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ABSTRACT

The knock-in efficiency in the fibroblast is very important to produce transgenic domestic animal using nuclear
transfer. In this research, we constructed three kinds of different knock-in vectors to study the efficiency of knock-in
depending on structure of knock-in vector with different size of homologous arm on the [ -casein gene locus in the
somatic cells; DT-A_cEndo Knock-in vector, DT-A_tEndo Knock-in vector I, and DT-A_tEndo Knock-in vector II. The
knock-in vector consists of 4.8 kb or 1.06 kb of 5 arm region and 1.8 kb or 0.64 kb of 3’ arm region, and neomycin
resistance gene(neo’) as a positive selection marker gene. The cEndo Knock-in vector had 4.8 kb and 1.8 kb homo-
logous arm. The tEndo Knock-in vector I had 1.06 kb and 0.64 kb homologous arm and tEndo Knock-in vector II
had 1.06 kb and 1.8 kb homologous arm. To express endostatin gene as transgene, the F2A sequence was fused to the
5" terminal of endostatin gene and inserted into exon 7 of the -casein gene. The knock-in vector and TALEN were
introduced into the bovine fibroblast by electroporation. The knock-in efficiencies of cEndo, tEndo I, and tEndo II
vector were 4.6%, 2.2% and 4.8%, respectively. These results indicated that size of 3’ arm in the knock-in vector is
important for TALEN-mediated homologous recombination in the fibroblast. In conclusion, our knock-in system may
help to create transgenic dairy cattle expressing human endostatin protein via the endogenous expression system of
the bovine -casein gene in the mammary gland.

(Key words : Knock-in, B-Casein gene, Somatic cell, Homologous recombination, Bovine)

M B pecchi, 1987). 7F5olX %= F Bjobe] AfoAlEE o] 8
sto] ] al precollagen A 1|4 B -lactoglobu-
lin- o -anti- trypsino] L= AMEE D § X5

A ASEHS AsAzdS o8&t Aw Aol H“ﬂ"ﬂ ofsl g g Aol HAHATHMcCr-
-‘E—Xé Aol Qe+ AE AUskE knock-in WHI 5 eath 5, 2000) 1 T X o R FAHS BAlsE
4 FHAAE AASE knock-out Hhﬂo] El‘ﬂ—(YanezTJr < ket ?7} gre] s glar, oled ¥4
Porter, 1998; Miiller, 1999; Clark 5, 2000). 42+ %% %iﬁ‘r%%—‘l o]-g-3t H}Olg 2ekakg] o] b 7hsde] of
WS targeting WE]E embryonic stem celloﬂ =915} ¥ AL AtKClark 5, 2000; Yang¥ Carter, 2007).
/‘c}%xﬂzgloﬂ ojaf EA4FHAte] Wolg T e AY 75l ol FHA AFS o]83te] McCreath &
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toglobine 2R ES AHE-sto] Fd o= R I3t al-an-
titypsino] WAL= HA F& AS Ailskddvh &=
Denning ‘5(2001) el Qojx o] &1t G0 AA]
AARRRGS do71= a (1,3)-galatocyltransferase(GGTA-
1) FAAE knock-out A7l HA| &S ALkgivta B
shal k. T1# Y targeting & 1.1%= WS¢ W &
3 Bl aejar Ar]eol A HAl HA = o]-&5t
7] 98k a (1,3)-galatocyltransferase(GGTAL) 747} kn-
ock-out® A A7} FHA Ao ofajA APty
ArHLai &, 2002). L2t WA 02 GGTAI A+ 9
2o gk 12 AT G&S 0%14] 9.3%% HiH 3
ou, olgfd A= WE | A dedeel A7
o)t oz BuEATH(Klymiuk 5, 2010). FE3F o]
COL1A1, PrP$} GGTAL 734+ $1A1ell Wit 34 45
FEL 1~66%% HIEIT 9om o]zst g8&9] o
= gane] oi\sh WEe) T2 Sol Wl 1 AoE
B e zle® A7tEojA]al 9JthDenning@ Priddle,
2003

#olli= Zinc Finger Nuclease (ZFN), Transcription
activator-like effector nuclease (TALEN), Clustered regu-
larly interspaed short palindromic repeats/Cas9 (CRI-
SPR/Cas9) 52 37 7FIE ol&dte] ®Hry o 2
289 FAH =S AAshaL AthGaj w, 2013). <
SRS &4 F ZEN= ©]83dte] Liu & lysosta-
phin®] A& B-casein A $132]9) knock-in¥l &E A4
s THLiu &, 2013). B=gF AR Iysozyme A7 A& B-
casein F7AA YA knock-in®l 47} AJLEEIQl o, o]
g A A el AFEE e o=
BaEATKLiu &, 2014). °1E2 AAE 1A kno-
ck-in &2 ZFNE ©] &35S 25 12.8~185%% 21,
ZENE o]-&atA] F%e 49 0% 58S Hsisitt
(Liu 5, 2014). °]¢} o] AAZel knock-ing AA|e
B, A 1A w2 g8o] tekgk Ao® B
H31 9lom, TALENS ©|83te A B-casein 3¢
Al knock-in #E T3] wE G&S By wpt
SAct.

wheba 2 A= Ba Bocasein A2 exon 7
AAE SolHem ddd 5 gl TALENS AR5kl
knock-in 9] 5 @ 3 AFdde] Aol wl ZAi

o
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Knock-in ¥E 55 9% 495 kbe] 5 arme ge-
nome DNAE T8O = AME-3}aL, Notl S primer(GCGG-
CCGCGAATTGAGAGCCATGAAGGTC)Q} Sall AS pri-
mer(GTCGACAATAATAGGGAAGGGTCCCCGGAC) A
< o]&3dte] PCR F%3k3th 1.06 kbo] 5 arms 57
&}7]e] kA WA TALEN A Y97} B-casein 744
9] exon 7 $X]of] EASIER oln| =4t HHol = WS}

