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Construction of miR-223 full-sequence-knockout mice with dual sgRNAs

ZHAO Xuan'?, WANG Xiaoya'?, LIU Li'", LIU Peijuan', XIN Zhiqian', SHI Changhong' , ZHANG Caigin',
BAI Bing', HUANG Yong** , ZHANG Hai'*
(1. Laboratory Animal Center, Air Force Medical University, Xi’an 710032, China. 2. College of Veterinary Medicine,
Northwest A&F University, Yangling 712100. 3. School of Life Sciences, Northwestern Polytechnical University, Xi’ an 710068)

[ Abstract]  Objective To construct miR-223 full-sequence-knockout mice with dual sgRNAs. Methods Dual
sgRNAs were designed and transcribed in vitro, then microinjected into zygotes of C57BL/6 mice with Cas9 mRNA. After the
mice were born, genomic DNA was subjected to PCR and sequenced to identify their genotypes. In addition, total RNA was
extracted from the livers of mice, and expression of miR-223 in the liver tissues was analyzed by real-time PCR. Results
Dual miR-223 sgRNAs were designed and transcribed in vitro. After purification, mouse zygotes were microinjected to obtain
miR-223 mutant mice. Sequencing result revealed that the mutant mice had three genotypes: one with a 6-bp deletion that did
not affect the miR-223 sequence, and two with 162-bp and 168-bp deletions, respectively, resultsing in full-sequence-deletion
of miR-223. Compared with wild-type mice, miR-223 expression was barely detected in liver tissues of the two full-deletion
mice. Conclusions miR-223 full-sequence-knockout mice are successfully generated using dual sgRNAs.

[ Keywords] Dual sgRNAs; CRISPR/Cas9; miR-223; gene-knockout mice
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miR-223 JENL T X Jefafhk q12, ik Kh 110 4~
RAFRR (nt) , AN TRTARZESIAZERING 3 4, KN
22 nt'", miR-223 YERER & T A B, Lk 1 R
GekErE microRNA 43, 550040 B (1 53 fb A3 B 2 ¢
2, [l miR-223 L ATHIHIZT 4 e #FoE R
JHFEE AT LR Y miR-223 AYFRIAPIANE]  (H miR-223 7£
PR EAE ST EL 2 2 55 ot 5 DXk LR R A % )y 3
FEP R R IER O IR A 4 miR-223 ik
(R VR-S i & AR AR R BUR A T oo 2
miR-223 A # 5] T ATG16L1 43 T4kl [ mee i {1k
X R G RAEM R A

R B% 7 8] B e 8] SC E & ¥ %1 ( clustered
regularly short  palindromic

interspaced repeats,

CRISPR) /2 21 T HRAHT A AR W8 TR AR 7y 516 4 B 328 B 10
Bl , CRISPR 1Y %% 5% 77 ¥ ctRNA F tracrRNA 5
Cas9 FH A ME AW, 5% Cas9 FEHF7E T4 PAM
X [ 3~4 bp %F H A DNA FEA7TH1E], M 35 2 4
PEBHAN A H ), 7E LA b 58 E K orRNA Al
tractRNA #2455 T )8 W b J5 (8 1Y short guild RNA
(sgRNA) , ML FI ] Cas9 Fll sgRNA 1] X #8 5E PR
THIR R K BN E R RGO ALY
T s R PR i o B R R, AT T FH T 3R T
REFI B shi AU E 5%, (H X R )7 vk H RE 7E
I DX 3 A R B ) B2k A A 28728 (indel 28748
A HLFSY miR-223 RO TIRE, ARBESY, MR 4 A
sgRNAs( dual sgRNAs) FJBETT IR BE , 7F miR-223 751
F WA T — 4% sgRNA, 7E C57BL/6 /)N 52
A BR miR-223 43— Hil A R B X P A A T
miR-223 P 58 4 2% (1 L P TR /N B, o8 i DA A
H— soRNA HAET|HE indel 2378 4 e | 35X M HF 5%
miR-223 7 REse it T R4F T A

1 #efrE

1.1 W

SPF 2 4~6 JEi# C57BL/6 MEFL 30 2 1A 15~18
g, A RS s Y rh 4R [ SCXK (BR) 2014
-002], 6~8 JElik% ICR MEFR 20 HIt H T 4im Fl 4
NI SCXK () 2014-002] , /N4 1R 35 T 5 B 158 i
[SYXK (k) 2014 -001 ], zh¥{di FH (% 18 2 5% 5
(20171207 , 7ESE50 L AR 24 5400 3R J50]
1.2 FEKH

