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(45 2R 1745t 50 ng/pL Tikil-TALEN mRNA {56 2 i ZEIE 2 (64%) 5 EST 10 ng/pL Tikil-TALEN mRNA 5 41 )
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1 3] 28 bp GRS . KRB ILA W 3 Jfrf, Hhf 2 e Faetill BB HRE. (450 1@ m
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Gene knockout of Tikil gene in rabbit by TALEN system
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(1 Guangzhou Institutes of Biomedicine and Health, Chinese Academy of Sciences, Guangzhou 510530, China;
2 College of Veterinary Medicine, Jilin University, Changchun 130062, China)

Abstract: [Objective] To obtain a rabbit model of Tikil gene knockout by the transcription activator-like
effector nuclease (TALEN) system, and provide a rabbit model for investigating the mechanism of 7ikil gene on
early development of animals. [Method] Using TALEN system, the target vector of rabbit Tiki/ gene was
constructed and then 10 or 50 ng/uL Tikil-TALEN mRNA was injected into the cytoplasm of fertilized eggs at
pronuclear stage. Embryos developed to blastocyst stage were collected. The blastocyst rate and gene modification
efficiency were investigated. To further obtain Tiki/ knockout rabbits, 50 ng/pL Tikil-TALEN mRNA was
subsequently injected into the cytoplasm of 17 prokaryotic fertilized eggs of rabbit, and then the fertilized eggs
were transplanted into two recipient rabbits. [Result] The blastocyst rate of the treatment group injected with

50 ng/uL Tikil-TALEN mRNA (64%) was almost the same as that of the group injected with 10 ng/uL
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Tikil-TALEN mRNA(57%), while the blastocyst gene modification efficiency of the group injected with 50 ng/uL
Tikil-TALEN mRNA(100%) was significantly higher than that of the group injected with 10 ng/pL Tikil-TALEN

mRNA (14.3%). The sequencing results showed that mutations of 7iki/ gene ranged from the deletion of 1 bp to

28 bp. A total of three rabbits were born after embryo transfer, and two of them were detected with genetic mutations.

[ Conclusion] The TALEN technology system established in this study could effectively knock out Tikil gene

in rabbit.
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BNV AL e B ER A AT TR, 2 3IE
A R S 2 (1 PR A, 2R A R 2 DA TR SE B A Y
BEATT 2 RIS AN PPl o /0N BRI R A2 L
BB, —Le U RARTE /N R LSRR S5 1R
N2 5] R IR A SR A 2, X Lk mig 15 2R B s 2 e
I R NIRRT 7T o« 5K R R br itk 1) A
SR SR, B AR, A AE, b/ R AR
B S BLAUL N B B AR AL, H TS o £
Tt NS5 155 B 0 B LAV AFE FE AR () 1 3 00
F A 5T C AT R T B K BE R Ak B R
Joi~ AL AR RO U R 1 DT R P IR
Wi B e DL ROIRRE 55 2 Bl N B B 7T K Al
HAR#E 5 N RA U 205 w1 & B 241
W FEASE AL, Ll dn R 8 5 W R 2 B 0 PR 9 4 11
FHORH T

e SR WO R N TR 1 A% BR B (Transcription
activator-like effector nuclease, TALEN) i R £\ 48 X
RAEEFEIZ IR B (Zinc-finger nuclease, ZFN) £ AR A
BRI 2H s AR B I R, R N TR
A0 LA K 2 PR XA MR 5 . 2010 4F,
Sun %5 41 4 5 51 4 B Tale 25 15 Fok 1 4R
VIl fb & 44 5 TALEN, 76 A 408 &% HEK293 Hxf
NTF3 Fl CCRS5 iX 2 A WIEFE R 73 A HEAT T 7€ Rt
B, FBRRCRIER] T 39.9%; Tong 257 F|Hl TALEN
FORLE R BRIG T4 T S8 1 % BMPR2 B[R 1)
% s Carlson 5™ 7ELEFIEH SEIL T TALEN /1%
1) 2 B R B s 2013 4R R 22 1 EAKF TALEN HR
J87 P T G 5 DR i R 7, S T 1 40 e s ik
F R 2014 4F, Lin U @K 3 %)
TALEN [ mRNA [A] iy 5 21 & 8 G v, Bl
A3 1 H Rett ZEARE MR AL, TALEN A
(1 AR R M (i i3 T 6 TR S RUIB R sh A BRI AL, N
TX 2 T B AR AR T /> A R VR G T 40 47 ol 1)
BERME TR T B R .

