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3

2023/5/26 MorpholinoL{E[RIE (Eisen JS, et al. Development. 2008.)
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Morpholinof REHS & RN A
ztfpi-2 (Tissue factor pathway inhibitor-2) gene
CNS development A s &

O R R R R T T A R R O R L T TR
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Scon-MO

SP-MO

Tubulin ——— — ——
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4_0 -
30 -

SP-MO+ztfpi-2
© 2001 Wiley-Liss, Inc genesis 30:129-133 (200
=3 Normal
Mild

El Severe

0.84
Morpholino-Induced Knockdown of Zebrafish Engrailed
Genes eng2 and eng3 Reveals Redundant and Unique 201
Functions in Midbrain-Hindbrain Boundary Development 021 104

Steffen Scholpp and Michael Brand* . + o 0.0 ¥ .
Steft PP an | Bre ] ] ] ATG-MO Wt SPMO  ATGMO 9

0.6

Embryos %

0.44

Relative Protein level

Tissue factor pathway inhibitor-2: A novel gene involved in zebrafish
central nervous system development . ztﬂoi— 2 knockdown by MOs

Yanli Zhang?, Lina Wang?, Wenhao ZhouP, Huijun Wang?®, Jin Zhang?, Shanshan Deng?,
Weihua Li€, Huawei Li? Zuohua Mao?, Duan Ma *>*

2023/5/26 <



L

BEIRPERA

1.2 RNAIfZAR :

@

CNCKS,

2023/5/26

AT ERAINGERNARS (dsRNA) asiRNA
FEFRIFIMNSRE;

dsRNAZDicerfJl L%21-25ntAIsiRNA;
SiRNAFRI M sEIES E T EAE &1KRISC;
RISCHIZEISsiRNAR X sEE#MIMRNASF,
5| xEASS R, MNMmEREEERTRIX.
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Long dsRNA

Plasmid-based shANA

ATP
Endogenous
miRNA

siRNA function

5 "C'-‘ 3
’ 3'-HOLLLLE Ll

JUTR Hl&.u v'.x alos RISC incorporates RISC incorperates
RISC incorporates antisense stran d sense strand sensa and antisense strand
partally complementary mRNA 1 l l
mRNA targating [
Transiatons reprossion | . Speofi o nonspocifc gono siencig doperving on e dogren of homoiogy |
Nature Reviews | Genetics

(Mittal V. Nat Rev Genet. 2004)
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>

RNAEﬁ*T M%ﬁﬁﬂ’ﬁﬂlﬂﬂgﬁh FH control firefly

siRNAs work well in zebrafish cell ~ ueiesse sRNA
lines (ZFL, SJD, ZF4)

» siRNAinjected zebrafish embryos ZFL cells
showed severe unspecific defects.

siGL2

siLaminA

(==

lamin A siRNA eGFP siRNA

siLaminA untreated

e

=

O

RNA Biology

44 hours 24 hours

siGL2 =

ISSN: 1547-6286 (Print) 1555-8584 (Online) Journal homepage: https://www.tandfonline.com/loi/krnb20

Specific RNAi Mediated Gene Knockdown in
Zebrafish Cell Lines

siLaminA

+ siRNAinjected embryos at 48 hpf
Jens Gruber, Heiko Manninga, Thomas Tuschl, Mary Osborn & Klaus Weber showed severe unspecific defects.
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RNAiBARER D &R
esi-ntl: dsRNA of nt/ digested by RNaselll, purified

si-ntl: produced by SP6 RNA polymerase
esi-ntf, 50ng/ul

si-ntl, 4 ng/uL

Develop. Growth Differ. (2005) 47, 323-331

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

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

2023/5/26 typical ntl mutant 7
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CRISPRi: a modular RNA-guided genome regulation platform

1.3 CRISPRIEEHPHIEZA = .
@ EVIZEIDNARIIHEERYdCas9 (RuvC-D10A/HNH-H840A) sit specifc £/ Jo ‘ aiﬁs?§§°‘°‘
SEEFEIEF (WEve, KRAB) F/HEIAEN; I

IRIEEREEAE R AAFIE, 1T sgRNA IR N\ | ¥ ranstecion orvratinfection
AR B Human cells

CRISPRIZ S aiF I HFE B RS FAVER;
CRISPRI s BRUNERTLUBEITRT-PCR A,

® @ ©

Effector

dCas9 p
rnal
sg 5 _\1

R /\
¢l

{ ) Transcription repressor

@ Transcription activator

| Target genes ' Human genome

1 ] 1 |
RNA-guided Effector-mediated
DNA targeting transcription regulation

dCas9: dead Cas9

(Gilbert LA, et al. Cell. 2013.)
2023/5/26 8
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m RM¥Morpholino CRISPRi

$PHRAYIRBIX 21-23ntfIsiRNA 25t EZEER R b sgRNAs/dCas9EH

R {EM mRNA, " SEFEE mRNA, [BRTEEhEaEE DNAZERFCIRNI, HDFIEESR
ERTZMERA, 8EmMRNA, JE
YEBYISR mRNAKFE mRNA fHEBRNA. microRNA., & NEEZRA
&=
RT-PCR EiGNBirEREZFRAK
RT-PCR ;&N BinEREF X
BT - Gt SRS FaWestern Bloti&UBHFER RT-PCR &N BFERZRIAKFE
FIELIKF
ST, BESE . B il

thB&rfE

BBEE. RAEMME. B T—EWBEE, FEALAR
ZIRTFPAMERS!
ﬁéﬁﬂ@%‘ﬂt ;Etmﬁﬁ\ ‘HT*%E% «E% BE J_%r'_ﬂ
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HERTHARADMEEEEERFES L EREITRIEM, RENER, SHRAEEE
S19r0e3E, iRRERESImNSITE2ENEM. ESaRTmFRI ZNBATFI=ES.

KEEYZE. HEEYZ.

