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Establishment of Ace2 knockout mouse model with CRISPR/Cas9 gene targeting
technology
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Abstract: The aim of the study was to establish Ace2 (angiotensin-converting enzyme 2) knockout mouse model with CRISPR/Cas9
gene targeting technology. A vector targeting Ace2 gene knockout was constructed with the primers of single-guide RNA (gRNA), and
then transcribed gRNA/Cas9 mRNA was micro-injected into the mouse zygote. The deletion of exons 3 to 18 of Ace2? gene in mice
was detected and identified by PCR and gene sequencing. The 4Ace2 gene knock-out mice were bred and copulated. Ace2 protein and
mRNA expression were detected by Western blot and qRT-PCR in F3 progeny knock-out male mice. The gRNA expression vector
was successfully constructed and transcribed in vitro, and active gRNA and Cas9 mRNA were injected directly into zygote. The dele-
tion of exons 3 to 18 of Ace2 gene in six positive founder mice as the FO generation were confirmed by PCR and gene sequencing. Six
founder mice were mated with wild-type mice, then achieved F1 generation were mated and produced F2 generation. The female pos-
itive mouse of F2 was selected to mate with wild-type mice and produce Ace2™™ mice of F3 generation. 4ce2 mRNA and protein were
not detected in tissues of these Ace2”™ mice. In conclusion, a mouse model with 4ce2 deficiency has been successfully established
with CRISPR/Cas9 technique, which shall lay a foundation for future investigation of Ace2.

Key words: Ace2; gene knockout mice; CRISPR/Cas9; identification

Received 2018-10-30  Accepted 2019-02-13

This work was supported by the National Natural Science Foundation of China (No. 81460077, 81160041) and the Provincial
Governor’s Special Fund for Excellent Scientific and Technological Education Talents in Guizhou Province, China [Guizhou Special
Character (2012) 15].

“Corresponding author. E-mail: ghshang60@126.com



XI| 44 : CRISPR /Cas9F A ffil| & Ace2 2 [Fli bi /N R B %5 52

CRISPR/Cas £ 4t & — 5L AL S R 4
FHRARGTAIMIE IR ALY PN Az, B Qi T 4 25 0
HMIRTRL, CRISPR/Cas RGUHAH £ FiZki i, Hrh
CRISPR/Cas9 F Gt &t Fuf iR A N B A —
M, R LUR A HAME DNA, R EATT
DUER MR IR [ 3RIA, TR 2 BT 1K FfoRE T 10 302 1) )
fit, CRISPR/Cas9 Gt JT & pi— M i 25 1) 2 K] i
# T.H. CRISPR/Cas9 J&4kEF4RA%IR N VI, %%
S R RN IR G 2 e IR 38 =4 “ R
HoE Mg HOR " RS BN &k —
%115 RNA (guide RNA, gRNA), I 58 F Cas9
A G I B ] ) R — [F R N4, gRNA J@ i
Tl A E AT R DA [ i R) X 1 46 3 (proto-
spacer adjacent motif, PAM) fff T 1) H A5 7 1], Cas9
T HSMIZ IR RN DNA XUEERT R, Ak
K EAFAEAG DNA {8 S R B LA, 235 i
RV I R A R, MR T 4 B
PrIEDR R B . RS2 ARG UP A M g AT 2L R i, FER
H PR B, 0] LS8 3 (K] g 6 2 4 152 2
ey Mo 2013 4E4), FAN SR K CRISPR/Cas9
F AR AR T HAE /)N BR DA S N 2 S P SRR A 1740 22 5]
123, P55 & T CRISPR/Cas9 HWi & &, 1F
2 DR 20 4R R I L 5 KT 0 R e B FH T

