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Nature Biotechnology 30, 836-838(2012) doi:10.1038/nbt.2357 AR
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Others - 2 FE #ECIRC
Select Product Note gi‘?a?cg
0 pCs2+ pC32+ for preparation of in vitro transcribed mRMA, or overexpression constructs for DMA injection andfor transfection. CZF1
= pXT7-hCass For invitro transcription of humanized Cas8 mRMNA (CRISPR/Casg) e R
] gRMNApMD18-T For making in vitro transcribed gRMNA (CRISPR/Cas89) CZF3
= pGH-T7-zCas9 For invitro transcription of zebrafish codon optimized Cas9 mRNA (CRISPRICas9) CZP4
0 pT2(kop:Cre-UTRnos3, CMV.EGFF) PGC-specific Cre expression; whole embryo EGFP. CZP5
0 pT2(kop:KalTA4-UTRnos3, CMV.eGFF) P GCaspeciiickal TA4 expressiongwholgre mbpmEGE R CZP&
1 pT2(koplsl-mRFP-UTRnos3 CMV: eGFF) aloxP flanked 840 polyi4) signal Between thedwop promoterand the mREF gene to regulate BGE-specific mRFP expression; whole embryo EGFP CZP7
[ pT2{UAS:mMRFP-UTRNos3, CMV e GFF) mRFP regulated by UAS and nanos3 UTR ; whole embryo EGFP CZP3
0 pTol2-MCS Tol2 Transposable Element and multi-clone sites CZP10
= pT3TS-nzCasgn Far invitro transcription of zebrafish codon-optimized version Cas9 mRMNA (CRISPRICas9) CZP11
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gRNA{EARIE : gRNAFLIFICASOEMIEELES |, 2ISCASIERE)
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— SP6orT3 NS zCas9  NLS—

v

zCas9
A A crRNA:tracrBNA
1 G A chimeric gRNA
A-U G
l U=-A U-A
— C-G C=-G
17 gRNA G-C p 3
A A G-C
G-UG U-A
A-U G-C
U-A 3‘—“*“*”C-GC
20:-bp target Sequepice. | Fo3 T HJ(E.I:x.P'sAA
-k —C';Cl;l:lr:n;nlqrgr'nilrlﬁlqr;lt}lt;ll;llfl\'ltln\'lt\'lcu-AUAAGGCUAGUCCGUUAUCAACUUG A
3’'-genome--~-CCNNNNNNN H:-::EMNNN:-ir-n-mNCC--—-—genome—5 ;
5'-genome---GGNNNNNNNNNNNNNNNNNNNGG---genome-3

A
PAM
23-bp
b genomic targq '

3nt away from PAM, blunt cleavage pas o5 aug 2013, 110(34):13904- Z2£3
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DPSS PPSS PAM

» PAM ( proto-spacer adjacent motif ) NGGNN , S3CAS9RZ|
CIREXREE |, MIBET,

> HFEF : SEPAMRA12 M EBEFR RS |
X gAY E T A ] 8 SELCRISPR RP\JUJE&E’JE&@JAZKEI’J
ANEBE(E.
PP FFIDPSSIX, PAMIZLHGIX (12-7) , DPSSIX AJ i 5% K3 20 B HL
FLGRAF, AR HA R R R B 3 o5 BT R W
FFREFIPPSSIX, PAMIFUGIX (6-1, 3547 KiFR4M) , PPSSIX [RAEAf
R RAG A T R S EETRERCR A R FF, AN [E] B SE & 0] 7T 3E R
RS2 BT 22 5%
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5’ Ui GG- T7 BT
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5'-GGNNNNNNNNNNNNNNNNNN-NGG-3’
DPSS PPSS  PAM

v 5'-GG-N18-NGG-3": 1/128-bp random DNA sequence

v/ 5'-GN-N18-NGG-3': 1/32-bp random DNA sequence

v 5'-(G/A)(G/A)-N18-NGG-3";,1/32-bp random DNA
sequence

» ZFNs TS: ~1/500-bp random DNA sequence
» TALENs TS: ~1/35-bp random DNA sequence
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F—2 , BinE2REATEE

BERIEEEGE ( BEXE ) : 5-10%EARTLEHEHASEE (tyr,
chd, fgf24, tcf711a et al) , PGCHERFRA T Efif

EOEEEER

EEBRIEEE ( ~25% zebrafish genes )

< _ oty e Py e d
- > - o N
chd+/+ chd CRISPR
C%I F lI X
w

fgf24+/+ fgf24 CRISPR

Genome Res. 2015 Jul;25(7):1030-42
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Ensembl: http://www.ensembl.org/index.html

ZFIN: http://zfin.org/

NCBI: https://www.ncbi.nlm.nih.gov/

BLAST:

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=MegaBlast& PROGRAM=blastn&BLA

ST PROGRAMS=megaBlast&PAGE TYPE=BlastSearch&BLAST SPEC=blast2seq&D
ATABASE=n/a&QUERY=&SUBJECTS=

Y
""’3 2 = - Search
§ £ NCBI  Resources ) HowTo ¥ Sign in to NCBI
a Zebrafish (cHome Genes / Markers / SRgNITAPRTI m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information Sign in to NCBI
. 2
Gene-based displays BLAST > blastn suite Home Recent Results Saved Strategies Help
Gene Name: GenBank
E- Summary
Splice variants Gene Symbol: Align Sequences Nucleotide BLAST
Transcript compariso - .
Gene alleles Sequence Ontology Dar“o rerio 50| J blastn | blastp | blastx | tblastn | tblastx |
B Sequence - - BLASTN programs search nucleotide subjects using a nucleotide query. more... Resetpage Bookmark
Secondary Structure Previous Names: NCEBI Reference Seque Enter Query Sequence
v ion: ASTA G i 5 p
&= Comparative Genomics Location: SASIA - Graphics Enterjaceessiomnumben(s), gi(sipor FASTA sequence(s) & Clear Query subrangeng.
Genomic alignments N Jature History L A S i A i W i y B | B u &y
Gene tree omenclature History Go to From
Gene gain/loss tree
Drthologuss GENE EXPRESSION  1ocus w0110 . 4
Paralogues All Expression Data DEFINITION Danio rer
Ensembl protein fam ACCESSION  NM_DO1110
& Ontologies Directly Submitted f  vERsTon  m_ooi110 ;
GO: Molecular functi| J KETWORDS  RefSeq. Ealipleadiiile FRIPEFEIF. @
GO Cellular compon Wild-type Stages, St SOURCE Danio rer Job Title
GO Biological proce ORGANISM Danio rer
Phenotypes Eukaryota Enter a descriptive title for your BLAST search &)
= GE\I-::\;K:SI?H Curated Microarray Actinopte| [/l Align two or more sequences &

