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Zinc finger nuclease (ZFN) Transcription activator-like
~ effector nuclease (TALEN)
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CRISPR/Cas system >
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Zinc finger nuclease (ZFN)

| PNAS | August 24, 2010 | vol. 107 | no. 34

Gene targeting by homologous recombination in

mouse zygotes mediated by zinc-finger nucleases
Melanie Meyer*®, Martin Hrabé de Angelis®*, Wolfgang Wurst***', and Ralf Kiihn**"

ZFNIBEICE T HaR MR

Zygote
isolation

Wild-type Knockout/Knock-in

Mouse > T Mouse
ygote injection

(ZFN & Vector)

Table 1 Cost of designer nucleases e
Source Resource Price I'I Time required I
ZFNs I I_I l
Sigma (Sangamo) Premade or custom ZFNs $25,000 custom; $12,000 premade 2 months
I I I
Zinc Finger Consortium and Addgene OPEN Protocols, reagents, including $5,000 for hundreds of Zfns 6 months-1 year
I I
plasmids and bacterial strains I
Zinc Finger Consortium CoDA I Not available as a kit; $600-900 Il 1 month I
l to assemble reagents for one Zfn l I
Addgene Modular assembly ‘ $650 for hundreds of Zfns (not all work) 2 months '
L F F F F F R N B 7B 2 -

(DeFrancesco, Nat Biotechnol, 2011)
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DNAZRSEER LD
T5A4R—5473)

1st-Fw 2nd-Rv
— G
2nd-Fw 3rd-Rv
ﬁ ............ —h
3rd-Fw 4th-Rv
— ... D
U Target Mutated/total pups (%)
1st 2nd Gli3 5/22 (22.7)
T - >
DU cyupuy — SE— Rosa26 1/7 (14.3)
@-’"d 4th I12rg 1/8 (12.5)
Agpep 16/16 (100)
@ (Fuijii et al., PLoS ONE, 2013, Fujii et al., J Reprod Develop., 2015)
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' CRISPR/Cas9 : FRERBDR K

| caeo icernn X IASZIFIIA~ DG FELAF1+5 |

: & Niim”f « EMRSEERZA (1/7I) R Ep A B A R :

: \ [ (Shen et al., Cell Res., 2013) * —reE

: .{{) o . - %ﬁ“t ‘j: ? :

1 #: E . Eﬁ$ ( 80%) N 9 7 )I/KO:EJE.I-ﬁE " I)ZOEElZ{ﬁ(j: ? 1 (Fujii> . Nucleic Acid Res. 2013)
: - (Wang et al., Cell., 2013) : (Fuji., J Clin Exp Med, 2015)
& % F D [ KO

' (gRNA scaffoldﬁﬂ?'l@}bﬁﬁ EFAER &Y cas9EL 5 | Lhae i

: LOng'ty pe é%/ J"(*c)r{irfljf FLAG NLS CAS9 ORF NLS Tbpl1 3’ UTR polyA(95) ws i TP Sidie-tar F')'j)l/KO

i ccﬂsngmmmﬁirmkﬁmmz . : . @__. : ﬁ :

| Short-type CTTTTTTT] !

| el = % - » " CJeCimeComo .

i \»' *‘}“ ;‘::: Zongggzsn 2| ;11//-?70 i

I r : T,.?A ; N i L(ﬁg;—sssc)ale deletion I -1/-3 I -

: EH Bb\': Lf:ﬁ S 100% KO (Fujiis . Nucleic Acid Res. 2013) : (FUI. J Reprod Develop. 2014)
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=S. thermophilus1-derivedCas9:
5’-NNRGAA (Fujii et al, BBRC, 2016)

" C. jejuni-derived Cas9:

5’-NNNVRYAC

(Fujii et al, Int J Mol Sci, 2017)
: R1335V/L1111R/D1135V/G1218R
*S. pyogenes-derived Cas9 /eizioF/At322r/T1337R

N---NNNé/;P‘/
#’!’ NN L
N- . -N?NNN

DB b O HIR | DR
N-- -NNN%;