I 4 % 5K 2 ¥ 1K B 2 (angiotensin converting
enzyme 2, ACE2) 5& W J5 P [ fif If & % 5k = 1
(angiotensin I, Angll) f45E S MEAELEGE Y, ACE2 5
ACE 1E H # Jx, 3 L[ fi# Angll 2E % Ang(1-7),
Ang(1-7) BAYKIMAE . PRI Hu2H s 5E A
HEANAEH . ACE2. Ang(1-7) 15214 Mas #%1\ N
& 'H % - % % 9K & & 4t (renin-angiotensin system,
RAS) FB b, LA R ACE2-Ang(1-7)-Mas 4,
B WLy ACE-AnglI-AT1R £ B 41 (¥ J2 1) 1 15 b
Zhong % * Y LRI PAESE, Angll A/ R
OfES B HELT LA Ace2 ik R, Ace2 FEIR Bl
SRR Angll S0 B A4, TS RIA Ace2
FEPR AT 9855 Angll A 30 B AR 44k, K BH Ace2
A& Angll /i T 0 5 25 24 4k 19 P U 14 6701 U 4 R
Crackower 5 ) ({14238 7R Ace2 H DR bR /N B o
EINRE R AT BB . ACE2 I FIE M4 i m] 24
FERRADEER Y, I H xR B — e E
AR TR Y, Rk, R ACE2 A% itk iy
1B R BARNLE], AT B82S A 1L 55 7 ¥ S M 2 £t
BRI R
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AT 5T S £ CRISPR/Cas9 £ AR N/ Ace2
FER AT A R R, I MIERIAL, %5k (mRNA)
B AKX Ace2 TR i bR/ BT % @ F1 56
WE, NG SR TT Ace2 B[R AW T RE K ML B2 4k
AL,

1 MR 575%

1.1 #§
1.1.1 SEIEEh4  FIHICRISPR/CasOf R Ace2
FEDR B/ RS, o A S AR /N BREAT
PCRAI 4 5 $RAGBH PEFOAR ] 22 B 6 L (412
il R NCSTBL/B6J, SPFZ, W FE 5 K2-F 5 E
YIEZ 5 e . B4R Y (wild type, WT) C57BL/B6J
/N BRI K - AR R G BB A, AR
YFAJIES:  SCXK (75) 2015-0001, i HYFAES
SYXK (%) 2014-003, SPFZZ&1FAFE, ARSZIG
FIMEEARAAUS R JF N, 285 18 S 2B s
LA EE S H AT R (2018)2-1275], &
IBRRVEEE R
1.1.2 FERFIRME A L4 5 F A
DNA B & (db 5t Solarbio B A R A &,
#t5: 20171213); PGKI1.1 linear vector (Fg i K
-t R ARG B AL); 2 x Taq Master
Mix (Dye Plus) (F§ 5t Vazyme & ¥ RHE A R A A,
#t5: 7E162J7); PrimeScript™ RT-PCR Kit (K
ZETaKaRa/Aal); ¥EEFE(ME E Biofroxx, #it5:
EZ1609D314); 6 x Loading buffer (7 Biosharp:
MEARERAF], #5: 6601783); GoldView 17!
R Y 77 (AL 5 SolarbioRHE A IR A 7], 5
20170406); DNA 4ift, i 77 & (TransGen Biotech);
DNA Marker (Jt. 5 TransGen EYIRHE A R A ], #E
F: K10315); TAFE & 4l 55) & (35 E Invitrogen,
85 K202020); ACE2—#i(Proteintech, B%5:
21115-1-AP); PCRY H{% (3 EBio-Rad A 7]); /K
VKA AE A B G AR A PR A R s ROk
12 % 2 45 (36 EBIO-RAD A /) o
1.2 5%
1.2.1 CRISPR/CasOF; R#iEAce2ZE iR /MR
/INERAce2 3 [R5 L T M G o /R X | (Chromosome
X: 164,139,332-164,188,420), 4>£:49 089 bp, 1i
B9 T(1..3566). 4Ai%[X (CDS)331..2748,
NG TI3ESE TI8IX ], RiEEALKAES
805N FEMR AR L. MR HE gRNA LK [H (1 % it R
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WU, 35 5 A ce 25 DR e SR JER 1 2 ) 1 BRI 25 37 b i
T I R 1A AN FAE TSR A s (1), F
FCRISPR Design#k {4 (http://crispr.mit.edu/) 1% i1 7
A E2XTgRNA (R1). Wit Ace2 [ gRNATERZ H
i BB IR KT OB, SR I 2R ML R R PGK 1.1
linear vectoriE4%, 3= WIn] HiEF L DHS a4
RZAMM, AT AR, B ORI
> 2 pg/ul, FE4~T pgHL AL R4, PCRY% & FH
PESERE Y, SCRgRNAB AR E . H] % gRNAY
CasOFE SRR J5 AT M AM L 3, Tl /I BRS2 RS D R 1
T 2 AR AN S () Cas9 mRNA DL B 5 45 5 1 11
gRNA, K AF 3 (152 K 50 #% A8 2 [5] i R 0 B S L S5
FBHERERE RN, B4 221 H FOIR/INR