Variant image Cyprinife .
9 MUTATIONS AND SE  REFERENCE 1 (bases Enter Subject Sequence
Structural variants
AUTHORS  Seberg HE

g:;e”:tmeasiun Allele T “1lden DE Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Subject subrange &/
External references b4 Ine R, From
Supporting evidence TIILE TFAPZ par
i hu1844 P MITF
- 1D History T
Ciana histons ihb64 ine  JOTRIAL PLoS Gere
1hb65 SI REMMRK  Publicati| i
r, upload file e )
RS ~. EEFERENCE 2 (bases AR C

AUTHORS  Wu L, War


http://www.ensembl.org/index.html
http://zfin.org/
https://www.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=MegaBlast&PROGRAM=blastn&BLAST_PROGRAMS=megaBlast&PAGE_TYPE=BlastSearch&BLAST_SPEC=blast2seq&DATABASE=n/a&QUERY=&SUBJECTS
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S=20 , I AEEIhEeEF0 B inefRX

> ZFINERELEHNRTMAR  EASE

> THEERAINREE, , $TEEAN /R o] sERATREE,

> BLERER , BHSERUXE ( SEEEFRERIM )

Gene Name: solute carrier family 45, member 2

Gene Symbol: slc45a2
Sequen Location: 21:19,409,306-19,447,653 | Gene: slcd5a? [EIEE S EE YD

Transcript.based d ITanscript-based displays

Previou: = mary Summary Transcript: slc45a2-201 ENSDART00000030887.7
Locatior:;, sequence Bl Sequence
Momenclat ESIUlI;fAS Exons Description solute carrier family 45, member 2 [Source:ZFIN; Acc-ZDB-GENE-050208-97 ]
cON y
" 'C:Enlt]:'n Synonyms alb, im:7138762, oca4, albino, aim1, B gene
All Exp Pri’,‘fl‘,‘;e'mgﬁfﬁa Protein nformation Location Chromosome 21: 18 409 306-19 447 653 forward strand
Directl IZ[nr_nam fea D S feairures About this transcript This transcript has 7 exons, is annotated with 20 domains and features, is associated with 17 variations and maps to 2 oligo probes
Wild-tyFEr Genetic Variation Variants Gene - . JGNARC srg
Variant tabls 2 Genstic Variation This transcript is a product of gene ENSDARG00000002593 |gllsERETEl v § 1]
Variant image Variant table
S Ropulation con Variant image Show/hide columns (1 hidden) =

Comparison i
MUTATI(=" External Referenc

Population comparison

General identif Comparison image Name Transcript ID bp Protein Biotype UniProt RefSeq Flags
Allele Oligo probes 7 E’*(‘;;::g';?;f;‘:{f:é slc45a2.201 EMSDART00000030887.7 1745  554@@ M Protein coding F1QUJBE NM_001110377d  APPRIS P1
Supporing evider . e ————
b4 5 1D History Oligo probes A 9% A R A B ) = I S BN V' — =
hu1844 Transcript histe [~ Supporting evidence \
ihbs4 Protein history = 1D History ’ Domains & features @
. Confi " Transcript history
ihbB5 Protein history Domains
1hb66
x
Show/hide columns |
Domain source Start End Description Accession InterPro
PANTHER 4 554 - PTHR19432
PANTHER 4 554 - PTHR19432:5F34 -
Gene3D 54 263 - 1.20.1250.20

Pfam 59 188 - PE13347 &

Gene3D 359 553 - 1201250 20

Superfamily 54 274 Major facilitator SSF103473 |IPRO20846 6 [Display all genes with this domain]
superfamily domain
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Variant table
- BLAST/BLAT | BioMart | Tools | Downloads | Help & DRkl Marked-up sequence @
Structural variants
Gene expression

; Zebrafish (GRCz10) v Regulation

S NCBI  Resources (® How To () Sign in to NCBI

Location: 21:19,409.306-19,447.653  [eL:N R LTV

Gene-based displays . Nuclectide Nucleotide -
& Summary Gene: slc45a2 EnsDARGO0000C o Help
Splice variants Seq uﬁnge
iy 5] isten » BT
Gene alleles GenBank ~ Send: ~

E- Sequence . X\ y \ £ E Change region shown -
Secondary SQucturg a A

Danio rerio solute carrier family 45, member 2 (slc45a2), mRNA o
Customize view -

omic: N
Genomic a“g”mem H ﬁ NCBI Reference Sequence: NM_0071110377.1
Gene tree ﬁ z %u |Lgene q _

. FASTA  Graphics
Gene gain/loss tree

Orthologues T . Analyze this sequence
ranscripts
Paralogues P Gato Run BLAST
Ensembl pratein families LOCUS HM_001110377 1810 bp _ mENA _linear Pick P
B Ontologies ek Frimers
g ) Summary @ ‘ DEFINITION Denio/rerio solute carrier family 45, mefiber 25 (sled5aZ),

gg g‘ﬂl‘lﬁ‘ﬂ'wﬂ“m'”“t ACCESSION.  NM_001110377 XM_001334037 XM 681511 Highlight Sequence Features

ellular componen
P Name VERSION ML001118577. 1 Find in this &

GO: Biological process KETVORDS RefSeq. Ind in this sequence

Phenotypes Ensembl version SOIRCE Danio rerioc (zebrafish)
E- Genetic Variation

e Gene type ORGANISH Danio rerio

i i Hukaryota: Metazoa: Chordata; Cramiata; Vertebrata; Butelfostomi: Articles about the slc45a2 gene -

Wariant image Annotation method Actinopterygii; Neopteryzii: Teleostei; Ostariophysi;

Structural variants Cypriniformes: Cyprinidae: Danie. TFAP2 paralogs rzgulate melanocyte P
Gene expression REFERENCE 1 (bases 1 to 1810) differentiation in parallel with [PLoS Genet. 2017]
Regulation =w=. GotoRegion in Detail fc AUTHORS ~ Seberg HE, Van Otterloo E, Loftus SK, Liu H, Bonde G, Sompallae R, Histone Demethylases KDOM4A and KDM4C
External references Gildea DE, Santana JF, Manak JR, Pavan WJ, Williams T and Cornell Regulate Differentiation [Stem Cell Reports. 2015]
Supporting evidence Ra. X o

EF 1D History — TITLE TFAP? paralogs regulate melanocyte differentiation in parallel with Precise and efficient genome editing in zebrafish

ana hictans A NITF using the CRISPR/Cas® sys [Development. 2014]

JOURNAL ~ PLaS Genet. 13 (3), EI00B636 (2017)
PUBMED 28248010
REMARE  Publication Status: Online-Only
REFERENCE 2 (bases 1 to 1810}
AUTHORS ~ Wu L, Wary KK, Revskoy S, Gao ¥, Tsang K, Komarova T4, Rehman J and Pathways for the slc45a2 gene
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Exons/ Tra

