats (Huang P et al, Nat Biotechnol. 2011) 30
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N 1 [I[[[EEEEEE[[U ‘LIIEEDC

‘I_ o DNA Bindng Domain
B - o

H"J‘- NG HD NN HD HD NI HD NG NIHUHUNNNC T LEN
RN BN o XX A S =

|
TCGCCACTACCGT

NI A'Tzrgefwf;NA. T NN-G A I"JﬁB?DD ?ﬂi_lllb*i

. TALENsEE 1R 54 R )52

!

NLS NLS
N HEEEEEENEREREESR C
d \l DNA Binding Doman > i I

-1GT0C ACCATA
0 TOAOCAT

X
-
O

-  TALENsZFRABHIAFD 2

!

A TALEN mRNA, F513B1 3 RLTETmIE: HE1R, BB
BARRER, FRENPATEFO{E = t}Jh,mlJ,i.P( R 7
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TALENsFR7EHT & & PRIN A
e 20117F, BRAINM{ERTALENERERIEFIN, WHS8EXAHITHERNERERIE.

a 4 N
. . . . . .'mm[i 3 | ey
Heritable gene targeting in zebrafish using customized i 4
e
TALENs 'on —
5t - “taagGATCCT TTTTTGAGCTGGTGGA
............. : ERE
= b . c
- - - bp WT Fokl NN NK
Nat Biotechnol. ; 298): 697-698. doi:10.1038/nbt. 1934, 0 N0 -
\.,i. A K Uncleaved 4 4
Targeted gene disruption in somatic zebrafish cells using g & &
engineered TALENs d a1 tta N o AT TTTTCAGCTCCTORA (-6
NK tep37 : ' l.""f AG T -4, +8)
Jeffry D. Sander' 2", Lindsay Cade®’, Cyd Khayter' 2, Deepak Reyon*, Randall T. ::7 . . R B T gl s = R R T e hy
Pot@non3 5. J. Keith JOUﬂg1'? a. and Jlng-Ruoy J. Yoh3'” NN | ?oc:-:o—. ttattrret raa i:‘% . "j .’, - “_ e ‘FTT%TT .;‘_“ (o7
tepS4: ttatttteteCeCtaagGAT C~~—mmmmu ATTTTTGAGCTGGTGGA (-8

D2 E D¢ Targeted and heritable disruption of the tnikb gene in
AT zebrafish using TALENs. (Huang P et al, Nat Biotechnol. 2011) =
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NOBELPRISET | KEMI 2020
THE NOBEL PRIZE IN CHEMISTRY 2020

#nobelprize

CRISPR/Cas R

20208 M/RLER
1987, E— 2005-20064F, FSE 2008-20104, iFAE—H! 20125, CRISPR/Cas9
R CRISPRFEZHMEB /¥ CRISPR-Cast]FIDNA WIBREAREE
CRISPR ——

20025, 4i—dp 20075, EBRCRISPR- 20115, Rifltracr RNA, cas9E
% ACRISPR- CasHHEERNERE R “RICRISPR-CasFillg—E A

L=

Cas ot
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MEIKREMRE: CRISPR-Cas system

—ID DD ID SRHHIEE-3-

l ] | J

cas XA i 31y 51) f Y5 ] f )y 5|
CasEFE =% CRISPRIFFTi4
(CRISPRIEXER) (RFERY. MEEIRBRIERIXEEFS)

CRISPR (clustered, regularly interspaced, short palindromic repeats, FLF&RIFIE(E]fREARYE
BIXEEFF):

CasE[# (CRISPR-associated protein): fiFCRISPRALS:MIL, B—TERANZSMESRIE,
HISE B BB &R EBHEXAIINEERL.
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MEIRSERIE: CRISPR-Cas system

Expression Interference Adaptation Ancillary
Pre-crRNA Effector module (crRNA and target binding) Target cleavage Spacer insertion Regulation, Helper, role
processing dormancy unknown
L 1 J L 1k i |
) = = (
. Type | [ cass | ({{[{ Cas7 | ((Cass | [ S5%) (CasBS|  HDCas3™ | casy | [Cast| (Cas2) Cas4)
0 S ) <IN\
c| Type lll { cass Cas7 | Cass [[ss || Cas101LS | {Gast (s  eARE)
U -----------
TypelV » [easz) [cass)fss)fis ? ? ' DinG |
- Type Il i Cas9 Cast| Cas2| Cass’ Csn2
N o B COIC I
R = 2 . DI AEEEER g e—
g Type v [ Cpft Cas1 Cas2, Cas4)
&) R —
Type VI : | C2c2 . Cast Cas2|

............