AR |

rlo
ofrt

== TALEN A3t 9]0 Wo
TALEN 2% F-9lol] ®Hol&
¢} Zro] PCR point mutation= A3t WHolH 1,060
bpol 5 WHS FH3Y] 9I5te] 7Tl gEEo] Q=
T-easy_[-casein exon 2-exon 8 ZE}~P|=F FHO
©]-8-3}31, Notl A|gHa A site?} E 34 sense primer (G-
CGGCCGCGGCACTTAGGCCAAATTCTAAATC) 2t AS1
primer(GACTGACAATGATAGGAAAGGGTC)S o] &3}
o] PCR FZ3l3ich Wolsl 238 bpel 3 TS FH
al7] 9eir= SI(GACCCTTTCCTATCATTGTCAGTC) S}
AS2(TCAGAATCTCCACGGGTAAGCCTA) primer <
o] g3le] PCRE F3Jst3itt ®Hole 1.3 kbe] 5 arm=
nsky] 915ke] A 1k 1,060 bpe] WA 238 bp
o &S 1= EFT 5 o] TH DNA &= 9
oz o]gste] ofgjel o] PCRS Fdstolch. PCRE
Notl A|gta s site’} E3E sense(GCGGCCGCGGCAC-
TTAGGCCAAATTCTAAATC)S} AS2 primer(TCAGAAT-
CTCCACGGGTAAGCCTA)S AHg-3le] AAs1ic) 9%
TALEN Z3} 7-91°] point mutations E=Y3}7] 913k
=3 o] PCRE =383tk Blold 1,030 bpel 5 &
HE Gty flate] oA grg 2 8% TALEN 2
o F-9lell Wol7l x=91%¥ pGEM T-easy_[-casein R2-RR
Zolav|eE FH o7 AVE38laL, Notl AHa s site7}
3 sense(GCGGCCGCGGCACTTAGGCCAAATTCTA-
AATC)9t AS1 primer(GACTGACAATGATAGGAAAG-
GGIC)E °l&3te] PCRS F333ith. Bk 273 bpe] 3
WS Brsly] 98t oA FHg 2 2% TALEN
A F-9lol Wol7t E9J¥l pGEM T-easy_B casein
R2-RR Ze}An|=2 307 X}83}al, S2(CCTAGTAC-
AGGCTCTTGGTAGAGC)9}+ AS2 primer (TCAGAATCT-
CCACGGGTAAGCCTA)S ©]83t PCRS F343qlth
HEAH o R % TALEN Z3} §-9lel point mutation©]
Sy 9HS gHE] fleke] ffolA SR °F 1,030
bpe] wHA¥} 273 bpe] ©HS 112 EFslaL, o]AS F
o & o]&3to] th¥ #o] PCRE AAI8HIth PCRE
Notl Algta s site?} EZ3HE sense(GCGGCCGCGGCAC-
TTAGGCCAAATTCTAAATC)SF AS2 primer(TCAGAAT-
CTCCACGGGTAAGCCTA) S AHg-ste] 21A]8k3th Kno-
ck-in WE] A2t AFEE 1.06 kb 5 armS EH S}V
9leke] 2 TALEN Zg 9]0 ¥ol7} =% pGEM
T-easy_B-casein L2-DAS Ed}AF| =8 FYPO0 & o}
o] PCRE 4331tk PCRS> Notl S primer (GCG-
GCCGCGGCACTTAGGCCAAATTCTAAATC) S} Xhol AS
primer(CTCGAGACAATGATAGGAAAGGGTCCCCG)
& o]&3te] AAIEIth Knock-in ¥EH 755 913 8
S XFeHE 3 arm(1.8 kb)2 71E
o BH5o} 9= T-easy BCE3 ZEAv|=Z FEow
AL, Sall S primer(GTCGACCTAAATTTACTAAC-
TGTGCTGTTTAACTTCTGAT)$} Xhol AS primer(CTC-
GAGTATTCAATTTTAATTTTCCACAGCTCT) & o|&
kel PCR 5-%-5}9lLt.
B -casein exon 8-exon 9 mutant 3' arm II(1.8 kb)= 3’
arm®| 5 Wdell Hindlll Al$taio] AHE-S 9l8te] WA
3 arm 640 bp $1A|°l U= Hindlll AEA 1]l po-

PA -

Lo
-
2 =
=

=
p
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Knock-in ¥ A5 %0 W& Knock-in &8 9

int mutations A9Jste] Agtas F-97F AselH] Ko}
EE Wolg =943 & PCRE FA3IITh PCRE Hind-
I S primer(AAGCTTCTAACTGTGCTGTTTAACTTCT-
GATGTT)9} Sall AS primer(GTCGACTATTCAATTTTA-
ATTTTCCACAGQ) primer < o]-83to Ho|7l &qi¥
A 3 arm& F743ISITE B-casein exon 8 3 arm I
(0.64 kb)> 7]Ee) &H%E pGEM T-easy_[3-casein exon
8-exon 9 3 arme T O 2 AME-3}al, Hindlll S primer
(AAGCTTCTAACTGTGCTGTTTAACTTCTGATGTT) <}
Sall AS primer(GTCGACAAAAGTGAGGAGGGGGCA-
TTCACTT) %% ©]-83t9] PCR 5433tk Endostain -
HAAR= knock-in W] Az Al AIFTEAL ARES 918l 3
deto] Agass w2 27HE s8Ik WA 7]
Foll HepG2 A EZY-E RT-PCROl| 2]3to] Fr = o] )
+ T-easy_endostain Ze}~P|=E FHPO 2 ARESal,
Kpnl S primer(GGTACCCACAGCCACCGCGACTTCCA-
GCCGGTGCTC)} Sall AS  primer(GTCGACCTACTT-
GGAGGCAGTCATGAAGCTGTTCTC) primer %2 o]
sto] PCRES A AIEISITE B3 Kpnlt Xbal AlSHE A site
E 7= @Hs Frsty] 9ste] Kpnl S primert
Xbal AS primer(TCTAGACTACTTGGAGGCAGTCATG-
AAGCTGTTCIC) 5 ©]-&3t] PCR F3331tt. Kno-
ck-in W 3 Al A}8-% Furin-2A(F2A), Bovine grow-
th hormone PolyA(BGH polyA)®} PGK-neo A= ©]
Aol R Eo] Sl @S o83t thJeong -5, 2015).