RNA RSN R £ (cat: AM1354) Fi4lifkid
& (cat: AM1908) ¥4ty H F Thermo Fisher 2\ &),

DNA BERE IR £ (cat: DP214-02) F1i RNA 42
BUH & (cat: DP419) W H RAR A Wy B4 A BR A
A], PCR Mix (cat: TSE101) H1 2R Y HARA R
ANwERAE, N EEZH DNA #2825 (cat: DE-
05213) I 7 1% 45 5% 2B W BH A BR A Wl Cas9
mRNA (cat: Cas9-102) F1 Cas9-NLS (cat: M0646T)
FEA I A E R RHE YR A R F Fi NEB
W], pX330 FURL AR U R
1.3 LWAHE
1.3.1 XWEE sgRNAs ¥ iHngs ¢

3K /NE miR-223 4> FRTAR LA LR EAS
200 bp ¥ FHL A http://cripr. mit. edu F 3l ¥ 17 43
B AR S BT 85 R A b NI S TR A 1 SRR
B 20 bp ZEZATIRVE R sgRNA $E 10 751, L i
seRNA 314 mir223-TS1( FRIZE A sgRNA #1 i) ¢
%] ). tTAATACGACTCACTATAggCATGCTGGAAGA
TGTGCAACGTTTTAGAGCTAGAAATAGC; T 1l sgRNA
FEAI R mir223-TS2 (T R K sgRNA # [ J§ 1))
{TAATACGACTCACTATAgeTATGTGCTCTGTCCTGGA
CCGTTTTAGAGC TAGAAATAGC, sgRNA JZ [i] 5]
JF%5°4 : AGCACCGACTCGGTGCCACT,  FiRJF51 i
LRVEYHAA RA FE UG, UL pX330 At
1T PCR &34, 434 7= Wy 4lifk 5 LA MEGAshortscript™
T7 5 sl ) G AR Oh e 5t e s ) slifb s o =,
-80°C A,
1.3.2  sgRNA &SN EIRCR

BUOEHE /N EREAZ, AT S 65°CAEH
30 min $EBU/NFIERZH DNA | BRSO FE $e 3 571
BV T, LIS DNA WAHR , 1850 miR223-
seq-F: GGCCACCAGAATCTCCAGAC, miR223-seq-R;
GCAGTCCATGGCATTTTCACA |-, F % 5 ¥y #t 17
PCR 4 34 iKW DNA, 4lifb )5, 500 ng (19K
DNA H43 5141 A mir223-TS1 , mir223-TS2 sgRNA #%
SEPEHIRN Cas9-NLS 2 14, 37°C AEH 30 min, B
MARZR I 1, ARG A E A 20 mg/mL £ [ i
K 1 pL,37°CHER] 15 min, 1%35 5 WEEE RS LUK 55 5E .
1.3.3 S g9 K s2 K5 U0 At i A A

4~6 JEIE B METE CSTBL/6 /)N BRHE BCHE ORI I
EZREINML, Cas9 Fll sgRNA ¥4 % P=W)F% 2 : 11
BIR G TR e i 2R BE 5 100 ng/pL (9 Cas9
50 ng/pL 4 sgRNA ¥ L3& RNA IR AW 4532
K5 OR AN R o T RS 9 A2 RS IR 41 B 37°C 15 5%
24 h JE A RN B TCR B KU 904 a7 e 36
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R 1 sgRNA (KM EIECR A

Table 1 sgRNA in vitro cleavage efficiency assay

JIMAR4Y Added components SN % Reaction system

10x Cas9 nuclease reaction buffer 2 nL
sgRNA (100 ng/pL) 2 wL

Cas9 NLS (1 mol/L) 2 uL

ER A7/ 12 L

JIE#H DNA (500 ng) 2 ul

1.3.4  mBR/INBRURE R A M

Bk A 1 A RN RS IR kBRI
/NEREEKIZH DNA . /N EREERIZH DNA & 2 f5 , B 100
ng DNA 1B AR, L miR223-seq-F il miR223-seq-
R N b FiFEs ¥ T PCR )W, PCR W 544K
98°C A 3 min,98°C 10 s, 60°C 10 5,72°C 20 s,
72°C 3 min, 3t 30 MEH, PCR W4 1% T 5 b
HERE FRL UK %5 0 TE 0 I 3% R A W B AR A R 2 ) D
45 3 LA SnapGene #AFHEFT 40T,
1.3.5 Real time PCR %5 miR-223 7£ mi B/ B A
LESN