Tikil ZRTETCHEF (Wingless/Intl, Wnt) 5
5 P R A R R HEAE Y fEE BT

WRIGUESE T Tikil 1E3&E 5 Sl R e e 1k
MAER, Tikil B FREEEAE Dickkopfl
(DKK1) Z X1 Goosecoid(Gsc) FE Kl Az,
Tikil FERIFE/N R BB, MIER S BRI, Tikil %
R e TR 45 3 5 ON 28 1 b v A5 5 e A DG UT
Tikil FEK & Wnt {55 8 B 85T O F0 8 K 7, Tikil.
DKK-1. Gsc iX 3 AN FEPH 2 18], & 754775 U [F) (1 AH 6
TER, EAAEE SRR — 0 XAEED K E ¥
F AT AREI A B, X ) A T A Bh A& 3
B AT B N IR N R0 52 B BT 9 o AR AT FE 30 A
TALEN $i AR # 7 Tikil 3 R r Bk S A5 2, SRAE 5T
Tikil B:REF KB SRS ER, DAESS Tikil
BRTE ALY IG K & ThRew A L= E.

1 MR57EE

1.1 R
73§56 A O R o e Ik 15 1 4 H TaKaRa
A, ARG R AR DG JE R R 1 B34 6 H Gibeo
A ] AF AR R UL W Sigma A F] .
FONHTE 2 E R Oryctolagus cuniculus, B2, M
M 6~8 AL, FRFE 2.0~4.5 kg, T H e 7 EERLA
SEEG AP R Gy, RS B AR TR VR RTIE N [SCXK
(%E)2011—0015]. A HI30HP0R 58 1 1% B 56 20
1 P 58 VR AR R AT B2 E, X568 2h 8 VR PTIE A
[SYXK(#)2010—0063].
1.2 TALEN FRhigit 5
1.2.1 TALEN R#&i&#t K% Tikil 2R H
mRNA H Gl R 228 7 e i 42 2 S B0 = £ 41, mRNA
KN 1518 bp, A 7 MMEF . HHE Cermak %5
o5 W B ATV TR, FRATTTE Tikil 2R BVt T
4 %f TALEN,
1.2.2 TALEN #94& M 54% %8 Golden Gate
TALEN {5 & it B 36 a0 R« LhiE TALEN 53
FE 51, 43 BT Golden Gate TALEN X7 & #f 10 4>
ok J2 AH . (1) 25 &2 W AR X 5% 5 (Repeat-variable di-
residue, RVD) LA AK pFUS_ A IIAR 1 /N
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& %71, 38 Golden Gate TALEN 75 11~15 HI%
FAPIEI RVD PLR 34K pFUS_B#15 IIAE] 1 4>
SN ZH s T U A B 4 HR LR SR A

N T U AR AR ) dsDNA Fr B 52
W, 75 3% 42 J5 1) B M E R NN Plasmid-Safe
nuclease, ¥ DNA F EE L.
1.2.3  #4  JRZEM B G LRI E T UK
Fo N BB ERE R DNA % 10 pL, 42 °C /K
Wl 90 s, vl 5 IR B UK B ) 3~5 min.
FE HMN 500 pL LB A E: 725 (N & Amp), 1B
1) 37 'C FAF PR HEFE 30 mino K IR B RE
51JEHL 100 puL 845 & Amp HIff%E M E, 37 C
ZAF IR 1624 he BAFARBEIE 1~3 SEBE, 3
47 PCR Aarill, Pk IE7 1) ve B i 3% 7%, /N H X
JF b %5 5E
1.2.4  4RshEEF 3R H TALEN JJORL R B 5%
N mRNA F7E A5 1_E Ploy (A), %] mMESSAGE
kit. mMACHINE T7 1 Poly(A) polymerase. &%
S B YE mMESSAGE kit Ut B HHEAE .
1.2.5 RNA mEASAG & LUFIBF A T2
(338 7): 20 uL mMESSAGE mMACHINE T7 Ultra
reaction. 36 uL Nuclease-free water. 20 pL 5XE-
PAP ZE - 10 uL 25 mmol/L MnCl, % 10 uL ATP
B