Start Phase End Fhase Length Sequence
Introns

Variants - 1 454

Markup

o

@

OCATAATATCAGACAGR S OCATOC LR TEETEATETTTEEAS
TEETTTTEITTE L AMGOCTATTTETTTE
ATETETETICTCATC: -ITTTACTCE

ra

T T GEET e e T T T TAC T AT TEE AT ATEE ACTEEEETCACTCOECTCTTE
TCATCTATTTCTTTTCATCTCTEACCTSEEECR

0 0 144 BT ACREAR AT A DO T A AT CT CT O TE T AGCT AT GETTAGCAT GO CTAGCCAT

15,435,580 15,444 278
15,408 275 15,444 8407 i] 1 ! : a t gl CTRTEAS

19,447,401
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Length Sequence
~ L-—rH

Exons/ Tra
End Start Phase End Fhase Length Sequence

Introns  Missense | Synomymous

CTCTTCTTACTSR

Variants | - i 494

ACCGEARMEOCCRATTGCATOCA
{_'II':'I'I'IEC CAACATGGAMGOGECTETTTTTS T
GETGEAGCCTOORGEOECTCTAS AMGCTTEATTATGCACGERI OB CCATETTTEE
R e e e e e -—rr.TH.T-r.- ooy
ACTTCCCAGAOETCTETARAE HQC-'IE'IEE—H
e

Markup

2 OCATAATATCAGACAGR R e A TGO AT O e TR TEATETTTEEAS
TEETTTTEITTEACTT CATEEAREOCTATTTETTTS
ATETETETTCTCATON e FTTTACTCACAG

3 0 47 T T GEET e e T T T TAC T AT TEE AT ATEE ACTEEEETCACTCOECTCTTE
T AT T T e EE T T A S TR O A AT C AT CTATTTCT TT TCAT T CTEACCTEEEECR

TTTTTCTCACCACECR e e Crd EARRERGOOCAGCT
CREATTCCTETOOCTD g CQPCEARRTEECTACEECT
COSTETETARNEAGOD] CTTCTCTETOCTER

CaE

15,438,380 A5 449078
19449279 19444802

o

-
-
=
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Exons/

End Start Phasze End Phase Length Sequence
Introns

Variants

0 1 472 ATETATTTECCTCATEOCTETARAD

Markup CACACRATAECTCTCTTCTSETT

DOFTOETTTICARDC
ETECECAATEOCACECASTTIECCOCEETI TECOCET

BETTCACORACRECTTE

CTOCABEETICTTEECARERR
ABRATETTCATEETETTITEODC

20, £ i)

z 2 2 o4 ETOCECTCR T}.‘.‘.‘.‘.L* CERGRTEAMG
1,82 21,775,413 42,452

3 21,775,412 2.7 150

STTTTCTEAGCACT
ABBCCTTEOETT
CTATCTTTSECTCT
CTEAGE

4 B45

Intron 4-5

=]
(¥

P

=]
¥
[

ETAA
AT
CAGCCATOSCTACTEOCANS
TCTACCAOCACT
AGATADCCTATETETTT
TTTCCARARATEATATCATECTCABCECTETER

AGACTEE

AETTCATETATACTEACTS
CTCTACTCOECATTATTCACTGATCAC

=]
(5]
(]

CRAACAEATCT
CATGADCTACTES
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Gene: dmd ENSDARGO0000008487

RN

Description dystrophin [Source: ZFIN; Acc ZDB-GENME-010438-1 &

gc: 110185, sapje, Dp71, Duchenne muscular dystrophy, sapje-like, zfD%'5, im:89117 chag4

[

Synonyms

(]

7]

= wag | UMMEREELE s
Splice variants @ %ﬁ%%fﬁ%ﬁﬁ AN N

N<<EEEZ

" 416.25 kb

EMSDARTOO00000701 3.
dmd-201 e S O S R

dmd-208 ENSDARTO0000138375.1| 780 transcript

dmd-210 ENSDARTO0000144085.2 | 705 transcript

dmd-204  ENSDARTO00001023923 4| 858 transcript

dmd-207 | ENSDARTO0000135563.2 | 530 transcript

dmd-206 EMSDARTO00001321744.1 | 878 No protein IR-’:tsir‘ec intron
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2. 3T A FRER RIS
AT E TR S TR RIS | $THRIT S S AOBTHE

Exonl

TACAAAGGAGGCAAGAAAGGACACGCGAGGGAATTCGCTGCTCAAGTGGACAAACAAAACC
TTACAGTACACCATGCCCGCTCAAAATAAAGACGACGGAGGATGGAAGAAGTTTGTATGGA
ATTCGGAGAAGAAGGAATTTCTAGGACCTACCGCCCCCACTTCRBN - c=otataccgtaca
gatgtaaaatcgctcgadttftgagoacgtegoacagCygcagttdatgcctgtcaccgececgttt
ctatagcagcgggtactcacagtctgcfagtctggtcacgatgcaacctgtatgatttgac
tttgcagcaaatgtctcgcggactttcatatgtcgacatacaagatttgcctgatcaactg
atgtgttttgttcgttcaaagcatttctgattaagtacgcgtatttgtaggcgttttgtca
gcgtctcacctgtttcgttga
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BRI E RN

2. TN R T E R REFS S
BITELE MR R S LIRS

Caaactggtgagctacaagtagagagaattttcagtcttgatgtttcttaaagttgtatactaaag
tatttattaacattgagtggatttactgaactaagcatgacgttgtgtttttcacccgcagCCATA
ATATCAGACAGAAATTTAAAAAGGACATGGGCCATCGTGGTGGTGATGTT-AGTGGTTTTGTTT
GACTTTG-CAGACTTCATTGACGGACCCATTAAAGCCTATTTGTTTGATGTGTGTTCTCATCGG
GATAAAGAGCGGGGTCTTCATTACCATGCTTTACTCACAGgtaagaactaataacgctcatttage
ttggctttcttacagcagaaatgtacattggciggggtegagttggcgtttctgtgtgaagtttgcat
gttctccccatgtttgcgtggacttccttgtggtgctccattttfdgtttccgctatgtataac

Hlfi1 21bp GGCCATCGTGGTGGTGATGTT (tgg)
52 20bp GGGTCCGTCAATGAAGTCTG (cgg)
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Zko239: >chromosome:Zv9:1:10786533:10788626:-1

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

Zko239M1zko240R RHEFFFILCRTERER—EL , 97 %HITRIE | JwiS
FREIEEXS /995 % RUFEILLIE

Q XA ERZEEER , ERFYIHISE—HESEEERIRERRE,
ERNEEREBRE DGR BRI HEAEE

Color key for alignment scores

40-50 20-200 >=200

| | | |
a00 1200 1600 2000
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*FFE 1IN EZ M overlapping gene BYE(E