122 Ace2BERBR/NRAFMEET  FoORWI&E
BRI 9% 118 S BE 2B 25 FESPF s ib sh e
28 %558 Ja I BH PEFOAR /N R ANCS7TBL/B6J /)N R[] 22 15
B E AN RACONF IR FIAU/N B 7R ZARHEPCRAN
D % 58 MIBR v BEI RN B e BHEF ARV R 43
BIERFPE R (line)o /R AIPEREINL) N8, BFER
GEURIAZ) 921 do K PERCGABHPEF 14X/ FRANC57BL/
BOJ/NERAH EACHE, 3 3IF2A R It — P 5w, &
EUMEPEF24R 24 & /N R 5 C57BL/B6J /N A H.AZ
i, 7S3IHEMEF3CLE ST/ N

123 EERERF

1.2.3.1 REEFEADNARER  #Es4lsy 4

gRNA and CRISPR/Cas9

Jio 5 (K ZH DN A $& U 1) & 32 U/ BRDNA . BT U
BEZ0.3~0.5 cm, & T0. 2 mL PCRE& 1, 5JH 8%
S, TAIPBSETE, B, Bk biE, 1200 pL
WA, B EMIRIRE; FEIER 20 uL
RNase A, 55 °CJ#E 15 min; HIA20 pLifEH
K, 55 °C/KIBIHM, MA200 pLi#BAI200 ul
TR CBE, T EENRE], B mOm N AL
12 000 r/min #5001 min, FFRW, EPHRRLEH2IK
Jeis TR B AR B A R NS0 pLZR65 °CoK i Tl #4
e, B0, B3 5|3 4IDNA.,

1.2.3.2 PCR¥ RN 51 A 254
T, bilgA TAY TREBROERA R A K,
SIMFESI T, WTS[¥: Ace2-WT- tF1 5°-TG-
GTAGTGGTTGGCATCATCAT-3’, Ace2-out-tR2
5’-GTCAGTCCCTGGTGATTAAAGC-3"; Mutant
5#: Ace2-in-tF1 5°-ATTTCCTGCCCTAAAC-
CATG-3’, Ace2-in-tR1 5°-GAGTAGTAGTTTGAAG-
CACCTCA-3". PCRZFifk % M25 uL: 2 x Taq
Master Mix 12.5 uL, L F¥##51#7%1.0 pL, iR
DNA 1.0 uL, ddH,0 9.5 uL; P& PCR F25 (U
F2HTIR).

1.2.3.3 IFAEEERRCE K INPCRY 1G5 uL,
HI\6 x Loading buffer 1.0 pL, 7£1.2% ¥R+ 120 V
8 [T LK 2930 min, i FIBIO-RADEE /B R 4i i
EEIIE =

gRNA and CRISPR/Cas9

start codon te t stop codon
ATG e - B TAG
Wild type allele / H n ® H U I] u l ﬂ ./ H “” r
1 2 45 6 7 8 9 17 18 19
~ 328 kb s
n Coding exon [ | UTR Genomic DNA
1. /B A ce 2 PR i R S
Fig. 1. Overview of Ace2 targeting knockout strategy in mice.
£1. gRNAZ 512 & 1234 EREBERHE  WHRCRISPR/Cas9Hi R

Table 1. The sequence of gRNA

gRNA gRNA sequence (5°—3") PAM
gRNA-3F CCCTTGGGAAAACTAGGCAC TGG
gRNA-3R AAGGGTCCTGTCCCAAGAAC TGG
gRNA-18F GTGAGCTTGCTAGTAAGGTA AGG
gRNA-18R AGCATCTGACAAGATTCTAT GGG

