AEBDAFXETIEN czlRc

liﬁi“xﬁﬁlﬁfhm

iHEE— EFCRISPR/cas9%
ARNEESPRIEERE

(SUERTFS. pyogenes FECas9E

3)

J-UI

Il 12
EZKEEYIR R TR E
ExSagFIRFC

zebrafish_sub@ihb.ac.cn



CRISPR/cas9i RIRIE czlRc”

CRISPR/Cas9#i A : FIFBMEREM
& CRISPR-casRZFiH TERE A7 HEF,
gRNA5cas9ZEH (EBHNHFIRuvCEEMNE
ZERAIESENX) REGIGE51S
cas9FEHX SgRNAEMI—EREFBFS
HTEY), EatEERFNEREHHA T
=

CRISPR/CasOfi ARRIBREE (Rodolphe Barrangou et al, Nature
Biotechnology. 2012)



CRISPR/cas97+ SHIBEABMEERIE czlre™

BHTEFO{L: it
& igRNAFICas9 mRNA, - 1
SRR o — SFELIARRREE: PCRIY,
ﬁﬂﬁﬁfigjﬂqﬁ_tﬁ‘[‘ [ . e
M PO O AR R S
‘ MO AFIEEERM: R
FORADERELE: —miE — 5
3 AR R i i WA

ﬁiﬁ, B BE M R AR 7T AFL

SECEIHERRME: FEHY,
FLARAME T : % — BRI

B RENFH AR

%, HREREFEE

BRI R
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liﬁi“xiﬁ:ﬁfhu

CHINA ZEBRAFISH RESOURCE CEMNTER

— SP6orT3 MS  zCas§  MS—

gRNA{EFIRIE
@ crRNA + tracrRNA — gRNA, “100bp /

@ oRNAAJLARICasOZEBtHESER:, 3 N SRNATIIRN
® gRNAIRBISEFRDNA, FHEAMEYS; N i — 0o s
@ Cas9EMRBISEFRDNAKIPAME - \ | X o2 e
A=U -
HNHRELEISgRNAE #MIDNASE N H 3.__,x.,,_.,.,.__E-ECUGHM
RUVCEBEITIRIS—4RONASS, MG 111 el
5 —genome———ff NNNNNNNNNNNNNNN DTI“IIJgAG;———qenGmE 3

23-bp
A4 ¥ genomic hrgl:‘I4I

3nt away from PAM, blunt cleavage

(Jao LE, et al. Proc Natl Acad Sci U S A.
2013. )



RNAES SIS czlRc”

5’-GGNNNNNNNNNNNNNNNNNN-NGG-3’
DPSS PPSS  PAM

» PAM (proto-spacer adjacent motif) : NGGNN (spCas9) , XfCasOiREI4EirEXE
2, BB,

> ™FFEF (seed sequence): SEAPAMXAV12MFEEFRAFFFY, XANXIEAIRHESS
T A se S CasON I EsRIESIRERRIANEF(X.

@ FmFFHIDPSSX, PAMITIRKX (12-7) , DPSSXAIMHZF AL HIEMREERT, AEREE—F
ERRFESIEA S SEFTIEANM ;

@ MFRFYIPPSSX, PAMILimX (6-1, 3B{mkR4) , PPSSXRYH I RIFERTE BT 8ESE
FTERAERAITRE, ARARES I RS 0B ER.




http.#zfish.cn

gRNAZEES czlRc

5 — GTGTGTCTGTGTGGGTGAGTGAGTGTGTGCGTGTGGGGTTGAG —3

3= CACACAGACq | lqecancTe —s %Ié{E:Hﬂﬁ;JEE q:":"

JOCCACTCACTCACACACGCACY
sl

wie . ;i
sequ::ence 5~ GGUGAGUGAGUGUGUGCGUG—3

» gRNARTS ST

o
=2
=
&
3 N
&
@3
E
L

(Slaymaker IM et al., 2016)



{/‘ hitp.#zfish.cn
c z ".L = n

W

N

gRNASES

5':GGNNNNNNNNNNNNNNNNNN-NGG-3’
l DPSS PPSS  PAM

5" umGG- T7 BEIF
5’ #mGN- (JGG,GA GT,G0)  T7 /BB FEEAn EE—1k)
5’ #GA-, AC- SP6 2 &l F




gRNAZE =% cz(ﬁfz r

gRNAZEEERIBERIEN (EmFpiesEmgitse)
@ EZEEFRENEREARFRY EiSEES;

@ EEERmBRYIHEEESR:
> EERRFEMTEIIERREIE FATGZ EHIERRRB Y21 2/3Z BIIX EH Tk
B, AE%EIES' -UTRFI3' -UTRXHE;
> RIFEERIANEERINEESA/ ST eI ERAE:
RIZER2EEZIIINBF, BUREE —MEBEBRFN A NIEEHEE
FHEERRAERT, MEFAEEE— NS F sERils;
—WNRZEREESNMERAE, BFEEHEINBF IR,
> B LATESNEFFIR S FRIRR R ER:, BMaEERYEEE:,;
BRI BVE 1738 i A wrin = =
> OBRERES TTTT ®HREIEFSIRHES,

