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Abstract; Mammalian melanin synthesis is dependent on the oxidation of tyrosine. Tyrosinase (Tyr) is a
key enzyme that catalyzes the oxidation of tyrosine. When exogenous Tyr is integrated into the genome of
white coat color mouse, it can render the mouse to obtain the function of melanin synthesis, presenting a
different coat color. To rapidly generate the mouse model with Tyr gene integrated, in this study, we con-
structed a promotorless plasmid donor pTyr —2A — DsRed, which containis the coding sequences of Tyr
gene and the red fluorescent reporter ( DsRed) , and the two flanking homologous arms. We selected the
first intron of Rosa26 for targeting integration, and designed ZFN pair, TALEN pairs and CRISPR/Cas9
cutting at almost the same site. Through measuring the intensity of DsRed fluorescence in C,C,, cells by
flow cytometry, we compared the efficiency of the targeted integration of exogenous DNA mediated by the

three different genome editing tools, and found that CRISPR/Cas9 was the most efficient. Therefore, we
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further integrated the plasmid donor into the genome of mouse embryonic stem (ES) cells, and screening

the targeted single cell clones for blastocyst injection and subsequent embryo transfer. Ultimately, a sin-

gle survived chimeric mouse with plasmid donor integrated was obtained. This mouse presented a white

color hair mixed with black color hair phenotype, indicating that the targeted integration of Tyr gene in

Rosa26 locus was correctly expressed.
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fifg Fok 1 REMM. 3 ~5 NHBAY ZFP #4 5L ZFN
() DNA 45 5451440, 7T 5 DNA $BA7 AURE S e 45
G, RIETIT Fok 1 8 1 K45 DNA §] %3
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. FEMLHEA E, R CRISPR/Cas9 it 4% &
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tp: //crispr. mit. edu/) Bil—5% gRNA, =&
VIEN G ILPES (Kl 1: A),

1.2.2 ZFN. TALEN %5 CRISPR/ Cas9 % ik & kA5
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ZFN Jikif SIGMA 23 F] 4 Ao

2) TALEN 335 JFOkifs) g

TALEN Y Rosa26 N& R4 G IXBANE 1. A
fi7n, TALEN J5gfr >R A 52 56 2 A 9 6 0 1Y
“Golden Gate” Jrifae,
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Fig. 1  Analysis the targeted cutting efficiency of ZFN, TALEN and CRISPR/Cas9

A: Rosa26 BN GRHRALAI (R EE; B: TTE T BEURE S HTE I UIRIZE R C: TA SopEdl i e r4s

1 Hm /N Rosa26 FEHI ) gRNA oligo 7737

Table 1  Oligos of gRNA targeting mouseRosa26 gene

R ol (5" - 37)
caccgAGTCTTTCTAGAAGATGGGC

gRNA Top

gRNA Bottom aaacGCCCATCTTCTAGAAAGACTc
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P RERIS NP HRMAER (eumelanin)
SRR (pheomelanin) , 33X PIF (42K Y 5 AL
KM T s IR 0 8 AL, TG =R (Tyr) 2
s IR R AL R S o AN Tyr JER R4 3k
HBO/N, MRS IMNE Tyr LR B A/
S ERERTUR, AN T X AR B OR
T TR R R B AN R, Tyr BT LAAE R
— AT ERIC, EFRAT AT RIE i B R R |
B S8 1] Knockin /MR, Parikh [ JAKE 2015 4F ]
CRISPR/Cas9 FIARIHA T Tyr KL, FFishi5 2] T
BB A A RN

NI REEHLAT Tyr FEPEE S /N, T
A EE T pTyr-2A-DsRed [A)J5 20 Ok (b4 (1812
A, B BT R 1 ] 5 RN AL T ] Y A
PAEAFH . WEFERM, RIEERE R 1 kb A
i ELA B A A R R LR . AP 57

G 7 1 B Sy 921 bp, 3" [R5 7 51 K i 873
bp, fAFILEE T AR Tyr EEFH 5406
PNAREFEH (DsRed) 5, Mo, B&F—A57
FeZ KA (splicing acceptor, SA ), ZSZARAL A
AETEMEE AP A A R A G, fEfE ke By
Bemnl 5 5 v i, RUESR AT S AT LLIE
WEE

