http ://aammt. tmmu. edu. cn B SRR ,2019,41(15) 1445

DOI:10. 16016/j. 1000-5404. 201902114

CRISPR/Cas9 i RE DI S & Ikbl E[E K FRE 94T

Z oL EME R ELEHREY 400016 TP, THCIERNR S ILA B 2 A WAL 5 4 T A W
RE LY R

(#ZE] HY  FIH CRISPR/Cas9 HiARFBREE D £ Ikb1 R, WA NI IE 4l 5 AL, W1 450
Lkbl X}/ B H R, 51k EPBE T fa 1kb1 3L I/ 4 8 eRNA | i 1o 50 B A%
gRNA Fil Cas9 mRNA J3: AP AE UG — 40 0 019 2 b, R T7EL U0 0007 05 2% =2 gRNA i i
NP 03 1 3 FO AR5 A8 1A e ] st A 28 AR IR , W A R AT ik A5 28 AR (A fa e 7 A B AR IR G o8 A8 A D
YE F1 R A FRAERM GEN FL AT B84 F2 Rali G F4hfi il SR S el & 73R,
T RT-PCR MR B4l & 1R M, &5 45 T BE 5 kbl gRNA 1 Cas9 mRNA, i %
3 R AL ARG T, K BLBEE fa 1kb1 BER PR 465 4 2G5 5 5 KliFshing =k R 213
SR Ay, e RS i ORI AR R, IR IR BB K 28 9 RKZHBET; 4l T gbpase
pdk2b .pepckl mRNA {25 7t 5, Lkbl 58 & A KIK; B/NER S E mRNA B E T &, 458 A
CRISPR/Cas9 AR FRBE i Ikb1 JE[R = AL T 2 A0 30, 045 AR w08 g 1B 7K i Al 25 iy | 6
dge FIEAE R F R | [RlA F T Lkb1 X BE £ /NS R B A S

[ 4817 ] CRISPR/Cas9;lkbl ;BT fh

[HREESZES]  0959.466; R394-33; R394.1 [ CEkkRZER] A

Knockout and phenotype analysis of lkbl gene in zebrafish by CRISPR/Cas9

technology
LIANG Sen', LI Shuaiting”, YUAN Zhi*, HUANG Huizhe’ 'Department of Biochemistry and Molecular Biology,
*Department of Developmental Biology, College of Basic Medical Sciences, Chongqing Medical University, Chongging,
400016, China