2023-5-2 (Prarthana M. science. 2016)



3 N E % 5§;§* : cas genes ] CRISPR locus

|
_4_'5‘_>(_>, :\ Leader . l . . . -

Repeat Spacer

/Tha 1\

=~ | |
./k Repair and/or recombination enzymes

CRISPR-Cas system{ER !

1. SpacerfV3%X{8
2. BRCrRNA

Acquisition Spacer acquisition ]

—apees) ) — R R

Transcription

.  J Pre-crRNA
3. DNA interference Expression PP
: -
O o1 &_/’

Cash RNase |l

ﬁ crRNA processing
r Nd\‘

)\ ‘ crRNP assemb
nterference and suuwnllance
/o~ - ey \ >

- o™

/\\

' £ _9C ( John O.. Curr Opin Struct Biol. 2014)
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A Genomic CRISPR locus

1}

CRISPR-Cas9 system L{E/RIE

TH T L ) —aonenomencnon
CRISPR/Cas9fi R : ¢ | | T CRISPRrepeatspaceramay
IRBEERGHERRE B tracrRNACrRNA co-maturation and Cas co-complex formation
CRISPR-cas AT {TEH Cas9 programmed by Cas9 programmed by
AF51217E, gRNAS cas9 crRNA:tracrRNA duplex single guide RNA
EA (BHHNHARwCHEDA -
BEREELRE) FRE o v Y
BG5S Scas9EBXN S Target ::}::::{,\':& - :::::N:f mw]
gRNAB I —EREREHEF  DNA A T/’ \ N T'/:I L111] :

SI1TBIY), GENITEE
AGERBHITHRIE.

\
m3' CrRNA

w 5 tracrRNA

: (Jennifer A. D. science. 2016) 37
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SpCas9&EH %M
(Streptococcus pyogenes, BREREEIKE)
1) RNA &%

@2 a PAM-interacting site. 2 2

2 S
(3 an a-helical recognition lobe; é E
@) anuclease lobe:

NHN: faZEt)EI5 crRNAG MY RS
RuvC: fZE3EE + AT E|

Y .
- { =
Hel-lll - !

Type lI-A Streptococcus pyogenes Cas9 (SpyCas9, or SpCas9)

}D‘.O 56 93 718 765 780 HS;jO 906 918 1099 1368
Rvcl  Arg Helical domain (11If) RuvC-I X “ LI m al
NUC lobe REC lobe . NUC lobe

2023-5-2 (Fuguo Jiang, et al., Annu. Rev. Biophys. 2017)



3. BRGERA = czfRe”

PAM ;mgjﬁﬁiﬁq"ﬁ‘

recognition CHINA ZEBRAFISH RESOURCE CENTER

l

R-loop

Recognition (REC) lobe formation

1

. REC32§$’@ i§£ Inactive state

(conformational checkpoint)

. REC2&H31;

On-target

Active state

2023-5-2¢ (Janice S. Chen., et al., Nature. 2017)
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. Seed region: gRNA 3'Im10-12"1 nt, /RE ¥ EREREEAIIEHHE

_ , crRNA repeat ‘¥
Seed region (~10-12nt) % e © A/ i '
, , 20-nt guide
5'- o ‘ {Spacer)

Belllll]le EERERERRER N

20-nt guide (spacer)

.n 65 6
tracrRNA antirepeat

Seed region

(10nt)
Stem loop 1

linker
e| 1| |e. Stemloop2 ]
Stemloop3 Gl ILLI | Repeat-
-3' antirepeat
duplex
. sgRNAFFIE5H — = *

(Fuguo Jiang, et al., Annu. Rev. Biophys. 2017)
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« PAM[X (proto-spacer adjacent motif) & Seed region JRTE T sgRNA/Cas98 437 &L
(R EVAEIRIRAIF T E]