\%



http.#zfish.cn

ORNASESS 12 R cz(Ac

B RS S iR

CHINA ZEBRAFISH RESC CEMNTER

Marked-up sequence @ cDNA sequence @

Exons sicd5al exons  All exons in this region Codons  Altermating codar lemating

| EREEFERESR o B

Varianis  Jprime UTR 5 prima UTR. Missense  Synonymous

CTCAACTATOCACT AGIAATCAANAGTCT TACCATOCAGAACCATOACTCT TCT TACTOA
GOACCADCCTTOCAGGT TCTC TRCACCREAAAGCOCAATTOCATOCATOOAGCAGTACCA
GOTORRACTC R RACC TTAAAGABOACTOT T TOOACAACATROAAGCROC TOTTTT TLRRADT
GOTGRAGCCTOCOATROGCTC TAGGORAAGET TRAT TATFCACGRETC GROCATGTTTGE
ARGERAAT TCTGRCTACRCTET TRAGGCTROOT TTETCACROCAGTOT TRCTRARCETTGE
ACTTOCCAGR G TCTOTACAGT C TG TETGEC TCATAAGCCCCATTTTRRFTTT TATCCT
ACAGCCCETCATCEECTC GO GAGC AT ACTCTAGG TOSTCATCREEECORAAGGAGACC
GTACATACT T TAC TGGGEAT TCTGATGT TAGTGGECATGACT TTATT TCTAAATGGAGA
AT CACARC AT LGOI CARGTARRCT TGATAGAT T TTACTICATTTION

L AT CCAGAC T C T TAAS T CTTO60CT CATMAGCCCEAT T TTOGGT TTTAT T

-=L~=P=-R=-R--L--Y-=F--L--W--W--L =] ==Fo=PonI-=L--f--F--I--L

- = -

Transcript: ENSDARTO000003088/.8 (slc45a2-201) - cDNA sequence - Danio_rerio - Ensembl genome browser 109




gRNASEAYIEIE AN czlRc”

EFHDE FERD

CHINA ZEBRAFISH RESOURCE CEMNTER

2. EE R RIBFY ik
> PERRT R TR FATG . S IERRIEFI£IK2/ 32BN XEHTEE, AEEES -UTRII3 -UTRXIE;
> EITECIRIAEERIThEE S ;
MEZEREEZNINEF, Boedts —NEEERS A N M EEERIREENREEZE F, ST rEaE—1INE
T R,
iﬁ%ﬂﬁiﬁ%ﬁi%i?emnzﬂf

Protein summary @

Protein domains for ENSDARPO0O00028893.T { \

£ Addremove racks | <& Share | [ Exportimage | & Reset configuration | 5 Resel track order

ENSDARPOOOOOD 38893.7
Transmembrane helices

ﬁ complexty 6]
Supe rfamil y

Ffam

PANTHER

GeneiD
oD
Al sequence SHPE ..

Variant Legend
missense variant SyNonymous wariank
180 240 00 360 420 250 S5

Scale bar o B0 120

Transcript: ENSDARTO00000030887.8 (slc45a2-201) - Protein summary - Danio_rerio - Ensembl genome browser 109 1




gRNAZE ARG RN czlRc”

lﬁﬁi“xﬁﬁ:ﬁ%u

CHIMA ZEBRAFISH RESOURCE

2. EERRIEFSPikiEelm
> NRZERNBBFENMNERA, SFTEHAIING FXIEEFES;
> FTEREiFeci A EEN domainf/i i N A

Transcript ID & Name bp Protein Biotype Flags
ENSDART00000140222.2 dsg2.1-201 291 No protein | Processed transcript

ENSDART00000165596.2 dsg2.1-202 4038 No protein | Processed transcript  Ensembl Canonical

Splice variants @

£+ Addiremove tracks | =<5 Share | [l Resize image | [@ Exportimage | ¥ Reset configuration | 5 Reset track order

P 38.22 kb -
7.33Mb 7.34Mb 7.35Mb
I:E?.enes Eﬂﬁ rged ]I I o . i ! i ! | e e | e e o B ——{—]
nsem avana ;
0b— I
N1 a2
%ng?ﬁiRIHQGDGIWEEE 2 l l
?E%Eﬂpfg%gum:laﬁs’%z—‘; 1  — e S — =+ } f —1 1 f 1 1 %  —
= 23.23 kb -

Gene: dsg?.1 (ENSDARGOD0000/6945) - Splice variants - Danio rerio - Ensembl genome browser 109 12
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.*H“’iﬁﬁ sl

2. EERRBFSFiEEER:
> LB AT LAESN BTN S FRIR RIS, e REAE

Exonb

tcaatttattgtgtccgtgctaatttaaagattctacttatttattatttgttgtcatcct
tgagattactaaacaaaacaaaataatagattttgggtaacaggttttcttaaaaaaaaaa
acgctagtagtttgtagtggtttgcattgtttcctacggttctactataactgacagttta
ttctgctactgtatattattctgtctgtazlCaUACCCACCATARCATETETGCAGGAC
TTTGAGCAGAGGCTGAACCAGGCCATC CGCTTTTCTGGAGAGTGAACTGGATG
AGAAAGAATCTCTCCTTGTGTCTGTGCAGAGACTAAAAGATGAAGCCAGAGgtatttactyg
actctgctctcagtaatctggtcatgtgtaattacagacagttcctcattccaag




g RNA&Enan E,E J % hitozihsh.cn

liﬁi“xﬁﬁ;ﬁfhu

CHINA ZEBRAFISH RESOUR CEMTER

2. TR RO FA P
> AJTEIE M iEk R M EiseiEt e,

caaactggtgagetacaagragagagaattttcagtecttgatgtttecttaaagttgtatactaaagt
atttattaacattgagtggatttactgaactaagcatgacgttgtgtttttcacccgcagCCATAAT
ATCAGACAGAAATTTAAAAAGGACATGEGCCATCETCETCCTCATCTTIGEAGTGGTTTTGTTTGAC
TTTG-CAGACTTCATTGACGGM CCATTAAAGCCTATTTGTTTGATGTGTGTTCTCATCGGGATA
AAGAGCGGGGTCTTCATTACCATGCTTTACTCACAGgtaagaactaataacgctcatttagecttgge
tttcttacagcagaaatgtacattggctgggtcagttggcgtttctgtgtgaagtttgecatgttctce
cccatgtttgcgtggacttccttgtggtgctccatttteegfttecgetatgtataac

#0451 21bp GGCCATCGTGGTGGTGATGTT (tgg)