> overlapping gene93ERIBERE : LERERPZEAR
SIS AKRISINN , BB EIRIER

> overlapping geneA%REBEHE : i#EBITEEITHEE
KRYER T BEIRLIToverlapping geneRYF2i
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ERIEFERNERNRL
BRUEES TTTT RIS

v BE1#S 20bp GITTTTIGACTCGACAGCTTA
SRRY , A—INEF EHREIRWES

v BEE285 21bp GAGCGGCCATCATGITTTTAG
SRR . IR , A—IMEF EHEITNEER
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Target sequence form: 5'-GG-(N),s-NGG-3’

Introduction ZIFIT Instructions Examples FAQ References Funding ﬁ?ﬁ?ﬁ‘lﬂ{d\%%
“:DSB D2
- "0 | K EDsBity  pifir L

aaaaaaataatgaagcccaaactgaagatictgtgagegtcecteacaggtattttcteteggtotgtotgtgttcagGAGCGTTCCTGGTGCCGTATCTCTTCTTCATG[TITGATCGCCGGGATGCCGETCTTCTAC

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

=5lc45a2

ttitcacccgcagCCATAATATCAGACAGAAATTTAAAAAGGACATGGGCCATCGTGGTGGTGATGTTTGGAGTGE GTTTGACTTTGCC
GCAGACTTCATTGACGGACCCATTAAAGCCTATTTGTITGATGTGTGTTCTCATCGGGATAAAGAGCGGGGTCTTCATTACCATGCTTT

ACTCACAGgtaagaactaataa
FTHRET H 5 AAME, fZsamplel
< EREAmA, NETN
5, SMETRE

Length of target site  z0 T7 Promater - Zebrafish €<—— il]‘]‘““}? Uﬁr ;‘FJF ’ }i‘ Zj]
Tik$E (T7:GG-; U6: GN-)
[[JQuery sequence has been repeat masked. Failure.fo repeat mask will result innd results being refurped

Identify potential offtargets l [ Identify target sites l < EEH»\LT% ’ Hﬁﬁe
A7 R TR

5'NT constriant = GG
MNumber of query sequences detected = 1

Sequence Name Targetsite Olig Oligo 2
slc45a2 -Reverse Strand GGGETCCGTCAATGAAGTCTG TAS $ =1 ? ﬁ“ =5 16 AAACCAGACTTCATT _
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Target sequence form: 5'-GG-(N),s-NGG-3’

TCACCCGCAGCCATAATATCAGACAGAAATTTAAALAAGGACATGGGCCATCGTGGTGG
TEATGTITGGAGTGGTTTTGTITGACTTTGCCGCAGACTTCATTGACGGACCCATTAAA > A
< FTHEF 5% AAE

GCCTATTTGTTTGATGTGTGTTCTCATCGGGATAAAGAGCGGGGTCTTCATTACCATGC Z -
TTTACTCACAGGTAAGAACTA
Cas9 - NGG * | Invitro T/ promoter hd
=
E Off-targets
| =
1] F
U Locus Oligo
[
&
= CFD All Seed
U v
74 yourseq:21:19412625-1941 2648 (#) taataceacteactalaGGTGETGGIGATG I TGGAGEtagagctagaa 3391 4
69 yourseq:21:19412663-19412686 (-) taatacgactcactataGGGTCCGTCAATGAAGTCTGE Ittagagctagaa 414 0
58 yourseq:21:19412663-19412685 (-) taatacgactcactataGGTCCGTCAATGAAGTCTGEttagagctagaa 1564 0
56 yourseq:21:19412620-19412643 (+) taatacgactcactataGGCATCGTGGTGGTGATGTTgtttagagctagaa 634 0
53 yourseq:21:19412700-19412723 (+) taatacgactcactataGGTTGATGTGTGTTCTCATCgritagagctagaa 836 0
49 yourseq:21:19412699-19412722 (+) taatacgactcactataGGTTTGATGTGTGTTCTCAT gt ttagagctagaa 16.08 1
47 yourseq:21:19412711-19412734 (+) taatacgactcactataGGTCTCATCGGGATAAAGAGETItagagtagaa 383 0
23 yourseq:21:19412693-19412716 (-) taatacgactcactataGGAACACACATCAAACAAATELItagagCtagaa 3836 0
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Target sequence form: 5'-GG-(N),s-NGG-3’

Zebrafish - Danio rerio Cas9 - NGG e

P
ENSDARGO0000002593 ~ <—— F1HE 5 [ G In vitro T7 or Spé promoter ~

A A\ AE

I~
[ =
2 2 -
S Off-targets 0
o =]
g . g
o Locus Oligo =
o Ll
o [
v e
[ CFD  All  Seed o
U wvi
= =
[*0]
97 21:19426961-19426984 (+) taatacgactcactataGGAGGTCTGGGTGGAGCGTGE tttagagctagaa 1054 1 1
20 21:19444340-19444363 (+) . laatacgactcactaiaGGEGGT LGAAGTIGGGEIGTTEmagagetagaa 73 0 0
75 21:194096597-19409720/(+)/ taatacfactcaciataGGAGGTCGTCATGGEGOCGAgItagagctagaa 193 O 0
75 21:19447417-19447440 (+) taatacgactcactataGGGAGATGGAGTGGCTCCTGgtittagagctagaa 882 0 0
74 21:19409509-19409531 (+) taatacgactcactataGGGAAGGTTGATTATGCACE titagagctagaa 2367 1 0
74 21:19409528-19409550 (+) taatacgactcactataGGGTCGGCCATGTTTGGAAgTIagagctagaa 1592 0O 0
74 21:19412625-19412648 (+) taatacgactcactataGGTGGTGGTGATGTTTGGAGE I tagagctagaa 3391 4 1 o
74 21:19427151-19427174 (-)  atttaggigacactataGAGCAGCGAGGCGGAGGGACgtagagltagaa 840 2 1
73 21:19409527-19409550 (+) taatacgactcactataGGGGTCGGCCATGTTTGGAASItItagagctagaa 5260 0 0
73 21:19444341-19444363 (+) taatacgactcactataGGGGTTGAAGTGGGCTGTTgttitagagctagaa 2530 0O 0 o
73 21:19444342-19444364 (+) taatacgactcactataGGGTTGAAGTGGGCTGTTGE ttagagctagaa 2656 0O 0
73 21:19445000-19445023 (+) taatacgactcactataGGGCAGAAGAGGTCAGTTTAgItagagctagaa 9.51 1 0 -
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‘/ }_‘%EU Zebraf

E
L

L _

Rl A

U_S. National Library of Med

®
k BLAST  » blastn suite

J blastn | blastp blastx tblast

Enter Query Sequence

Enter accession number(s), gi(s
GECCATCETGETCETGATCTT

Or, upload file
Job Title
Enter a des

[Z] Align two or more sequence

Choose Search Set

Database ©'Human
Nucleotids
Organism
Optional
Enter orgar
Exclude O Models
Optional
Limit to [T Sequen
Optional