Cc Increasing lifetimes

3D target search —

y & / / /
: l ) l 11 11 Fastest k., ﬂ

) §

Complete target PAMs plus partial complementarity PAM only No PAM

PAM recognition and

local unwinding ,
Sequential R-loop PAM-dependent DNA cleavage and stable

expansion nuclease activation product binding

X
G\ . JOGEy W -
-\ [ AW S— B

- — = -
) s —- —

2023-5-2¢ (Samuel H. S., et al., Nature. 2014)
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gRNARIRIT, SAgRNAFICas9

mRNA

SRS RIS B8RP, FKEUHM
FOIt

FOSMMRTRIE, BESEER MM
HIViHTT, RBEEMERERREFF AR

|

FISMARTHIE, @i B EEENFa075
V1T, SRERAJREEEZAIF 1A

Intron Exon

*/ hitp//zfish.cn
o cz(Rc
- - .A..- o Z-- ‘e 1 ' ) k“\.;}

EREERATD

=T CRISPR/Cas9
FEARNEERFRm
AMERIE

(8)

Cas9 mRNA/Protein

'R
or + ssODN
(a} \/

or + dsDNA
X ot I TV >

e = . /

[ — Screen for

FO founder D -
% £O ﬁ% » phenotype
x P —— 7----’ x EEEES - ‘

VW.ZTjst

(F) F1 %’\ Fin clip and genotype

l F2 screen for phenotype
s F1 %\ .
Ly .
X T - P
F1 % > . (Mingyu Li., et al., Trends in Genetics . 2016)
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CRISPR/Cas9FRTEH S &R R A9 A
20134, ZERLIERINEMACRISPR/CasoiE AR D & BEE A H#HTHERNERRLIE,

biotechnology

c d

¢ tal)

cihicient genome editing In MUtasons In 17 cut of 44 sequenced aloles
zebralish using a CRISPR-Cas

system

Woong ¥ Hwang'', Yantang Fu Deepak Reyonm

LA AL AR AL ARS L L)
Morgan L Maeder™*, Shengdar Q Taai

Mttt
LA
fefley D Sander®, Randall T Peterson' 4
IR Josnsa Yeh' " & | Keith poung” *

Efficient multiplex biallelic zebrafish genome editing L aad ' Cesssecesost .
using a CRISPR nuclease system

gsklb
LB Mao”, Susan B Weete™ ', and Werbiso Chen™'

Mulatons in B out of 16 Seenced &

ODNAS |

CLPActOCt PJacagigecctgacc
tacact
v W reme Mot sl bt 4 ohe of I rwart el 1o (wewngerast Metcra Vel b omy o et Betbanda W
e My [

cte
tectitgte

Open e ey IR -
ORIGINAL ARTICLE o raLre

Genome editing with RNA-guided Cas9 nuclease in . Tal;?ete: mcli(glbmutatlons induced by engineered sgRNA:Cas9 at the
Zebrafish embryos tia1l and gsk3b genes.

Lanshons JefY X
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CRISPR/Cas¥% /R FB
NAFEEERR. SIAUKRERERZR. BiE. REEFE. EEEHRGSE...

Transcription Epigenetic
repression/activation modifications

D~ o |
'@ @r ﬂ Cas9 HNM

Gene editing/knockout

\\‘ / \ g \ < w /

T~ CRISPR/Cas9 __—

— —— — e— PR—

Generation of i in Lineage tracin
Large-scale genetic screen Genomic imaging & &

imal model
SERNA library Screening S j“;(:‘o:::m
s _ @@ ) :
S-%-% | || || & e
8efore After \_ @ @@ @

~ _,f




ERBED B

(CASY: BREBETAME, HSMEAEE \. ooef—" 1"
I BFEZHE. DNAYZ|, BiEERLE

Fecogrition of PAM
odCash E. col RNAP v and Liwgel ste by

- SP-encoded Cash varian
. gene i sgRNA tnggers gene |Il expression
S N phage propagation

Evolved Cas9 vanants with broad PAM

compatibility and high DNA specificity

spCAS9 xCAS9

RSB %5 116 (NGG) | 1/4(NGN),
GAA,GAT

RO MERE . ;
DNAt]ngj ﬁﬁﬁ%’;&iﬁ a v o 22 S pyogenas Cas9 amino acid

262 324 409 480 543 694 1219
BRRTLHER | EMEE6% | EREET3% s € £ w e
%8 (C.G-TA)

BR BRI A H AIEEY~1/100

S

s

M
M

2023-5-29 + PACE of Cas9 variants with broadened 15
PAM compatibility.