M Ace2 JE RIAH R 1S B R, WTH|#PCR
PRI R, AR DA O I S R A B
Ace2 Mutant 3| ¥4 5 P41 2 450 bp, X450 bp
FATATTE NAce2 MRAE T/ WTSI 44 7=
YK B 9549 bp, U549 bp& i fEfE N WT/NR
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2. &% PCRAZ S
Table 2. The procedure of touchdown PCR

Seg. Temperature Time Cycle +Temperature/cycle
1 95°C 5 min

2 98 °C 30s

3 65 °C 30s -0.5°C

4 72 °C 45's 24, 20x%

5 98 °C 30s

6 55°C 30s

7 72 °C 45s 5-7, 20%

8 72 °C 5 min

9 10°C Hold

450 bp 1549 bpHh 5k HLIk 267 ¥ B N Ace2 " Aty
TR

1.2.4 FIFqPCREARFEMRNAIKFIEFAce2 B A
ik B RRALSUE TTRIzoIF 2K, KA M-
AR A PR RNA . 2 I8 300 5 55 330 B 95 R
AT HRAE, B RNAWH 5 cDNA, Fi#k{7qRT-
PCR. 5| o AW 2 bt it, bR
TA Y TRER A AR AR G, Ace2-RT-QTF1:

5’-TATGAAGCAGAGGGAGCAGATGG-3’, Ace2-
RT-QTR1: 5’-GCATGAAGATGCTCATACAATG-
GC-3’, 3|¥Ace2-RT-QTE1f; T-HM5F6, Ace2-
RT-QTRIf FAMNEF7, WE2FTR. PCR MR R
415 puL: SYBR Green I 7.5 pL, | FiiE5]14%0.5
ul, #EHcDNA 3.0 uL, ddH,O 3.5 pL; PCRFEF:

95 °C, 3 min; 95°C, 30s, 60°C, 30s, 72 °C,

30 s, JLiF40ANMEIR; 4 oCfRdE. SEHHE: gl
EF /N qPCRIGIE 5, BIA[HEAce2 B A A
ik, Ace2 B ST b o

1.2.5 TAREERMRF  MHKR EYI%IE H 1) DNA
FBR B B, 4% IR DN A 24k 350 £ B VR AR el
W Atk PCRF=H. K alifb 5 7= ¥ 3k 17 TA v B %

gRNA and CRISPR/Cas9
system
ATG z _'{\\ aner1

Wild type allele / U n L
232

n Coding exon

Kl 2. /N Ace23E [HqPCR_E N 51 M7 i

Hﬂﬂlliﬂ il

45

591

RN, % B TA S B 5 401850 S AE v B kAT,
VG A B S, BOE & I SR
FLBHR A+, RN 37 °CIlHBAN R E 7546, £KH
BT BER T . PRECR PR TE 25 LBREFRELMNS
mL EPEH, $R%GHEFE, WU pL A AR AT
PCRI N, RILZ&AFRIRT, K o i PCR™= 44T 35 i
s HEL UK 43 3, U e S S PR B R T K -
5 AR 2 T T B
1.2.6 FlFWestern blot3i REERKFIIFAce2 5
lﬂ*’riillﬁb TE A & A B 7 RIPA L) K 2 L
HAREE, MEEAWRE, MH10%0) 5 518 &
4%9’1/1‘29@)&, FREARBUHF 2 A #(50 pg) FFE,
80 VIEHE HLEK, 495 Ey W i 7 71 210E B P S 3 15
1B B L&A B $0.45 pm B 5 LM
JBE, =i TF5%MiAEA4 g1 h, TBST B3R,
4 °CUKAACE2—H(IR A ACE2 [] 55392~744/4 = F
B E IR, PEE, e R =R EL b,
Ve, B ECLALZE KOG R 5, £ H
BIO-RAD#E/K 4 Hr R Gt e arill 85 1R IA . 45 R A

