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Efficient Generation of Human IgG1 Light Kappa Condant
Region Knock-in Mouse by CRISPR/Cas9 System

Sundo Jung”

Department of Biomedical Laboratory Science, Shinhan University, Gyeonggi-do 11644, Korea

Mice with specific modified genes are useful meainstudying development and disease. The CRISPB/§atem
is a very powerful and effective tool for genergtgenetically modified mice in a simple and fashrmex. To generate
human IgG light kappa constant knock-in mice, vetett by microinjection of a mixture of Cas9 protaingle-guide
RNA and target homologous recombinant donor DNA iytgotes. We found that the injection of 10uhgdf Cas9
protein and crRNA/tracrRNA, rather than single guRNA, induced the production of knock-in mice meffectively.
Thus, our study provides valuable information thiéithelp to improve the production of knock-in reiand contribute
the successful generation of humanized Ab-produtiieg in Korea.
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= g
WO Hl-go] Wol 53 oW AR} @2 wFo] Q8
gk kATt Zinc-finger nucleases (ZFN) transcription
activator-like effector nucleases (TALENE)Z-2 site-specific
nuclease, s 1 Ak 7H917E g o w54
A 9170e14] DNAS] ol % 7hehe A= AYE 5 A
Holow o= fFege] Task WHS ofFA HAY
(Bibikova et al., 2003; Carlson et al., 2012; Chal.e2013).-+
AR 7191 F 7P #Holl 31317 clustered regularly inter-
spaced short palindromic repeat (CRISPR) / CRISRBew@mted

protein 9 (Cas9) systeth Alxt 2} LAl ol EAlst= &
& W A|=HoA gk 202 RNAE 7|Who g 2
3tiDoudna and Charpentier, 2014). Plasmid DiNAiruse}
& 9% DNAZF Alatell 43S o o5 DNA A2
A= 7]ojstar vHE 749d A] CRISPR RNAs (crRNAgH
transactivating crRNA (tracrRNA} B4 th 3% orRNA,
tracrRNA9} Cas9 thild 5347} A5 <)% DNA
MES SolAor ddstozn o DNAS A7 gt
(Hsu et al., 2013; Ran et al., 2013). Cas9 nucleaSgepto-
coccus pyogenebr] gk Tl A2 crRNAS] spacetl]
5= 20 bp F71ALE vlE Fol| &A3F= protospacer
adjacent motif (PAM)37141€ 5-NGG-3% <14]5te] PAM
M vkz ks ddste] 2] DNAE Al71§t) whebA
CRISPR/Cas9 systefh o]-&3F 2 HFS Aslix=
Cas9 thd v} ARelaral sh= -] crRNAS} tracrRNA
7F B a3hH, crRNAS}H tracrRNA?] =29l H-2-5 4
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Table 1.Sequence of crRNA, tracrRNA, sgRNA oligomer usethis study

Oligo Sequence
Kappa F1 crRNA 5-GGUGGGAAGAUGGAUACAGUGUUUUAGAGCUABCUGUUUUG-3
Kappa B1 crRNA 5-CCAUUGUCAAGAGCUUCAACGUUUUAGAGCUAGCUGUUUUG-3
tracrRNA 5-AAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAA AAGUGGCAC
CGAGUCGGUGCU-3'
Kappa F1 5-TAGGGGTGGGAAGATGGATACAGT-3'
Kappa B1 5-TAGGGCCATTGTCAAGAGCTTCAAC-3'

&to] &1Lt single guide RNA (sgRNAREEIZ Al5-a 4=
A THHorii et al., 2014).0]9} 7] CRISPR/Cas9 systefh =}
& 9471 7}o]= RNA (sgRNAR} Cag9 tH 28 A1-g-3}
o] 9|7 DNAZ H9-Eolzel Hralow FAs et &

ol o R 4o wer] wiitel] B2 AAksol o]

7%l FEata olgaka glek vl & el G714
Ao A@sH= Wk & ol ole] Fxe) Eewo]s}
WRE A AAE 7P55H S| twang et al, 2013

Aida., 2016; Ma et al., 2017).