5’-NG

(Fujii et al. Sci Rep. 2019)
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= offset-nicking by Cas9 nickase
(Fujii et al., BBRC, 2014)

n c a 59N692A/ M694A/Q695A/H698A
(Ikeda et al, Commun Biol, 2019)

-

v

P [ I5—F R IORR

CaSgNSQZA/M694A/Q695A/H698A

N

wildtype Cas9

5’-AATAAA-3’
5’-AAAGAA-3’
5'-AAAACA-3’

5’-AAAAAA-3’
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DNA waveform data

it

GAATCCCTTCCGCCTCTT
TTCTGAGGACCGCCAGAATCCCTTCCCCCTCTT

'

Predicted sequences of both alleles

1 TTCTGAGGA GAATCCGTTCCCCCTCTT
2 TTCTGAGGACCGCC——————————AGAATCCCTTCCCCCTCTT
(WT) TTCTGAGGAGCGCCCTGGGCCTGGGAGAATCCCTTCCCCCTCTT
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MGI:
http://www.informatics.jax.org/marker/MGIXXXXX
MGI name:
OO

KO/KID Fi:
Fujii et al.,, Nucleic Acids Res., 2013 Zfif= TEF4 B CRISPR/Cas T TR R 25

BRI OER (7/ LT — X bHFE)
ST IECRISPORD X 27 %

MR % %Kit

\\ /

KODTHA D & &R ->7-185R

EZETVY L0 ZHE

EREE: exon2 D EELFIERESE S

1) chrl: 93750959 to 93750981 (GRCm38.p3)
|_2) chrl: 93749664 to 93749686 (GRCM38.p3)
E]_Eﬂh E
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TTTCCCCTAAAGGACTCCAAACGACTGAT
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Gene Ontology [ -

oo
SESES, ESESES
fick cells to view annotations
- Mice homozygous for a null allele die prior to E1.5.
81

vl AlGo

Cdk1 Gene Detail
Summary Symbol Cdk1 Feature Type protein coding gen
Name cyclin-dependent kinase 1 IDs MGI:88351
coC2 NCBI Gene: 12534
Synonyms Cdc2, Cdc2a, p34
Alliance gene page
Transcription Start Sites 2 TSS
lrmﬂ:" & [more®] Sequence Map Chr10:69170976-69188742 bp, - strand Genetic Map Chromosome 10, 36.07 cM
ans From NCBI annotation of GRCm39
comparain| [more®] SNPs within 2kb 75 from dbSNP Build 142
mparison
e Strain Annotations 18
o '
Homology | [riren) Human Ortholog CDK1, cyclin dependent Ki 1 Vertebrate Orthologs 3
[Tessv] type Summary 7-1 from 7 alleles In 9 genetic backgrounds All Mutations and Alleles 39
Alleles, and 0 phenotypes from multigenic genotypes hen '
Phenotype: pheno Chemi
5 phenotype ref End

Genomic Mutations 2 Involvin
Incidental Mutations 1
Find Mice (IMSR)

Comparison Matrix Gene Expression + Phenotype

T2 JWOECHIEET. EARRE

Gene Summary

Name: cyclin-dependent kinase 13

Synonyms: 2310015017Rik, Cdc2I5

W Order Alleles

IMPC Data Collections
Body Weight Measurements >
No Embryo Imaging Data

Viability Data >
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IMPC Phenotype Summary
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* NCBI (National Center for Biotechnology Information)
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NCBI Gene ( https://www.ncbi.nlm.nih.gov/gene )
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* UCSC Genome Browser
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(1D NCBI Gene ( https://www.ncbi.nlm.nih.gov/gene ) ZRi<,

@ “Mus musculus Sox17” EA AT 3B

National Library of Medicine
in

National Conter & ogy Information

Other Resources.

FHATRERETDHERDIMYPT LY
<) R: Mus Musculus
Ek: Homo sapiens
7 A: Sus scrofa
A X: Canis lupus &

@ “Sox17 — SRY (sex determining region Y)-box 17 “%%41)w%

Tabular + 20 per page » Sort by Relevance v

w e

Was this helpful?