1.2.4  zmfadhde SIS ACLA ARSI, THEREIH
fEJ5, 1 600 v/min B0 4 min, W B3, A
1 mL PBSPEV I FH 4 A 20O 5 A e 2t o 3
5, B PBS 4 1 600 r/min &.0>4 min, I
B, He 1 x 10° AN A 100 WL 4 8 7 i
R, WKATHIS) . [A] B4 B A 100 L 20 Jfd s 3 v
NS pg BTk, BERUATHAIEM, MRSk
BN 1400 V, 20 ms, 2 pulse, HH 5 5 4 40 i 42
Fh B TR AT A BE SR, 48 h 5 Al 78 S 4o T WL
SAMITOG, ST AR

1.2.5 TIE] &% TIELf§ (T7 RN 1)
AT LA AR 35 PR 4 6 T HA S 0 6 L R AR R
LRGBSy« e 0 A TR A Y S (R )
G, TTE T Bga] AFEGNA 388 7 Py A & i 4228 55 U5
X DNA, JEAETR SO s - T VI H), w74
A S 3 ST DA ) i 2R T 4RIV
DNA 2547, i SR M I B BE I F Uk 3 B ik 3 4%
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KA — 46407, WAl 5 CRISPR/Cas9 4T
HUOR

B/t T7E 1 514, ffi PCR 4 B 4T #A 55
324 500 bp MYJFHIEE, A7 S0 T ¥ 5129 100
~ 200 bp MUfLE (R 2). WBE 20 I 46 O
2, PCR ¥ M1 435 3 ML TR ARG EL ) Ro-
sa26 FEH Fr Be, S5 FH R Il 0] & 2l ik PCR 74,
gifbJ5 1) PCR P29l Bt fe, &3 BRI k
TS I8 W EE DNA, FEAZ PR K = H i m A 0.5
pwl T7E [ B, BT 37 CKBERWN, S 30 min,
Beil w =10% 19 PAGE &I TREVIHE UK, HIKSEL
BEEHLE 120 'V, Bf[E] 90 min, HJKZEHR)E, /)
D HCH PAGE Jig, T HECHIGF BIAZ IR Lkt e £, 15
min 247, Yeti s TS KIS UE 3 IR AR AR A IR
Pokl, ETERSG ARG FFIR, il Image
VARG SE 3 Fh DR g T B AU RIRCR

# 2 Rosa26 ki PCR 5[4
Table 2 The primers used for PCR amplification
of editing site of Rosa26 gene

R Fal (5" - 37)
Rosa26 — F GCACGTTTCCGACTTGAGTT
Rosa26 - R CCTCCCATTTTCCTTATTTGC

1.2.6 Ak WS 48 h 405 098 B 4
5, AT EAT 0 2 e, FH B T AL 0 RE 40 A
1 600 r/min®.(>» 4 min, W5 3%, FI PBS S &,
AR 2 50 pm JE e Bt 38 B 0 b, LA
Bl i FE I A, IR v A% AT T 1 4 %) 5 7
ML, 7 FACScalibur 3 =X 21 i 43 A b AT 237 40 it
(2 H A9 55 3, % S 43 % % B e A 1) 4
i, Rl A E o 96 FLAk, AL 1 A4,
FREINT &4 w =20% Fa24F I35 19 56 285 57 551 96
fLiRSE, 59R7 d JeOt i — 228 KGR
L.2.7 e A4 EHE B BN, JF
H5ARABE, BELEM. 3.5 d 551805445
BER, HCERINE R B P Icss, R EEs
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B e 9B 5 /Y ES B 5 [ 40 it A A 1k
AR, R M2 KRR, R
KRG FRAT RIS B N o T R R G
ES 203 58 B B Y, AR 10 ~ 12
A~ ES Yiiffl, 37 CHi5R 1 ~3 h, RERIEEIRE )G,
BARFEERFE D,