IE [ 3% 7 F RN
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EAS = SN 3
EMEEREA: w2~ [P AT
m—— ——-._l " transposase MRNA  + (")

\ ‘. N =z N ENU Mutagenesis of WT Males ' — il A
[ERIBMEFAZEBEIEY MARIEEHAY “i?@” w2 s )
SEEEMATAS, SwmenEnmeg W ok Ll ==

S s R VTRV IS . . : -
TS, AR NEAS RS | ™ g | & =
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F7RECT
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A
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HR: #{ETRiFEREEREAR, ERIZEDSB.

®E

SIN NIRRT ;

®

NHEJ: {KifiFKu70-Ku80F]DNA iEIERS IV-XRCC4E

FroiRE, TEIERAES IR, BRI RIENREIRSZNL

®

SSA: 7FE30bpaklA ERIEIFR, EEZALSIAGRK;

Ku binding /

|
0-5 bp

4

End-processing
and/or synthesis
Ligation

NHEJ
1—4 nt deletions and insertions

DNA double-strand break

l Resection

— =

-

Annealing at
microhomologies

\i!esection

— . -
p— —

Annealing at
long homologies

-
5-25 bp o >30 by
Flap trimming, synthesis Flap trimming, synthesis
Ligation Ligation
1 — EEEs———
i — .
MMEJ SSA

Variable-size deletions
Inserted nucleotides common

Large deletions

No inserted nucleotides
TRENDS in Genetics

2023/5/26

DNAESEHEI (Mitch McVey and Sang Eun Lee et al., 2008)

—RIRKIZEDSB, EIERREL
MMEJ: ~MKTKUER, FENIRNEIFERR, 5-25bp, EIRIERM—EIFERimAIEFERY

13
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ZFNsEAR

L Variant Fokl
© ZFN= FRIEDNAZS S ZF%ZE&WJED@E Fok I; Nuclease Combine zinc- flnger modules
@ ZF: DNARBI, 3-44 Cys2-His28gEHE domain

BRHRL, BN THEERRR—MFRAI=EXK

ﬁﬁtg, \
® Fok I: FZp —BR{AXIDNATERFE], @ r} r

[BlfEXspacer: LA5~7bp AE GAC GTC AGT GCA

$EEZBAES (Zinc-finger nuclease, ZFN) 2 Obligate |
heterodimer ZFN-R

—R AL ERBIRHIEARTIEE, BEHSDNAL interaction \\ /} }[’ }f' }? >
A (i e e e
&18 (zinc finger DNA-binding domain) 5 p— &{J{J{J\)
ZEEMTIEEAIDNALIZNE, (DNA cleavage
domain) BEETIAL 9-18 bp 57nt  9-18 bp

binding site spacer binding site
2023/5/26 14
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ZFNEARENS & HRHRINE
« 2008FERB N FERZFNERRIER A, WHSGERBTHEENSSRIERIE.

Pear1 Pearr

Tevar Tever
Nat Biotechnol. 2008 June ; 26(6): 702-708. doi:10.1038/nbt1409.

Heritable Targeted Gene Disruption in Zebrafish Using Designed Prok1
Zinc Finger Nucleases

HO-R  ChrIv

) J".J“.,;ﬁ)
Yannick Doyon?#, Jasmine M McCammon'4, Jeffrey C MillerZ, Farhoud Faraji2, Catherine S _
Ngo?, George E Katibah?, Rainier Amora?, Toby D Hocking?, Lei Zhang?, Edward J Rebar?, _— l DSB processing
Philip D Gregory?, Fyodor D Urnov'2, and Sharon L Amacher'3
HO-L :| HO-R  ChrIv
. SSA
Nat Biotechnol. 2008 June ; 26(6): 695-701. l
Pracki
HO-L HO-R ChrIv

Targeted gene inactivation in zebrafish using engineered zinc
finger nUC|easeS Yeast Transform Derepress Induce ZFNs Stop expression, Assay

reporter s With ZFNs ssp GALT promoter s Expression === allow recovery ===p Mell

strain (Glucose 3 Days) (Raffinose O/N) (Galactose 2-6 hrs) (Glucose Q/N) Activity
)(langdong2Meng1 4 Marcus B. Noyes1 2 Lihua (Julie) Zhu'!, Nathan D. Lawson .3, and Scot
A. Wolfe' «  Yeast-based system of identification of maximally

active ZFNs

2023/5/26
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- 2008FEERAINMFRZFNERmRER A, WHSaERBF TR ESFERE.

Nat Biotechnol. 2008 June ; 26(6): 702-708. doi:10.1038/nbt1409.

Heritable Targeted Gene Disruption in Zebrafish Using Designed
Zinc Finger Nucleases
Yannick Doyon?#, Jasmine M McCammon'4, Jeffrey C MillerZ, Farhoud Faraji2, Catherine

Ngo?, George E Katibah?, Rainier Amora?, Toby D Hocking?, Lei Zhang?, Edward J Rebar?,
Philip D Gregory?, Fyodor D Urnov'2, and Sharon L Amacher'3
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b195 insertion
ZFN site site (1544 bp)
+ 4
ntl Exon 2
52 bp 62 bp 151 bp
80
C uninjected D e

l

@wildtype
OntHike

DOunscored

@
=]

-]

o

ntl ZFN-injected

"Of’“ —|7
\ “

2 3
ntl ZFN Pair

o
-1

% embryos displaying phenotype
Y s ¢
o o

S

E ZFN-L ZFN-R
Leu Asp Pro Asn Ala Met Tyr Ser Val Leu

CTCGACCCTAATGCAATGTACTCGGTCCTG

TGTCACCGGTCTCGACCCTAATGC : gaGTACTCGGTCCTGCTGGATTTTG( 1)
TGTCACCGGTCTCGACCCTAATa : : : : GTACTCGGTCCTGCTGGATTTTG( 4)
TGTCACCGGTCTCGACCCTAAT: : : : : GTACTCGGTCCTGCTGGATTTTG( 5)
TGTCACCGGTCTCGACCCTAATG: : : : : :gCTCGGTCCTGCTGGATTTTG( 6)
TGTCACCGGTCTCGACCCTAAT: : : : : : : ACTCGGTCCTGCTGGATTTTG( 7)
TGTCACCGGTCTCGACCCTAAT: : : :: : : : : : CGGTCCTGCTGGATTTTG( 10)