[ Abstract | Objective To knock out lkbl gene in zebrafish by CRISPR/Cas9 technique, observe
and verify homozygote phenotype, and preliminarily explore the effect of lkbl on the development of renal
tubule. Methods The gRNA targeting lkblgene was designed and synthesized. The gRNA and Cas9 mRNA
were injected into the wild-type cell-phase embryo yolk by microinjection technique. The high-efficiency gRNA
was screened by T7E1 digestion and sequencing. The FO mutants and heritable mutants were screened by
sequencing. Wild-type fish and heritable mutant fish were used to hybridize to produce F1 hybrid heterozygous
mutants, and F1 hybrid heterozygous mutants were identified by sequencing. Then F2 generation homozygous
juveniles were produced by self-crossing of F1 heterozygotes. Homozygous phenotypes were identified, and
homozygous phenotypes were verified by qPCR and Western blot analysis. Results The zebrafish kb1 gRNA
and Cas9 mRNA were prepared, and 3 heterozygotes with frameshift mutations were obtained. It was found that
the zebrafish Lkb1 knockout homozygous juveniles violently swayed at the head and tail on the Sth day after
fertilization, and with missed swim bladder, bended body axis, fast yolk consumption, dim liver, and edematous
intestinal tract, and most of them died on the 9th day. The mRNA levels of homozygous gbpase, pdk2b and
pepek1 were significantly increased, while lkb1 was not expressed at all. The mRNA levels of homozygous renal
markers, trmp7, slc12al and slc12a3 were also obviously elevated. Conclusion Knockout of zebrafish lkbl
gene by CRISPR/Cas9 technology results in liver failure, edematous intestinal tract, bended body axis, missed
swim bladder, and early lethal phenotype. The knockout also shows effect on the development of renal tubule.
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v ) A [ AR S A, 1T /NS R A ) 7S BT e o3
1k ( epithelial-mesenchymal transition, EMT) J2& & [&] it £F
b B AR RN ORI Z TSR, B 1R
Peutz-Jeghers £G4k (PIS) 1 22 2 1R/ i 2 W2 2 1 Vg
Lkb 12§45 e 200 i fry EMIT % B R 28 o A, A T
SEEANNE R A0 O R A A o AT
5, &% Ikbl 8 9 By EMT #f 5% 4» F W ZEBI,
E-cadherin ,vimentin , B-catenin, & £ B i 5] £ EMT 1)
FS AN TCF-B  Ras'™™ #5 5 1kb1 #13¢, (A H A
KT kbl 5 EMT MHLGIIE A . 55— J5 TH B2
L1 Bt R Z BB 20 i 2R H Az B P 2R 454 (£
BN A EERERNKSy Fia 2215
SR, IR A0 N AR AR R TR,
WEET B0 5 48 i | RAE FIZF 4 AL 2% YT AR ¢, 1 1kb1 4R
A B PR RS 7 I & B R & o
PIVEFIPLEIATE R o B, i B 0 R 7 4 A v Tkb
PIVE FIXTIR AN 1kb1 7 EMT 3 J& v iy dll i) 22 ¢ H
L, JEJLAE CRISPR/ Cas9 J R 4 4R B A R = 850 L A
IREEL S E B AE AN Rk 1 sz i A 3 )
N, AR F1) H] CRISPR/ Cas9 3 PR g 5 452 A A
Dk T HABIE R B p R R g AR R B
S5pEota kbl F A 82% R EE, BT C 20 FHEE
D fFFE T kb1 JE PRk B 24 B e e o
IR BE L) RS R A R AR SR SE B, MAR/IN, 77 B
K RIRIEN], 25 5 T30, B IS5 #4151, © 2 s
FEEMER RIS AEY . I, A 78 S B 5 o fa 1
XS, R CRISPR/ Cas9 R G 48 6 A4 2 5F
it kb1 2784, Ryt — 20 B RBE Lkb1 76 JJE EMT
FIAE T B € A

1 #RERHE

1.1 ##

L1 SEBsh¥) AB Gy RBED A, SRR IR R
Gihige . IR holtfreter AR E T+ 28. 5 CHI
B IRAARETR

1.1.2 % Bk SP6-Cas9 pEE R K% Foll i %
PG 5 Not [ B2 RR N VIEEIE A TaKaRa 23 7] ; phusion
® ot start flex 2xmaster Mix F/1 HiScribe T7 Quick High
Yield RNA Synthesis Kit( E20508) It H NEB 2\ 7] ; KR
W3E DNA 7 3 40 4k i 31 & ( DP204-02) FI miReute
miRNA Isolation Kit( DP501) iy B KR A LB H R A
H); mMessAGE mMACHINE ® SP6 Transcription Kit
( AM1340) 5 H Invitrogen 7\ 7] ; RNA Inhibitor %) § sigma
/N sqiagen RNeasy® Mini Kit(74104) It H Qiagen 2y

A s Pt AN GAPDH ( 10494-1-AP) i1 LKB1 ( 10746-1-
AP) Z iSRG A Proteintech A ],

L1300 WAROESAS, p-97 U bz il AU A1 B
MBLREE W B Sutter /7 ; PCR [ H Bio-Rad /7] ;
RN B Zeiss A1) 4 HSBERRER RS A
e FER AN R A R AT

1.2 mE# lkbl A H 3k

1.2.1  gRNA 884 5 S % g 51 W ieit OB H
Ikb1l gRNA ¥ 47 &5 % iT: A2 ¥ http://chopchop. chu.
uib. no/ GEFEP ML T HE L £ kb1 JERH SN 1 EIRCAH
JBLHE R AU gRNA $BAL (R 1) . Q%E 518t
BT 55 |0 BE A7 25 P s 200~300 bp (3£ 2) .