=2 20bp GGGTCCGTCAATGAAGTCTG (cgg)



gRNASEAYIEIE AN czlRc”

ST FEINHZINEEERNER

Zko239: >chromosome:Zv9:1:10786533:10788626:-1

Zko240: >chromosome:Zv9:1:10795796:10797865:-1

Zko239#Nzko240ERBFHILLITEREARA—EL, I7%RIBLIE, RISFEFILLXT
J7995% AR,

Q XMMEREZEEER, EFFYNSE—SSHEREERGMREERRMEERRE,
ERNTEERBRNFY LEFEES, FRERIE ERE

Color key for alignment scores

<40 40-50 80-200 >=200

| I | |
@00 1200 1600 2000

Query

-
I
c-
=




gRNASESRRYE 2 E czlRc”

**YFB 11 Z 1 overlapping gene BIERA:

» overlapping geneAIERIBERE: LPERENIZEASERAKX
Yo, BREEFEIER

» overlapping gene A%RISEE: HEBIFEEITIEERIYERT,
R&ifP¥overlapping genefliE2iig




RNASE ST IZ EN) czlRc”

PXTFE TTTT" BRZILFHIREER, NIEERIEEE

v BE18ES 20bp GITTTTGACTCGACAGCTTA
aXY, F—/MEFLEREEHES

v BRE2#m 21bp GAGCGGCCATCATGTTTTTAG
apkpkl], BEGERKRY, R—/rEF LEEITUEES




slc45a2E El 555

( * A hitp.izfish.cn
4 ﬁﬂ C
:\ J

PARMESILISTRCRISPR/CasoRsfRtFmAafl: $8Ms/ic45a2EH]

1. slc45a2 BE|: sic45a2BERS5BRMMITE, HIANRIREREFIE
(OCA4) HIBURER, OCAHERTBEWREHAFTLZE, MARI IXEBHHE

ERMAEREERNMRE R ERAIETRRK, slc45a2EEAMNFNIZRFRBZRAIAZRK,

AN B = EBIIEE DB RTEZH (Dooley, Schwarz et al. 2013).

slc45a2"v%4, CZ144

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



slc45a2 B ElRikR czfac

SESETTY ) LN

CHINA ZEBRAFISH RESOURCE CEMNTER

LARGGESISLISRCRISPR/CasOBibRFm Al : EMEs/c45a2E
2. slc45a2 EEBR{BVE(E
» BEEZRBHI: 5-10%EEAXRTLENRPAERTE ENEHRREREMARESHX

Cas9 T B RiGETBMIE R FIACas9 EHNEER R RINCZ234/CZ430)
> REEEEERN/RRER

Gene Name: aofute carrier famity 45, member 2

Gane Symbol: slc45a2

Sequence Ontolegy 10 ;S0 0000704

Pravious Mames: ocad gt (1), aib (1) albine (1), B pane, e 136762
Location: Chr: 21 Mapping Detaiks/Browsers

GEME EXPRESSION O

All Expression Data: T higures rom 3 publicalions
Directly Submitied Expressicn Data: 5 figures (8 images) from Thisse of @, 2004 [MAGE T138762)
Wild:type Stages, Structures: Seg OngHp

14-19 samies [ 18 0h-19.0h) 1o Halching Long-pec (48 0h-50.0h)

melanobiast =, neural crest ) ophic wesicde T pigment oell T (a T) »
Curaded Microarray Expression: Ol

MUTATION & AND SEQUENCE TARGETING REAGENTS

Allele Type Localization Canssquence Mutsgen Suppliers
M Inse il ] PONTANECU il
hulB44 Poinl Mutaticn
il s on CRISFR ebealich Re
Small Deletion b CRISPR Chira Zebeafish Resouw R '
Small Diletion CRISPR £ ch R
nk1 Poirl Mutalicn Exon & Premalung Sop
Linkrscram b ERU
53567 Uinkricram L ERU
1 Poinl Mutation Premature Siop EM 3 a!
e Ta LS o i
AN A0
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ElRBLE & &R P

CHINA ZEBRAFISH RESOURCE CEMNTER

PARMESILISTRCRISPR/CasoRsfRtFmAafl: $8Ms/ic45a2EH]

3. slc45a2 BERESSHr: Ensembl: http://www.ensembl.org/index.html
> BEIAEESHT, TR AT AL
» TEEFRABRS, FHEERFY ik EEs;

BLASTAELAT | BaoMart | Tools | Dewnioads | Help & Decumenision | Blo Viarian ) Marked-up sequence @

. ; Zebrafish (cRczi0) » |y Dowrisad sequanca fl & BLAST this saquencs

Location: 21:19, 409, 30819 447 653 R U TRENS L)

s
ro
[
en
£
P



slc45a2E El 555

liﬁi“xﬁ Hil

CHINA ZEBRAFISH

PARMESILISTRCRISPR/CasoRsfRtFmAafl: $8Ms/ic45a2EH]

4. sic45a2 BEgRNAZE S 7%EE:
ZIFiT: http://zifit.partners.org/ZiFiT/CSquare9Nuclease.aspx
CRISPRscan: http://www.crisprscan.org/
MEDJED: http://www.genesculpt.org/medjed/

Inbroduction ZIFIT Instructions Examples Faiy References Funding Links

= Baieplal
asasaastastgasgoocaaacigaagattctghgagogtcocicacsgghgtittickctopaigighgtgtattc agGAG G T T C TG BTG O G TN T T T T AT G | T TGATC GO G GGAT OO GO TE TTOTAL

Pleass @hsine that your quary sequencs & not contaln repeat slemants. W st that you check the sequancs using Rops atiasko

e d Sy

icaccegeag COATAATAT CAGACAGAANTTTAAAANGGACATGGECCATCGTGETGGTGATGTTTGGAGT G "TTT"GTTTI.:."\( TTTGCC
GrAGACTTCAT TGACGGAC AT TAAA G S TAT T TG T T TGATGTETETTCTCATCGGGATAAAGAGCGEGETOCTTOCAT TACCATGCTTT
ACTCACAGglaagaactantan