* Injection of no tail ZFN-encoding mRNA into zebrafish
embryos induces targeted loss of-function mutations in
somatic cells
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TALENsEA
@ TALEN=TALE+ZESIEIEEFOkK I ;

@ TALE: DNA1R3, —8TALEERHA,
TALEERIRBIFF R RERT;

TALEN (transcription activator-like
effector nucleases) H—MEEBZERI(E
S (NLS) INm&Etats., — M aenR5!
15E DNAFFIRYERERTALEES FF5IRY+
REEHEL, LAIKR—1BEAFokiZERATIEs
ThEeRY ClmZEHa1sk 48 k.

()
-]
N
.:::,J
(]
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=== =y == Fok! COOH

NLS TALFE 3R 58k

RNERFEE SHERNINKEK
NG->T
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-> G
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TALENsHEAR
@ TALEN=TALE+iZ@&PIESFok I;

@ TALE: DNARZI,
TALEZEEREI SR ; al

® Fok I: FZp —BR{AXIDNATERFL], 3

Left TALEN

_$TALE§EZEEE, Nucleolytic target site }(—14t—o 20_bp—>1
’/ﬁ—. Fokl

e

-~

U‘| |‘-2

Right TALEN

Generate double-strand break

¢DSB

‘RAEE LA ZHDNA
TALENHI 1 fE, 8%
DNAIRRIEE WS NHEJ

P S—

ifiTNHEJ (Non-homologous End Joining) {&
EONA, RZEEHR, ElieEEPRS
HOhHESREA T —EREREE, EmM
B, EmBRLEERFRREE

2023/5/26

~

.

MFEFERFEEEHR, M iETEEEHHR

(Homologous Recombination) 3 {2 EDNA, 1

BEMEEPEANRREZFEEHR, SO

T EFFDNAIEN, MNERE. miHE. g
k. mAFFE

18
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TALENsEAEHS &AM
2011, ERAIERATALENERGRER A, WHEaERBTERINERERSRE,

a P1 P2
— .-
tnfkb[i ) | -
Heritable gene targeting in zebrafish using customized ¥
TALENS Left BamHlI
- - 5 tgttattttctccecctaagGATCCTGCGGGCATTTTTGAGCTGGTGGA 3
Peng Huang, An Xiao, Mingguo Zhou, Zuoyan Zhu, Shuo Lin ™ & Bo Zhang ™ acaataaaagaggggattcCTAGGACGCCCCTAAAAACTCGACCACCT
Right
Nature Biotechnology 29, 699-700 (2011) | Cite this article b
100 Cc
o 80
g o Death bp WT Fokl NN NK
% Deformed 353 -
£ B ® Normal 258 =
[}
. n 20
Nat Biotechnol. ; 29(8): 697-698. doi:10.1038/nbt.1934. o 95 =
/,\t@ q}b\ ﬂ:\%\ Uncleaved (%) 124 24
i L. . i . RO
Targeted gene disruption in somatic zebrafish cells using & 3 s
englneered TALENs tep17: ttattttctccecctaagG--======-- GCATTTTTGAGCTGGTGGA (-9)
NK | tep37:ttattttctcccctaagG TGCGGGCATTTTTGAGCTGG (-4, +8)
125 15 3 12 4 tep40: ttattttctecececo===== -=CGGGCATTTTTGAGCTGGTGGA (-11, +4)
Jeffry D. SS?nder 7 Llndsa1y2(;ade ,.Cyd Khayter ,3[;eepak Reyon®, Randall T. tepd5: ttattttcteccctaagGAT---GCGGGCATTTTTGAGCTGGTGGA (-3)
Peterson”>, J. Keith Joung'-<%, and Jing-Ruey J. Yeh*: NN | tepd6: ttattttctcccctaagGAT CCTGCGGGCATTTTTGAGC (+7)
tep54: ttattttcteccctaagGATC-======= ATTTTTGAGCTGGTGGA (-8)

+ Targeted and heritable disruption of the tnikb gene in

023/5/26
202375726 zebrafish using TALENSs. (Huang P et al, Nat Biotechnol. 2011)
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PRIZE

TRY 2020

JenmferA
Doudna

Emmanuelle
Charpentier

“for the development.of 2 method
for genome editing”

THEROYALSWEDISH ACADEMY OF SCIENCES

2020£FiB MRS

19874, F—
K& ICRISPR

20024F, Yi—fn

# 4 CRISPR-Cas

LVLII I LY

NOBELPRISET | KEMI2020
THE-NOBEL PRIZE IN CHEMISTRY 2020

#nobelprize

iH‘EN'[) VIRAL DNA
EQUENCE
wllu\ DNA VIRAL DNA

mmmmmmmmmmw Looo o®®

CRISPR DNA

l

criser ona — QDGO DODOD

CRISPR RNA

CRISPR/Cas &

2005-20064F, FSC  2008-20104F, FRR—#Y 20124F, CRISPR/Cas9
CRISPRAEFH®=ESFY CRISPR-CastIZEIDNA BRI AL

20074,
HMEENMEERERS

20114, %Ihtracr RNA, cas9E
—BICRISPR-CasFrEME—EE

ME BHCRISPR-Cas




N

)
w

2, BERERA

CRISPR/Cas9i&iA

CRISPR/Cas9 (clustered
short repeats/CRISPR-associated

protein 9) AR : FIRMAESFEMEARZECRISPR-cas& St
HITERBFFIEE, gRNAScas9®BH (BEEHNHFIRuvC
B EBREETEXE) ZREGHE51ScasdIBEBTS
gRNAEAN—ERERBFFIHAITET], EE81TINMEERS
XTEFREBHITIRIE.