&1 1kbl gRNA B4 SIZHERF 5

SV 1, F5 5'—3' (A

gRNA1 AGCTTGGCACGCTTGCGGCGCGG 2 SHMNE T

gRNA2 GATCGGGAAATACCTGATGGGGG 2 SANEF F

% 2 1kbl gRNA &£F3| 955

HEAT A5, 51975 5'—3' FrBR/N
EUE: AGATGTCCGGATCTCCAGTAGT

gRNAI 574 bp
N : TCACCATATACTGAATGTCGCA
i : ACAGGCGTTTATCGGCTATTAT

gRNA2 452 bp
it : TCACCATATACTGAATGTCGCA

1.2.2  {&RHME AL gRNA FII Cas9 mRNA (DgRNA {4

IMEI. BAEA T A RS B S 49 :5'-AATTAATAC-
GACTCACTATA+1kb1-gRNA +GTTTTAGAGCTAGAAAT-
AGC-3"; F 5| 9: 5 -GATCCGCACCGACCCGACTCG-
GTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATT-
TTAACTTGCTATTTCTAGCTCTAAAAC-3', phusion @

hot start flex 2xmaster Mix PCR 43, Tian Gen KIT i
[l 2lifk PCR 7™ Wil 2 gRNA R ShE SARAR ; HiS-
cribe T7 Quick High Yield RNA Synthesis Kit {4} 5
gRNA % 545 90 J5 i TURBO DNase j1k DNA #545,
BRI A IE T 19 3 NE R BE S B UK A gRNA %% S35
2 miRcute miRNA Isolation Kit £fiff, gRNA , Nanodrop
72 ¥ B 5 F RNase-free water # B3] 600 ng/wl, 43
5 -80 CLRAF. @Cas9 mRNA MRAME AL, BRI
VIR Not 1 Ze4E4L pSP6-Cas9 JFiki, TIANGEN #fifk iz
FE LB P24 , Invitrogen mMESSAGE mMACHIN-
ETM SP6 7| @RS 5% Cas9 mRNA %5 45905
TURBO DNase i1k DNA itz #HEALE 1% B¢
NEMEBER B UK Cas9 mRNA #0884
JH qiagen RNeasy Mini Kit #[i{,, Nanodrop Jllj & Cas9
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mRNA ¥ /% 3 F] RNase-free water i F5 3| 800 ng/pl,
I3 =80 CLRAT .
1.2.3 il ogRNA ARMIFdk o2k Okl
eRNA %01, # gRNA F1 Cas9 mRNA J& &9 W6+
SR B S f UG — 2 MBI P e, 48 b J5 T 50 mmol/ 1L
NaOH FI 1 mol/L Tris-HCL 2B N4l fa L R4, %
FEGY) PCR P74, PCR =¥y ] TTEL B4R N V) i s 1)
U RARAE IR R BE N R A . QiR AE
RO AR gRNA RS, f gl s 3R 3] 1.5 H 81 R
8N e i 4 AR AR, 9% 70 A % B0 g £ S5 5 B A
(wild type, WT) #5252, /& JIG 0 )3 i 326 4 w8t 4% 5¢
K,
1.2.4 ZRETFWiE G FRuEEE  OXG
FHITHLE . ATt 52 A0 1A 5 B A 0 58, 4y I R 3]
1.5 JI BT R S50 PP 0 i th 2 5 1, 45 T AR IR 2|
B, Q2GRN E AR AT Tl
FtEtn B 28, WAL IR & B o B iy 5 i R B0 (42314t
T8 ) 48 BRI e 485
1.3 BiEsdT A A
1.3.1 Western blot #Jl] kb1 #fi-5 7 & AR IXE M
O FHREL: 43790 e B A8 BRI 2% 45 F 58 15 £, ISC
6 d [ F A 78 (WT) F1 Ikb1 44 (1kb177) 4 fa 4%
100 £%, F RIPA 2R $2 R 1 . @%REENil,
1.3.2 RT-PCR il Ikb1 2fi& 744X 5 56 S il A0 B
INEBRERE R mRNA 7KF OBt RT-PCR 54 L
230 Q4 RNA $2H 73 5 e BF A BOA 2% 6 1 B 1
1, R T d B AR B R4S 40 1 30 M, {8 TRIzol
PRI, RNA, JEIUE RNA . @ ffi ] TaKaRa % %%
SRR 3 e S A cDNA L, (DRT-PCR S JUHHE AR 8 ¢
SRS/ NEFR S A mRNA JKF-