Knock-in HE{Q &

B Ao A DT-A_cEndo Knock-in ®1E]= 47| 54
H FAAES ol &dte] v &2 Aol oste] A
Zop3itk WA AA d7IMES &1g pGEM T-easy_
B-casein exon 2-exon 7 5 arm =d}~W|E=2HE] Notl
7} Sal1o 2 Heste] AAE AlAFShalL, pBSK(-)/Notl-
Sall ¥Efol] Z293F3Itt. pBSK(-)_[B-casein exon 2-
exon 7 5 arm HetAP|EE Sall¢t Kpnlo = Awtsto]
WEE A28k, pGEM T-easy_Furin-2A ZEtH| =5
Xhol¢F Kpnl©- & Hbete] AAlE A2k 5 AZsk3l
th. 712]31 pGEM T-easy_endostatin(Kpnl-Sall) Z&}2~H]
5 Kpnl9t Sallo.= Zebs 3 WA AdAS Alzbsta,
pGEM  T-easy_ BGH polyA(Xhol-EcoRI) Z&}=m| =2
XhoIt EcoRIS.Z Zebx 5 Al AAAE Al e
™, Kpnl®}+ EcoRIC. = At #|2}¢t pBSK(-)/Kpnl-EcoRI )
Elo] 3 fragment ligation®= S =J3}31Th pBSK(-)_B-
casein 5_F2A Ze}W| = Notl9} Kpn [ o= e} 3l
HA AYAE A=ekal, pBSK(-)_endostatin. BGH poly-
A ZYAVEE Kpnl9F EcoRICE ZEb FHA] AFA)
S Aoy o1 ¥, Notlet Kpnlo.2 Zel Al=hsk
pBSK(-)/Notl-Kpnl #Elol| 3 fragment ligation® = ==
J313it). pBSK(-)_PGK-neo Z&t~H =5 Sall€t Xhol©.
2 ek WY& AlZelal, pGEM T-easy_[3-casein exon
8-exon 9 3 arm ZTHAVEE Sall¢h Xhol &= ZrebA
ARIAE AZFet o WE el ligationA ZTh pBSK (-)_
B-casein 3' PGK-neo E&=V| =5 Notl9} EcoRIS.ZE %+
ghA HEE AZeE $ pBSK(-)_B-casein 5'_F2A_endo-

statin BGH polyA Ze}~H]=%5 Not[®} EcoRIS.Z ZrE}
A AARgE AFAIE st E29sIith HEA 0,
PBSK(-)_B-casein 5 F2A_endotatin BGH polyA_PGK-
neo_P-casein 3 ZTAUEZE NotI¢h Xholo 2 ZHetA
AJAE A= F, Notlet Xholo 2 ZEhx  Al=Fst
pMCDT-A/Notl-Xhol €| ligation*]# knock-in #E]
= skl

DT-A_tEndo Knock-in #E| 19 #A|#he th&3t Lo
ANBATE. WA F2A(Xhol-Kpnl) ¥} endostatin 74 AH(Kpnl-
Xbal)& pGEM T-easy_Furin2A Z&k2=7| =9} pGEM
T-easy_endostain Z2t2=P|=2HE Algtas Hdo] o
sto] B g thg pBKS(-)/Xhol-Xbal ¥E{e] 3 fragment
ligations 2 A|3F] pBKS(-)_F2A_endostatin Z2}2~1| =
£ gHsigith pGEM T-easy_[3-casein exon 7 mutant
5 arm ZAF|EE Notleh XholSZ Atsie] oF 1.06
kbo] @S 81 3lal pBKS(-)_F2A_endostatin &2F2=7]
Z=E Xhol9t XbaloZ AThsl F2A_endostatin THH S
pBSK(-)mZ NotI9} Xbalo.2 A3t WEo] 2 dAS 3
fragment liagtion/\]ﬁ pBSK(-)m_ [3-casein m5_F2A_en-
dostatin Ee}=F| =5 gREITE BGH polyA TS
endostatin Fl° ASIet7] 98k pBSK (-)m_ B -casein
m5_F2A_endostatin Z#A~U|E=Z5 BamHI®F EcoRIC.E
derste] WEE A|x3 & pGEM T-easy BGH polyA
(BamHI-EcoRI) Eetv| =258 2tH 3§ BGH polyA
H(BamHI-EcoRI)<  subcloningdl®]  pBSK(-)m_ (3 -casein
m5’_F2A_endostatin_ BGH polyA et~ =& R 35HG]
ok w5721 PGK-neo 7425 A s7] $18ke] 7]
Foll R E o] 9l pBSK(-)/ pKJ2-neo(EcoRI-HindIll) Z
22 n == EcoRIS} Hindlll= 2wt PGK-neo(EcoRI-
Hindlll) 3 &R3g th3 pBSK(-)m_[-casein m5'_
F2A_endostatin BGH polyA &¢}2=H| =5 EcoRI®} Hind-
= Aeksto] Ax3k WEel subcloningdlo] pBSK(-)m_
B-casein m5_F2A endostatin BGH polyA_ PGK-neo =
ghan =g gEEGIth 3 armS 1437] $135ke] pBSK
(-)m_[B-casein m5_F2A_endostatin BGH polyA PGK-
neo ZE}AVEE Hindlll9} Sall 02 Aste] WES
%3 th pGEM T-easy_[-casein exon 8 3’ arm I &t}
2 =28 3RS 3 arm Y (Hindll-Sall)S subclo-
ning3h®] pBSK(-)m_[3 -casein m5_F2A_endostatin_ BGH
polyA_PGK-mneo 3 1 Z&~u|=E gHsiglth I
knock-in ®lH|& 5317] 918te] pBSK(-)m_ 3 -casein
m5'_F2A_endostatin BGH polyA PGK-neo_3' I &2}2=7]
=5 NotI9} Salle.= Hehdh vt stne 933 Notleh
Sallo.& Zebx] A2+t pMCDT-A/NotI-Sall ¥E] o) liga-
tion 3] knock-in ¥HE 2431

DT-A_tEndo Knock-in ¥¥] 11 #21517] 915+ pBSK
(-)m_[B-casein m5_F2A_endostatin BGH polyA PGK-
neo_ 3 1 StV = HindllI9F SallS= Adsie] #H
& AlZeE th pGEM T-easy_[3-casein exon 8-exon 9
3 arm I ZF2v|=2HE FR3 3 arm YH(Hind-
III-Sall)< subcloning3t®] pBSK(-)m_[3-casein m5'_F2A_
endostatin BGH polyA_PGK-neo 3’ II Ze}~m|=s &
Halth HF knock-in #EHE AZet7] 918t pBSK
(-)m_PB-casein m5' F2A endostatin BGH polyA_ PGK-
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neo 3 II ZZ20|=E NotI®} Sallo= Aost thi s
Notl¢} Sall©. = zreba] A28k pMCDT-A/Notl-Sall €]
o ligationd}¢] knock-in ¥E]E $Hd3}Gict.