3. BREIRBERAN

W hitp//zfish.cn
CZRC

B RBL S & 23R P

CHINA ZEBRAFISH RESOURCE CENTER

Cas9 Nickase (with paired gRNAs)
H840A in HNH or D10A in RuvC
Hr IR TH50-15001%

b*"\”

N /
dcas9 mutations
(catalytically inactive)

)

Double Nicking by RNA-Guided
CRISPR Cas9 for Enhanced
Genome Editing Specificity

F. Ao Ran, " 348 Patrick D, M, ' #3485 Chie-Yu Lin,' 23458 Jonathan §. Gootenteeg, ' #34
Sivana Konermann, ' #4 Alexandro E. Trevino,' Dawvid A. Scoott," 4 Azusa Inoue, " ** ™% Shogo Matoba, " **

Yi Zrang, 7 A0 and Feng Zhang' #34

A v
3
fy——
)
FNA T
EMX1 DYRKTA GRINZB
>
>
® E
" - e €
40

« Double Nicking Facilitates Efficient Genome
Editing in Human Cells  Rqp FA, er al. Cell. 2013. )
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Base Editing

20164, David Liu[FPAIEdCas95 R E AR
R[MHEE, SNC>TRIFERLE

BE1: rat APOBEC1-XTEN—-dCas9, 0.8%-7.7% in
cells

LETTER

Programmable editing of a target base in genomic
DNA without double-stranded DNA cleavage

iR
El RS &6 iR P
CHINA ZEBRAFISH RESOURCE CENTER
a
3 jg ;)
. GONomu
DINA |
DINGNg J 8
and opening 5 —“\‘ r‘— !
—_— Wy {
M D
: A Deamina
1.4 Ar
Genomic DNA
DNA
réepacabon
< ‘ y Or repar P
5 I1i; < .
Base-edted DNA
b c
- =
2 3 € 8 9 10111213141518 R 3
' C *E < 3
s 1 | G 3sE ¢
§3%s 3
- - ing © =82 d
::H"- .
slostrate

- uﬁg,f’j‘;‘; 2

First-generation base editor (BE1) mediates specific,
guide RNA-programmed C—U conversion in vitro



3. BEEGERA czlRe”

RS & &R P
CHINA ZEBRAFISH RESOURCE CENTER

a Cellular

Ba se Editing Cytosine thi.; &}:{j ‘{ Celiular base-

|| deamination || ] SXCISION repasr
—_—

BE3 APOBEC-XTEN-dCas9(A840H)-UGI Il Gess I

e

Nicking BEZ and BES | | DNA replication | |
by BE3 Of repair r 2
——

Cellular
| | mismatch repair

BE1: rat APOBEC1-XTEN-dCas9, 0.8%-7.7% in K e T
cells |
BE2: APOBEC-XTEN-dCas9-UGI, JFRE 7 3ME L 2
f b
BE3: APOBEC-XTEN-dCas9(A840H)-UGI, ZEX  § “*
RE 72615, 37% fizeAdlickase D1OA

REM § M . -

2023-5-29 (Komor et. al., Nature, 2016)
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Adenine Base Editors
H.N OH NH, 0

20174, SCIN AT->G+C HERIE ‘ L
<’f) = <’J\/\ oy

(A
a . Adenosme Inosine (I
Pamo?;;gdzutrggl‘) S (A) rl?eaminatio gsz';;:n Zsr Eé et))sy)f
m Corrected by A*T — G+C
m Comected by GG —» G- APOBEC-XTEN-dCas9(A840H)-UGI BE3
mm Corrected by A*T — T*A
e b AT 2 0G ecTadA |[-XTEN-dCas9(A840H) ABEO.1

Deaminate

""‘/\ ,E\ Bind and open target A in
> C G'>T A /N \jt genomic DNA ssDNA bubble
- . ——— —

Nick non-edited
strand

ARTICLE

Programmable base editing of A*T to G-C
in genomic DNA without DNA cleavage

dot 10 1038 satare 24644

DNA repair or
replication

OO 11115500000 00000000

Base-edited DNA

2023-5-29 « ABE-mediated A-T to G+C base editing

—y SN g
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fused Transplant TadA®  TadA Cas9 nickase
/ o - in E. colf into mammalian fusion (ABE candidate)
“\dcnlnc Basc Edltors AT 1o GoC coll base oditor In mammalian cells

wtTadA-linkerl-TadA*-linker2-nCas9-NLS ABE7.10 m :""""""""‘:' m | SOy O

antibiotic

IIIIIIIIIEIIIIIIIIIIII]]IIIIHI]I'.'. 1111111111 O

Mutant antibiotic resistance Edned antiblotic resistance
ABE1.2: TadA*~XTEN-nCas9-NLS, 3.2 + 0.88% in gene (non-functonal) gene (functiona)
Ce"S b E. coli TadA amino acid Ukar { Linkar