GENE ‘

Sox17 — SRY (sex determining region Y)-box 17

Mus musculus (house mouse)
Gene ID: 20671
Genome Data Viewer

RefSeq products Orthologs

Send to: »

@ X% 0—)LLT"mRNA and Protein(s)” &£ TH& . "NM_001289464.2" % ') v%

mRNA and Pmle&s}

1. NM_001289464.2 — NP_001276393.1 factor SOX-17 isoform a

See identical proteins and their annotated locations for NP_001276393.1

Status: REVIEWED

Source sequence(s) AC1
Consensus CDS
UniProtKB/Swiss-Prot

Related ENS 0112351,3, ENSMUST00000116652.8
Conserved Domains (2) summary

£d01388

Location:67 — 138

SOX-TCF_HMG-box; class | member of the HMG-box
superfamily of DNA-binding proteins. These proteins contain a
single HMG box, and bind the minor groove of DNA in a highly
sequence-specific manner. Members include SRY and its
homologs in insects and vertebrates, and

Pfam12067 Sox17_18_mid; Sox 17/18 central domain
Location:203 - 263

N

NM_001289465.2 — NP_001276394.1

See identical proteins and their annotated locations for NP_001276394.1

ion factor SOX-17 isoform b

Statug:

T Itvi3F S (Accession number)

FASTATZ
BERERS| TS/ BB ERT-HODTFAMDER,
11TRIZM> I THRESLSICESIIDE2AMILERL, 24T
Mo E-IET7I/BEHNETRT,

f5l)  >GeneA

acgatcgatgctacgtacgtacg

® “FASTA” #91)v99 HEFASTAT

HXDEHNAEIGTED

GenBank «

Mus musculus SRY (sex determining region Y)-box 17 (Sox17),
tgnscript variant 2, mMRNA

| Reference Sequence: NM_001289464.2

Goto; ¥

Locus NM_001289464 2372 bp  mRNA  linear ROD 11-MAR-2025

DEFINITION Mus musculus SRY (sex determining region Y)-box 17 (Sox17),
transcript variant 2, mRNA.

ACCESSION  NM_001289464

Mus musculus SRY (sex determining region Y)-box
transcript variant 2, mMRNA

NCBI Reference Sequence: NM_001289464.2
GenBank

Graphics

>NM_001289464.2 Mus musculus SRY (sex determining region Y)-box 17 (Sox17)
variant 2, mRNA
GATAACGTCGTGAGCTCGGCTTCCAACACCCATTTAGTGAAGAAACTGAAATATGGCCCACTCACACTGC
TGGCGGGTCTGAAGTGCGGTTGGCCCCAACACTCCTCCCAAAGTATCTATCAAGAGAATGGTCAGCAGAA
GTTAGATCTAGTGAGCAGCACCTCCAGACATCTGAATTTCAGCCTTCCTATTTCCCCAAGAGGTCTTGGC
GCCAGCGCCCGGCTCCAGCCAGTTTTCCCCAAGGCTAGCTTCCGATCCCTGCCTCAGGGTCGGGGGAAGC

GGCGTGTCCCGTGGCCATAGCAGAGCTCGGGGTCGGTCTGGAGAGCCATGAGCAGCCCGGATGCGGGATA

CGCCAGTGACGACCAGAGCCAGCCCCGGAGCGCGCAGCCCGCGGTGATGGCAGGGTTGGGCCCCTGTCCC
TGGGCCGAGTCCCTGAGCCCCCTCGGGGATGTAAAGGTGAAAGGCGAGGTGGTGGCGAGTAGCGGGGCGC
CAGCCGGGACGTCGGGCCGAGCCAAAGCGGAGTCTCGCATCCGGCGGCCGATGAACGCCTTTATGGTGTG
GGCCAAAGACGAACGCAAGCGGTTGGCACAGCAGAACCCAGATCTGCACAACGCAGAGCTAAGCAAGATG
CTAGGCAAGTCTTGGAAGGCGTTGACCTTGGCAGAGAAGCGGCCCTTCG AGAGGCCGAGCGGCTGC
GCGTGCAGCATATGCAGGACCACCCCAACTACAAGTACCGGCCGCGGCGGCGCAAGCAGGTGAAGCGCAT
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501 600
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