TALEN X1 24 A3

A2 B-casein FAA exon 79AE AddEd £ U=
TALENS Exlo 25 g 3435199 o, TALENS left bin-
ding site’} TGTACCAGGAGCCTGTACTCeo|™, right
binding sitet= TACAATAATAGGGAAGGGTCS 14
4 JEE FAETE TALENS] 24 #H5e v ¢
o] A3t MAC-T MI%E 6 mm dishell 2x10°4| 3%
% seeding® Thy 19 F-ol Z} left, right TALEN DNA
bugs ©]-83t] DharmaFECT regent(Thermo, Waltham,
USA)® transfections 2A18F3Ith TALEN®| 245 =
g8t7] flske] WA TALENe] ojsto] dekd = gl +
A2 ¥3sl= @HS TALEN S(GAGTCTCCAAAGT-
GAAGGAGGCTATGG)®} TALEN AS(GGTTCTCAACA-
GACCAATTAAATCATAGT) primer %S ©]&3t4] PCR
= AAEITE PCRE Solg™ Pfu DNA polymerase
(Solgent, Daejun, Korea)< ©]-83Fo] 94°C 30%, 62°C 40
%, 72C 1329 33cyclee] ZANA AAJslelth T&H
product= pGEM T-easy ®H(Promega Co., Wisconsin,
UsA)ell E=4ste] 9714 ES AAste] TALEN dd
F-99] insertion¥} deletion(indels) &S 13}t
T7 endonuclease 1o €3t &4 542 WA PCR prod-
uctE QIAgen quick Gel extract Kit(QIAgen, Venlo, Ne-
derland)= #]2]3F 5~ 450ng®] DNAS ©o|-83fo] HAs}
otk WA DNA @& PCR 71715 o438k 95Cel|A]
102 H2lg v 85T 13, 75T 14, 65T 1%, 55T 1
1, 45C 1%, 35C 14, 25C 1% Aeslsich o2 A A
2]¥] DNA°] T7 endonuclease I(NEB, Ipswich, USA) 1
pLR HE 4 unit)S YaL 37CoA 158 A3 3 2%
o7tz Aol A 7] sste] At 93-S 1SS

ME Y U Knock-in HE9 T8

Aa AfrobAlEel knock-in #EIS] Q12 MHF
H(electroporation) S ©]-8-3te] Hiry o] WS tha
WSt AAISFtHJeong 5, 2015). 90% "% con-
fluenced}t A w3t A AfolxEZS EDTA-PBSE 13]
AZEE F 0.25% Trypsin-EDTAS 2] &}3ith AlEE ul
Aoz AEF vl 800 rpmollA 58E3F YAl sk
AEE 353193 thA] Ham's F-10(Gibco-BRL, Wal-
tham, USA) Wikl o= et tha d4lde] 5 A& s}
Qom 34H ATEE 1.25x10 41 F/mLo] ¥=% el

o 718l o] &35tk Knock-in WE 9] &S]l
Aol = Notlo. & Addste] 248k knock-in ¥H 5
ug? TALEN2 left 2.5 ng % TALEN2 right 2.5 ngs
100 pL Ham's F-10(Gibco) HiAlell g3l gt & A et
o 400 pL(Gx10° AlEZ)9F £33k U3 4 mm gap el
Az E dE E3tdlg Wit} 7] 78S BTX Electro-
cell manipulator(BTX, Holliston, USA)ell “g2Hgt thg
450 V, 4 pulses, 1 ms Z71A] A71F4E& HAAEAT
A7 F FUE 4L gl 108 F BH 3 T gy

o2 et 24 well ZH0|EQ 7+ welld <k 4000 A
27F Bol7tEs Este] stk WHE A &
J3t tha 48417 ¥ 500 pg/mLe] G418(Gibco-BRL)=
10~1247F AEsginh AEE F=UY(colony)= EHA
Al 95t 6 well2 At wjgatad o, 3 WA 4Y
T Az w871 vietell A 3 EI7E =W 100 mm
dish= At wjgste] 54 BE3sHGITh

Knock-in M| £9 PCR &3

Knock-in |32 PCR &4 {Ag Al FEE7 ge-
nome DNA &H|= o] del] Barg ol wpe} 4
thJeong &, 2015). AAMEL] Y-l o5 1 A
== 8% 12} PCR¥ genome DNAS ©]-83F 2%
PCR& AAste] 433I3ith. 22k PCRAIM= 37 arm
PCR, 5 arm PCR¥} targeted®} non-targeted PCRS 2
Al&te] knock-in o145 <183l

DT-A_cEndo Knock-in ®E7} =¥ AAMEe 11}
PCR< cEndo 3’ arm S primer(TGCTTGCCGAATATC-
ATGGTGGAAAAT)®} cEndo 3’ arm AS primer(ACC-
ACACTGTAGAGCTGTGATTCAGATACC)S AH&-3kaz, 20
uLe AE dAENE 0|83t Ex Taq polymerase (Ta-
kara, Shiga, Japan)= 2A]3}31 2™, PCR 2712 94T 30
%, 58°C 30%, 727C 3%°lA 35 cyceS Fa5k3lch PCR
AhEel 13 08% ophms AN H7]gEste] of
22 kb WI=E #<Iskgitt 24k PCRIA 3" arm PCR
& genome DNA 100 ng< ©]-8-3to] $]¢] 12} PCR¥ &
A3k 230l AAEIGIEE 5 arm PCR 12} PCReJIA]
positive®= E}R1¥l MEZHE A|%F genome DNA (10
ng)s TP |83}l cEndo 5 arm S primer (GC-
TGTITAGCTGAAAACATCTGGATGGCTGG)®} cEndo 5
arm AS primer(TGCTAAAGCGCATGCTCCAGACTG-
CCTTGG)E A}&3te] PCRS 383ty PCR =&
98 C 10%, 74C 354 5 cycle, 98C 10%, 72T 3%
Al 5 cycle, 98C 10%, 70C 3iellA] 5 cycle, 98C 10%,
68 C 3%olA 20 cyce® =7 o2 PCRS F33}% Tt
PCR 2h=o] g1 0.8% o7tz AollA x17]g 53
°F 5.9 kbe] WH=E E138I3I ) Targeted ¥ allele?} non-
targeted alleles &Aloll &91e 4= U= targeted 2}
non-targeted PCR Th# o] AA|EHGITt}E PCROl+=
100 ng®| genome DNAS FHOZ o] &&fal, S Pri-
mer(GCTGTTAGCTGAAAACATCTGGATGGCTGG)®F  AS
primer(TGGTACACTGATGGAAATTGCTACTATTGG)
< AH&-3F3 2, PrimeSTAR HS DNA polymerase with
GC buffer(Takara)= PCR< 2A8F3ith PCR 2712 95
T 10%, 58°C 5%, 72C 5% 30x°1A] 33 cycles 33}
%tk PCR AH=9] 212 0.8% of7kwz Aojx] 7]
53t °F 44 kb9l targeted allele?} 2.2 kb®] non-tar-
geted alleles <H<15}3c