A= T W2 Edos Een &Yy} Agte)
o 5“”4 285 WalstAY, Fdde AAskE WY &
o)), ghAlol+= immunoglobulinlg)G, IgM, IgA, IgEE!
IgD®] 5577t Uk ol& 71EA 0w 4o AV
2 ¥ A 25 AN, 47 S BRdg A
w3, 7, o, e25H vHEo)3 FHE EEgtKLonberg and
Huszar, 1995; Beck et al., 2010%3-2] &% U] 4 A
lgGol™ z=2f 7|5 oA 7 2 delA dal, 1gG
thr] 1gG1, 1gG2, 1gG3, IgG4 isotype v zHz}ol
7154 542 th2t 1IgG= S 4l(heavy chain,
50 kDa) ©H2 279} 7 (light chain, 25 kDa)sH2 271
2 whsoll YA R g e S 2(EAE, 150
kDays @/dskar vk Abgtat AF 9] A Fral= 4%
A, 715 o2 ul§- FAFsre] Bré)# lrH(Lonberg and
Huszar, 1995).

1 o) A= CRISPR-Cas9 systeth ©]-&-ato] <17k}
715 H o2 FAMEE FAlE 4 X mouse IgG2artE] ol
human IgG2] light kappa constanf-$1S A1) 15
2~(higG Lc KI mice)s #|2tata4t 851t} CRIRPR-Cas9
systen® E-2 AFAFE0] ATt o]gata glor} oA
e 7] @A e A8 2ot 3 protocob] &
At YA Frt & ATol| A= CRISPR/Cas9 systefn
o83k FrA=} AFSl(knock-in) 5 AAkel] F#HA <l Wb

L
HE=

L
o
L
o

S ANk, B Q7 A A s vk Al

A 1% 7128 vhIstaA S,

ol
32 ¢

R

Mouse human IgG1 hybrid light kappa constant chain
DNA H|Z}

v =@ A= B AE (NCBIOl A human 1gG18H4] -
A1) light kappa chairfd 7141 &S 2H1(NC_000002.135}
Roun, vl9- IgG2a light kappa chaird &(NC_000072.6)
S \la 43199t oF 320 bl kappa constant] 8-S
human A€ = tAl|}aL homologous recombination (HR)
dojd = Q%S 5 HR ama} 3' HR amd ZF 1.25 kb3
% ¥33k npg-~ A7|M Y (2,803 bpE pUC57 vecto?]
EcoRI Algtg s F-91&5 o]&sto] A es F& A%

3} tH(Bioneer, Korea).
/n vifro RNA transcription

sgRNAS] design (Table B} in vitro transcriptior®- zhang's
laboratoryll A4 Al-g-3h= Wi o2 AAIE thhttp:/ww.
genome-engineering.org/crispgtz2] guide RNA oligomer
& annealingdt * pUC57-sg RNA expression vector (Life
Technologies, USA)] Bsa | Algta A F-9o] A3t
Guide RNAX go] &A7d3kE plasmids sequencing &
&) Zelstint. gl clone® sgRNAS] in vitro transcrip-
tion template2 MEGAshortscript T7 kit (Life Technologies,
USA)S ©]-8-35}9] transcriptionA]Z] ¥ RNAT MEGAclear
kit (Life Technologies, Carlsbad, CA, USH) elution buffer
£ o] g3 3k #e]¥ sgRNA= NanoDrop (Thermo
Scientific, USA)S- ©]-&3) 5%¢} qualitys =43kt
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Microinjection
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Israe)s 573 FA} ? 4871 7F Holl T2l hCG (Prospec,
=
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Selsto] Plugp] SHolE 3 TRl dtelA]
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Kappa F1 crRNA:
5’ GGTGGGAAGATGGATACAGT TGG 3’

<Mouse allele>

> <mlgG2a light kappa chain gene> >S< -

Pl N
5" arm (1225 bp)

<Human allele>

o1 75 unit PMSG (Prospec,

< g g t(ittner and Gotz, 20074 gke] Aol F=H]
% target donor DNA, sgRNAREE crRNA, tracrRNA, Cas9

protein mixturég: microinjection® = FY3}AT). 37C vt

MW FATo| 2 cellz H3}EE AL AvjAoz 39l

7FdAl EICR 47 -0 i gl 10~

zonu FYEE NS, 37 F Holb A7 o
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o porel §07 A9 240% B4 A% 49995
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H
oh AR A R 2Rl microinjectiord] €13 Eljo]

Kappa B1 crRNA:
5’ CCATTGTCAAGAGCTTCAAC AGG 3’

3'arm (1244 bp)

<hlgG1 light kappa chain gene>

<Recombinant allele>

5’arm (1225 bp) l

©

l 3'arm (1244 bp)