2 HERE
2.1 ZFN, TALEN, CRISPR/Cas9 [ #J] 2| % =

t-

B i) ZFN . TALEN F1 CRISPR/Cas9 %
KR A AR Y & C,CL e, 48 h JE U EE4n
Mo, PEECMIIERNAL, i@ d PCR P14 Rosa26 i
RUFA, @t TTE 1 E§YIE A 3 Pk 4% T H
AR UG R, EEPISE SR R ZFN Rl TALEN-A
JGHA . Y #E 1a) ) ) 75 PE, TALEN-B I CRISPR/
Cas9 A B @ V) HITE M, M CRISPR/Cas9 (1Y)
FEERGSR (K 1: B) o #E—25 /) TA SEREN T 43
Mras gk 7 T7E | B4, Horp ZFN 7E88 4
SEE Indel A% N 4.1% (2/49), TALEN-A
J4.2% (2/48), TALEN-B }y24% (12/50), Tfi
CRISPR/Cas9 1 30% (12/40) (& 1. C). Hit,
CRISPR/ Cas9 TEiZ AV i EA R X A g 1) B 1] 1) 1 7
yiae
2.2 ZFN, TALEN, CRISPR/Cas9 & & E & IpiE

EEMNMELE

# ZFN . TALEN F1 CRISPR/Cas9 3 ik Jifi b7 4
155 [R) U5 20 Bk R SR A% Y & C,C, 41 M
24 hJ5 38 A YO0 B T IEL B/ DR R IR LT B 0
[ DsRed M40 (K 2: B), FREAH /L4 5T
RLAEHE R e T BB A5 T i [ A R R A
Fl| Rosa26 i i o i — 20 N F it =X 40 L A% DsRed
FE PR 28 L L9 247 = e A, 45 R R TE C,C),
Y, ZFN () Knockin 2% (0. 11 = 0.05)% ,
TALEN-A F1 TALEN-B [/ %38 4> %]k (0.13 =
0.06) % F1 (0.08 + 0.02) % , CRISPR/Cas9 [y
AN (1.36 + 0.40)% (KBl 2. C), £
CRISPR/Cas9 41 T 1 7 fUHE G ROCR W] i & T ZFN
F1 TALEN,

2.3 # A CRISPR/ Cas9 #EE S B&INEERER

ES 28 Rk

Hi T CRISPR/Cas9 HA B0 1 FE R 2 s
A, AW ST ] CRISPR/ Cas9 1 iy 3 [l Jhi
T H kMR Tyr B0 ES 41, F 4 g ir
(1) pX458-Rosa26 Jivki 5 FURi IR IL AL YL 2 ES 41 fiy
W, T sE kAT GFP [ 4i, 4kshs 77—
JiJG, 2OCEREE T AT AR SR 24 L, ES 4
TGS B IR A 4R e B, 843 ES 4 i v B )
i R IREGFPLR (A 5 5 8 1 Al DsRed 215,585 1
(E3: A) o N sEREAR AL A 2O EhmIc i) ES 41
MIveRE, FRABPHRREIRILD, ARSI G 4h i
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DAPI/GFP
DsRed
Merged
C
A
ZFN
1k 1k T
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800 800
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400 : “
J
200 ; /
Q 0 Y 0
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1k T KT = I
500 0.332% 266 [ 0.103% . “ 2.74%
600
400
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0
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K2 ZFN, TALEN, CRISPR/Cas9 & fi 8 {5 A IR HE PR R0 3 2 i

Fig. 2 Efficiencies of targeted integration of exogenous genes mediated by ZFN, TALEN or CRISPR/ cas9

A: AE Rosa26 {1 536G AMEIE R MR B5 18 s B 62 24 h S5
W TR DsRed MUANIELR (fRBMELER)
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B, FRHBGE OB, BC—FR o A S RO R 20
AT PCR Y1700 TEAF IR S > 40 i ve P
Hr, A3 A SERERENY G TR Rl Tyr BRI A
Fea), Horb#3 | #4 SOl a7 Ak
ARB (K2 A, K3: BFIEI3: C), HH#3 ES
SRR A 30 S b B 91 B 2 B A IR AR Bk 37
Ui e A AL B T ATHEAL AL, BORS TR AT A
A TA R A AR B R B ASE (3. D).
2.4 HMEINEEREEHREE/NR