Entrez Query

\ & 1= 1

[EDownload ~ GenBank Graphics

Lactobacillus paracasei strain 114, complete genome
Sequence |D: CP0145985.1 Length: 3055852 MWumber of Matches: 1

Range 1: 137004 to 137024 Ge=nfank Graphics

Score Expect Identities Gaps Strand
42,1 bits[21) 0.062 21/21{100%) 0/21[{0%]) Elus/FPlus
O TN

Sbaet 137004 GGCCATCGTGGTGGTGATGIT 137024

[l 3¢ BE 5y 8 5 5 ol

CHINA ZEBRAFISH RESOURCE CENTER

B Download ~ GenBank Graphics
PREDICTED: Labrus bergylta sulute carrierfamil‘y 45 member 2 (slcdBaz), mRMNA
Sequence 10: XM

Range 1; 507 to 527 GznBank

Graphiics

| Strategies Help )Iastn&
true&Q

age Bookmark

Score Expect Identities Gaps Strand
42,1 bits[21) 0.062 21/21{100%) 0/21[0%) Flus/FPlus
N i
Sbict 50T GGCCATCGTGRTGGTGATGTT 527
BlDownload ~ GenBank Graphics Sortby: E walue -
Thauera chlorobenzoica strain 3CB1, complete genome
Sequence 10: CPO1&5838.1 Length: 3735508 Nwmber of Matches: §
P.Hngn: 1; 333595 bu 333?‘15 Eenbgnk Graphics N He=xt Match
Scome | Expect) | Idedtities | || o ) |Gaps | Strand
42.1 bits[21) 0.062 21/21(100%%) 0/21(0%) Plus/Plus
I O
Sbict 338698 GGCCATCGTGGTGETGATGIT 3358716
Range 2; 986258 to 9B6272 G=nbank Graphics W Next Match & Previous Match i First Match
Score Expect Identities Gaps Strand
20.2 bits[15) 235 15/15{1009%) 0/15(0% Plus/Plus
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> DNA target site accessibility : ZRBMFERREE , EE
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AL LR ES A EIES
>R FRYIFHE - GCRE | ESSE! , PAMERSIZE

»DNA target site accessibility : EBNFERE , ERIE
P tts
L=F

1. GCEE (35%-80%) . 16#FM20#HFEL2ERY ( ATGC ) FIPAM
(NGG) TRERBEIGF TR B AR ( ~160 targets , 20-
mer GG-N18, Genome Res. 2015 Jul;25(7):1030-42. doi:
10.1101/gr.186379.114. /)

2. BT HERFFNFIERF IR SR BRI S B IR EAIEXRME |

fH/z , DNA target site accessibilityXJF TEERERAISZN0ERA
( {Experimental Physiology) , 2017, DOIL: 10.1113/EP086043)
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FIREER AR
> FTHE T BRI

Slc4! FTEEPOMRFE] : T3-zcas9 mRNA , BFLEAMATEESLT . 2 MNESITERES

379 TERZ2NEEXWAEE ST ES B H90% (n=10, 21bp, IEX5HE )
sequenc 1190%(n=10, 20bp , 2 X 5%

120 130 140 150
G4G2ahbiisti aCACCCACALGACGGT GG A -

s s s m s EE E W ENE EEoE- o oD O
“““ GG ACAACGT CTCAGTAGG GAG A

d

‘L“J‘ ‘M Al A“M ‘uMa\M’m rl\“l‘\ \W}M W

cccccccccccccc

C AGT GGGTTTCC

l
"_'"'CCGACTGCGCGCTGCCGCTCCCGGGTTCCGGAGGTCC

ll ‘MAMM“MAAAAMM!A UG h\ ) "
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4 v

xCAS9: EASEEY K4E, FHFRMHEARRE
I T T

aSilEl 1/16 (NGG) 1/4 (NGN) , GAA, GAT
s I U
DNA1#| AT R

BUR RAR L g4 & V5 26% 1 YU [ 73%
(C.G-T.A)

o B 25 N /b BT 1~1/100

/

Evolved Cas9 variants with broad PAM
compatibility and high DNA specificity

Johnny H. Hu, Shannon M. Miller, Maarten H. Geurts, Weixin Tang, Liwei Chen, Ning Sun, Christina M.

v ~ Uallv A D Wi A
Zeina, Xue Gao, Holly A. Rees, Zhi Lin & David R. Liu B

Nature Received: 17 January 2018

doi:10.1038/nature26155 Accepted: 21 February 2018

Download Citation Published online: 28 February 2018
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> 1158 'Bg-gRNA" S5/
1. Humanized spCAS9 F5H (4176bp/1391aa)
KSR B FHAT3-spCASIZER (4176bp/1391aa)

2. CpflEERH (3903bp/1300aa, Cell. 2015 Oct 22;163(3):759-71. doi:
10.1016 ) with a RuvC-like endonuclease domain, lacks HNH

endonuclease domain, TTN PAMSs

3. saCAS9 &FEH ( 3162bp/1053aa, Nature 520, 186-191 (09 April 2015)
doi:10.1038/nature14299 ) Z9¥JEE M8y, NNGRR PAMs
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AL E S ] E3E S

> 1158 'Es-gRNA" EEIAK/IN.

1. AJ9ttE gRNA IS Iwil T IME21G |, SLFTEERERAF T

2. gRNARY3 "imEBoiRE RSP TRERE ;

3. ¥BmE917-18 bp B9 gRNA RUSHRMEREYF |, AlEERR gRNA
HEXIKIRSImismatchesE&U=k. ~



https://www.ncbi.nlm.nih.gov/pubmed/24463574

czlRc

—. (EREFESENREN

[l 3¢ BE 5y 8 5 5 ol
CHINA ZEBRAFISH RESOURCE CENTER

>RIERT  UMIRSITESRIE | PREAREESRL ? ? ?