DT-A_tEndo Knock-in ¥18] I7} =% AAEL] ¥
FEE5S o83 13} PCRS S primer(CGATCAGGAT-
GATCTGGACAAGAGCATCA)®t AS primer(TTCTATC-
CCCCTTTTAAGTCCCATATCTGG)S ©]8-3}iL, Ex Taq
DNA polymerase(Takara)s AH&3te] AAJ8t3ith PCR



Knock-in ¥E] 4599 720 nHE Knock-in £& 11

272 94T 30%, 63T 30%, 72T 1it 30Zx°lA 35 cy-
ces HIRATE PCR 2heo] 2912 0.8% oPt=2 A
olx H71dEste] oF 1.5 kbe] WME=E EAssich 24
PCRel 91©]4] 3 arm PCR+ genome DNA 100 ngs- ©]
g3dte] 919 12k PCRI} T3 =104 AAskgih 5
arm PCR< 1%} PCROA] positive= 1% A EZZHE
Ax3%k genome DNA(10 ng)s THEE o|&3fal, S
primer(GTAGGAACATTTCCAGACTAGGGACTG)®}  AS
primer(TGCTAAAGCGCATGCTCCAGACTGCCTTGG)
< AH&3t] LA Taq polymerase with GC buffer(Ta-
kara)® AAF2TE PCR %78 94T 30%, 58°C 30%,
72°C 23 30204 33 cydes FH3IGITE PCR 2HE9] &
12 0.8% oF7b= 2~ AelA H7])dE38e] oF 24 kbe] Wi
=5 gelsl3ith Targeted¥ allele?} non-targeted allele
< Aol g% = Q& targeted®} non-targeted PCR
< o o] AAEkith 50 ng®] genome DNAS
Yo7 o83t S primer(GTAGGAACATTTCCAGAC-
TAGGGACTG)®t AS primer(TGGTACACTGATGGAA-
ATTGCTACTATTGG)S AH8-38kaL, PrimeSTAR HS DNA
polymerase with GC buffer(Takara)= 2 A]5}{th PCR
2 95T 10%, 58°C 5%, 72T 5% 30%°1A] 33 cyces
TSN PCR o] SRS 0.8% op7kz oA
H719538t] °F 44 kb9l targeted allele¥} 22 kb<]
non-targeted alleles €13}3i T}

A) DT-A_cEndo Kl vector(cEndo)

DT-A_tEndo Knock-in 18 II7} =% AA>E 14}
PCRZ S primer(TGTGGCGGACCGCTATCAGGACAT-
AGCGTT)2} AS primer(ACCACACTGTAGAGCTGTGA-
TTCAGATACC)S AH8-38tal, Ex Taq DNA polymerase
(Takara)® A&} th PCRE 94C 30%, 56C 30%, 72
T 3%lA 35 cyces s th PCR Ah=9] 212
0.8% oP7t= 2~ AleA H7)dE38te] <F 2.2 kbe] PCR 4F
=5 Flagieh 22k PCROI 9lolA 5 arm PCR 10
ng?| genome DNAS 3O 2 ©]-§3}iL, S primer (CA-
GCTGTATAACCITGGCTCCATGTITTCTC)®} AS primer
(TGCTAAAGCGCATGCTCCAGACTGCCTTGG)=  ©]-&
53l FX Neo DNA polymerase(Toyobo)= A8}
PCR 712 94T 30%, 68°C 2 2 stepo = 33 cyclex
T3S PCR Ahwe] #R1E 0.8% opf=2 Aol
A719 %538k oF 2.2 kbe] MEE FRIkITh Targeted
% allele?} non-targeted alleles &Alol &R1E = U=
targeted®} non-targeted PCR-> DT-A_tEndo Knock-in
Y 7F 2% AAES] PCR w4 BHI sdg By
ow G5kl

7E=ljl_|. ol Xk

=

Knock-in #E| 753 HIHE HS

4.8Kb
| 1-3le MC1 Promoter DT-A
E2 E3E4 ESE6 T [ s E9 | v e
I I-I Endo |pA| PGK-neo I I - E
Notl Kpnl ? EcoRlI Sall Xhol
sall/Xhol SalliXholl
B) DT-A_tEndoKl vector (tEndol)
1.06kb “'T”‘b MC1Promoter DT-A
[ ) [ E8 v a
— = P - - - -
Notl XholKpnl  $ EcoRI Hindlll  Sall
BamHI, Xbal
C) DT-A_tEndoKl vectorl (tEndoll)
1.D?kb 1.3lkb mMc1 Pr:umr.:ter DT-A
( E7 | [ E8 | v o
— R o P Pocnce ——Jl-- I—
Noti XholKpnl 4 EcoRI Hindlll sall
BamHI, Xbal

Fig. 1. Construction of knock-in vectors for expression of human endostatin in the bovine {-casein Exon 7 locus. (A) The knock-in vector
was consisted with 4.8 kb fragment as the 5 recombination arm and 1.8 kb fragment as the 3’ recombination arm. (B) The knock-in vec-
tor was consisted with 1.06 kb fragment as the 5 recombination arm and 0.64 kb fragment as the 3’ recombination arm. (C) The knock-in
vectors were consisted with 1.06 kb fragment as the 5 recombination arm and 1.8 kb fragment as the 3’ recombination arm. The PGK-neo
gene and DT-A gene without the polyA signal sequence were used as positive and negative selection markers, respectively.
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& Aol A= AR 91o1A knock-in WE ] &8

=]
=

T om, Hgk 2A peptiede®] self cleavage©l] <]

7} knock-in ¥E] €] 5 A7)l mE knock-in ®f ato] TEld o Sl=F a1QtE o] SItiFig. 1).
o] AL 913t positive A7 7} PGK-neo] knock- Knock-in ¥E]2] 45939 A7]o] W knock-in &&

in WEE 3714 A=skad.