PR IER B S T Tyr-2A-DsRed B [H Y 3# ES
e REAN MRS A BRI /N R SR, R
R R B B U O N, e BE RS
HE T — HEEREAAE ik & AL, B 58 m R
F/NRI AR . ABRAERE (K4: A), i
PREDUEE IR BR, A JRE0 €, Lot B /IS BT 2 Al 5
(El4: B), KPIFEGHE Rosa26 FLH 1Y Tyr HeA ]
PLUES#RL, (ElFRERG, HiRa A/ EER
A [R] F B f8 FR B AT I

3 9 8

AWFFE BT T #10] /N BRAE Rosa26 N & F 1Y
ZFN. TALEN, CRISPR/Cas9 J:[H 4% T H, ffi=
BAER —F TR X AN Tyr SRR T8 G
FE G IE — I PR G T 5L % S o 1) 00 T e B
T ZEN 5] %10 Pk & Ik, AXh 4.1% 5 P X
TALEN w45 — XJ (1 U1 #) 1% P nl 35 3 24% 5 11
CRISPR/Cas9 1 V) I 76 Pk e 5, T3k 3 30% . [
W, BEXTASHIE ST o B AT R A A B T R G T
H, B EETER ZEN YERE 4K, TALEN Jgrh,
CRISPR/ Cas9 #/)N,

5B, B ZFN =% CRISPR/Cas9 if 3} HDR
S DNA J BU 8 sV T8 W RCREIG, U
FEMEFLS A i, B[R] E 41 S DNA | Bt
EEBEGHORA N 1070 ~ 1071275 3 [ 45 4
T HA A — E FL R b AT LURZ R A2 153 A 3L
R, RGP IEEN RT3t N gaks T H

A -
AX GFP DsRed Merged
B C ES clone
CCy, #l #2 #3 H#4 #5
ES clone M_CCy
M CCp,Donor #1 #2 #3 #4 #5 -
~ -~ —
~-— —
» 2000bp| o
1000 bp | e Looobp | e e
o
L e e BB B o o |
D
Donor sequence -
% ! 3RV

ESclone#3m = u n w wn

I8

K3 FIH CRISPR/ Cas9 i SMRAL PR E fi 45 ES 2 ve ke
Fig. 3 Generation of targeted integrated ES single clones by CRISPR/Cas9
A: ES SEREZOGIE: B: PCR Y44 Pl AR Be; C: PCRYHIAMIL A 7 Be: D #3 ES sefE A M 5 Bos ol K%
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#

S LT T LT

B4 Mg Tyr 5D GBI /D B
Fig. 4 Generation chimeric mouse with targeted integration of Tyr gene

A: Dyr iR /NS Bl R /NG5 B IREILERFS . WM (a), Ty i /b (b)

AL DNA & Az BURE W 24 Re (2 it IR IR EALE 5,
MR 186 R A B A AR L TR sl R AR 3f
LIV TS R B R, 16 C,CL 4, ZFN
M TALEN (40 1€ B SRR AR 0.1% ~
0.3% , CRISPR/Cas9 [k 2Rik%5] 2. 74% , ELA5H]
B, X 5FTH CRISPR/Cas9 HAT He {1 1)
EIHORI R,

fifi Fi CRISPR/Cas9 X} JG i3 3h - 1) )i i {1 4
pTyr-2A-DsRed i 17 7 1 % & 0F, 4 52 A
pX458 Ak FHEH Y EGFP e B, i i =4
Ve TP S e PR A T e e s, —2
LT SR A BB AL A R A
PG DsRed,  RIAT Pk % 7 7 2 B4 AR
FEX % 48 14 1E 7 245 90 9 36 5 8 65 1) 4 o o
B, MOrE R EBIRTHE SRR, I R Rk

Xt AR A 0 20 M 3 P 4 1 $L2X PCR 93
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