Mouse 1gG2a light chain-R homologous region

Human IgG light kappa constant

Mouse 1gG2a light chain-L homologous region \
EcoRI (417) \

\ EcoRI (3214)

higG1 Lc KI

5429 bp

Fig. 1. Design and construction for human IgG1 lighkappa Knock-In mouse. (A) In order to replace the mouse IgGL1 light ke
constant gene (mlgG Lc) with the human IgG1 lighppa constant gene (hlgG)L&appa F1 and Kappa B1 crRNAs were select
recognize and cut of Cas9 protein and homologotmmiination was used to increase insertion effigienith higG Lc. The oute
genomic DNA sequence of migG Lc was inserted im03 'arm and the 3' arm by about 1.2 Kb to desiggtombinant allele. (Bljhe
designed Recombinant allele gene was used to syzettdgG1l Lc Kl vector as donor DNA for Knock-Iroase construction.

- 374 -



Cas9 Cas9
Homologous Homologous
Mouse gene | recombination recombination
1 Human Kappa >
1227 +1 +323
hKLC-F1
=
mKLC-F2 mKLC-F1 mKLC-R1 hKLC-R1 mKLC-R2
-1447 “.1326 542 E-523 +39 E +59  +131 +149 €
99 bp 601 bp Fig. 2. Map of specific PCI
90 bp primers for confirm othlgG
1506 bp Lc KI mouse.

Table 2.Primers used in this study

Primer

name Sequence
mKLC-F1 5-ACC AGG GTC TGATGAATT GC-3'
mKLC-F2 5-GTG CAT CCT GGC CCCATTGTT CC-3
mKLC-R1 5-CCAGATGT TAACTG CTCACT G-3
mKLC-R2 5-TGTACT TTG AGC TCT GGAAGG C-3'
hKLC-F1 5-G TGG AAG GTG GAT AAC GCC CT-3'
hKLC-R1 5-TACC CGATTG GAG GGC GTT-3'
b 750l 47HE0] HAS o AAEglom wEe] o
& Z} genomic DNAE FE3f¢] PCRS S3f gldl

t}. PCR %4& AccuPowet HotStart PCR PreMix (Bioneer,

Korea), ZF primer (25 pmol)Z} 1 uL, genomic DNA 1uL 2!
DW 17 LS mixdte] HF 20 L2 A3} vks =4

& 95C 5, WA § 95ColA] 30%, 57.5C 30%, 72C
7025 ¥ 303] WHT 9§ 72C 5RO AAEGle
1, PCRAH=2 1% agarose gdl4] 100 v 3G& &< 717]
03% 5 A3E RIStk 12} PCRY} 24} PCRS 41
¥ PCR4H=2 sequencing (Bioneer, Koreéd) 53l =% <
71 dS gelste] k9~ 1gG2a light kappa constari] &
©] human light kappa constatl & = thA|E AS <13}
Atk

QEK} 2 2ol

[

rd
ook

Human light kappa constast A 27 AdE vle-2= 5
Zo] 749 657 o]F C57BL/6 wt femalg} oS 2A]
stolom, H7le 8579 o]%F 713} nix A = C57BL6
wt malelt wulE AABIIE o] zbE whlE B8
o] 7 w2~ 2R E human IgG light kappa-d A} 2315

21s7] 98 mE =R -E] PBMCE A3 5] FACS &
S AABF Y FACS 9488 213l ammonium chloride-
potassium (ACK)&z} g7 107t Aol A nlj kst =,
phosphate-buffered saline (PBS)¥ ¢t t}, Fc receptor
= Weshs AlEEo)] 93 BS54 W& =o]7] 4l
anit-FCrRI/I mAb (2.4G2E ©]-8-3to] 4To|A] 15231 1k
SAFA FrAlE 2418 98] FITC-conjugated anti-mouse
B220 (BD Biosciences, USA), PE-conjugated anti-raoigs
(BD Biosciences, USA), APC-conjugated anti-huma&nBg20
(BD Biosciences, USARAIE 217t A elsle] 4ColA] 30
7 wkeskn) akA) Hkeo] Eud A YEE PBSE A& 3,
1% paraformaldehyde 3Q@Lol LA &to], F-AHE #417]
(FACSCalibur; USAR. E-41819lt), 24 Zeao g