AR SESI R
TEEREPFEE SRR
SERVARERM PRI B TREIIR,

EREHIF




http://zfish.cn

V=
czlac
. IR A

5'-GGNNNNNNNNNNNNNNNNNN-NGG-3’

DPSS PPSS PAM

AREEL S —RRHZTN

Off-target sequence form:
5'-GN-(N);_g-seedsequence-NGG-3'
5'-GN-(N);_g-seedsequence-NGA-3’
5'-GN-(N);_g-seedsequence-NAG-3'

5'-GN-(N);_g-seedsequence-NNGG-3'
v ANFEIPAMABE R A 5 1 BLEE 44 B §Era: /NGGSNGA>NAG

v Seed sequenceilf Z 1B %=, AR B—BUANBL 2 NHE, BAFF
3 IR B A I 57
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uare9Nuclease.aspx (ZiFiT Targeter Version 4.2) ExRMO&a&EERL

CHINA ZEBRAFISH RESOURCE CENTER

=slc45a2

tittcacccacagCCATAATATCAGACAGAAATTTAAAAAGGACATCGGCCATCGTGGTGGTGATGTITGGAGTGG GTTTGACTTTGCC

GCAGACTTCATTGACGCACCCATTAAAGCCTATTTGTTITGATGTGTGTTCTCATCGGGATAAAGAGCGGGGTCTTCATTACCATGCTTT
ACTCACAGgtaagaactaataa

m

Length of target site 20 T7 Promoter - Zebrafish

Query sequence has been repeat mask e

sult in no results being returned

Identify potential off-targets |6E HEE EE /T_L KA Tjﬁ\ ,‘;Ij\l” Save to CSY

5'NT constriant = GG
Number of query sequences detected = 1

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

Acquiring orthogonality information against the Zebrafish

Showall sites I | Save sites to CSV
genome...
Potential off-target site # Chromosome strand| Position Number oftim_es this potential target | Mismatch | Mismatch | Mismatch
# site occurs #1 #2 #3
Site Of Interest=5ite:1-
GGGTCCGTCAATGAAGTCTG
Potential Off-Target site # 1 chr3 - 316566791 2:A=C G:A=C
Potential Off-Target site # 2 chrg + 147809751 58:G=C 10:C=A
On target site 3 chr21 - 182771741

Summary: Off by 0 = 1; Off by 1 = 0; Off by 2 = 0; Off
by3=2




ﬂﬂiﬂhﬂéi 1ﬂJ IAscl45a2:9/51

age=sequence (CRISPRscan)

TCACCCGCAGCCATAATATCAGACAGAAATTTAAAAAGGACATGGGCCATCGTGGTGG
TGATGTTTGGAGTGGTTTTGTTTGACTTITGCCGCAGACTTCATTGACGGACCCATTAAA
GCCTATTTGTTTGATGTGTGTTCTCATCGGGATAAAGAGCGGGGTCTTCATTACCATGC Zebrafish - Danio rerio
TTTACTCACAGGTAAGAACTA

2

(=]

u

n

g

g Locus

o

o

wvi

o

o Al
74 yourseq:21
69 yourseq:21
58 yourseq:21
56 yourseq:21
53 yourseq:21
49 yourseq:21
47 yourseq:21
23 yourseq:21

:19412625-19412648 (+)
:19412663-19412686 (-)
:19412663-19412685 (-)
:19412620-19412643 (+)
:19412700-19412723 (+)
:19412699-19412722 (+)
:19412711-19412734 (+)
:19412693-19412716 (-)

[l 3¢ BE 5y 8 5 5 ol

CHINA ZEBRAFISH RESOURCE CENTER

Cas9- NGG ¥ Invitro T7 promoter B Get sgRNAs

Oligo

taatacgactcactataGGTGGTGGTGATGTTTGGAGEItagagctagaa
taatacgactcactataGGGTCCGTCAATGAAGTCTGEagagctagaa
taatacgactcactataGGTCCGTCAATGAAGTCTGgttttagagctagaa

taatacgactcactataGGCATCGTGGTGGTGATGTTgtttagagctagaa <—6-3

taatacgactcactataGGTTGATGTGTGTTCTCATCgttttagagctagaa
taatacgactcactataGGITTGATGTGTGTICTICAT gl ttagagctagda
taatacgactcactata GG TCTCATCGGGATAAAGAGEtagagctagaa
taatacgactcadtataGGAACACACATEAMACAAAT gtittagagctagaa

Site type
GE18NGG
Off-targets
Genome GCCATCGTGETGET GATGTTTG:
EARRRARRRRARA RNy
gBHA GECATCGTGET GETGATGTT
CFD  All  Seed Off-targets (max 30)
All Seed CFD Gene
3391 _4 1 KIN149883.1:2436] XX X ] - 0.47 ENSDARGOC
41 ‘% :J:X_‘/\EE 957339[X X X X_.. = 0.30
15 LI 05T T26[X XXX o = 0.30
=3 _Aﬁﬂfﬁiﬁ 37717848 ... = 0.28 ENSDARGOC
83 ?ﬁ‘{lﬂ] ’f: 128351868 X.X._.. XX_.....]- - 0.21
16. J\ TR 24790466 K. XXK ..o I- = 0.18 ENSDARGOC
383 Q 0 24:4053227[X XX.X. 1+ = 0.17
38860 0 0 13:6572807 X200 ]+ = 0.17
6:14843166XX X X ]+ = 0.15
8:36184727[X. XX X.__]- = 0.15
FRIRTARIAVIY WA W 1+ - nid4

m
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V¥V Cas9 /gRNAEE(F

miEE , 28
HKEFE R
Hik

AR B ML
\ 7 E

A

NHEJ HlEHEE || DsBuraeatss p— -
o, 5% || e | | amus IRFEL s
AIDLVERA dsODN l il
RIRERE , SERNF SfTindel l
) B — —
T AV EFMREE
AITIINITUSB Digenomeseqi TS 1O
SR R oo LR ISR
BAMMKEER  GUIDE-seqiiR " aiiil] o) -
IS CUIDE-seqit ™ Sim01% e
i ' 2015, 33(2): 187-197.) 4 N1 N
N gerectnel T 0.1% WHEE o
RPEL% Rl

Hereditas (Beijing) 2015 511 H, 37(11): 1125 — Ha#ac



Supplementary Table 4: Off-target analysis of CRlSPR/CSQA-
induced mutations

B:.//zfish.cn

—, EERIEIFERERIEA]