Length of larget Site >0 T7 Pramater - Zubrafish -
Cuery sequence has been repeal masked. Failure io repeal mask will resull in no results being reburmed

Ideritify potartial of-targets Idsntity Langel ditas Sk 1o CEW

2 MNT constnamt = GG
Mumber of query sequences detectad = 1

Sequance Namea Targetsite ol 1 Dliga 2
Eicd5a? -Reverse Sirand CGETCCGETCAATGAAGTCTG TAGGGETCOCGTCAATGAAGTCTG PPAACCAGACTTCATT _
» | i - T -Il' Al r
o HE A PRSI .
20 A 3-0-IU &
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ElRBLE & &R P

CHINA ZEBRAFISH RESOURCE CEMNTER

VARRGESILISIRCRISPR/Cas9fufitFamAfl: $CMs/c45a2E ]
5. gRNASE A IEE—{4iA -

BLAT: http://genome.ucsc.edu/cgi-bin/hgBlat (May. 2017 (GRCz11/danRer11))
Blast:

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=MegaBlast&PROGRAM=blastn&BLAST PROGRAMS=m
egaBlast&PAGE TYPE=BlastSearch&DBSEARCH=true&QUERY=&SUBJECTS=

Zebrafish BLAT Search

(3] Genomes Genome Biowser ook Miroes Dvrenioads My Dala Help Aboar Us

Zebrafish BLAT Results
ELAT Search Genome

ELAT Search Results

(e Search all ganomes Assembly Guery type Sor output Clutput type
Zebrafsh - May 2017 [GRCz11idanFer11) + BLAT & guéas Uy, B W Fypisrlink w

Go back o chrl 0:33640802. 34120351 on the Genome Browser
GHICATOE TRETEG TRATE T T

_ Cushom Irack name. blst Yourseq Carstom track descnplon. blst on YourSey

Buikd @ custim track waith thass résuls
ACTIORS QUEERY SOORE START EMD GIZE IDENTITY CHRED STRAMD START EHD AR

poerper detajle Yeurdeq 41 1 2l 21 100, 0% 2l o+ ISZ6I0 1913640 21

Al Risults (e Mindmium masches) Submit I'm fealing hucky Clear

Paste in & query sequence to find its Iocation in the the genome. Multiple sequences may be searched if separated by lines staring with '
fiollowad by the sequence nama
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EIRBID 8 HH D
CHIMA ZEBRAFISH RESOURCE CENTER

PARMESILISTRCRISPR/CasoRsfRtFmAafl: $8Ms/ic45a2EH]

6. (LAREIRFFIRYH 18-
v B FIHIA
v TSRS R SRS R

SI¥ngit: 7fERE= RIS 4, FHEEZIHEASMMERAT100 bp, FHPCR
Y IR GFAZEEIL1000bp, BAE—%T (primer premier 5)

caaactggtgagcectacaagtagagagaattttcagtcttgatgtttcttaaagttgtatactaaa
gtatttattaacattgagtggatttactgaactaagecatgacgttgtgtttttcacccgecagCCa
TAATATCAGACAGAAATTTARARAGGACAT GGGCCATCGTGGTGGTGATGTE-AGTGGTTTTG
TTTGACTTTGCCGCAGACTTCATTGACGGACCCATTARAGCCTATTTGTTTGATGTGTGTTCTCA
TCGGGATARAGAGCGGEGETCTTCATTACCATGCTTTACTCACAGgtaagaactaataacgecteat
ttagcttggctttcttacagcagaaatgtacattggctgggtcagttggegtttectgtgtgaagt
ttgcatgttctcecececatgtttgegtggacttececttgtggtgecteccatttteCgEtEcegetatgt
ataac

Forward primer. CAAACTGGTGAGCTACAAGTAG
Reverse primer. GTTATACATAGCGGAAACGG
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gRNAT BRI czfac

/./'z. L _GRMA scateld 7 _‘ target

sgRMNA 2

pT7-sgRMA

'5.
o]
I
e
= —

— GANA

1, | sw
IPEFL = :

pT7-sgRNATRJ#I

@ EBRFFzeE, DS CRAE SRS MgRNA

@ EATEERSFEMAMIRNA, MATHAIK
Lol R, ZFERMNgRNASEEFFILIGGAUCE
E(Jao LE et al. Proc Nat/ Acad Sci U S A.
2073.)

PMD19T-gRNA T E[&¥]

@O AFFILAPCRAOTEAGRNABZEFS,
VAPCRF I EAEIR & R gRNA

@ ERTFXRMRITIE, BPEHE (Chang N,
et al. Cell Res. 2013)



Cas9T HJ&GHI czfRc

EIRBID 8 HH D
CHIMA ZEBRAFISH RESOURCE CENTER

pXT7-hCas9

NLS NLS |
# 5'UTR Human codon optimized Cas9 3UTR f=————

1. pXT7-hCas9T EJFHk7
Humanized spCAS9 E5H (Xbal/T7) (4176bp/1391aa) (Chang N, et al. Cell Res. 2013.)

2. pGH-T7-zCas9O T EJF#I (Top10REZZE)
NI — MRS SnIsER (FCasHB RN O & R EREMACEIE, () , 2016, 38
(2) :144-154) )

3. pT3TS-nls-zCas9-nls; pCS2-nls-zCas9-nls T BF#i
MO EBZIL ALK T3-spCASIEH (Xbal/T3) (4176bp/1391aa) (Jao LE et al. Proc Nat/ Acad Sci U S A.
20173.)