CellQuest software (BD Biosciencés) &3+ Tt
| at

Humanized IgG1 light kappa constant region Knock-

In 8% H=ZH= flet CIXI

Abe] HAIE Aekes v AR flEl] 2 At
M m$-2 IgG light kappa constanf-91 S H# €17k9]
AR g AEFaLAL 81¢lck CRISPR/Cas9 systein ©]-&-
3lo] ul-9-2= IgG1 kappa constant regin human IgG kappa
constant regiof. = WA e vl9-~E AZsle] &5
o17te] EA|S AYakstaa} &4k vR-2 IgG1 light kappa
constantf- A= 6 Ao 9)%]31H 320 bp (Gene ID:
16071 45 °] 9.2™, human IgG light kappa constant
region> 29 A Aol 2]x]5hH 323 bp (Gene ID: 3514)
are 7WJ~ Atk F AR oF 71% F=e] A
T AR 7]

T gt % 24 Aol 285 S7H717] $3 mouse
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Table 3. Summary of CRISPR/Cas9 mediated Knock-In mouse

Guide RNA Cas9 protein Injected Transferred Newborn 1PCR targeted 2" PCR Knock-In
conc egg (%) (%) (%) (%)
SgRNA 100 ngiL 681 608 (89.3) 54 (8.9) 3(5.5) 0(0)
SgRNA 10 ngiL 594 512 (86.2) 50 (9.8) 4(8) 0 (0)
crRNA and tracrRNA 100 ngt 613 554 (90.4) 58 (10.5) 21 (36.2) 1(1.7)
crRNA and tracrRNA 10 ngL 718 679 (94.6) 74 (10.9) 27 (36.5) 3(4.1)

IgG1 light kappaf-H=F -2]°l| higG light kappar-4}F A1
o9& 4Fel8kaL, Fig. 1A recombinant alleld 7] mouse
IgG1 light kappa regiom}2Z:o] x5 4 42] 5 HR arm
7} 3' HR arm °F 1.2 k¥ mouser] €2 4Helsle] A
AzFro] dof F = Jm: AASISItHFg. 1A). AAE
FH2H= humanized IgG1 light kappa chéin'&d &} wl-$-
25 AZs7] $13F donor vectorz ©]-8-3k32A} DNA (higG

Lc Kl vector)2 $4d3+31tHFig. 1B). CRISPR/Cas9 system

S o] &% FHAF HF] 752 Casohio] A& = 9l
£ PAM A€ 71A target guide RNAM o] o9 Q.
sttt 3 2kl NGGE Al €] gt 17~24 bp= 40~80%°]
GC s x2gsh gt o7t &S5 off target &
W7t H43E = Aoz A 2tk Guide RNAAM LGS
RGENZ MIT 9} 22 flollA] Algah= AMES 3FaL- vl
slo] A1) oM (Table 1), sgRNA- 13+ oligomer= 1}
o] Yolo| A A3} a1, crRNAS} tracrRNAS ThalEo|
A a8l Casoddo] Q14s)A A=+ target '
$+ human light kappa chath 5' ZeH15HA )2} 3 Dk
308HA)°l f1x]8t] human#Hd2F S-S H 48kl
tHFig. 1A).

hlgG1 Lc Knock-In OFRA H|ZHS 2|FF microinjection

#* CRISPR/Cas9 systefn ©]-8-gF gene editing- 2
OS_?LX}EQ Eof EdsiA A7 A aL vk AR
Hofell A= B&aF A Al S
A XSELO] HA 9%7] wfjzol] wi-g- Al A5}z

)z it} webA CRISPR/Cas9 systefn o83+ &&7
1 FAHS FE A o] AAlE Wi Fasith o
ool A= CRISPR/Cas9 systefh ©]-&-51o] al=

AAE AFS)shs Knock-In w25 A2 of 85
T IE WRS Faiatk skl Cas9tT E(NEB, USA)
¥} donor DNA (higG Lc Kl vectof 7]3-0. 2 o]g3}3] o
™, target guide RNA- sgRNAS} crRNA/ tracrRNA & Bl 2

¢

-
o\ Ho

oS wl BAEE K mh-2 8-S vasgith &
3 microinjection Aol donor DNA2] &%=} Cas9ehi] 2
o] 52 100 ngil, 10 nghlL ] Z3Ho = AAEke] H]al
313Itt. Donor DNAZ 100 ngiL 2 555 AHE3dS 7
$-, egg transferd-oll pupe] A E A ero} HuLo A A<
3l3itk(data not shown). KPH-2= A4 88 H|WE $3
W4 Kappa F1 sgRNA 2.5 ngl, Kappa B1 sgRNA 2.5 ngl.
9} Cas9 &2 100 ngil H=+= 10 ngiL, 10 ngiL donor
DNAES A &e] dalo| microinjection®. 2 5915+ T}