2 000 bp—

1 000 bp—

750 bp—

500 bp—

250 bp—
<121 bp

100 bp—

%3 RT-PCR3|#F%

[ 51973 5'—3'
3% : TATGGGAGACCCGAAAGC
gbpase o 165 bp
T : TGTCCAATCCACCAGTAAGG
7. TTAGGAACAGGCACAATGAC
pdk2b 135 bp
FiE: ATGCGAATGGAAACACG
¥ : GCTGCCCTCTGCCACTCAA
Fiit: CCGCTGCGAAATACTTCTTTG
3 : AGATGAAATAGTGCCGACCAA
trmp7 N 255 bp
T : GAGGACGCAGTTCTTTAGTG
¥ : CAGGGCAAGGGCAACA
T : GCAGACGAAACGGCTCAAT
i : GATGAGGCAACAAAGGAAT
T : CAAGCCATGTAAAGAGGACTA

FrBR/N

pepckl 258 bp

sle12al

286 bp

slel2a3 188 bp

1.4 Shitsas
KLm R/ EE 3 K, A SPSS 21. 0 it
AT R T 250 o KK ifE: a=0.05,

2 R

2.1 & 7T sgRNA #= Cas9 mRNA

TN W 5 T v Uk 4 R AR B L e st T Tkb1-
gRNAT gRNA2( & 1A) Fll Cas9 mRNA(E 1B), Nano-
drop | %€ lkb1-gRNA1,gRNA2 F1 Cas9 mRNA ¥k & 43
51~ 2400 ,4900,1200 ng/pl,
2.2 % Ikb1-ssRNA2 A ik

Ikb1-gRNA2 5 Cas9 mRNA L5542 48 h
JERREEH A, S5 5E 5 19 PCR Pl TTEL B )5 35008
BEEERC K ([ 2A) B 1kb1-gRNA2 V415 (JIRfiR 5)
PR SR . PCR =il iy, Iy 8 & 0 (18] 2B)
HHBUAE 1kb1-gRNA2 BB 5 (A ZAME B AR T 10 77 1) )
B D)L R BT, B 2 Tkb1-gRNA2 P53 A3

10 000 bp— &= -
7000 bp— Ra—

4000 bp— R

2000 bp— ke - -

1 000 bp— i

500 bp—
250 bp—

A AR Sh# 3 Tkb1-gRNA M DNA 474 (DL2000) ;1 lkb1-gRNA1;2;1kb1-gRNA2;B: 4k #h#: % Cas9 mRNA M:DNA
A4 (DL10000) ;1: % 1 45 & 4L sp6-Cas9 i #24E 3 69 mRNA;2: % 2 1 & AL sp6-Cas9 Ji #5445 5 49 mRNA

1 F5MERE B gRNA #1 Cas9 mRNA
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2 000 bp—

1 000 bp—
750 bp—

500 bp—

250 bp—

100 bp—

A:TTE1 B4 PCR =4 (i 4% kb1-gRNA2 F= CasOmRNA & 48 h 32 £ B0, A %2 314 PCR) X2 & E
M:DNA #7:4£ (DL2000) ;1~6:6 K IEfs & A 69 PCR B %5 5 Mk w RAE; B:S S ALER

WT: & 754 & 6l 25 R 5 2K AE £ % lkb1-gRNA2 ¥e4 5 5 7] ;MU(MIX) . A7 5 5 &
MAELER, BHA G, A S A2 E 5%

CEEL T

160 170 180 _ 180
UL LLLELL L]
CTEATCGGGAAATACCTIGIATGGEGGGGATCTGCIGGEGCG

170 180
EEmEENE AR EEEEEE Es =
CTGATCG 6GARATACCTIG

S 3om

%

B2 T7E1 Bl Kl F £ eRNA BRE

2.3 JRad3MEESTRE

Ikb1-gRNA2 115 7 A MY IR IR SR 5] 1.5 H BT R
SN P 7 ) RS o A AR SR 3 Al £, L5 B A TR
21 S I VR I3 ik PR 2R 7 30 £ T 388 42 S A8 AR, i B A £
AL IEAL SR RIS A FLAR WRFR R 1.5 ] 09 el
P 2 3 R BT 5 A A A I H AR AT 1L B
751 K48 K44 K68 (4] 3A) , HHt K68 Je74% A ik
KT ABEE , T B 59 IR (18] 3B) 5 K44 2K
ARPRERIG 4 A8, T LR 60 SRR ; K48 2K
ARPRBRIG 3 ANBHEE , B A R 1 R A S TR
Fea.
2.4 L& kbl 44FEA