regularly interspaced

palindromic

(@]
N
[e))
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Target / \pAM_
DNA \ X
% '\ crRNA
tracrRNA
L//E;VC N RuvC* | —
HNH-
Target / f /
DNA
\ \‘g RNA chimera

CRISPR/CasO¥iR[RIBREE (Rodolphe Barrangou et al., Nature
Biotechnology. 2012)
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TALENS CRISPR/Cas9

EETETN*HE (RVD)

FEFRDNARYIR Bl X 15§, SHE (ZF) 25401 e CrRNAZEgRNA
POkl s 2 1, Fo A BE 2 1, Cas9E
BiHE R A XIFAS KR 8.3 M EE TENBELY

N RNAS X
ALBRENTE B, BHES-ANZFEEN  PHE, MBMARE y
'I,n\ﬂljﬁﬂﬁi,lﬁﬂ{]quj\ (95k12bp) =2 (8-31bp) *2 20bp + “NGG”
R/IMVERIRRBERE K 1 1
o Tamn. MERETHY SHRINGE. BEE PEBH. PEXE. 0

= EJEE A = EEME. MESE

BIHRILE TR, B MBS ARERTE BRAREZRTPAMS
kg, AAMREE . 5. NHEIREHLZ

2023/5/26 =

R
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SpCas9&EH%13
(Streptococcus pyogenes, BRERHEEKE)
@ RNAZZGEIE;
@ a PAM-interacting site. 3 %
® an a-helical recognition lobe; g g
@ anuclease lobe:
NHN: FEYIEIScrRNAE#MISE j
RUC: fREsdEEAMEAIE] T el L
Type lI-A Streptococcus pyogenes Cas9 (SpyCas9, or SpCas9)
R S o
NUC lobe REC lobe NUC lobe
2023/5/26 23

(Fuguo Jiang, et al., Annu. Rev. Biophys. 2017)
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CRISPR/Cas9%A -
2.1 I{’E,ﬁiﬂ . — SP6 or T3 M.S zCas9  MS—

@ crRNA + tracrRNA — gRNA, "100bp /
® gRNA__I—LJ\*I:IcaSQEE$EEL-I:II:h A;Casg crBNA:tracrBNA
hi ic gRNA
® gRNAIRBISEARDNA, FEKNEXT; s Sh—_g
- - U=A U=A
@ Cas9FEHIRAIFEIRDNARIPAMIX : g 1A -,/ —-— =1 ‘-
HNHf = EI S gRNAB #MIIDNALE; N G-uG" -
2 U-A Ty
RuvCHRE=1)E|5—5DNA%E, 20-bp target sequence =% — CU(‘R*‘. A
5’ ~GGNNNNNNNNNNNNNNNNNNGU - AUAAGCCUAPUCCCUUaLCAACHt
3’—genome-——wl :.I‘,;‘E!IIL ‘ 1 Imh IM‘NCC-——genome - b
5*'~-genome-~--GGNNNI IT““I"PIIII“'?IIINNGG---ger\ome 3!
23-bp o

genomic targe

3nt away from PAM, blunt cleavage

2023/5/26 (Jao LE, et al. Proc Natl Acad Sci U S A. 2013.) 24
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A

CRISPR/Cas9&:A VEGFAN) __paw |
5— GTGTGTCTGTGTGGGTGAGTGAGTGTGTGCGTGTGGGGTTGAG -3
3= CACACAGACy |l{ccancTe —5
2.2 gRNAFE S RYITEEE B il
@ PAM (proto-spacer adjacent motif) : -
NGGNN (spCas9) , XJCas9iRpl=EirE .

KEE, TBET, =
@ MfF 7ilJ E.EJ_PAMIXE’\J12/\EJEJZE%R?9W
FRFA, XN XIERIRERTE S "
CasgP\]WE’@E'\JE@W&T—?—‘E"JX%B’%{E&O

5'-GGNNNNNNNNNNNNNNNNNN-NGG-3’

mismatched guid

DPSS PPSS PAM -
gRNAFE S FUTRAEFETC gRNAFRFISRIETFE v -
2023/5/26 (Slaymaker IM et al., 2016) Z - 25
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CRISPR/Cas9& A

2.3 gRNASESREERIE R RN (EmFaspasEmansee)
® EZEEFRENEEARFS) EERs;

@ RN UFERRBETIR:

> BRRTF RN T EhFRREEFATGZ GHEREGRIEFS £1<2/3 Z a1l X EH %
R, AEEES -UTRFI3" -UTRXIE;

> EFReAE ERITREEFN/ e EGERASE
—WNRZEESEEMINEF, Ao — MEEZ N THEA e MIEEER
FSEENEIAEN T, METFAEES—MINEF Li%RIES;
—WRZEEEEEMERA, RIFEELEEINEFRIGIERITNA;

> SERATLIEINBEFAIN S FRIRRFANIEE, AR RAVEE;

> AIEIE X jkakfe ik it ;

> BRIEES TTTT EREIFHIREA.,

2023/5/26 26




2. HERIEEA

2023/5/26

BHIEFO : i&itses,
& AgRNAFICas9 mRNA,
Bid BRUEHNARKE
BHMPOR

FORMNMETGIE: —mE
T 5B A RMA A T T
e, PR ERBAEE 35 HF1

(a®

FIRAMERGIE : —mx

BX B 88 Fr 9 7T Nt 47

&, REFDEE AR B
ENBEmRR

c z @ hrtpc,//zﬂsh.cn

[ X B L, & 25 iR AP
CHINA ZEBRAFISH RESOURCE CENTER

CRISPR/Cas9i&A

2.4 CRISPR/CasoNTSHIE
E SR ARIRERE

— SFTIEREM: PCRIY,
PRy =2y

MO & SFRHEXSEME:
—  HETREARREEZ A
REIYH]