JI 4 uL E-PAP i, 32482985, 37 'C %4 F
% H 30~45 min, 2 J5 B T UK L. fEIA E-PAP B
BUSETIEA tH 2.5 pl 1 s VR B, B A LKA I 2
30 R PR ] HE
1.2.6 RNA =4k RHSASETTE R 5 R
I RNA. BB : i 50 uL () LiCl YT
AR BN S S ATYTTE RNAS 4 °C. 12 000 r/min 2
£ 15 min, ULHE RNA Foki. o2k Bk, B
1 mL AR 308 70% B LEEEREEYE 11K, 4 C.
12 000 r/min B> 15 min. /N0 L LT, HE
F RNAse-free 0.1xTE Z¢ ¥ # . F|H] NanoDrop-
1000 #5915 &K FZ, K mRNA FiB %] 50 ng/pL,
10 pL 433 1 B A T80 C vKAH.
1.2.7 TALEN #y4r3esFE4m A 7 ¥ TALEN
IFTRERLER, 430 LA TH ) 4 X TALEN #4455
J6 LR AT 4E 20 A, 35 4% 48 h Jm, USCHiZ 40 i I HE HX
SEIRZH, ARG G S AL S AE N1, 1A T7E T
W IBG RG] .
1.3 RZHEIINERUES
1.3.1  F ey el AR R
TS 100 TU ()52 5 35 1 B R (Pregnant mare

serum gonadotropin, PMSG), y£5f 72~120 h [ 52
LA RO, KT RGBStk AT B 2 ik

5100 TU N2 E L P B3 & (Human chorionic
gonadotropin, HCG), i 18~20 h Ji& % £} g S it &2
IRAE . BH B SR O BT T 1xPBS 22
W SRS FH I R O R 2R B, Pk R
R WIRT 5 25 O & T IR B 77, 38.5 °C. CO,
AR BN 5% HO AN IR A 5% % 46 0 0 7 5
1.3.2 R RAE4T e & [ EF R & [ e £
TR AMEN 0.12 ~0.18 mm, 424 0.02~0.03 mm.
HARERAE: FEORS T LA 3 4 vh i, R
TF K g I maghr IF, 7E4ME 0.12~0.18 mm AP
VI B3 5t s SR 5 H4 Bt 22 e BB BT AN b, BBt o
2 AR IZBIAE 2 0.02~0.03 mm, 5 1E 0 76 1R
BEFR 0.3~0.4 mm AbFEUT AR BEFEER, (F B FAT
ZANE L A BETER, B A 30°0 4 1 Ak

T SR T 1) % SR P Y S AR R A B R
MIBEESE, R AR P RLEH O], e Rumd . 5
[F 52 45 —KE, 7E 400 pm 72 A5 1AL B L2 30011
o, TR,
1.3.3  ZA59P69 RNA 2024 JCRZI 28
SRTCEAE 1 AN RAERORE Y, B2 1 pL 1
Tikil-TALEN mRNA v 5 41 35885 8 P4 B v 45 2|
JESHB, R ATRHEH 5, K RSB BT R AE [ e £ B
BT 1 AP, B3 mRNA Vi 9, 7 7EE
MR R o R A N SZORE O 0 B Y, TN IS
= 1] Tikil-TALEN mRNA, 7] DL 21| ffi 5 s A i ik
R AT H RS
14 EREEZITHERNEE

FEANFEREH] 5 L () NP40 ZLfEWAE PCR X
BEAT 24, SR )5 3H4T PCR B X PCR k¥ 14 H
P B RN % 5 5 AR R AT, M7 45 R
A 2B 2 B FIEEF Y ER T k)G
DU, CARH R 5 248 1 22 DR 9 AR 15 o
1.5 Tikil EERRRRAF] &