[l Rh SR AR TY ) 2% & 1 I AR MERE F 287 A F2 4Q
R 8 I R T W R BUESZ AR IR 5 S KA 25%4))
ERTE B i B, R i 5 3 Sk B AR A BN ] 1 2
i, GF S LR AR RV /)N il T o BRIRSE K i Sk R

WT.GATCGGGAAATACCTGATGGGGGATCTGCTGGGCGAGGG
K48:GATCGGGAAATACCT......... GGGGATCTGCTGGGCGAGGG

K44:GATCGGGAAATACCT......GGGGGATCTGCTGGGCGAGGG

K68:GATCGGGAAATACCTGAT.................CTGCTGGGCGAGGG

[ ) e A e 4 B O 2 mlis 3. 6 BRAE T, il
25 R B e, KT RT3 s R IR BB K Mo
&R . 7 d SR T 2 (FERK T E A
AL A B8 i TE K B SR ZE B B 2 (& 4A B .
9 d REEIT- (K 4C)  [F]B XT3X i S5 8 2= 0 )57
PATRAIE, 45 R 245 7 (K 4D) . &R T A 1
Xf SR 58 A Tkb1 85 H AL & (& 4E) B E 2l
F 1kb1-K68 ™ 275 & HBHIF T 59 MNEIERR , H 5% 4
TR B BR K AT 49 4,1k Lkb1 IIREEZ £ L,
FeH 1kb1-K68™ ™ AR IR 58 4 bR 1 Lkb1,
2.5 Western Blot #m] & %] 454~ Lkbl & ik

FEHC 6 d [ k68-1kb1 ™" FIEF A= &)y £ 76 19, G0 J2 B
WA Lkb1 ZE3k15 00, 45 5 3% B % 1) kb1 3%
RIS B AE R L 85 58 42 A 3Rk Lkb1 (P<0. 05,18 5A) ,
UEHTEEE A2l 5 1R AR Lkb1 Rf 509, [5) i1
B w1 Lkbl,

0 170 180 190
EeneE e NN AEEEEENE N o . e mam_ -

J\\ AJWWM’]‘ b

A-4bp
ATop A

A:lkbl 89 3 AP R A XA WT.FFAR, TRIK: KA FHF AR AL E T 20 & F 4.7 PAM [X;K48: 8k 3 Aok
A R TR KA Bk 4 ATk R EMGKOS: Bk 7 Ak a9 R TR BK68 &4&F M F& R el fi

7 A

B3 HAEFREMKIFMKS RE

b

PR
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1200 —aup1 sipygensth —o— wm

100

80
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TG (%)

40t

20F

0 L 1
5 6

7
ZHG I R/ C

48 308
- Esmemmmms

140 150 i 160 170
IlllllllllllllllllIIIIIII"IIIIIIIIIIII

CIGATCGGGRAAATACCTGATCTGCTGGGCGAGGGGTC

Ikb1 55 1

- IEEST
1 54 438

ccgcgccgcaagcgtgccaagctgatcgggaaatacetyg

gggatctgctgggcgaggggtcttatgg

ggcchgcgttcgcacggttcgactagccctttatggu a

ccctagacgacccgctccccagaatace

R R K R A K L I 6 K Y L
ccgcgccgcaachtgccaagctgetcgggaaatacc

MG D L L G E G S
T gctgggcgagggqccttatgqaa

Y

K68 t t T T t T T t T T T T
ggcgcggcgttcgcacggtecgnctngccctt1:atg;:Hcgncccgceccccngaataccce
L

l l
R A=
E

R R K R A K L ] G K Y C W A R G = M E
50 fir S AR 60 i1 2 AR
i (LB T)