EROEFHAXSEME: AIFHY,
— ERUESHNEENAE

27
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lﬁiﬁfqﬁﬁtﬁ'*'ﬂ.‘

A ZEBRAFISH RESOURCE CENTER

2.5 PARHRGESISEISERCRISPR/CasOBibRtEmAafl: $Bmsic45a2EF

1. sic45a2 BE|: sic45a2ERAS5BETMITIE, #ANRIREKE(H45

(OCA4) BIEURER. OCAAEHABRWREHAT LZE, mAFRMAKXEEHAE
ERAEEENUMERE ERAREGREK. sic45a2BEANMUEMEZRERB R,
Bt B = EEIRIEE DB e (Dooley, Schwarz et al. 2013).

slc45a2ihb64 CZ144

http://iwww.zfish.cn/Products/ProductDetail.aspx?CZRCID=CZ144

2023/5/26 28
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aﬁi&ﬁﬁﬂﬁ*m

CHINA ZEBRAFISH RESOURCE CENTER

2.5 PARHRGESISEISERCRISPR/CasOBibRtEmAafl: $Bmsic45a2EF

2. slc45a2 BEEBVER:

> HERERBEGE. 5-10%EFARTLSHEHASRE (EUERRREEMEERRE
AYCasO T BRgakRInEIEAE ik Cas9 EEE@E&%%%\MCZZSMCZQO)

> EOEEEER/AFRER

Gene Name: solute carrier family 45, member 2

Gene Symbol: sle45a2

Sequence Ontology ID : SO 0000704

Previous Names: oca4, aim1 (1), alb (1), albino (1), B gene, im:7138762
Location: Chr: 21 Mapping Details/Browsers

MNomenclature History

GENE EXPRESSION @

All Expression Data: 7 figures from 3 publications

Directly Submitted Expression Data: 5 figures (8 images) from Thisse et al, 2004 IMAGE 7138762]

Wild-type Stages, Structures: Segmentation:14-19 somites (16.0h-19.0h) to Hatching:Long-pec (48.0n-60.0h)
melanoblast ], neural crest [, optic vesicle = pigment cell TI(all 7) »

Curated Microarray Expression: GEO (1)

MUTATIONS AND SEQUENCE TARGETING REAGENTS

Allele Type Localization Consequence Mutagen Suppliers

b4 Insertion Inknowr knowr SPONTANEQUS Zebrafish International Resource Center (ZIRC) (order this)

hu1844 Point Mutation nknowr 1

ihb64 Insertion Inknowr knowr CRISPR China Zebrafish Resource Center (CZRC) (order this)

ihb65 Small Deletion Jnknowr NOWT CRISPR China Zebrafish Resource Center (CZRC) (order this)

1hb66 Small Deletion nknowr CRISPR China Zebrafish Resource Center (CZRC) (order this)

nk1 Point Mutation Exon 6 Premature Stop

s1154 Unknown Inknowr knowr ENU

s3567 Unknown nknowr knowr ENU

sa16467 Point Mutation nknown Premature Stop ENU Zebrafish International Resource Center (ZIRC) (order this)
2023f5/26 Furanean Zshrafich Racnirea Canter (FZRM) (nrder thic) 29




2. HEGEEA czfre™

EI%’&BIEQ&:JEFF'L\

CHINA ZEBRAFISH RESOURCE CENTER

2.5 PARHRGESISEISERCRISPR/CasOBibRtEmAafl: $Bmsic45a2EF

3. sic45a2 BEFESSHT: Ensembl: http://www.ensembl.org/index.html
> EEINgEE T, FTEEN /R 0T sEmATNgE
> NTEERARS, HEBRFS LiEFRER;

Location: 21:19,409,306-19,447,653  Gene: slc45a2 [RIENE = S 2Ly
Transcript-based displays )
Summary Transcript: sic45a2-201 eNSDART00000030887.7

B Sequenc Transcript-based displays

Transcript: slc45a2-201 ENSDART00000030887.7

Descripticn Variant imags Marked-up sequence @

Login/Register

BLAS

aZebraﬁsh(GRch)v S g
Location: 21:19,409,306-19,447,653 (NSNS (AN Exons sic45a2 exons All exons in this region

Popuaton & Semmaany aded
= Fgwuam] x Summary ﬂ'Cﬁﬁlellupv Markup  loade

Compariso| | ants

General jd¢ - i .

Supportingle\

| protein family and is associated with 32

bl protein families

CTCAACTATGCACTAGGAATCAAGAGTCTTACCATCCAGAACCATGACTCTTCTTACTGA
GGACCAGCCTTGCAGGTTCTCTGCACCGGAAAGCCCAAT TGCATCCATGGAGCAGTACCA
GGTGGACTCGGAGCTTAAAGAGGACTGTTTGGACAACATGGAAGCGGCTGTTTTTGCAGT
GGTGGAGCCTCCGAGGCGC TC TAGGGGAAGG T TGATTATGCACGGGTCGGCCATGTTTGG
AAGGGAATTCTGCTACGCTGT TGAGGCTGCGT T TGTCACGCCAGTGT TGCTGAGCGTTGE
ACTTCCCAGACGTCTOTACAGTCTGGTGTGGCTCATAAGCCCCATTTTGGGTTTTATCCT
ACAGCCCGMCI-\TCL'GCMCGMGAGCG)\CTACTL- T T 3 uration, see article.

r function

202 3/5/26 I Eu'i?;?rnfj:adlljci
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2. BEGEEA cz(Rc

B K55 & iR

CHINA ZEBRAFISH RESOURCE CENTER

2.5 PARHRGESISEISERCRISPR/CasOBibRtEmAafl: $Bmsic45a2EF

4. slc45a2 EEgRNAFE e :

ZiFiT: http://zifit.partners.org/ZiFiT/CSquare9Nuclease.aspx
CRISPRscan: http://www.crisprscan.org/

MEDJED: http://www.genesculpt.org/medjed/
BLAT: http://genome.ucsc.edu/cqi-bin/hgBlat (sep. 2014 (GRCz10/danRer10))