4. pT3-heiCas9B-UTRglobin — SP6orT3 MS  zCas9  NS—



g LT

CEMTER

2 Chinese | English
L - [ == | o ﬁ - 3 “

c z h, n c 5{4§£EHITE£;,§ ﬁ‘:‘%ﬁ ﬁpﬂ_ﬁﬂ_ﬁiﬁﬁ-m
ERTUETGRe THEES W U RRRE | AmRR | KomRmRmeAE T eEEn

Others - o E BECIRC
Resgurces =Plasmids
LI mARE

Select Product Mote Eif;l:ug
pCS2+ pC52+ for preparation of invilro transcribed mRMNA, or overexpression constructs for DNA injeclion and/or transfection CZP1
pXT7-hCas8 For in witro transcription of humanized Cas8 mRMNA (CRISPRICas3) CZF2
gRNAPMD19-T For making in vitro transcribed grRMNA (CRISPRICas9 CZP3
piGH-T7-zCas9 For in witro tranzcription of zebrafish codon optimized Cas® mRNA (CRISPRICas3) CZP4
pT2(kop.Cre-UTRNas3, CMV:-EGFF) PGC-spedfic Cra expression; whole ambrya EGFP CZP5
pT2ikop KalTA4-UTRnos3, CMVeGFP) PGC-zpecific KalTA4 expression; whale embryo EGFP. CZP6
pT2(ke I-MRFP-UTRAGs2, CMV. eGFF) a loxP flanked SV40 polyA) signal between the kop promoter and the mRFP geneé 1o regulate PGC-specific mRFP exprassion; whaole embrya EGFP CZPT
pT2{UAS:mRFP-UTRNos3 CMV.eGFF) mRFP regulated by UAS and nanos3 UTR ; whole embryo EGFP CZP8
pTal2-MCS Tol2 Transposable Element and multi-clone siles CZP10
pTaTS-nzCasén For in witro transcription of zebrafish codon-optimized version Cas8 mRMNA (CRISPRICasS) CZP11

B P12 T—HEN ®E1-0

http://www.zfish.cn/products/otherproductlist.aspx?cid=001006
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PARMESILISTRCRISPR/CasoRsfRtFmAafl: $8Ms/ic45a2EH]

7. (F9MEFR S gRNAFICas9 mRNA:
« gRNAESRL BZRBEAICZP3

(\fﬁm scafiold gRNA5 DRI an T

¥ IEM5 |92
17 EaFF5+20bpAHAHEE A FS
+20bp gRNA BZEF%;

\ REE1#: ~20bp gRNA BZEF7

IPCR e

gRNA scaffold

pMD 19-T Vector




2. BEGIEEA czlRc”

ERBED & AR

CHINA ZEBRAFISH RESOURCE CEMNTER

2.5 LARMIEFIEISRCRISPR/CasOBifFtFEmAafl: $ErMs/c45a2EH

8. (9MEFEREgRNAFICas9 mRNA:
* Cas9 mRNA&RUERI: CZP11 (

T3 promoter

CZRC Catalog ID:  CZP11 = __'_“f--.,‘_H\
Product: pT3TS(T32Cas9-UTRglobin)

AmpRt |
Mote: For in vitro transcription of zebrafish codon-optimized version Cas9 mRNA (CRISPR/Cas9) ,"

5 pT3.Cas9-UTRglobin
Phenotype: T hp
- “iast
- Yoo I(401) /J’R*’ )
-
purl glebin 3'UTR
P

Notelnfo:

£ i
o e hnhei-tag, N
MRS (A T cas MRS REETE B 5 AR AS ch IR SRR paE e (1), pdf ‘—x'? C 9 )\ N
as9Fm B A%
L E. S R Wente et al (2013). "Efficient multiplex biallelic zebrafish genome editing using_a CRISPR nuclease system.” Proc Matl K #

3 —_

cad Sci U S A 110(34): 13904-13909,

==
[=]

=

pT3.Cas9-UTRglobin.doc

pT3-heiCas9B-UTRglobin

2023-5_3( T3-casImRMNAS R I}

pT3.Cas9-UTRglobinBliH
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R REEERES czlRc”

R
EENRERLL, MAEEIE=H BR—KkicE
gRNA (20-100 ng/ul)

cas9 mRNA (200-500 ng/ul) /
KRR, SECTEEI1-2 )
cell stage embryos

FRAG % B 224 hpfdE f T8,
MBERE, BHFAFOR
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B cz(Re

EIRBID 8 HH D
CHIMA ZEBRAFISH RESOURCE CENTER

POACHEATSE
1. BEElFE. EERBGPCR FIE TUIFEnEREITATZZIAT, AHttREE=NRF,
12T EANMNET AT AR, A LRESREERE, RS,

LI * [ e L b s (] sl o % (7 [ R drans s gt P e i o [P T (PR

GGCCATCGTGGTGGTGATGTT TGG a B0 1 GGCCATCGTEGETGGTGATGETT TGG o/ BO

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

fTcarTesTeeTe

.........

Synthego - CRISPR Performance Analysis
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LARHESILISRCRISPR/CasORslxt+amAfl: ERscl45a2E ]
. BT SFORIESBERIN:

Sequencing primer F1l

slc45a2 gRNA/Cas9 mRNAZL
SRR R B G
35.8%C1+61.8%C2
POfX 3% BY [5 i # — %X

Wt, 48hpf B, 48h;::-f C2, 48hpf
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POfLEET &
2. PREMARESEST) L BKBAFFIA. PAM 5 iRk — R —PREIMER B =, ¥
IR BRI, BeYIfSEEIKEEN.