NT 3R Tikil FEHRE %, B 50 ng/ul
] Tikil-TALEN mRNA ¥ 5§ 2| 17 A% B 5K
SR O R Y, RS2 RE O A RS R B 2 R 24k
RARA, 20 5N 1480 2#. it AF e A 150,
FARTIAT o R R R AR

2 ERS57H

2.1 Tikil & TALEN #8475 89383t
R B8 I K 2 5 27 e b 248 2 S 6 =R 3R AL IO N
Tikil FE[R 75, 76 2% G 3 R 40 51 P ik 47 EE X, 4R
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K G B Tikil 2R, G H BRI 2 48
T34 TALEN #0847 s i it (B 1), #R4E GOLD
GATE TALEN & U 54 % 1 4 %6 TALEN,
Sl 48 L1.L2. R1 F1 R2, iX 4 2 TALEN #] L
HA % 4 % TALEN, TALEN A& @4 A L1R1.
LIR2.L2R1 Ml L2R2, LAt 4 X% TALEN ¥ 458 4y
N JLRREF 44 g, T7E 1 N VBB B il 2 Fiow,
ME 2 BRI PLE H L LIRT HE R Rlib LR EF
Yegn P I L R A H 3 (1 PCR =4 ml LL &
T7E 1 WUIBETIH 2 2675, HAb & 1R WL & 2%
H5, YLHIFEIX 4 F TALEN 44, LIR1 fT#ER %

L1 R1

ATGCCGACTACCTCTTCAATGCCCCATCGCGGGCAACTGGGAGCGCAAG
CGACTACCTCTTCAATGCCCCATCGCGGGCAACTGGGAGCGCAAGAGG

s s

L2 R2
TR R 0 B 51 B A
The underlined sequences represent the target sites
1 Tikil ZE TALEN #8153
Fig. 1 Target sites for TALEN of Tikil gene

LI1R1 L1R2 L2R1 L2R2 NT

NT is negative control; The arrows point at two fragments generated by
the 77E I endonuclease

2 4% TALEN TR R Eg 14600 B ik B
Electrophoregram detecting targeting efficiency of
four pairs of TALEN by enzyme digestion

Fig. 2

B e PRI, 8 LIRL XK M Tikil FERBATITHE
W5
2.2 5 Tikil-TALENs mRNA FRZZHEEN

TIMNEEER

196 B A% B 2 RS R i, 43 i BL 10 AT 50 ng/uL
f) J5 B B2 ¥ Tikil-TALEN mRNA VE §F 3 4k F
JEAZ I K SR 2GR I N, Gk K & B3R
IR SZ A5 OF, TSR R, ARSI VE S ) RNA X R
faREREAMATM ., R E 1, HLL 10 ng/ul
) JOT 5 A RV S B, VR RO 64%; 24 LA 50 ng/uL
() Jo B A B S I, BE R 2RO 57%; X IR ZH LA
7] & 1K) HyO 715, ZEMEZ0N 82%. 45 REW, iK
5020 50 B AH L JE IR R 8 M A BR AR, H 801t
e RN EZE, U VE BB mRNA X ZE R
KB SHRWAE A LL 2B, 1 H S mRNA 4
1) & JE 2 HRAE 50% LA F, BT DA AS £ 5 1 5 (R 4%
T SR 19 2 ST
2.3 E5T Tikil-TALEN mRNA 55 % 3 #5 5P

Tikil EFEEIHIER

B RFT S RCRAT S5 Ran 2k 2 s . 4 10
ng/uL Tikil-TALENs mRNA J& FT 3150 7 N E
B, B AR (14.3%) KA T FERATHE, 3 — 20k
17 R B (R FE o0 BT, R BAZ B IR IR T 4G 5] 1% 3
DRI A7 TE B S B R Ab, I BEAS I 21 87 25 2 (WT) 751,
R B 2 (R R B s V5 50 ng/uL Tikil-TALENSs
mRNA J5 RTS8 MR, 100% KA T 3K
FTHE, b — 20 AT 5 R R (R T o A, Al AUk

% 1 ;E5t Tikil-TALEN mRNA BREEBEEINE BHER
Table 1 Results of in vitro development of rabbit embryos after injection with Tikil-TALEN mRNA

p(MRNA)/ SRR EL iy B /% .
(ng-uL™) No. of embryos injected No. of blastocysts Percentage of blastocysts