23 36 48 57 84 100 108 123 142 146 147 152 155 156 157 TadAstate "
length ength

ABE7.10: wtTadA-linker1-

ABEO.1 W H P R I H A S D R ¢ I K Monomer 16
* I: .
TadA*-linker2-nCas9-NLS, 53 + 3.7% in cells wes IR EER HASDGRE | K Monome 16
ABE12 W H P R LB H A S D R E | K Momomer 16
@ ABES B ABE6.3 (ABES.3 + P48S) W H P R I v H A S H | K Monomer 16
% 80 IL-'-‘_:‘-”-,Fta-A:‘i
e ABE7.4 (ABE6.3 + W23R + S48A : W H PR LN H A S R I K Homodimer 32 16
s = — - )
& O [¥] L—.— 0 (ABES.3 + W23R + S48A + m' W H PR LK H A S A | K Heterodimer 32 16
2d
.5 o 604 W H P R FNHBI Y A S H F K Homodimer 32 32
£¥ | 3 v Y 3] F K Homodimer 32 32
23 |
[ L LR Vv Y i 3 Homodimer 32 32
§ S 404
§ 2 | L S F Y Y 3 F Heterodimer 32 a2
eE |
B S | L . F B Y R F Heterodimer 32 32
E E 204
B L L B Vv Y R F Heterodimer 32 32
-
£ ! L LEA Vv Y R F Heterodimer 32 32
é L = F B Y H F Heterodimer 32 32
Sam Site 4 te 5 '
;;;L; ! ;f A.AL,B L‘:A b(‘:AG G:(“h L = F B Y b Heterodimer 32 32
Genomc target L N F B Y 3 Heterodimer 32 32

. Protein evolution and engineering of ABE&audelli NM, et al. Nature. 2017)
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Minimization of spCas9 A a

CasOMISER varant SQRNA EACS

1368aa -> 874aa L

MISER ltrary

ARTICLE 8 U
Comprehensive deletion landscape of CRISPR-Cas9 . ’;\\\\
identifies minimal RNA-guided DNA-binding N N
modules Cra—
Ari ¥ n A H n
enniter A. Doudna® 4749295 & David F. Savage - | | « Minimization by iterative size exclusion and

recombination (MISER)



ﬁ/ hitp//zfish.cn
cz(Rc

3, BEEMERA g
B RBED @ AR

CHINA ZEBRAFISH RESOURCE CENTER

Minimization of spCas9

$ pyogeres Canh
cdguduc] me | moa | 0 O me  (wcd] we | Aca |

axct  [Ne]wed] mecz | mecia IW:[ Il oo |

- - - -
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< SONA et SONA trpet et 300 PAM-atacert Dtttk
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- Density map of A4CE compared to WT

3.5.2¢ - Stacking multiple domain deletions on Cas9 SpCas? (Shams A, et al. Nat Commun Z
results in defective DNA-binding activity 2021) ' . .
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. BEARBEFRANZHTHUNTERME: FHE)REL . ZFNs, TALENsHICRISPR/Cas9fi R,

. RERRBERAERERAHITIEHRIE, ZFNsHITALENsH A 2@ T S EBEE RIS HIR3IDNA
IE, CRISPR/Cas9FiREiBIT—/NERRNAD FUAIRE T *MCIT A KIS F I IRBIDNAME, ST E
HANSSFIERIE,

. =RRERAREFARENIEEQFFIDNANBENZ, BIRIREEALEE (HR) . FEERERIHEE (NHEJ) A
FHELIRT SRImER/ BIHRXEE (MMEJ/SSA) HHHAITDNANRBIEE.

« JBIINHEJ. MMEJ/SSAIRIZHITIEE, KFEMKERFIILEEEB/ASNIREK, SEERNGFF; BIZHR
B ERTERMEINEDNARRNFMET, $EaEFMEFERBHAE S /NEERERIGIA.

+ FRCRISPR/Casof AR A AT MEMZHFNERBIZHIN, REFANMESERABIFNREAN, HXZERA
PR E1ERIEMdCas O3S B F A Y5 BN R AT EREBEN IS X S MHINEER F .
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