A.lkbl 2 A0F A& WT.FFAR 2450 A kbl 7 . K68 th o F R B RS HGH AR, & 24k  FFALR #
TE AREHR BT W, A KB E B 6 K68 sh6-F 7 d B3 & A ;C 1kbl 44 F 4 A wh & ;D K68 44--F il 5

R OHRIFAMRRTT /\ﬁéc}it,E 4 4-F Ikb1-K68™~ &

55 ;K687 K68 4haF 57 ; 4
THEAIANFABER THRARLS
PERERTAALREL AL LDl A 5 E

4 PSf Ikbl-k68 A4 T RE EREREARIAK

2.6 lkbl 2b&-F Ak 2R MH2h AeAR K 4985 RNA /K-F iR
Lkb1 @R U VRS, #  AE 3 22 A
Hi-6-WAE IR 1l (gOPase ) | Wl IR M 15 TN IR 19 R I8k 1t 1
(pepck 1) FIPA A 9 5E 2 B ( pdks ) B3R O T 3k

ST AL T RIBREE N mRNA JKPAGI T 5E

&% 57 K68 AN R ER 4 5 AHL R
50 45 ;60 45 8 I B (2 aE BT ) AT K68™ ™ R TARENFF] X

TRELRFINREGRLE WIL.HANHRD &
LG RAE(SO A ALR) £
/\LL & ékl]—_

5_5 m"]

1 gbpase,pdk2b, pepekl FIRIKTHIL. KBS T4 7
K gbpase BN T 49% , pdk2b BEHN T 2 3 £%, pepek1 14
Iy 2y 1.5 £, SR AR R S S A et E i L(P<
0.05,[% 5B) , tE—ESo AR ()2 Ikb1 @EbRali &+
RSB (RIS IE 1 Lkb1 Gl i S UHIR S
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WT Ikb17~

GAPDH(36x10°)—

A
Al [
VA PANZ VI =
i 41 O kb1 4lid e ihk
)
B
= 27 a
Z,
[t
O o
gbpase pdk2b pepckl
B B
A:Western blot # kbl #4-F& & &i&  WT.6 d ¥ %

A A & 1kb177 .6 d 4 Ikbl 64-F & ;B.RT-PCR #| lkbl
#h4A-F gbpase .pdk2b pepekl &4 K F FAR.Td K5
AR & Ikbl 2o &R EAR:7 d 69 lkbl 646 F #;a: P<
0.05, 55 77 4 A pb4x

5 Western blot 1 RT-PCR I&iiF Ikbl Z235{k

2.7 Lkbl s¥sz i & 58 L F 0 Ha

W /NEWREEA tvmp? (G H/NE) (slel2al
(3t /N R B ) A1 sle12a3 (Gt S /N 5 BE) 434 1kbl
i AT B N 54 . Real-time PCR 45 5 I R B
kbl 4 & 7B /NE & DX EAREY), 5 8RR
(BN 1) HoAL, i G 1 3RR R 3 (P<0. 05,181 6)
B /N T S 1 N B B, FR B kb1 5 PR X B T £

Oikb1 gig o

INE TR AW R
"
a

K
Z 104
=
<
Z 054
- 0.

O_

trpm7 slel2al
A

207 m e

a

sle12a3

AT d AR & ;Ikbl b4 F T4 T d 49 kbl Zb4-
F & ;ump7 2 A NE AR E R G ;slel2al  3& 5% F AT BUAF
E& G ;slel2a3: 2% N EEBEMARER G ;a:P<0.05, 5 %
A A ik

& 6 Real-time PCR il Ikbl £ & F 'S AEFRE 4 trmp7 |
sle12al } slc12a3 9 mRNA FRiEkF