S WALE TN EARE ALK, WA HAE
Ace2 AL, FERIRFREI) -
2 5H#R

2.1 R Ace2 KRR EERFRFOK /MR

] 7N B 52 4% 99 S5 A0 B 48 1 b B S Cas9
mRNA DL #E R L gRNA A, ARSI
2K UP AL AELE [ i F 0BRSS TG 5 R kY C5TBL/B6)
BN, A3 21 HFO AR/ R $RELFO
21 R/ L4 DNA J5, #3847 PCR 734, 3
FIFH SRR A LR Uk oy 2, SE g Rl 3 Bk,
YR REN, 5 WT C57BL/B6J /MR IR A HE,
170 5%, 9%, 147, 18", 21" 3k 6 H/NR R4 T il 3t

gRNA and CRISPR/Cas9
system

[ ) -

i TAG

6 7 8 17 18 19

Primer1 -

~328 kb

H UTR

Genomic DNA

Fig. 2. Upstream and downstream primer design sites for qPCR of Ace2 gene in mice.
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MR R, HAR/NRATREDI AN WT A, YD AR
I 3 17 /N B S2 R O S SO R 8 AR AR B ) Cas9

mRNA DKL 5 52 LK) gRNA BE A5 XT /) B Ace2
HLPRIREATRAL

X b3 B RE A () PCR P24 3E(T TA LRI,
GERERIT(E) S (L) 9 (). 147(8 ).
18°( & ). 217 (& ) AR T Ace2 HhEF 3~18 [
FHAE R BR FO AN B (32 3), R B Ace2 ££ FO A/
BRAA P RSB T R R
2.2 RRINEEIAce?™ BiRG/NBAERY

B IR A FO AC 5 CS7TBL/B6J 15 5t 1 A4E

RN ERBEAT R 22 3R 43 F1 AR 48 PCR AT 45 7€ (
4. #3), 533 B MEFL AR N R 22°C 6 ).
23%( 8 )\25'( 9 ), FLAR/NR AT FARATE R (1 4).
N TR RATREL 1 Ace2™ /N T )5 852
55, KPR RCEABH T F1AR /N BRORT CS7BL/B6J /D R
MIEASHL, HEF2 AR Ace2 I 4 R 297~347,
40°, 41" 3£ 8 1 (& 5) SEFAERUNR AR, K15 F3
R Ace2™ HEME/ANER 13 1, 235k 747, 75°, 77°~86".
88" (& 6).
2.3 Ace2BFRFR/NRAce2 mRNAMEBERRIZER
HEHLZ: PCR % 5 3K 1510 WT /N AT Ace2™ /1

Kl 3. FOI/N R Ace2 B RPCR 4 vk ]
Fig. 3. Electrophoresis of PCR products of
Ace2 gene in FO generation mice. B6 was
negative control, and N was blank control.
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#3. FO. FI&RA ATA & m A4 %

Table 3. TA cloning and gene sequencing results in FO and F1 generation mice

Number  Delete sequence Delete exons
FO 1 ttacttccagtt-- 1bp--ttgggacagga//gaaaactagg--33082bp--gaatcttgtca//ctagcagtac--5bp--cttactagcaag Exons 3-18
5 tgtgagaatttacttc--33154bp--caagctcacatattataga Exons 3-18
9 tgtgagaatttac--33154bp-- tagcaagctcacatatt//agcctgaggtt--1bp--attgggatgctgt Exons 3-18
14 actgaggccataagttc--33201bp--acatattatagatg Exons 3-18
18 tgtgagaatttac--33154bp--tagcaagctcacatatt Exons 3-18
21 tgtgagaatttacttccag--(-33 144bp,+3bp)--ttactagcaagtcacatac Exons 3-18
F1 22 ttatctgtgagaatttacttc--33 154bp--caagctcacatattatagatgtct Exons 3-18
23 ttatctgtgagaatttacttc--33154bp--caagctcacatattatagatgtct Exons 3-18
25 ttatctgtgagaatttacttc--33 154bp--caagctcacatattatagatgtct Exons 3-18
— e 0 TRANS2K
ACE2in F+ sa00%p g 20005
ACE2-in-tR1 ~2000bp SR 2 000 bp
KO~450 bp ~1000bp R=540-bD 1000 bp
we—T50 bp -— - — S 750 bp
rp— f— 500 bp 500 bp
22D 3WEIA 25 BEREN 250 bp DN D3N4S SR 6 N 250 bp
100 bp 100 bp

4. FIR/ R Ace2 3 FIPCR L ik K]
Fig. 4. Electrophoresis of PCR products of Ace2 gene in F1 generation mice. B6 was negative control, and N was blank control.