B Ao A 5% knock-in WE= B-casein exon 7
9] 3 Zedo]| exon 84 3+ 7 FEO] dANHEE FH O
o, Wil A Al B-casein® endostatin®] 2= <
T A 9714¥ES 2 Fdl A4ttt Endostatins
F2A 71X E Fel A4silom, BGH poly A signal®ll
oJste] Wdd 4 =T FFHEATE HEg positive A
WA RE PGK-neos ©]-8331 31, negative AP AR=
diphteria toxin A(DT-A) A& ©]&3l3itt ole} &
£ knock-in WE 7} B-casein Yol A5 AxFEA 9
A2 endostatin A= B-casein f+71A+2] gene
regulatory DNA sequence®] ©]3to] (-casein?} 4%
mRNAZ LE3HA Hr) o]# g mRNAE o]&3fo] o
o] HE W= B-awsein AR FAo] =M,
B -casein> Furin cleavage siteoll 9|3} endostatiny} -

o] 7154 913ke] DT-A_cEndo Knock-in #E{3= Fig. 1A
o A vre} o] B-casein exon 2004 7S FETFeI=
49 kb9 5 armE °] €39 oM, 3 arm O EE exon 89l
A 92 ¥&sl= 1.8 kbe o] 83l AZETE DT-A_
tEndo Knock-in #/¥ 1¥} IIi= Fig. 1B2} Coll YEpRH n}
o} o] %35}t DT-A_tEndo Knock-in ¥ [& B-
casein exon 72 X33} 1.06 kb 5 armCoE ©]-&3}
Fom, 3 armO Z+= exon 8 ¥ &5+ 0.64 kb2 o]
313t} DT-A_tEndo Knock-in ®]E] IIi= B-casein exon
S E33E= 1.06 kbS] 5 arml.E o]€35t9 2™, 3 arm
O 2= exon 8¥ 95 ¥3Hol= 1.8 kb o] 833t
Knock-in #]E] o] A7|u|d AHOSZE B-casein exon 7,
F2A 97149, 218 aL endostatin A2 A7]ES A
A3t3S W9 nucleotide®t o} =it LS Fig. 200 A
A8t} Endostatin o7 A2 B-casein exon 72| o]

GATGAACTCCAGGATAAAATCCACCCCTTTGCCCAGRCACAGTCTCTAGTCTATCCCTTCCCTGGGCCCATCCCTARCAGCCTCCCACAR

b E L § D K I H P F a2 0 T 9 § L ¥ ¥ P F P &6 P I P B 5 L P 0 30
ALCATCCCTCCTCTTACT CAARCCCCT T GETGETGCCGCCTTTCCTTCAGCCTGRAGTARTGEGAGT CTCCARRGTGARGGAGGCTATS

N I PP L I Q TP ¥ ¥ ¥ P P EL QP EW¥MGW¥ S5 KEN¥ K E L M 60
GCTCCTAAGCACARAGARATGCCCTTCCCTARRATATCCAGTTGAGCCCTTTACTGAARGCCAGAGCCTGACTCTCACTGATGTTGAAART

A B K CH K CE M P tE RO X PR ON E R CGE R S QS L T L T IOV R R 80
CIGCACCTTCCTCTGCCTCTGCTCCAGTCTTGGRATGCACCAGCCTCACCAGCCTCTTCCTCCARCTGTCATGTTTCCTCCTCAGTCCGTG

L H L P L P LL GO 5 WMHQQPHGQPILPUPTIVMUFUZEUPOQQ S5 V 120
CIGICCCTTTCTCAGTCCARAGTCCTGCCTGTTCCCCAGARAGCAGTGCCCTATCCCCAGRAGAGATATGCCCATTCAGGCCTTTCTGOT C

L 5 L &5 O &5 K ¥ L P ¥ P Q KAV P X P QRDM P T QA F L L A50
|TECCAEEEECC?E:LCTAGGTCCTGTCCGGdGLCCC?T:CC:RZcé?:ﬂfcCTCGAGAGAAAAAGAAGGGCTCCTGTCAAACAAACTCTT

¥y QE P VL G P V R G P F P I I V|L EREKREREZEAUZPUVEKQ T L |180
AACTTTGATTTACTCAAACTGGCTGEGCATGTAGAAAGCAATCCAGETCCAGGTACCCACRGCCACCECGACTICCAGCCGETGCTCCRC
|N F D L L K L A GD WV E S N P G*P GlT H S H R D F Q P V L H 210
CIGGITGCGCTICARACAGCCCCCTIGICAGGLGGLATGCGEGECATCCGCGAGECCGACTTCCAGTGCTTCCAGCAGGCGCGGGCCETGEERE

L WV A L N S5 P L S5 G G M R G I R G A D F Q C F Q Q A R A ¥V G 240
CIGGCGGERCACCTTCCGCGCCTICCTGTCCTCGCGCCTGCAGGACCTGTACAGCATCGTGCGCCGTECCGACCGCGCAGCCGTGCCCATC

L A G T F R A F 1L § S5 R L O D L ¥ 5 I ¥ R R A D R A A VvV P T 270
GICAACCTCARGEACGAGCTGCIGITTCCCAGCTGEGAGGCTCTIGTICTCAGGCT CTGAGGEICCGCT GARGCCCGEEECACGCATCTIC

¥ N L KD E L L F P S WEALUPF S G 5§ E G P L KP G AR TI F 300
TCCTTTGACGGECAAGGACGTCCTGRGGCACCCCACCTGECCCCAGRAGAGCGTGTGGCATGECTCGEACCCCARCGGGCGCAGGCTGACC

S F D G K D W L R H P T W P O K S V W H G S D P N G R R L T 330
GAGAGCTACTGTGAGACGT GGCGRRCGEAGGCTCCCTCGGCCACGRGCCAGGCCTCCTCGCTGLTGEGEGGEAGGCTCCTGGGGCAGRAGT

E § ¥ C ET W RTE AP S A TG Q A S 5 L L G G R L L G Q S 360
GCCGCGAGCTGCCATCACGCCTACATCGTGCTCTGCATTGAGAACAGCTTCATGACTGCCTCCARGTAGTCTAGA