10 11 64 0.635 1

50 14 57 0.208 7

0 (H,0, CK) 11 82

1% 55 2 55 CK4R & Jx 5 v 45 69 P (Fisher’s# 8 4 i)

1)The fifth column shows P values when compared with the percentage of blastocysts in CK group (Fisher’s exact test)

% 2 ;15 Tikil-TALEN mRNA FR&ZHEI0 Tikil EEEIHER
Table 2 Modified results of 7ikil gene in fertilized eggs of rabbits after injection with Tikil-TALEN mRNA

KAHER BRI A

AR

LS e TN

= M) Yirayy oy A e
£l . N - N XSG HE A XA A
p(mRNA)/ BRI H M I% BB AR % ;ﬁ@;ﬁ ﬁ;@ 5/
(ng-pL™) No. of modified Gene modification  No. of mono- Rate of mono- o A
blastocysts . No. of alle-mutant Rate of alle-mutant
blastocysts efficiency mutant mutant
10 7 1 14.3 1 14.3 0 0
50 8 8 100 8 100 0 0
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AT A AN TR R, 1A A RS B X6 A B R
Bro TELL | 9 ANRAEFERITHE I FEAE , fZ7E 5 Fl
FERRAR T A o R ER G 1064 104 15 F 28 bp
L, BARRAS B WK 3. ESS0 ng/uL Tikil-

WT EFA T, P1~P5 A& 5 A [F] i 2 R AR T, JE AR iR 1)
B, R RGP 81 3 A AL A

WT is wildtype, P1-P5 represent five different types of gene mutation;
The short dashes represent the missing bases, and the underlined sequences
represent the target sites

3 5 Tikil-TALEN mRNA [FR&EZ 0N Tikil EE
Fig. 3 Base mutation of Tikil gene in fertilized eggs of
rabbits after injection with Tikil-TALEN mRNA

TALEN mRNA 55 2H 1) 5 R 5 PB4 25 3 2 35 vy
F 10 ng/uL VES 4 (P=0.001 4, Fisher’s ¥ Hits:
8. 45 b, A TR AT HERCE &, AL
LA 50 ng/uL i K B Tikil-TALEN mRNA 73 5f
T ST K G ) % FE DR 4T 4
24 FSERBEBEIETZRNFREESER

# 50 ng/uL [ Tikil-TALEN mRNA V£ 5 £
17 MU R B 58 5 52 6 50 I 5T rh, 43 0 #% 1 3
2 W Rtk p, 35t AR 3 MR &R, 5 R
1#-1. 2#-1 F1 2#-2(F 3)o Wl /37 20 A7 6 2 (R 2L R 3
1#-1 1 2#-2 A7 G 70 $E A7 55 40 HY 30000 (B 4),
B A T L DR T 24-1 A S T R 5 R O PR i
(Bl 4), @ — Bty 4 R ARWH N WT
A, UL R R AR R R TR . [l WSl 45 SR AR SR AT

*3 EEITRFREEST
Table 3 Birth summary of gene targeted baby rabbits

I AN AR 2L AR FEREMRECE BRI % XU R R B e Ak
ZHGT  p(mRNA)Y/ L
o No. of embryos No. of newborn No. of gene-  Percentage of gene-  No. of rabbits with
Recipient No.  (ng-uL™) . . . . . N
transferred rabbits modified rabbits ~ modified rabbits biallelic knockout
1# 50 7 1 1 100 0
2# 50 10 2 1 50 0
411 Total 17 3 2 67 0
TGCCGACT TCTT TG TCGCGGG TGGGAGCG G
| ‘ # A[ I.: A
SAARAWA