Gene Target

Sequence (5’-3’),
PAM:green, mismatch:red

Number
of
matches

Off target|=¥/i
detected Rl

| 6AGETETTE5E5TATTEAS
BHERE e
v CRISPR'CaS SyStemE”ﬁ?LE}J"T@gHDFNA&OTZ éCTCGTGGTGGTGGTAGTGAGG 15/20 o
target effects ( Nat Biotechnol. 201|pEnas-oT3 ETTCGTGCTGGCGGTGGTGATG 14/20 No
v RO e B TEESLIR ppras-ore |7 T 1520 | o
Ca59H;E$E§‘5Z}“_ZE§EBU_K}“_Z}Eﬁ EF'Z:E%DFNA&OE 2GCTTCCATGGCGATAGTGACG opee | 1o
mismatches , 12—/'\HE$E,F"_"T\ 7|:ﬁi|)_|\U;EYA4 gGCTGTCTGTCCGGGCTGAGGG 20720 o
Jul;25(7):1030-42. doi: 10.1101/9gr.1863 EYAL.OT1 gGCGGACTGTCCGGGCTGATGA /20 o
Y AL.OT2 EACTGACAGTCCGGGCGGAGGA /20 o
= N ] TGCCTCTCGTCCGGGCTGAGGG .
yu @'ﬁﬁ@‘ﬂﬂﬁﬂﬁ&m E::lz: ETCTACAGGTACGGGCTGAGGA 1 z : j Z ZO
v EE,@%&UEEqu:ZEEHE_E/‘J / q:EtEYM_ - i iGAATGTGGTCCGGACTGAGTG o-bee | 16
v ITEETERERRE | ERHRE :
ENDC7 GGTGGGGAGTAAAGGGGCAGTG| , o
v mﬁﬁcasggtﬂ DEEE’\JXR@J DB‘ZK (FND 7011 EGAGGATGGAAAAGGGGCAGAG /20 o
v 1%%%%’|‘$E%E{JEE,§\7§ 17—18 blFNDC?-OTz SAGGGTCTGTAAAGTGGCAGCG 14/20
v K‘_Z }Eﬁ?ﬁﬂ% E'HEE_I%_E"J*TEEI E-EEFND c7.073 |PTCCAAGAGTARAGGGGTAGGE , o

G

N7 AT A

ACACAAAAGTAAAGGGGCGGGA

1922 /95N


https://www.ncbi.nlm.nih.gov/pubmed/23992846
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E-CRISP ceauan

CANCER RESEARCH CENTER
Design of CRISPR constructs

E Design Evaluation MultiCRISP GenomeCRISPR Help Links
=
1. 5elect organism: v
CERISFE Help
Drosophila melanogaster BDGPA - [HELF]
Sub

CR 2. Select target region by gene symbol or sequence: E_CRI SP
%1%[ ﬂ Input is GeneSymbol Search and import ENSEMBELID Ef&ﬂ“ﬁﬁﬁngNA E]/(J Eﬁi@,}*&
ﬁﬂ: -T_P-Elzputis FASTA sequence W ’ ﬁ\?ﬂ}]\%%ﬁﬁ (De-novo)
Ky A0 R RN PPAS (Evaluation)
htt| PR

FASTA example | GeneSymbol example | Clear [HELP] http://WWW.e-crisp.org/E—
CRISP/ingex.html

3. 5tart application:

i relaxed
(any PAM (MAG/MNGG..), any 3 base (A,C,G,T,..), off-targets need full length perfect match, introns are allowed)

@ medium
(any PAM (MAG/NGG..}, any 3 base (A,C,G,T,..), off-targets tolerate mismatches, introns/CPG islands are excluded)

(71 strict ST
[only MGG PAM, only G as 5" base, off-target tolerates many mismatches and ignores non-seed region, introns,CPG islands and UTHRs are AT Pl

Nature Biotechnology 32, 279-284 (2014) doi:10.1038/nbt, ZE& 3
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ggggggggggg TRERIENT
- > pMD19T-gRNA T E¥I
0 FFILAPCRAGTHENGRNABZERS |
LAPCR=#I{E &R & Bk gRNA
BT ARKAEFTEL |, (BIERT5{E (Cell Research

(2013) 23:465-472. doi:10.1038/cr.2013.45; Nature
I,PCR Biotechnology 31, 227-229 (2013) doi:10.1038/nbt.2501)

- target | gRNA scaffold |

o\~ —=a target > pT7-sgRNATEJE#I

S EAERAIRERE | LSRRI E R
pT7-sgRNA * é‘ EJZg RNA

ERTREREFEAGRNA |, WNATE
AN FARA |, 1ZFEAIAIgRNABZEFS
PAGGAUCZERE (PNAS 05 Aug 2013, 110(34):13904-

&' ﬂ L1EME ' 13909)

gRNA

LY




czlRc

[l 3¢ BE 5y 8 5 5 ol

CHINA ZEBRAFISH RESOURCE CENTER

pXT7-hCas9 Xba |

NLS NLS
‘ 5'UTR Human codon optimized Cas9 . 3'UTR :#

T HERRIE Y
1. pXT7-hCas9 T EF¥i

Humanized spCAS9 ZH (Xbal/T7) (4176bp/1391aa)
( Cell Research (2013) 23:465-472. doi:10.1038/cr.2013.45)

2. pGH-T7-zCas9O T EGR#I (ToplOBE)
NimE— MEZEMEENIsERF
( P CasOmiBERER S ERIEHERBFRELE . (&EfE) , 2016, 38 (2) :144-154) )

3. pT3TS-nls-zCas9=nls} pCS2-/nls<zCas9-nls T EJGTH]

RS&EFEFILAT3-spCASIZER (Xbal/T3) (4176bp/1391aa )
(PNAS 05 Aug 2013, 110(34):13904-13909)

— SP6orT3 M5 zCas9 NLS —
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gRNASELZEEE (LpMD19T-gRNA T EFEHIH%) )

e - IEMS|¥: 77 BahFRF51+17~23bp #BF51+20bp gRNA EZEFF5!
=11 LY REE RN ES DA RIE14: ~20bp gRNA S5 e

ﬂ pMD19T-gRNA : #&#fk

gRNA PCRiit5 g

Amp+

pMD 19-T Vector
T755 5%

gRNASEE

Jl T7RER IPCR
g RNA_@EﬂS Jm:’et I gRNA scaffold |
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FESUES: gRNA (20-100 —
ng/ul)/cas9 mRNA (200-500 ng/ul) Fer—RHACH
EIEWRERCEL, A& = e

WG, A o4 2 1-2 |
cell stage embryos

MR, A R4, B
77 NPOAR
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POfCEET &

1. ERNRE - EREPCR M Tl FEEZ R TAT E SR+
BbEREEEENT | 1% A MR T PGEREERE | EaTLL
A |, REUERIRK.

s A EFFIRY 18

gl*ﬁcaaactqqtqaqctacaaqtaqagagaattttcagtcttgatgtttcttaaagttgtatacta 'jriﬁ
Y aagtatttattaacattgagtggatttactgaactaagcatgacgttgtgtttttcacccgca | =
=zHgy JCCATAATATCAGACAGAAATTTAAAAAGGACATGEECCATCCTCCTCCTCATCTTNEEAGTG p( 2|
GTTTTGTTTGACTTTCHBECACACT TCATICACEGACECA T TAAAGCCTATTTGTTTGATGTG
YIigi TGTTCTCATCGGGATAAAGAGCGGGGTCTTCATTACCATGCTTTACTCACAGgtaagaactaa
taacgctcatttagcttggctttcttacagcagaaatgtacattggctgggtcagttggecgtt
v a tctgtgtgaagtttgcatgttctccccatgtttgecgtggactteccttgtggtgctccattttie
cgtttccgctatgtataac

v j Forward primer: CAAACTGGTGAGCTACAAGTAG
Reverse primer: GTTATACATAGCGGAAACGG
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B it ; MO FERG

5150 B T R T & FRT D
260 270 280 9 300 310

lllllllllllllllll EEAEEEAEAEEEEEEEEEN FEE VEEEEEEEEEEEEEEEEEEN

CTGCAGATCC c {GGA GT G:GCTCTCTCC-‘-ﬂ:GG;GCG GCGITIZTECETITTTELGETS

il

A S HE R P4 R

230 240 250 260 27 280
CL ST R B SR R LR N P TR R P --.-...-.......--..-...l
CTCTGCAGATCGTICCGGGQGGAGGTAGAGCTCTCTICCA AGCGTGCGITCCITTICGGCT!