Introduction ZiFiT Instructions Examples FAQ References Funding Links
>Sample
aaaaaaataatgaagcccaaactgaagattctgtgagcgtccctcacaggtgttttctcteggtgtgtgtgtattcagGAGCGTTCCTGGTGCCGTATCTCTTCTTCATG[T]TGATCGCCGGGATGCCGCTCTTCTAC

Please ensure that your query sequence do not contain repeat elements. We suggest that you check the sequence using RepeatMasker

=slc45a2

tittcacccgcagCCATAATATCAGACAGAAATTTAAAAAGGACATGGGCCATCGTGGTGGTGATGTTTGGAGTGGTTTTGTTTGACTTTGCC
GCAGACTTCATTGACGGACCCATTAAAGCCTATTTGTTTGATGTGTGTTCTCATCGGGATAAAGAGCGGGGTCTTCATTACCATGCTTT
ACTCACAGgtaagaactaataa

Length of target site 20 T7 Promoter - Zebrafish

Query sequence has been repeat masked. Failure to repeat mask will result in no results being returned

Identify potential off-targets Identify target sites | | Save to CSV

&' NT constriant = GG
NMumber of query sequences detected = 1

Sequence Name Targetsite Oligo 1 [Oligo 2
slc45a2 -Reverse Strand GGGTCCGTCAATGAAGTCTG [TAGGGTCCGTCAATGAAGTCTG IWAACCAGACTTCATT _

2023/5/26 EAFTIER 31
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2023/5/26

Ia’tﬁiﬂ:ﬁﬁ:ﬁ*m

CHINA ZEBRAFISH RESOURCE CENTER

2.5 PARHRGESISEISERCRISPR/CasOBibRtEmAafl: $Bmsic45a2EF

5. (B AE 7RI 18-
‘/ L FFIFIA
vV BRI N R R T ATEE

SI¥RIT: EESERERITSY, FHEEEEASmMETATF100 bp, FHPCR
¥ 1 R i AN E#BIE1000bp, B ABE—EKE (primer premier 5)

caaactggtgagctacaagtagagagaattttcagtcttgatgtttcttaaagttgtatactaaa
gtatttattaacattgagtggatttactgaactaagcatgacgttgtgtttttcacccgcagCCaA
TAATATCAGACAGAAATTTAAAAAGGACATGEGCCATCETCETCETCATCTTREEAGTGGTTTTG
TTTGACTTTGCCGCAGACTTCATTGACGGACCCATTAAAGCCTATTTGTTTGATGTGTGTTCTCA
TCGGGATAAAGAGCGGGGTCTTCATTACCATGCTTTACTCACAGgtaagaactaataacgctcat
ttagcttggctttcttacagcagaaatgtacattggctgggtcagttggegtttectgtgtgaagt
ttgcatgttctccccatgtttgecgtggacttcececttgtggtgectccatttteCgtttccgctatgt
ataac

Forward primer: CAAACTGGTGAGCTACAAGTAG
Reverse primer: GTTATACATAGCGGAAACGG

32
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ERBLD & ﬁ &R
CHINA ZEBRAFISH RESOURCE CENTER

2.5 P2 &G EETSEISECRISPR/CasOEt b SR a6l : $PMsic45a2EF

6. (FIMERSREgRNAFICas9 mRNA:
« gRNASHL: BZeEkiCZP3

/ . _aRNA scafold gRNAglff%iﬂtﬁﬂ'F
i ¥ iEFI3140:

// o 17 B FF3+20bp A ARYEE = P71
jL\ pMD 19-T Vector +20bp gRNA E"‘bnr_ﬁ_]
\

RFE51#: ~20bp gRNA &ZER5

CZRZ Catalog ID: CZP3
Product: gRNA-pMD19-T
Note: For making in vitro transcribed gRNA (CRISPR/Cas8)
Notelnfo:
P C R Chang N, Sun C, Gao L, Zhu D, Xu X, Zhu X, Xiong JW, Xi JJ (2013) Genome editing with RNA-guided Cas® nuclease in zebrafish embryos. Cel
Res 23 (4):465-472. doiz10.1038/cr2013.45
CRISPR/Cas9 protocol
gRNA scaffold sequence .docx

q target | gRNA scaffold 33
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2. BEGEEA cz(Rc

B K55 & iR

CHINA ZEBRAFISH RESOURCE CENTER

2.5 PARHRGESISEISERCRISPR/CasOBibRtEmAafl: $Bmsic45a2EF

6. (FIMERSREgRNAFICas9 mRNA: e
« Cas9 mRNA&RERL: CZP11

CZRC Catalog ID: CZP11

Product: pT3TS(T3:zCas9-UTRglobin) ?‘
AmpR__ j.f'
Note: For in vitro transcription of zebrafish codon-optimized version Cas9 mRNA (CRISPR/Cas9) {f i
Phenotype: .
- X 1(4501) /f/
pon globin 3'UTR
seq
Notelnfo: ;
1 Anhei-tag, M

PIREERSF L cas VS E A D& MG -h E A SBREERIHEL (1) pdf

HCas9E AN

Jao, L. E., S. R. Wente, et al. (2013). "Efficient multiplex biallelic zebrafish genome editing using_a CRISPR nuclease system.” Proc Natl

Acad Sci U S A 110(34): 13904-13909.

pT3-heiCas9B-UTRglobin

pT3.Cas9-UTRglobinfEliE

2023/5/26 T3-casIMmRNA&HE % ”
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EXRBED & ﬁ &R
CHINA ZEBRAFISH RESOURCE CENTER

2.5 LAERGESISCISECRISPR/CasilRtFam Al : $BMIscl45a2E ]
7. BRGESISPOCED SsZ=4E M -

Sequencing primer: F1

120 160 170
IIIIIIIII.I-I- --I--I..I..I _______________________________

——————————————————————

Wiy ..,L_,dl {4 L h l A i wﬁl'!‘ll:l'!