A A S €C H H A ¥ T V L C I E N 5 F M T A S K * 382

Fig. 2. Nucleotide and deduced amino acid sequence of B-casein gene fused human endostatin. Box were displayed TALEN binding site
and underlined italics amino acid (RKRR) were displayed furin cleavage site. Underlined nucleotide were exon 7 of [-casein gene and
Underlined amino acids were human endostatin gene. Boxed amino acids were indicated F2A sequence. The arrow indicates a self-
cleavage site in the 2A peptide during translation.
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w=2H} P24 peptide®t inframeS = AZAE o] &S &
ekl g Mac-T AlXe] -9l ¥WEE =519 &
endostatin &322 mRNA 98S RT-PCRZ 01% Q)

CHAI AAL QFgh. o]eldk A= B Aol gt
knock-in W7} FErdAb Ajz=gel olske] B-casein
Qo AQEH AAA O =Z endostatin AR EEE
T U= UERIT

20003+ McCreath 5(2000)°] g0 2 4z 2
TS ol&sto] A Fs AElokal ®Balst
AL QU o5 & Hobe] AfrolEE o83k al(l)
procollagen 72k 91Xl o T-antitrypsin FHAE A
sholoem, 650 ng/mLel al-antitrypsin®] ETH 5
AbeRgithal ®arskarl gtk 2013 %ol= A B-casein
Aol lysostaphin +AAFE ZENE ©]-&3F] knock-in
& A JA 27F AAENeH, fFEORNE Iy-
sostaphin©] =R ¥ 3L in vitro assay©ll °Jste] 1 &4
o] AZFHArKLiu 5, 2013). 1)1 20145 = & B
-casein AR 1A A7 lysozyme - HAE knock-ink
FAAL A 27 AEon, olg JEAR o=
ZHr717bell 23~31 ng/mLe] A% lysozyme©] - =4
B #ujEtia Baskal AthLiu 5, 2014). E3 Jeong
5(2015)> AMsF FGF2 G314 & B-casein 9= 3914
o F2A9} FFAA & B-casein A Y1l knock-in
A AAES Fretal TS ALSIival Baskal
AUk olHd Ay & AFtelA IR knock-in ®E]
o osto] FHHE 7150l BAHH FFEOZHH endo-
statin®] EHIE G QoS HERITh

ES
TALEN 24 43
TALEN EA02%5E Fig. 3Ad A|Al$ binding

siter 7F4i= TALEN= @/4J38}alom, 9% TALENS

B-casein exon 7 B 13 bp®| spacer F-i°] Fokl nu-

cleasedl| °Jsto] Mk = A== arcbwo] itk
TALEN®| 235 T3] flste] MACT Ao

TALENS =98l det 915 E3hsl= #58& PR T

#3}to] T7 endonuclease 1 assayE A A|3F3T. Fig. 3B

A|Algk vie} o] TALEN<S =%913Fal T7 endonuclease I

assayS AAIgF 23, indelell €]ste] 313 bpst 135 bp

Aot g g9l 5 AUtk o]l Aibs, Aol

Al & AgolA] ARE-gH TALEN®] W14 targets Atk

o 2 DS YL s AXE Aol
TALEN< ZENE tiAgd 5 e ledat &

-

13

(A)
Leftbinding site: 5-TGTACCAGGAGCCTGTACTC-3

Right binding site: 5-TACAATAATAGGGAAGGGTC-3’

(B)
M NC TA

<313 bp
<135bp

Fig. 3. Design and validation for TALEN on bovine B-asein exon
7. (A) The TALENs binding site. (B) The T7 endonucelase I assay
in the MAC-T cells transfected with TALENs. M, size marker
(100 bp ladder); NC, negative control; TA, Mac-T cell transfected
with TALEN.

ol DNA9| double strand breaks =& 4 dtia
oA dtiJoung¥} Sander, 2013). L¥]il TALEN->

ZFN} vlzb7FA| 2 DNAC] 23 4
endonuclease’} A4 H FJe|2H 2= 1A Xan-
thomonas < oA =A% TAL effector(TALEs)7} DNA®I
Agre  Jdy Fwo® dEA JdrkMiller 5, 2011).
201439 = A serum albumin AR YR A QA7 se-
rum albumin®] YHE 4 A+ knock-in ¥1E]E TALEN
I A & Aotz Adsiiuy R Ao =
9%, A4 M EZANME 13%2] knock-in WE A &S
YERNAThar 1315 Itk (Moghaddassi &, 2014). o] 2] g
Ail= 2 dAFoA 84S YEhE TALENS ©]-8-3)
o A B-casein AL 799 knock-in ®E|Z knock-in A
2 J&& YeERdY.

=2 T
Knock-in ®E{ 7X0| E Knock-in £&
DT-A_cEndo Knock-in %], DT-A_tEndo Knock-in
WE 12} DT-A_tEndo Knock-in HE] [ 24 #A=Z5H

Az AAE A7dERor =YF 5, Rt
Azgo] Lot AxES e A3, 1 G52 Table 1

o AAIgH vhe}

DT-A_cEndo Knock-in ¥]E{ & transfection 3}31S 7
9 G418 WA colony:= 127717 AR eH, o]E F
65719] colonyS 12+ PCRell 93ste] 413k Az, 6717F

Table 1. Efficiency of gene targeting on the B-casein locus of the fibroblasts transfected with knock-in vector

Vector No. of cells No. of Q418R No. of G418" colonies Nq. of positive No. of positive colonies
transfected colonies analyzed by PCR colonies by 1st PCR by 2nd PCR (%)
cEndo 5x10° 127 65 6 3 (4.6)
tEndo I 1.5x107 425 210 27 6 (22)
tEndo 1I 5x10° 122 62 8 3 (48)
Total 674 337 41 12 (3.7)
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positive® 1%t} ©]E colony=ZH-E genome DNA 1%l colony®] genome DNAZS ©]-&3to] 22} PCR=
< 3|93 3 arm, 5 arm¥} targeted and non-targeted TS Uﬂ Fig. 40| A|A&k vke} o] 3 arm PCRE
PCRS 533+ A3}, T4 o= 37]9] positive colony”} F8)et A}, 47, 24, 26, 33 colonyll A= 2.2 kbe] W=7}
AEHo] 382 46%= FAJHA 12} PCR 3 F 215 AT} T3 5 arm PCRoJIA1= 24, 26, 33 colony®l]
(A)
NC PC M 47 24 26 33
3 arm + 2.2kb
5 arm
NC WT M 26 33
Targeted and « 4.4kb
non-targeted +2-2kb
(B)
NCPC M 11 13 23 9 16 6 42 M
NCmM 11 13 23 8 16 2 6 42 M
9 am L . 2.41b
NCWT M 11 13 23 9 16 2 6 42 M
Targeted and =
non-targeted
(€)
NC PC M 20 35 48 62 67 92 121 M
NC M 20 35 48 62 67 92 121 M
NC WT M 20 35 48 67 92 121 M
Targeted and — -
non-targeted — e