3 i

RS 2102 W T A0 25 DR G B R A R A R AR
fifi 3 AR ( zincfinger nucleases, ZFNs ) | %5 55 8 1% AL %5
1Z RN+ R (transcription activator-like effectors nucleases,
TALENs) 1 CRISPR/Cas9 ( Clustered regularly inter-
spaced short palindromic repeats-CRISPR-associated pro-
teins ) JL[K 44, 5 ZFNs Al TALENs #f{ Lt , CRISPR/
Cas9 A W A3, ZFNs F1 TALENs # /2 5 F 8 [
TR, 7 B 2% HABI A9 8 3 o AR R A UE . AH
HZ T, CRISPR/ Cas9 {55 % F T+ DNA #1[n] 1) sgRNA,
HOAEXEE H 5 TR A o ZEN IR CRISPR/ Cas9
25, ilEh erRNA 5 30375 crRNA (tracrRNA) 2
G LITE G tractRNA : ctRNA & &%), HoBf Cas9 5| 5 &
B o FEREAL AR, CRISPR/ Cas9 i 5 1 5 91 i 7 Pk
DI 25 orRNA DU 9 DNA T 31 s 0[] ffg X
(gRNA) FI A J5 8 ] B DX AR 4B 77 (PAM) , S5 A
MEE G, 5 orRNA TERCY DNA 5 FIAR 5255 73 51 1
Cas9 [ HNH RZ PR 45 14 3 A RuvC A% R i 245 74 5
DI, e HEAL 7 AR XU W2 (DSB) o CRISPR/ Cas9
FEAE Y DSB ORE fih A 41 M0 DNA 52 i A, 42 455 I 7]
A1 (NHE]) 4052 £ 5 4 DNA 8 5 01 [R) P 5 ) 1
S (HDR) 4 S JC 44 % DNA &5, NHE] 4r F:1
DNA & 52 n] P i 45 DSB , (HAE#E AL 507 A2 /N4 A
AR TEAL XSO GAZAT By TP IR B R e D]
RACr e .

Lkb1 J& AMPK i) 3% b G, Lkb1 5 {5 i
STRAD FI3ZZE4E 1 MO25 JE iU &), BER b AMPK
S HA R YRR OC B R , 20 £35S B e ( STK) At
RN O (MARK) | A% Z R4 Y~ H RE,
LK ] oA BRI s R 011G RN £ 1 S

AWEFEH ] CRISPR/ Cas9 & P Jhi 48 15 A Rl Bk BE
I kb1 JE[H B T 2 % sgRNA, £ 5 B3k & A
VAR R, e i O i A0 AR AR, B et 3 2%
BTRAR, IR AE T B IR, &)
3 PR AL AR A5 T A AR ] S R B, (H 2 R ALY
PR REA BT AN, T 3 i S AR AR 7 A T A R A
HPERTL R BIRE I R 58 7 A i = R A 2
ThRErh AT REW A AR E

Lkb1 32 22955 BE A QI /0 BROFFIE Bk Lkb1 &
B MU , 32 208 i 3 A A s ™ A i
A AR g, X AN IUEAR S AERE S 1 ip oA BT AN [A]
A WF5E F W BE 5 A 5 Lkb1 1 B ILRIR 5,
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HBR BT AE 58 Z ik S B A IR, 6 Lkb1 fZBR
JEINPRAE R #E . X S5 REE R Y 1kb1 44 B o
THFERT P RS 2T 40 3 7 — 3, il 3d RT-PCR A 51
WS AR AR I SR R E S T X — 4518, TR B AR & A
A BT A 670 Ao A K 3 S50 T 2 3 YR B, 1 i 3 7K il
INFEA F] RE S 4k & T R SR 5, 5 3500 ks K 0 B8
Ikb1 25 & B o A 25 45 S Pk R AR A Sk A v
R AR DRI I, 7 Lkb1 7845 s [F] 54 PAR-4
A1 kb1 75 S 0 2 1 48 B 7 2 HX R R
TULEAHE S %A A5 2R SE, th TR 3 FhR s
ACHR = A SRR A0 25 il A, T AFRAT TG I Lkb1 %
BEIh A0 11 il AT B2 05 Y o 1kb1 4l F iR KB
HE T ) 2 Sk R [ Bt S04 B, R R R Az
JGHPERY Lkb1-Sad / Mark i 12 Z IR T B R A& & 7
WA EE B R A BT R W] Lkb1 4
il MCU ( Zhr (A48 B [6] 38 1R ) $3 I Ca™ 1) BE 77 Ok 3
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