slc45a2 gRNA/Cas9 mRNAiL
S ERRE ST
35.8%C1+61.8%C2
POR R E EFH— 3K

2023/5/26 35



N
)}

IS5 PO(CEE == ATM -

25 8

1. £

Status B Guide Target (D PAM Sequence (D Indel % Model Fit (R2) %) Knockout-Score () staws & Guide Target 2
GGCCATCGTGGTGGTGATGTT TGG 91 80
RELATIVE CONTRIBUTION OF EACH SEQUENCE (NORMALIZED)
EDITED SAMPLE 12 TO 177 BP
INDEL CONTRIBUTION~ SEQUENCE
2000 TTT 6 6 TGEG G T T 66T BGET G TECTTTO® 6 T TT
,’ -5 M 66 TGGG
[ [ -8 % 66 TGGG
1000 | | /
| \ | pal \ -5 6% GG TGGG
\ Vo | \ Al R 6
R W VAVAYA'RY, | \J =Nl | / WARUAAALA NAUAIA -3 6% 66 TGGE
1s 120 25 130 140 165 175 -5 6% 66 TGGE
-5 5%
CONTROL SAMPLE 102 TO 167 BP L Thea
i + 4% 66 TGGE
TTT G G 66 6 T C 6T 66T 66TG6 TTT GG TTTeE 60 6
2000 [ -n % 66 TGGE
| f ) -10 4% 66 TGGE
1000 \ [ . ] | [ [ / f\ \ -2 1% 66 TeeE
i N IATAYRTAVAYATA A I\ -15 3% 66 TGGEG
: ) L 1 id Y J LAV Y \ \ W \J BT, VA,
105 ns 120 125 130 155 160 165 -2 3% 66 TGGE
0 3% 66 TGGE
This is the Sanger sequence view showing edited and wild-type (control) sequences in the region around the guide sequence. This shows s % 99 —EeC
sequence base calls from both the control and the experimental sample .ab1 files, which will contain mixed bas The horizontal black .
underlined r e de sequence. The horizontal red underline is the PAM site. The vertical black ine represents the -B % 66 TGEE6
actual cut g and error-prone repair usually results in mixed sequencing bases after the cut. -0 % 66 TGGE
-1 ™% 66 TGGE

2023/5/26

Synthego - CRISPR Performance Analysis
https://ice.synthego.com/#/

e T

0000 0000000000006

| Ty
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O T N T Y

GGCCATCGTGGTGGTGATGTT

e e

o e 0 06

6T

6T

T

T

GG

GG
GG

GG

TG

GG

66

GG
GG

66

o6 0006

@

00 400006

e B B R R R R R R e e

Indel % 3

91

S IR IR I

I B B B B B R

o600 0o

000 006606 -

czfrc™

C

?aﬁiﬂ:ﬁﬁﬂﬁ%t\

CHINA ZEBRAFISH RESOURCE CENTER

SCISERCRISPR/CasOEibREmAll: EMscl45a2EF

Model Fit (/D) @ Knockout-Score ()
80

TTTOCCOBCOAACTTCATTOACSES
TTTGCCBCGBACTTCATTOACSES
TTTECCBCEBACTTCATTEACSES
TTTE (] 66 TT TTG GE
TTTGCCBCOBACTTCATTGACGS
TTTGCCGCGGACTTCATTGACGS
TTTE G GG TT TTE GG
TTTGCCGCGBACTTCATTGACGG
TTTGCCGCBBACTT TGACGE
TTTECCBCBBACTTCATTEACGS
TTTG@CCBCBBACTTCATTGACGS
TTTE@CCBCBBACTTCATTOACGS
TTTECCBCBBACTTCATTEACGES
TTTECCBGCGBACTTCATTGACGS
TTTECCBCBBACTTCATTEACGS
TTTECCBCBBACTTCATTEACSS
TTTECCBCBAACTTCATTEACGS

http://zfish.cn
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2. HEGEEA czfre™

%Iﬁqﬁﬁtﬁq:'ﬂ.‘

CHINA ZEBRAFISH RESOURCE CENTER

I = -
2-6 CZRCM?&%HHE {Z’. RC Wit RAMRARRAME T SEHRALR 88 43007

LR B #iF: 027-68780570 Bl zebrafishgiihb ac.cn Mt hitp.‘'www zfish cn

* http:/lww
star6 ZE RS AT HHE —HHRRRS
1. ¥ait. #i8 ZFINID ( ZDB-GENE-030131-9359), M Ensembl Rk T #EE

B staté EEERAFET . SEEH 2] 4 exon, BEEH T ATGHTE
Z % exon, T 5 § exon @ T gRNA A, A A

Chinese | English

5'GGGATGCCGTTGGTAGGTGGY . Blast B\ HESFE LMo BHM bR
B
BLAT Search Results
ACTICMS CIERY SOOFE START END QSIZE TDENTITY CHRD STRAND STAKY EC FaN
hacamar detdils YousSem a0 | o 20 100, N 23 & 27IELONE TTIEICEY =] ﬁi‘CZRC
Sele - ; £ ) =
» BIERTENRE. ¥ 2 W ARFIMNTAR gRNA. WEFE A DNA ir s 2R 5, MPGNERS WIWRE .- )
#%: ZKO number: Wr‘ 5 Ensembl ﬂl?ﬁ*-ﬂiftﬂﬁl}’ﬁjﬁ W, WTERT (RAFAD. & | &=
v P4ErHLH gRNA ) hCas9 mRNA.
ZKO number Ensem Availability
Target site )
ZKO1 ENSD/ é"!e-e-:!‘-.-..':.‘---!}----Er'--.---!:!-3r!--9']----'=?-!_ 2013/12/24
i f NN f | K f | f
ZK02 ENSD! W | | ettt A 2013/12/24
| I 11/ . il
ZKO6 ENSD/ [/l YUY ULy IV Y R 2013/12/24
'|.f"|...}_!‘_.ﬂ‘|4"|.l"....-l_’ NRARASARAARRERESR A
ZKO8 ENSD/ WA B 5 R T 2013/12/17
ZKO9 ENSD/ : , 2013/12/24
3 EARTHERHN. PO RG] gRNA-hCasd mRNA E£4), PCR £
ZKo10 ENSD/ 5E PO fREERS A TR ARTE (TR 60%), HROTF: 2013112124
ZKO12 ENSD/ - o Lt l - 2013/12/24
ZK013 ENSD/ ERM s Ml akhe . Mhet | i g 2013112/18
ZKO14 ENSD/ Il lll AR P 1 ;‘\ i1 I;\‘ ’I “1 f 2013/12/24
ZKO16 ENSD/ | A LU AT L A A 2013/12/24
Mutation
2023/5/26 H64D: 1 v@ 37
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cz(R