Fwd primet

(h

L PR S A & R AR
SO R e o o S |+ 4l E L
BRI H20%
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EECDNADEE X

PO ST

3. 1aEcDNATIEIFGNE : EVECE AR SurveyorizZEs RJEEFOT 7#ZE2AIERl, B EPREESURAIFIIEISIR
WitisiciURE, B YEESREKS S, IRESFTANMIMESEERAYZE, aTAFHENZFN 5K,
TALEN $2ARF0CRISPR/Cas9 FARNESRNERABRIE, NI EESUREABERESRE; "Indels” |

T7el V) il -1

Paositive control .
=
L Z

T8 R B 5 5 R B P
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PO(AE 7%
4. chE ERTIREIRIREEE . EPERFIREIRRRT, FAEMESZEKIIDNA BT RS AT
, BRI E RS AT,

PAGEFS: |

| =]

223b  218b 228b  237b 210b  226b  223p2 218p 228p 237pl 210p 226p

* 7110, — S R 22 ] 4 5 N B
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PORAMETFIR:. SWTIIRE, AR
ReiliFRtal, PRIMERCEFAFIA

l

FIKMETEiE: BHEENFIS | FIFEANAEDEIENEE S
W, SePERFRIARTRRS, Z(3n+1/3n+2)

Mz ZRekE51%
£ (F—EREE)

F2(5/METSiE: 5288

et
P —— SRR TR,
P m e BIRRES, BOR
= RiBf, BEAR
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CHINA ZEBRAFISH RES EMTER

Wt-sequence
TTTGACTCACTCTGCGGTTTGCTGATCGGTCGGTAGGGCTCGTCTCCCAGTGACAGTCCCGTCATTCCATCG

210 220 230 240
IIIII.IIIIIIIIIIIIIIIIIIIII ____________

-y . = T TR cfE T T T AT AT AT T T

il
I

TTTGACTCACTCTGCGGTTTGCTGATCGGTCGGTAGGGCTCGTCTCCCAGTGACAGTCCCGTCATTCCATCG
ITTTGACTCACTCTGCGGTTTGCTGATCGGGCTCGTCTCCCAGTGACAGTCCCGTCATTCCATCGGGACCGTC

BREFISEFEFIBHTX LR TS MREIAM (rceerace %, 3n+1/3n-2)

|

SeRENFRIAREER
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SETRE

» Frameshift (3n+1/ 3nt2)
1. TRsE

2. A

3. |ﬁdE| 1k-cell
3h

#» In-frame (3n)

»ZFNs, TALENs#1 CRISPR/Cas9#i ASHRIZEE: LIRKES, HRERZEZE20 bpllA, MmiBARIZESE10 bpLlA
(Hwang WY, et al. Nat Biotechnol. 20173. )

»CRISPR/Cas9Z RN ESHIRTEZE(>75%){E12 bpLlA (Varshney GK, et al. Genome Res. 2015)
» FORS MR AR TRIMRE MR EEME, REEEHEPHETNERESER. Ko EEEEEEZER
B, BugEEEsBE3NMNALRE. TEIEREENFEMEETIEE, BiNFE2-5MEEPOR BB BIERLEERITIE.

eg: PORMEFIGNIBIRYSSE22RI 264280, HPEF1 MAFIGIRIOOMSSIREER (3.7%) , AEbo eSSz (96.3%)
(Varshney GK, et al. Genome Res. 2015.)
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- RitS— TSR ERE

FRERT: MRS EERIBSRIE, PEEARZESR
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>RES—: MEESEERERE? ? ?

wINEERmENRAE =

PEERFRIAHE: GCERE, WEZEE, PAMRRSIL
> DNASEIRRYANANE . RBAITSEE, EREIDE
»Cas9 T gt B

4




IR EGRESERIEE

FELFRSIRHE: GCEE, WEEE!, PAMFESIZE, GCEE (35%-80%) . 16#F120#HE
K8 (A/T/G/C) FIPAM (NGG) BB EEEFRRBERZE ARSI (~160 targets,
20-mer GG-N18)

5 I—
— [ ! | I

ﬂ' R — K}
= 1 gsn — g‘" 1
; —L
i u *
= Ficl

25 L ‘

a AEG cog GG
_ Positicn 18 Bass PAM Sils
16" base «  PAM site
35 40 45 50 B85 [:] 85 il -] f1:]
GC Percantsgs

GC percentage (Varshney GK, et al. Genome Res. 2015.)



R E R E R czlRc”

R R REREIER

> SAEFFISE:

® gRNA {15 SINIANEEAG, SUEREBMSEAITI 3 WS HEREEERERMRIE;
@ AFFIN17-18 bp 4 RNA HUSSAETSF, TESRIEHR gRNA EFISRHTImismatches SIS

VEGFAsite 1 EMNI sh =
(Target site 1)  [Target sit. ™
100 |

" 5.GGCGAGGGCGATGCCACCTACGG-?

T

gRNA sequence % EGFP-negative cells

0 20 40 &0 a0 100
el B

utage Ra
-

o

Percentage HDR
[ _]
L
=
==

A1Snmt B 1A ' d
ACCUA 17t I @00 -+ - - o+ -
\CCUA 19 nt | gRNA - -
. CGRGGGCGAUGCCACCUA 20 nt O
EaaBases * truncated gRNAs work well in human cells

additional guanines on
the 5" end of TS (Fu 'Y, et al. Nar Biotechnol. 2014.)
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IR ElmESEER E=
> DNAEIRAIAAME: REIMAEEE, EREZITE, JFTHERERRFAEIK

- = N N W W
o O o e o O

Indel Frequency %

n

A

TO1 TO8 T15 T32 T40 T45 T52 T64 T80 T91 T96
Target Locus

(lee CM., et al. Exp Physiol 2018.)
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CHINA ZEBRAFISH RESOURCE CEMNTER

B ERIEIEEREE
> CasOT ERstIEIRER

pXT7-hCas9
RN <R iy e o
EIANEES
e S. pyogenes Cas9 amino acid
108 217 262 324 409 480 543 694 1219
pT3TS-nls-zCas9-nls s F F U E
xCas9-1.2 M
xCas9-1.3 M
#1hei-tag, I Garo-22 |
Cas9FE R A% XCas9-3.6
xCas9-3.7
pT3—hEICa593—UTRg|Ob|n *  XCas9 variants with broadened PAM compatibility.
(Hu JH, et al. Nature. 2018.) 48

(Thumberger T, et al. Elife.