Fig. 4. PCR analysis of knock-in somatic cell transfected with knock-in vector. (A) DT-A_cEndo Knock-in vector. (B) DT-A_tEndo
Knock-in vector I. (C) DT-A_tEndo Knock-in vector II. The top panel shows the 3° arm PCR. The middle panel shows the 5 arm PCR.
The lower panel shows targeted and non-targeted alleles. M, size marker(l kb ladder); NC, negative control; PC, positive control; Num-

ber, G418-resistant colonies; WT, wild type.
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ARE 59 kbo] WME7E EIE o, FEfdat Az
o] dojut alleleS} 1HA] 2 alleleS 221317] 913}
targeted?} non-targeted PCR< 33t A3}, 24, 26, 33
colonyoll A &2t Aol dolt 4.4 kbt e+
AR} A zgro] dojubA] Fe 22 kbe] W=7} Felx
th. wehA] 3719] colony:= B $HE alleled| A “d-E-r
A AxFo] ot heterozygous= Q1| Tt

DT-A_tEndo Knock-in ¥E 1% AAxe] =9330&
7d9-elli= Table 1914 #A|AIgE npe} o] 22%°] &
Az Qg &85 JeERfal 9lem, DT-A_tEndo Kno-
ck-in 9 IS =9 AH2TdA e 48%2] &&= DT-
A_tEndo Knock-in WE] IRt} £ &85 Jehfdrh
DT-A_tEndo Knock-in #E] Io] =% knock-in |43
°] PCR 4] A¥}i= Fig. 49 AA1g vie} o] 3 arm
15 kb = 09 kb, 5 arm 2.4 kb =& 22 kb7} HEE
AoH, targeted?} non-targeted alleles 5%3}7] $13}h
o] long PCRS A3 23}, 44 kbe| targeted band$}
2.2 kb®] non-targeted band”} #&%| %It} DT-A_tEndo
Knock-in ®E 7} =% AAHEL PCR ¥4 ZAip=
Fig. 4l A|A1§F vk} 7o) 3’ arm 2.2 kb, 5 arm 2.2 kb
7} AEF o, targeted®} non-targeted alleleS &%
&}7] $18to] long PCRS AA1EE 23}, 44 kbl targeted
band®} 2.2 kb®| non-targeted band”} 7%= ATt

o]#st A= 1A knock-in #HE]] DT-A_cEndo
Knock-in HE]E o] &3LAY, 5 arme] ¢F 1 kb2 &<
HE S o]-&3l e knock-in®] 7FsdtthE AL uE
Wiz 9lem, 3 armo] #2 A9 Uk &fo] yre
& YR gl

Knock-in #E] A2t A s} Aol we} e
A Az afo) v Ao Husa JrkKlymiuk
5, 2010). ¥ AFeA = e G Aolo] mel AAE
of oA knock-in &S HAF37] 9l8te] 5 arm¥ 3
arm®] Zo|7} & knock-in HE]E Al&etity. 1 Ay,
5 arm 4.9 kb%} 3 arm 1.8 kb2 7}#]3L U= knock-in
HE S TALENZ 7 AM Lol =938le uf 4.6%<]
FeAxd 285 95 7 UMt 17aL 1.06 kbo] 5
arm?} 0.64 kb E+= 1.8 kb9] 3’ armS AMEEIGS of 3
arm°| 1.8 kb%l 79- 48%% 0.64 kb2o] 3 armS AME
o] 22% F& Hrh 2 Aoz IRIFATE AME
of gloJA §-xx} 74191 ZFN, TALEN, CRISPR/Cas9-3
o] &34 &= AR FHA AT AFPNAME FrHAt
A Ffo] e Ao HuHI 9ry gduwyow &
AR A WE e Jede A7) wel GGTAT 33k
A HEt A 5 E&2 0%l A 9.3%= Ky
ATHKlymiuk ‘5, 2010). 2|3l %] COL1AI(McCreath
5, 2000), PrP9} GGTAI1(Denning 5, 2001) 2} 914
o gk FAA AFE AL 1~-66%=2 HIE A THDe-
nning 5, 2003). Helle fFHAF 719191 ZFNE ©]-8-3)
o] A B-casein YIAIMNA] Iysostaphin A2} LE ==
knock-in AAEE BRa=t 9JojHE 45~19%2]
AAF A a&S Busklth(Liu 5, 2013). ZENE ©]-&
skol 2 B-casein 1AM QIZE Iysozyme©] A s 2
AZ A=Y oA, knock-in A A ES] B H g8
12.8~185%%1 A2 W33t 183l ZFNE ©] 83}

l'ﬂloom

A FFS S FAA AF S 0%= Husty gt
(Liu 5, 2014). 3-8k 201439 &= Moghaddassi 5(2014)°]
A serum albumin X YN A7Y serum albumins:
W83k knock-in #E ¢} TALENS &7 & AfrolAlE
of tlste]l A MFEoME 9%, YR A FEAME 13%
9] knock-in E&& FRlsHglttar Harsgleh 1ear ¢
2 AAME knock-in HE]E TALENY Al E9lsle]
B-lactoglobulin 7=} $12] A Q7Y lactoferrino] L&A
T e FEAS ALE Ao, A|MEel o] A
AT AL 13.6%YU HozE HIFPTHCui T,
2015). ojefgt A= I AolA] A AT afo] 22
~46%% Y& ANES Holm AT FHA 7199l
TALENS- ©]-83}°] B-casein $1%]9l knock-in HES 4
FAZG sl =Y 4 oS YER A 9tk E
g B Aol M= TALENS o]-8atA] 29ks 7-9-oll=
knock-in F£0°] 0%(ZAIAA FFhEA Liu 5(2014)9
A}l dxslE A7E Bt 22 A T 3 armo] &S
(0.64 kb) knock-in ME]Ql 79~ 3 arm©| %1 knock-in #
HuEth 92 A5Azs 885 Bl o83 A=
knock-in W] F-Zo] o] &%+ 5 arm¥ 3 arme] Z o]
o me} knock-in &8l Y& & F A= AE Y
= Holgta F5¥th
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