[ RXBED, & 2 i P
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> E2EEER A (Gene knockdown)

>EHARERN (Gene Editing)

>ISERTRANEMNLSTESE (methods of
mutation detection)

2023/5/26 38
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] & hd \ Y
[ X B L, & 25 iR AP
CHINA ZEBRAFISH RESOURCE CENTER

3.1 PFETEE

© RZNUREA
- ER: ENUBFZRAR, TALENRZEREMCasOmPrmAREH
- ik BT IERENREEF, BPCRAIEITIFEHTTTATE

B—F, BEXRTLMSER, T—N8ERS14
PCR product <1000bp, &£wEBE—, SEEFH

SIYIR KR EEIRER

2023/5/26 39
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CHINA ZEBRAFISH RESOURCE CENTER

3.1 PFETEE

—¥, =EEEEDNA
et DERREEAZA or 15-308N3Z ARG

I

> WSEpEEREIETE

S TIE:

e (8 ESOE)
FA7] (VIR=8E)
LUET (E=E)

07 (e ey

INSRTET
FREEF)
96fLHR/EPE

il 72 ST TR S

=0 40
2023/5/26



czlRc

Eam%ﬁﬁﬁ¢w

3.1 PFETEE

$B5=%, PCRIEHIRE, NSRS, EMNFIGIE, PARERERES
%E%ﬂ BiRES%. "ERK. "E[BA. indel (FNESRERLHHEN)
, ENIEESBMER.

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG

> SR _ h hh LT mlu‘ll
CTG-XTTTCCGCTGGGGT-TGTGG-\G-\T-\ACC (wild-type)

MEEESRATRVE 0
T N
RO FFB IR, i

wnt11%216%+ (GGA->TGA, CZ28)

lh MH nhlh“ 'Hw I M hhH

2023/5/26 41



3. HDARSRRSNEESE czfRc”

E.‘f&?ﬁ%ﬁ&%ﬁﬁ iLL
P
3-1 ﬁ?ng}E CZ24 (+/-) cagagaaatgcttctct cgagaaggaaaactata (wild-type)
Idm(GMG>Gﬂjcagagaaatgcttctct gttaaggaaaactatat
230
: ” |' rI '* ||
> BRI I xl\ /‘
I | Ekn |H|" l \
. . . | \
MR, WEMRAFindeiX3fhses ~
CZ94 +/ CGCCAAGTGAGCACTGAGGC CTCCTCAGACGT w:!.ld type
%@Eﬂﬂ?m?‘aﬁ'}mr 7|'R1_L““9:|:yl.\ll:ljf)b DEIEII:“HS (- C66) i(gCCAAGTGAiCnIACTGAGGC EnCCTCAGAC?E;C
UL ; | “"'H” '
Indel lhx1ahb2s/+ (CGAG->GTT, CZ24) ||“ ‘ ll i‘\ ‘ l lll 1 ll ‘“ “II
1 ‘ | 3 il
Deletions socs7ah33/+ (CobIHERRLL, CZ94) ‘ ' ' AL
. _ CZ140 (+/- CTGGTGGACTTGCTCTGCG AACAGGATAG (wild- type)
Insertions nlrc5M051/+ (AGTATREREN, CZ140) Insertlons(+AGTA) TGGACTTGCTCTGCGAGTA AACAGGATAG
t80 490 530

~cr o~

N T

2023/5/26



3. HBARERANENEESX czlRc

[ X B L, & 25 iR AP

CHINA ZEBRAFISH RESOURCE CENTER

3.2 FBUIDE

AR : SRTHAISRA

& BARARTRE. ENVETRRENERBARERS
XERA—fEEFEREN, JLURERESHDHITSEE.
casper (mitfav?w2: roya%ad CZ73) , mitfa (Q113X)

« HTEREAMERNE, BEESEFPRERL5-10%HEE
RTSEMBHIABSSE (Kettleborough, Busch-
Nentwich et al. 2013),

roy’;nacre*-(casper)

2023/5/26 (White et al., 2008) 43
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3.3 PFRBEITE

MR EFREKFERITZL
MRNAZFIAKIE : BR{RERNZYAT
EHEFRIAIKIE: western blot (Eg)
kdrhb125+ (AGTGHRETRS, CZ265)

a kdrl b kdrl ¢ - kdrl

"""""" Y . f
> -

24 hpf e 24 hpf 24 hpf

kdrl** kdlrfihb123/ihb123 kdrinb1234

http://www.zfish.cn/Products/ProductDetail.aspx?CZRCID=CZ265

()
-]
N
.:::,J
(]
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CHINA ZEBRAFISH RESOURCE CENTER

HO&ERRERAREENE

g N Targelj_._i\vm h
ENUIEZERAR MTAEEX )
I y I SRTRIR N
ﬁM EAﬁR}iK Yargetﬂ a\V'. — '.
ERmERA AT e TR (W
RS
l CRISPR/Cas9 %A

ENUIBZRE R N
N 4 T | BARTER
TALENZSZRER {?_@ f | envsmnz FRERE
CasOEffe Rz X =} SEHRAR
MRS [ = | 2EEmrRz
0
DFEE =N DFREDH
S &R E R BERRIZ3T

MFFEER DT
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FEMS&EFEERD
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