ACE2-in-tF1
ACE2-inR1
20008 KO~450 bp
1.000 bp
750bp
;;’g:p ————— — — -— —
P
100 bp
As 2y A3 28 Hy ol H2OgE & B EF & &f 39 40 41 B6 N
ACE2-WT-tF1
ACE2-0ut+R1
2000 bp )
10008 WT=549 bp
750bp
L I e —
250 bp ;
100 bp

26 27 28 29 30 31 32 33 34 35 36 37 3B 39 40 41 B6 N

5. F2ARHEME /N B Ace 23 RIPCRF= ) Ha 3k [

Fig. 5. Electrophoresis of PCR products of Ace2 gene in F2 generation mice. B6 was negative control, and N was blank control.

B, #E—25fH qRT-PCR Al Western blot J7 ikl 150, W 7 fias, Ace2™™ /N &R Al I 40 44 vk
Ace2 mRNA Fl i H7E/NRITAVE IFH R i RIE  qPCR 55 (At dhZk ), 1 WT /7N Uit AT 'S i 2H.



594 H P24 Acta Physiologica Sinica, August 25, 2019, 71(4): 588-596

Zih Ace2 mRNA Fik Ct{HZ) 20 (G4 ), 45
BRH dce2™ PNRE R FlirR RIS IE] Ace2 mRNA
#ik. UL GAPDH AN %, i#if Western blot £l

ACE2 ARG S5 RS, 1£ WT /Ul AN
B AL R W2y 1 B0 92 kDa (1) ACE2 &K
&, TATE Ace2™™ /N BB HIE il rh SR A ) ACE2

B 6. F3fRHEME /N R Ace2 K RIPCR= ) H ik [

Fig. 6. Electrophoresis of PCR products of Ace2 gene in F3 generation mice. B6 was negative control and N was blank control.

Amplification

Kidney Amplification Lung
L 3
300 :
: 150+
250 -
200
2 100
150 2
100 ] 50- * . - .
0+ . t 3 : 0"'%%' =
0 10 20 30 40 0 10 20 30 40
Cycles Cycles

B 7. WA R Ace2 Y /NREAE. iR Ace2 mRNA ik

Fig. 7. Ace2 mRNA expression in kidney and lung of Ace2” and wild-type mice examined by qPCR. Green lines represent wild type

mice, and red lines represent Ace2”" mice.

Kidney WT ACE2KO WT ACE2KO

Lung WT ACE2KO WT ACE2KO

K 8 BfAALRIAce2 NI Fili ACE2EE 1 3ik
Fig. 8. ACE2 protein expression in kidney and lung of Ace2 ™™
mice and wild-type mice examined by Western blot analysis.

EEFRIL(E8), R Adce2™ /NRM BRI, 7T
HT 5 8:8h )52 5 .

3 iTig

2000 4, Donoghue %5 ™ M A 7k B AT 0y F7 55
v 8 ¥ cDNA FE 5 % N2 ACE 58— A~ [F] 5 5L A
Ace2, 5 ACE R:[HH5 17 MM FEEMARLL, Hw
T 1A B A2 — N H 805 A JE I ke 22 4 ol 11 i85 B &
HHEE A . Ace2 TERNHI =L R S FO4% B (R4 il 2
HEAEF, e LR A AR S 1 B VA S A
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THHEE TP Tikellis 25 M RF SR, H kM
e I K R 4 o B 7 I /N ACE2 Rk Al
TR AR R, HAE RREE B R M I K R
HHFFLE K R ER L Jid Rk Ace2, HA@ENTFE
O L Ang(1-7) ¥ 2, %K ACE 1 Angll ik, 41
HUR RN, DR R K R A = A S Tl Rg 1
BEAERIE LR, Ace2 ARy — T B 2L 47 [ i 5 X7
REXTHT Angll A5 (1 B 2 Mol IS PR I K A2 o 98
M, KT Ace2 JAFAE B4 F AL oK 56 4 1 B
DAk, A Ace2 il I /N BRBEHY JE4T )5 SR F 70k Y
I E L,