) ﬂ il

e R 7 45 R BoR R NA0%

224-0T ACAAAAAGAGCAGCTACTCTCCGTACCGGGACCGAATCCCTCTGCAGATCGTCCGGGCGG
224-8 ACAABMAGAGCAGCTACTCICCGTACCGGGACCGAATCCCTCIGCAGATCGTCCGGGCGG
224-10 ACRAAAAGAGCAGCTACTCTCCGTACCGGGACCGAATCCCTCTGCAGATCGTCCGGGCGG
224-2 ACASAAACAGCAGCTACTCTCCGTACCGGGACCGAATCCCTCTGCAGATCGTCCGGGCGG
224-4 ACAAAAAGAGCAGCTACTCTCCGTACCGGGACCGAATCCCTCTGCAGATCGTCCGGGCGG
224-7 ACAAAAAGAGCAGCTACTCTCCGTACCGGGACCGAATCCCTCTGCAGATCGTCCGGGCGG

S e S e e e e e e e
224-0T AGGTAGAGCTCTCTCCAGRGGRGCGTGCGTTCCTTTCGGCTGTGGAAAAGGGCGACTATG
224-8 AGGTAGAGCTCTCTC-AGRGGRAGCGTGCGTTCCTTTCGGCTGTGGAAAAGGGCGACTATG
224-10 AGGTAGAGC——————, AGRGGAGCGTGCGTTCCTTTCGGCTGTGGAAAAGGGCGACTATG
224-2 AGGTAGAGCTC————— AGRGGAGCGTGCGTTCCTTTCGGCTGTGGAAAAGGGCGACTATG
224-4 ASOTAGAG === AGGRGCGTGCGTTCCTTTCGGCTGTGGAAAAGGGCGACTATG

224-7 AGGTAGAGCT————- ~GTRGGRGCGTGCGTTCCTTTCGGCCGTGGAAAAGGGCGACTATG
koo ok fekbookbobek bbbk olkokkokeookkokokokokok
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2. BR&EVEMTIEEESY)E: (NERTHERFFIA. PAM K95 imbdix
B— 1 BE—IRHIMMIIEBAIAEIgRNA | TG EEFS | BslE
E ksl

Ei Fwd_s.
primer i -~ e
l Rv primer
e —

BxtY]
5/ -TCTTGTCACCAAATATGATCCGGATCTGGATCAGGATCACCCAgtaagtgctggattat—-3'

37 -AGRACAGTGGTTTATACTAGGCICTAGACCTAGTCCTAGTG 3(:—|Tcattcacgac: ctaata—-5"

4 Sk B 2 W
RS Bl
BN N20%  EREE
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3.5 pAGERI 7/

: .
leE o o o ‘ %
Fié ke it b V|
Y E
é}i E 223b 218b 228b 237b 210b  226b 223p2 218p 228p 237p1 210p 226p
i

* 21 0 — 1 R 20 I 7 48 8 N B A

* L = RN I 4 N RH




/ * / http://zfish.cn
czlm
E\ E ﬁﬁiﬁl1’ﬁ IC%IN%EI&%;EiﬁiEFFIb

FISH RESOURCE CENTER

POSAMBIEE - SWTIUAZ , WERHA
SR |, PRMERAIEFRAFLR

A4
FLIX/MB ik - REENFIG | FEIFENARITTENSHES
W, TRFEMEARTES, Z(3nt1/3n+2)

MSAERHERNE
L (R—EER)
F2IXMEHiE - BIEEENFG
W, SePEFRIAREES,
ERAEAA B
—EEA )

F3(Xahe 2 S=AaRE - mEBIRE . B F5F

5 BILREREL , BB,
Vi LS
AT RSR REW, BEAR

T5it5-10E =
—EREEE
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FINMFNR - aNfEHEiE

Wt-sequence
TTTGACTCACTCTGCGGTTTGCTGATCGGTCGGTAGGGCTCGTCTCCCAGTGACAGTCCCGTCATTCCATCG

210 220 230 240
EEEEEEEEN EEEEEEE NN e - - -

TTITGACTCHA 1
TR

il
i

TTTGACTCACTCTGCGGTTTGCTGATCGGTCTCTACGCCCCGTGACCCACTGACCATTCCGTCATTACCTCC
GCGGGTGTGCTAGTCTCAGTGCCGTAGTCCCATCGCGCCAGTG

TTTGACTCACTCTGCGGTTTGCTIGATCCGGCTCGTCTCCCAGTGACAGTCCCGTCATTCCATCGGGACCGTC
TTTGACTCACTCTGCGGTTTGCTGATCGGTCGGTAGGGCTCGTCTCCCAGTGACAGTCCCGTCATTCCATCG

¥R FH 5 B4 RFF#AT X BT B R (rceerace %, 3n+1/3n-2)

l

e, FE W PPN S R

~ ~

N |
—— NN |

Gy
]
= |
[

i
W
(]
(=]
(]

‘
|
]
(1]
Gl

i
b

i
o)

i
o]
Q)
Gl
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> Frameshift (3n+1/ 3n+2)
1. TR

2. EEDAN
3. Indel
> In-frame (3n) 3h

»ZFNs , TALENs#1 CRISPR/Cas9 AR SHRISEE : LATRKES , TREEES1E20 bpllA ,
MHEANZEZEZTE10 bpLAPJ (Nature Biotechnology 31, 227-229 (2013) doi:10.1038/nbt.2501)

>CRISPR/Cas9E AR SRIRTZEL(>75%)7E12 bpLAA (Genome Res. 2015 Jul;25(7):1030-
42. doi: 10.1101/9gr.186379.114")

> PO/ MR s RIMIRB IS Ml EBAE , REEEMEPRIEENEEREN. X
SRR ETEEERIEELERR , RulgEiFsR3EARE. EEEIEIEEEHFENEETSE
BY |, EiNETE2- 51 AP A B BBIE R EERYTHiE.

eg: PO/ MAFIGIEIRIZRZERELF 26428 , HAPEFLUAMRFHNZEIOOFNseZrLEY (3.7% )
HIZRES R A TERAREE ( 96.3% ) (Genome Res. 2015 Jul;25(7):1030-42. doi: 10.1101/gr.186379.114.)
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