FUURE I F VR AR BE /I R, RO IEZH 215 3% 5 4 B
& RNA, RNA $E B0 % SClikilb 47 o 43 Sl sr
miR-233-3p .miR-223-5p J #f X} Jii () RNU6B P £
Real time PCR A& & &, 3 H 2 R 2722
. B3 M Real time PCR 5#140%% 2 Fis

2 #R

2.1 ME sgRNAs #3%

R XU sgRNAs HIBETTRME 4 miR-223 Rij{A
FEA RS 200 bp ¥ 81 438 I 2E L E3E 50 bp
T 30 bp Ab 475 B — SR PR E, BB AR Y
sgRNA (TSI .,TS2) , HIH SR BEFTHE FKE miR-223 2534
X5 91 56 4 I B, A2 46 H 5P A 3P B (JF] 1A)
4351 miR223-TS1 ., miR223-TS2 Fil sgRNA J% [f] 5]
YT PCR 4744, 4R15 P 45 K/NZA2H 120 bp 199
B4y G e A IS 7 17 3 8 A R T 3T

PRGN S SN, B 57 72 W 28 1% S R W 58 I H Tk 2
BT RN 120 bp (B 1B) 224G A
J&i 0D260/280=1.81,0D260/230=2.3, 1&4#MJ] %]
SEHFE W] miR223-TS1 , miR223-TS2sgRNA % 3 72 ¥y
HABSERTEE, \TF Cas9 B XL ] FE 81 A T
YIFI(E 1C)
2.2 miR-223 FEBR/NRERBLERE

B AR 1 B A A FO AR E R IR A4, $R L
K14 DNA J5#E17 PCR RN G & 3R, #3 S5 F#15 =

ANERDTHE P AR, — Rl 5 B AR TN ROR /N —
B, — AW RN T EPAE BN TT#9 5 MI#11 5

ANEUR YT B N T AR RN R PR — 4 (TR 2
A) R#3 5 #9 5 #11 S HI#15 5/ EAT BEAE R
] XS A A 5878 . PCR =4 F J& & 3043 5 Fl#15
SN RAESET TS1 XEE 6 bp AYHR , R XT miR-
223 FRAI = AR, T #9 S f# 1L S /NRUAE TST X
JE & T 162 bp Fl 168 bp Y4l 4 i 2k 28 75
(E 2B), 53 miR-223 A 14 F1 A% 24 X 510 i B
2.3 miR-223 FERIBR/NBRIE R RIE

#9 SAI#11 SNSRI RNA J5 LA miR-
223-5P #1 3P ¥E RS Y47 Real time PCR J5 &
W, 5 AERAR L, RN RFA 80T LT A Re
MF] miR-223 AT (] 3) , 454 /N BRI 4L
gL REH9 S HI#11 S AU ST R AR miR-223 Kt
P, 1 H S8 miR-223 ik 5e i,
3 it

## CRISPR/ Cas9 5 [H g 48 R 4t H 5 78 51 7]
X IR BETT—Z% sgRNA RV AT S0 PR T $E SRR AR
/NFBERY indel 2878 A T 530 H Y 3 R A AE
O | DT S 503 PR 2R AR 1 3, EL Sy ik i
() indel 2878 i Bt — M R 23 100 bp' ', X ™ &
FHAF CRSIPR/Cas9 $ A 91 . miRNA J&—25H
PR R 45 B AR SRS B5E RNA 701, S 5 5L %

R2 ¥ real-time PCR 5%

Table 2 Primers for reverse transcription and real-time PCR

5|#) 4 FR Primer name

541731 Primer sequence

miR223-5p RT primer
miR223-5p FW
miR223-3p RT primer
miR223-3p FW
Reverse prime
RNU6B RT primer
RNU6B FW

GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACcaactea

cggcCGTGTATTTGACAAGCT

GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACtggggt

CTGTGTCAGTTTGTCAAAT
GTGCAGGGTCCGAGGT

GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAA Caaaaatat
TTCCTCCGCAAGGATGACACGC
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HEE: 400 200 -
g & R 300
g g) § o 100 w——
? g 200
tt tett t t t 3
ccag gc:aca c cca:gca g”” 7ccagg ?caggacaga?caca a”” 100 7 s M. DL1000 marker; 1. K% DNA ;2. i
ggtcas%:gtgtagaaggtcgtac ggtcca};gtcctgtctcgtgtat

) DNA+Cas9-NLS; 3. K4 DNA+Cas9-NLS

WM mirzz5Ts1
PAN B + miR223-TS1; 4. JiK#) DNA + Cas9-NLS +

- - T 1B 1%35 e lisE I i Tk 4 iR223.TS2

1A XX RNAs %7 > e

e e sgRNAs #2741 1C sgRNA RSN BIIR A
g ragram of the dual sg s Figure 1B  Identification of the sgRNAs Note. M DL1000 marker. 1. Substrate DNA

transcripts by 1% agarose gel electrophoresis 5. g 1 cirale DNA + Cas9-NIS. 3. Substrate
DNA + Cas9-NLS + miR223-TS1. 4; Substrate
DNA + Cas9-NLS + miR223-TS2.
Figure 1C sgRNA in vitro cleavage
efficiency assay

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 wt

13 :M:DL1000 marker;1~20: /)N B4 5 ;wt: BFAE RN
B 24 1% BRI HL Uk S /) B AR PR Y
Note. M;DL1000 marker. 1~20; Serial numbers of the mice. wt: wild type mice.
Figure 2A  Identification of mouse genotypes by 1% agarose gel electrophoresis
#9°5 /] B P 4 5
sequencing results of the #9 mouse

cTTTZ CTCA G6TTCCAGGACAGAGT CACATAGTCTCT 6 C

wt: ctttccagttgcacatcttccageatg ---//---(118 bp) tgtggctcatgectatcagetccaggtecaggacaga

#9: ctttccagtt: ccaggacaga (A162)
#LLS /N B AP 2 R
Sequencing results of the #11 mouse

T CTCTTT CCAGS G ACAGAGCACATASG T 6 ¢ T G

Ml

wt: ctttccagttgcacatcttccageatg ---/---(118 bp) tgtggctcatgectatcagetccaggtecaggacaga
#11: ctetttccag: gacaga (A168)

B 2B #9 Al#11 S/ FL AR X e 45 31

Figure 2B  Sequencing results of the mutation regions of #9 and #11 mice
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Figure 3A  Expression of miR-223-5P
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Figure 3B Expression of miR-223-3P
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pri-miRNA | K K224 300 ~ 1000 nt, pri-miRNA 22
H—IN )5, WA pre-miRNA El microRNA HijfA,
KK LR 70 ~90 nt;pre-miRNA F5-2835 Dicer [ i
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WEoErh  BF 98 N B it — 4% sgRNA, FI ] CRISPR/
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55 miR-29b1 FE PR R 56 4 MR AT G, 5% BA A A4 R A
BARTERTAT B OR B3 S5 A AR W27 1 P DT 52 1)
Pk miR-29b1 FER 5 DI Ry & 4%, ILTE miR 43 F
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5 sgRNA A[], WEE sgRNAs J2& 7E #l ] [X.
RS T — 2% sgRNA, 75 X H sgRNAs F 5]
5T, Cas9 7E M 2% sgRNA Z [l 5t 474 H )
F AR sgRNAs [ 25 1% 32 3 M i 52 30 A [] 4
JE R By iR . EASFFE T R FHAUE sgRNAs (15K
W&, 7E miR-223 MURTIARIEE I R iipb &t T — 5%

sgRNA , miR-223 ¢ 7 W sgRNAs 5 Cas9 mRNA
L) A S, B miR-223 35 DAL R A A 3 A
RS2 B, #F B B X 38 B 162 bp 1 168 bp ikt
g, BEAMBEHLIEHL 20 4> sgRNAs #1551 5 75 i
HUA 5, PCR 3738 J5 DU P 445 SR 3R W R & AR I R AL
I, PRIEAUE sgRNAs Je— i 7] 6 | A 2 52 BRAS K
BRI G AR (0 5 5, T3 98 miR-223 )y fig 4
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