2-0 2= Kappa F1 crRNA 0.6 pmall, Kappa B1 crRNA
0.6 pmolfiL, tracrRNA 0.6 pmoliL 2} Cas9¥H¥2 100 ng/
uL 5= 10 ngil, 10 ngfL donor DNAS S 2] A3l
microinjections 2 A1 8itE sgRNAS 913%F & A4 104
vtz o] A7) 7F ejoiut o, crRNAS} tracrRNAS =913t
Agelli= AA 132kl e] A7E FE 7 A3UTK(Table
3). Target guide RNA] =}o]el sgRNAL crRNA/tracrRNA

= AREE W, Zé%‘fa g 5o] o4 5 715 d&
LLH77}X1~(Transfer £ 87.8% vs. 92.59%42=0.08, newborn

A8 9.4% vs. 10.5%P=0.06) & x}o]E Holx] ettt
(Table 3).

hlgG1 Lc Knock-In OfRA E0I

SgRNA 943} crRNA/tracrRNA T8 &3l Aoz Aj
71255 human IgG1 light kappa constafit? #}-2] A
= ZRlsh7] fal 470l 2 w7k 7vkd - aele
JF-E 22} genomic DNAE =315t} WA 12+ PCR
2 mKLC-F13} hKLC-R1 prime& ©]€3}l%] human IgG
light kappa chaift] )& 21383 TtH690 bp PCRAHE).
12} PCR 23} sgRNAS F913H 5 ojx 10471219 A
7] % Cas9tr &S 100 ngil S AHEFS v 37}, Cas9
S AS 10 nghl & AHEES W 4rtelol A Rt AR
o] A= ST} HESE crRNA/racrRNAR} 100 ngil ©] Cas9
Hoixl sgte] A7) 5 21k 7 1A}
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A

1St PCR: Knock-In

2"d pCR: site-specific Kl

1 kb

1kb 100 bp
ladder Vec 47 48 49 50 51 5253 54 55 56 |adder ladder Wt 52 Vec 81
.t : =
750 b - b | 1.5kb —= — —
P —gpe =_ 700b 1 kp —>=
500 bp —= - & | =+6000p s =
R e R L R L TR T
AGCTTG

=

120 130

150 160 170
Electropherogram Data Page 1 of 4

1860

Humanized IgG Kl mouse seq

Human IgG Kappa cnain seq
Mouse IgG Kappa cnain seq 10T CAGEGEITEATECTE

TTCCTCAGGAACTGTGGCTG

1870 1880 1890 1900 1910 1920

Fig. 3. Analysis of higG Lc Kl mice.(A) Mice born through the CRISPR / Cas9 systenoffua portion of the tail at 4 weeks afe an
confirmed the gene Kl by PCR. In the first PCR, hargene insertion (690 bp) was confirmed using milGand hKLCR1 primers
In the first PCR, the mice inserted into the gemeewconfirmed to be inserted (1.6 Kit)the desired position by the second

(mKLC-F2 and mKLC-R1 primers). (BJlouse confirmed by the secondary PCR confirmedtitteahormal gene (humanized IgG K

inserted through sequencing.

PCRIIA -2k Aksle] gRl=21.01, 10 ngil Cas9 v+
A3} oRNA X235 AHE-3S wie A 747912 & 277
27} 124} PCRAAT -3 2L 4Fqie] SR1= ATHFig. 3A). 1
2} PCRIIA] &1 5ante] Z &gt fA]o A==
2 #els 9al 221 PCRS mKLC-F232} mKLC-R1 primer
= o]-g3te] gl tHFig. 3A). AUE A Eel mutation
o] 1=A G714 E Bl 913l mKLC-F27 hKLC-R1
primer} hKLC-F137} mKLC-R2 primeig ©]-8-3l] PCRS
ArEE § A7IAE EAS AAEel) 22k PCR 2%
SgRNAS 918 & A2 7rjelo A= Yk Aol

AR RS #old 4= gllen, crRNA/tracrRNAR}F 100
ngil Cas9ohld F9]& &3 4 21vfe] < 1vtel<}
crRNA/tracrRNAS}H 10 ngil Cas9 ¢l 2 918 S <
& 278 5 3kEellA] Al S ER1(1.6 kbptale
), 7MY A4S Fl AR rARlE gkl

tHFig. 3B).