Al ,J';.!lill‘. l\\'JILi‘-'I'l"'J'-.'.'l' 4
2#-2

4 fF% Tikil ERENFFIEE
Fig. 4 Sequencing peak map of 7ikil gene in baby rabbit

MM AR B 2 JAF % (1#-1 AT 2#-2) 1¥) PCR
), 5 T #BRERN T, 5 WT P87 R
gE BRH, 0T AR R 1#-1, Tikil FEK B T R 2
WT B30 oh, I AESEAT i R AR T 3 IR ml o, AR
RAT7 AN 1 bp B EE Ik 7 9 bps XF T4F
o 2#-2, Tikil FERIBR 7 AL 2] WT 84 % %1 4b, ik
TEREAL fUR A T BE R R, BAd R A8 T =X sk
22 bp(KEl 5). DL B RFR M, WATESL T Tikil 5
DA i ok B TR, (Lt T 4 5 K] i Bk e 3 4 7 IE

WT ATGCCGACTACCTCTTCAATGCCCCATCGOGGGCAACTGGGAGCGCAAGAGGCCCATCTGG

1#-1 ATGCCGACTACCTCTTC gCGCGGGCAACTGGGAGCGCAAGAGGCCCATCTGG

2#-2 ATGCCGACTACCTCTTCAATGC GCAAGAGGCCCATCTGG

WT ONSFA T, 141 M 2#-2 J9fF S 5 s FERRER R TR BR Bk, i
/NG FRER R A NI, NN RIZR A PP 91 3 R AL i

WT is wildtype, 1#-1 and 2#-2 are indentifying numbers for baby rabbits;
The short dashes represents the missing base, the blue lowercase letter
represents the inserted base, and the underlined sequences represent the
target sites

5 fF% Tikil EEOBERE
Fig. 5 Base mutations in 7ikil genes of baby rabbits
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(0 Tikil F KPP 1), 5t B3 46 T 48 G ] RE 2 52 K]
R R B A R

3 g

Tikil B& P52 06l oK 5 ) L 28 IR 2 B B 200 ]
AR BRTE Wt {5 5 388 % A A SR 0] R 1 #54E
F g — N, di) R IA & S EEE LR E
RIS Tikil JERAE /N RAR B, DR T C v A
AN B RIS LT AE, TR R A R R R
KU BT Tikil FEDRIIRERR I, B Tikil %= D5 7E M
VB, /N BRSO RRAAR Pk, A5 /N BRAE it
FLNZE Tiki 1 H5 DRI R )2 9 A Y 3% — A% SR i AR 4
BELIBT, 10 f BT 00 I R G0 5 N AR AR AL, Atk
BRI ST Tikil 5 BRI A )RS L0 -

AT 5 B AR R G e PR R
AR IR R Tikil FEFX G 5B IERG & & 52
BATE T TALEN KRG WIT TR R Tikil
BE DR (R T ¥R A4, SR )5 4 % 10 F1 50 ng/uL 1
Tikil-TALEN mRNA v 5 21| J5 4% 5 (1) 5 5 52 K 1
JRLJSE o, I3k AT B B R AN I B R R I St 1
I FT B8 Tikil-TALEN mRNA X ARG & & 2 75
FEAERER LA S R 75 e Rt o FE G EAT S RS o 45
REW, HPL 10 ng/pL R R IR G, FEER
N 64%, X HEAH LA A & /) H,0 VES, #IRE R
82%, X504 5%t R ZHAH LL FE AR R B Al 22 (H JC
Giit 2R, 24P 50 ng/uL 1R B T, 2
RN 57 %, ZAR 56 4 5 % B AL A LL 3 IR R B
Z, BB SIS ER, YHES N mRNA
S eI ) R B B B R R, 1 LS 4k R B IR A
& HEL ST 22 B L L AR VR s A 5 e SR 15 A6 222 1 ik R 4%
it . S 50 ng/uL mRNA R 56 41 1) 2 Ik %
(57%) S57ES 10 ng/pL mRNA R 56 41 1) 38 jiF
(64%) FHELFZMIAN K, (HiES 50 ng/uL mRNA 4
2 1 B AR B 1 AR (100%) S5iES 10 ng/ul
mRNA 564 [ ZE R L B 50% (14.3%) AHEE
FIE, KBTS G SRS Tikil 5K
B T IR, Pt DL 255015 48 7 LA 50 ng/uL
F10 Jo AR 5 VA S ok v IR AT B RUR U B, 5 B0 e
— P SRR Al T ARSI L 2 15 5 e R G 1) S K
EEEOAIY S

S -
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