HAT, WF9EHE I Ace2 KO /MR (B6; 129S5-
Ace2™ FMmey 32 g sk Y5 T MMRRC (Mutant Mouse
Regional Resource Centers) """, | Ff] [&] V5 =5 20 %
AREE) Ace2 FEHIHME T 1 #%E Ace2 KO RFR/NR -
CRISPR/Cas9 i RA{E N HEF gwfi T B, FHE T1E5
R RAR BA BAEEE . BRI, SR me
It 55 '™, CRISPR/Cas9 i AR 5 H 3 I 7 5 1)
gRNA, 55 hgs A 50 i L K 41 DNA, T
E X, 2 )5 Cas9 Al XHZXEEHEAT VI E], (H15 1
B DNA X524 (double-strand breaks, DSB). DSB
RIS G A SR AL R, R R
FVR AR E B ATIEE, 1248 A AE WAL 2538
FHNEER KR, (152 R gm AR A5 1] 4 I L =2

AHIF FEE £ /N B Ace2 F IR e SR 4R B 65 1 I
5 3 ANAMEF ORI 18 AN AR T 1E R gRNA
ARFE R BOTHEEAL s, JF A gRNA FI Cas9 mRNA J&
B RN ST R OR RS A 3R] o 2R SRS S R HE ) B
RN, &A= 21 H/NR . XFFRIA CRISPR/Cas9
A5 1 AR [RIIR A v B B AR R AR R bR /N R, B
3 [H] 5 A 3ty 7% 42 DNA 18 5 1 45 B2 R AL R 21,
frblfE— HEibyrd R, B2 —Ryd/ R e
AN g DR B R AT BEAN IR, AT R HE I 22 A B
oL, PRI FRATTE L PCR A2 (TA SEFI0 5 )
(177 AT IR, BRA&SR1F 6 HMIER T 4h &7 3~18
(%133 154 bp) (K FH 1 FO AR w0 @ /N, R L Fo
RMEHEN R Z IAIASBEAR LS . N T WA= R 1R
T RAR e R4 AR T RO R R i, W H 5 R &
(7 A BN BREAT 52, R A P2 AR RS D R AR
JE R T — P EE .

ZALKE FORPIE/NRE WT /NR R, £
PCR FI 7 %5 5 J5 3R 15 3 IR BB A 1) F1 54K
Ace2 BRI . AT IR ATREZ (1) Ace2™™ b
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N TR SESE, Ke BEBH M F1L AN R TR
WT /N ERACHS, 3K13 F2 74K, G B F2 1 A %
Ace2 ™ J & RSB ERY Adce2™ NRAHL, K1 F3
TAR Ace2™ /NE . N T IRAEFTAFI Ace2 ™ i & T
FEPE /N, BR T PCR % @ H AN 4 R I8 /K 741,
TR qQRT-PCR #1 Western blot i#:17 | Ace2 mRNA
AR AR, RO FRATTIE B Ace2 B e ol iR %
i F BT 5 3 ANAMR - SRS 18 MM TAE N
M ERSE A, R N e 62 NMaIEMmRILE, ATl
TERAT Ace2™ /INEUER (A FIAAG A 3% I ) Ace2 —
BN GG B BE R A 392~744 AT KR, T H % E
Ace2™ /NR, Ace2 mRNA FiETH B, BATTEA 1)
1Y) Ace2-RT-QTF1 fii T 4b & F 6. Ace2-RT-QTR1
BEFANE T 7, B Ace2 3 A mRNA £k Kt
55 PR B E M B B . g R EOR, TE
Ace2 ™ /NELHIEME iR R A 2 Ace2 mRNA Al
WEARIE, R dce2™ NRMBEKTY. BT —B
WA PR FR %8 . B0E, HAToRe 7 —EHER
Ace2™ FERFBR/NR, X AIRABFTT Ace2 HIFHL
HIFR AL T RUF AR AL, X Bk S0 B B S
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