Human 1gG light kappa chain XA} &h&d

Jtok

0|
Fig. P29} 2] 123 PCRY} 971449 1A
human IgG light kappa constafitZ 27} 4= A

to o
Lo ofm
%

2
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WT 7321 8611
(LmLm/HmHwm) (LmLr/HmHM) (LHLH/HmHM)
Q1 Q2 Q1 @ | fla1 ; Q2
0 0.60 40.9 5.71 855 0.22
x
o 7 E £
C 4 .
[\
£
=)
T J
dQ4 s m Q3| Q4 ias Q3
49.87 895 419.8 3143 0.027
Mouse Igk

Blood (Lymphocyte) = B cell gated

Fig. 4. Human IgG light kappa chain is expressed in B cellef higG Lc KI mice. Human IgG light kappa constant gene expre
was confirmed from Kl mice inserted with higG Lange PBMCs of wild type mice and higG Lc KI mice westained with mB22
migK and higk antibodies, and the expression of sedgG kappa chain and human Iggppa chain among B cells was confirmed thr

FACS analysis.

ALt the- 2 2= human IgG light kappa constafit 2] 2}
LS RIS kY] Akglol dojubr et
o] ¥4 &= Arele FAE Yiksks vhe2RA 7
S5 @ 4 g7 ]IH"‘Oﬂ AdE FAATE v A
el A e E =5 gRlsh=s Alo] Fastth o] 13l
higG Lc KI Ph¢-2== o 2] xbg] a7k 3=l o,
) & Aozl Aj7)e] PBMCE E8|3te] B Al A
human IgG kappa chah 23S FACS 942 23l &<l
3t Fig. 49F 7ol higG Le+- (ID#7321)= 33.6%]
mouse Ig kappa chafh 233} 40.9%] human Ig kappa
chain& a5l HHA, higG Le+/+ (ID#8611) 85.5%)
human Ig kappa chdihs 23 itk 234 5= CRISPR/
Cas9 systedt Z3ll #|12 higG Lc Knock-InmH¢-2~71 A
Ao QIZT A Tl s Hshe As g1l
AN
LA
A58 A=

4 o]

19943 A A X =5A7} 7|
2 7W HH}E e Holal Q= ook

=
ox

o
o
T e

a

U3 XLELOH 01%}41 %E}. 57] X 2A

o = =1
el ogk A= Bl P A=A Fejgor), 2
ol A7k G FAAE ol4F FAA vperzn

B 3 SolAl Azt ddEE A E Axse 71E7)
] 94313 tDeng and Capecchi, 1992; Green et al., 1994;
Lonberg, 2008)7]=o]u} Aol i= 17t fz}iﬂ% Arkek
Y= FAAG nfeAE o]L3l 7L A7) A
A FolAY A AdEAle e %‘iﬂﬂ 5099&0l| ©]
231 9l& v &g A7t 118 Fo|thGreen, 1999;
Lonberg, 2008)5F4|Rt ol A= G gl vk AT
7l=ge] g9} ai7ke] Hlg, ARt &g EE 7|7 Al
A FA o EAIR QIR FAE BLteks vzl
gk Ag7F X E A AL vk Al AAlE BAtehe
w227 ARETE )& AJEA] 22 thFet ol
e FAE AL = don, ool Hfshal Q=
humanized Ab#-$-2=9} AI2F 7193} &4 24 H=<l
o] xpol&= APEAS 7HA7] witel] 2 AtellA] AlFskaL
2 3= human Ig KIvH-25% ¢ A4S S
o % 7l
Cas9 tH A3} sgRNAS AH&-3H HALel M ow}go)
AEFE] 7] witol wE AIZE o] Edolrt s

p

Pk

ck AJZE Fetelnt 51471 CRISPR/Casy] =Z5]9] off-
targep] 2o1=E HoE 4HA JATHFu et al., 2013; Shen

et al., 2014). CRISPR/Cas9 systenv]-8-3F t}eFsl f-72}
Aztufol=E7] MEE H|FESF wl9-2, drosophila,
zebrafish, rice, Arabidopsis & - 2159 B2 A|AElo A
ghibsl AFEo] Y= Y rk(Shan et al., 2013; Fu et al.,

5ol
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2013; Yan et al., 2014; Chu et al., 2015)5] &A% n}-$-
2 AFpel A theFgt Fejo] fxt o] o] Fol AW A
CRISPR/Cas9 systeth -8 "l w& Jeda) 45
F&ol s AAskaL 2AtHHorii et al., 2014; Chu et al.,
2016; Raveux et al., 2017 AAFE A ATH= WH-S H|aL
A w2 a8 FaA Aol 7hesh #Estd W=
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