T e 1
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BREBLS czlRe

5'-GGNNNNNNNNNNNNNNNNNN-NGG-3’
DPSS PPSS PAM

ARFERL=—RRAZIL

Off-target sequence form:

5'-GN-(N);_s-SeedSequence-NGG-3'
5'-GN-(N);_s-SeedSequence-NGA-3'
5'-GN-(N);_g-SeedSequence-NAG-3'

5'-GN-(N);_g-SeedSequence-NNGG-3'
v AEIPAMIRINMSAIEREHEGRIERET]: NGG>NGA>NAG
v Seed sequenceliZHIRE, MEFIE—IRLIAEZ2)AE, BNFENRESGAEIN

(Jlang W, et al. Nat Biotechnol. 2013; Slaymaker IM, et al. Science. 2016.)
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AR

TCACCCGCAGCCATAATATCAGACAGAAATTTAAAAAGGACATGGGCCATCGTGGTGG
TGATGTTTGGAGTGGTTTTGTITGACTTTGCCGCAGACTTCATTGACGGACCCATTAAA

GCCTATTTGTTTGATGTGTGTTCTCATCGGGATAAAGAGCGGGGTCTTCATTACCATGC Zebrafish - Danio rerio e
TTTACTCACAGGTAAGAACTA
Cas9 - NGG * | Invitre T/ promoter i Get sgRNAs
Site type -
£ GE1BNGG
v Off-targets
s Genoma GOCATCGTGETGETGATGTTTCE
S  Locus oligo BT |
» B ghlA GECATCOTGETGETGATSTT I
(=9
E CFD  All  Seed Off-targets (max 30)
<. All Seed CFD Gene
74 yourseq:21:19412625-19412648 (+)  taatacgactcactataGGTGGTGGTGATGTTTGGAGE Itagagctagaa 33.91 4 1 KM1498B83.1:2436[. X% X...]- - - 0.47 ENSDARGO
69 yourseq:21:19412663-19412686 (-) taatacgactcactataGGGTCCGTCAATGAAGTCTGEtttagagctagaa f'ﬁﬁk ‘A“EFD B1957330[ XXX ] I+ - - 030
58 yourseq:21:19412663-19412685 (-) taatacgactcactataGGTCCGTCAATGAAGTCTGE tagagctagaa L j ~ | = B195T 726X X XX ]+ - - 030
56 yourseq:21:19412620-19412643 (+) taatacgactcactataG G{ZATCGTGGTGGTGATGTTgttttagagctagaa*f—i ‘J—:k =) E FEEEE 22-37717848[ ... 300 ... X+ - -  0.28 ENSDARGOC
53  yourseq:21:19412700-19412723(+)  taalacgactcactataGGTTGATGTGTGTTCTCATCgIttagagctagaa i FeE B 13:28351868(. X X.... XX.....}- - - 0.21
49 yourseq:21:19412699-19412722 (+)  taatacgactcactataGGTTTGATGTGTGTTCTCATEIMagagclagaa BUE 1 U 24:24790466]..X%. XXX ]- - - 0.18 ENSDARGO(
47 yourseq:21:19412711-19412734 (+)  taatacgactcactataGGTCTCATCGGGATAAAGAGEIIagagctagaa 383 0 0 24:405322T [0 X....o.. ]+ - - 047
23 yourseq:21:19412693-19412716 (-) taatacgactcactataGGAACACACATCAAACAAATEINIagaECIagaa 3836 0 0 1365728070 000 ... ]+ - - 017
6:14843166[X K. X.....X...]+ - - 015
B:36184727[X. XX .. X ]- - - 015
FAIATORIINE KW X 1+ - - n1ia i

http://www.crisprscan.org/?page=sequence (CRISPRscan)
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. V¥ Cas9 /gRNAESH
mEE, £

HKELmFE
7k A \
NHEJ HBMES | | pspyrszattE - =
MR, (R | | g | | i BREBHRLES
&IDLVERA dsODN = f it .
MIEERAE, SEENRF H’Ii‘%ﬁindel, l
J! AL AR EERI A ~ N
BRAFSHTDSB, Digenomeseqi RV T BREEAL
AR R A (Wat Methods, =, NEESN
2015, 12(3): 237-243.)
ESHBREERIEREE  GUIDE-seqitR REUE0.1% HEem RN
{# (IDLVs) iR (Nat (Nat Biotechnol, —
Biotechnol, 2015, 33(2): 2015, 33(2): 187-197.) S i=
175-178.) REE0.1%

REE1% (Xie SS, et al. Yi Chuan. 2015.)



BREEAL A

Supplementary Table 4: Off-target analysis of CRISPR/Cas%-induced
mutations

wzfish.cn

Sequence (5'-3°), PAM:green, |Number of
Gene Target mismatch:red matches

DENAS GCRCCTCTTCCCCGETRCGTCARCT 2al/20 hfa]
DFMNAS-OTA BEEEETEETEETEETAGTELGEE 17/20 Yes
LJ'FNH.:]-‘._JI & LRSI A 0 BT S N D T e L.af L0 NGO
=3 DFMAS-OT3 CTTCETGCTEECEETEETEATGEE 14/20 Mo
v CR'SPR‘CaS SYStemELﬁﬁ?AﬁK562gEHE; DFNAS-OT4 TATCCTCTTTGCECTAGTCALRC 13/20 Mo
. “ DFMAS-OTS LGCTTCCATEGCEATAGTGACGE 20-Dec Mo
EF'FQE*@‘}M%UDH-M rg et EffECtS (ChD SW, EYA4 CGECTGTCTETCCGEGCTGAGGEE 20/20 Mo
. EvA4-OT GGCGEGACTGTCCEGECTGATGAS 17/20 Mo
et aI. Nat BIOtE‘Ch nol. 201 3) EYA4. QT2 CACTGLACAGTCCGGGCGGAGGAG 15/20 o
EYA4-OT3 TGECCTCTCETCCGEECTGRAGEESE 14/20 Mo
EYA4-OT4 CTCTACAEGTRCGGECTGAGGRS 13/20 Mo
v ? IJ\J EI]HEEEA 1. \ 1.‘7_; E{ZIKE. I__Iﬁl-?}?ﬁt H& I:Fl ﬁ EYA4-OTS TERLTETCETCCECACTCACTEE 20-Dec Mo
. y . o FNDCT GGTEGEGAGTARAGGGGCAGTGG 20/20 Mo
%}ﬁ'l‘iﬁlj}ﬁ'l‘ifa‘r EE , HEE'EE],’_X‘Q I\_".LEC Rl S P R— FNDC7-0OT1 GGLGGELAT CGARRLAGEGGECAGLAGE 15;:26 Mo
FMODCT7-0T2 GACGETCTGTARAGTGECAGCGEE 14/20 Mo
= oy (== > N FEE FNDC7-0OT3 T CCALGAGTARAGGGGTAGGGE 14/20 No
CEISQTEEKE@;EB{FEEHEPZ‘:E%E (25 I H E FMDCT7-0T4 LCACALTAGTARLGEGECEEEAS 13/20 Mo
. A0 FMODCT7-0TS CARALACTTGTAALGCTGCAGRGE 20-Dec Mo
;I#JSJTME ' 3'9’?"m|5matc hes; {E | HE Marveld2b GOCCCAATGCAGGATTTTGTCGG 20/20 Mo
|Mawe|d2t:-OT1 TGCCTACTGCAGEATTATCTCRAS 16/20 Mo
EE““ J)\ EUT%#R) Va s hney GK, E-‘t a|_ |Mawe|d2b-OT2 LGLTCTCTGCAGGTTTT TGTCAS 15/20 Mo
|Mawe|d2t:-OT3 LTETCAGEGCTGEATTT TGTLER 14/20 Mo
Genome RE‘S. 201 5) |Mawe|d2b-OT4 TTCSTTCCGEAGEATTTTGTTGE 20-Dec Mo
Iarveld2b-0T5 TTETECTEGCAGTATTTTGTTGEE 20-Dec Mo
PTPRNZ COTCAGTCTCTGAGGTATCCAGS 20/20 Mo
FTERMN2-0T1 CTTCEGTCTCTGRALGTATCCCRS 15/20 Mo
FTPFRMN2-0OT2 CATCCLCATCAGAGSTATCCAGE 14/20 Mo
PTPRNZ2-OT3 TTECTGEEATCTGACETATCCALG 13/20 Mo
FTEFRMN2-0OT4 TTETEGAATCTGACSTATCCCRS 20-Dec Mo
PTPRMNZ2-OTS LTCTERLATCTGAGETSTCCEGEE 20-Now Mo
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AR IEEREFERE—, 455
SRR A AFE b

""‘-uc'._Lh - I L AL i FeeT
= E_ﬁ_ﬁﬁ E yj Ej . er,.“;,_ — = Nonhomologous end joining (NHEJ)
. ﬁ%%ﬁ =] » ,ﬁ » 1 7_1 9 bp b gRl\'\lAII Mutations at targeted sites
Double-stranded break (D5B) (random insertions/deletions,

shift in reading frame, ete.)

» CasTEEBERRE: A,
* NACasOERY] EgRIXYI A ;

— Homology-directed repair (HDR)
Targeted sequence replacement

(mutations, gene cormection,
gene knock-in, etc.)

[ F3dCas9-FokIfs;
NS R E SRR Cas T EES.
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Ssdect Genotype|Background) Construct

* http://lwww.zfish.
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£n
1
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czPac

EImAsEeo

Hibl: REAEEE SR T SRRk HESK: 430072

bt

seart 3 E R PR PR S B0 B — W RS

B, i ZFNID ¢ ZDB-GEME-130131-9359), M Ensemb] fibcsTF 5
Dfh stat6 W E) WM MR BB EE 2] 4 exon, EHEEF ATGHTE
Z % exon. 5 5 exon @it T gRNA ¥ A. BEHH,
S'GGGATGCCGTTGGTAGGTGGS . Blat il s ED ML EFEH P £
.
BLAT Search Results
AITONE LUERY SCORE ITUR! B R ITE DTV O ST TRET (1% Tl

batas deisais Yeurfen nm 1 e 20 o N 3 0 FIINIAIE ZTIEICEG m

B AUEF B A R gPNA. WS 3 DNA B AP F . MESHLES
FF¥|5 Ensembl Ribep i fhERRE—EE, DTFEFER (ERFAD. B
B {E-E R gPNA 0 hCash® mRNA.

Target site

?'-..._....T:_..I._._:.TI.?*....,“........_.._.'.,:..1.....'..
|J I.
| 1/ | L. ) [ |I
-.I ..-'.| | jl.'..-.l: | 'II' |. | I. .' |
L s

BEoRuasigm. BDMIERG Y gRNA-KCas? mENA B4, PCR X
EPMAEERE-ETEARE (REE@ 60%), BRDT:

Target site

'.I 1 , | 1 "I : | i " I
! I' l | ¥ '||'.,[
|'|r\I -'II ; l‘.'ll. III_I'l
LUITLLL .,LL- .L,...-I. -'hhnrufu .E': WEEREAY
Mutation

PO fCRE BB AP RE S R T

i 017-88T80570 Bl mebrafishgidkb ac oo ik hitpwere rfish on

l%ﬁi“xﬁﬁﬁfhu

CHINA ZEBRAFISH RE!

Chinese | English

IR N 2o TRREE - )
=ik

Availability
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