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Abstract

BACKGROUND: Currently, the combined use of CRISPR/Cas9 and CRE-LOXP to prepare bromodomain-containing protein 4 (BRD4) gene knockout mice is very
rare.

OBJECTIVE: To construct a BRD4 gene knockout mouse model by using CRISPR/Cas9 technology combined with Cre-loxP technology that can be used to knock
out the BRD4 gene fragment in the mouse genome.

METHODS: According to the exon sequence of BRD4 gene, a gRNA was designed and synthesized. After gRNA was transcribed in vitro, Cas9 mRNA and
plasmid containing loxp site were injected into fertilized oocytes. Cas9 cut the target fragment by recognizing the leading strand of the gRNA, and then loxp
was inserted into the cleavage site. After breeding with Cre, the Cre enzyme cut the loxp site to achieve the final specific deletion effect. The fertilized oocytes
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were transplanted into C57BL/6N recipient female mice to obtain progeny mice. The offspring mice were sequenced to identify their genotypes. The BRD4-
loxP ™" (FO generation) mice with loxp loci being successfully introduced was bred with wild-type C57BL/6N mice, and the stably inherited mice BRD4-loxP ™"
(F1 generation) were selected. Some of the BRD4-loxP " mice interbred with each other and some interbred with CAGGcre-ER™ mice. BRD4-loxP ** mice were
co-expressed with BRD4-loxP™” and CAGGcre-ER™ mice (F2 generation). The F2 generation mice were bred to obtain homozygous BRD4-loxP *and CAGGcre-
ER™ mice. BRD4 gene knockout was induced by intraperitoneal injection of tamoxifen (75 mg/kg, dissolved in corn oil) in 6-8 weeks homozygous mice for 7
consecutive days. DNA was extracted from the tail fragment of the knockout mice using adsorption column method. The expression of BRD4 gene fragment in

mouse tail tissue was detected by agarose gel electrophoresis.

RESULTS AND CONCLUSION: Screening using PCR revealed that mice 7, 8, 9, 10, 12, 14, 16, 19, 20, 21, 25, 42, 43, and 47 of F1 generation were identified

as heterozygous mice that were successfully inserted with two alleles of loxP fragment. The F3 homozygotes bred from F2 generation were induced with
tamoxifen, and PCR gel electrophoresis verified that the BRD4 gene fragment was successfully knocked out in the homozygous mice. We therefore successfully
constructed BRD4 gene knockout mice using CRISPR/Cas9 technology combined with CRE-LOXP technology in this study.
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Table 1 | Primer pair sequences for recombinant mouse gene identification
G/ YO GIE /B S S 5'-3"

1 5B IER 514 (F1) TGG GAG GCC TGC TTG AGA TTA
3' it loxP JE 4 IR 1514 (R1)  GTG GAT TCG GAC CAG TCT GA
2 5' 3t loxP J¥ 41 1 1E [ 514 (F2)  ACG TAA ACG GCC ACA AGT TC
3 B R A B (R2) TTT CTT GGC AAA CAT CTC CTT GAG

2 | 2ERRDREIFERNREE SR F

Table 2 | Primer pairs identified in knockout and wild-type mice

St BRI (5'-3") F UK B A

F1 5'-CTC CTC ACT TTC TGG GAC TAA CA-3' a1 4% 220 bp 15K
R1 5'-GCA TTA TCT ATC TGT AGG CTG TCCT-3'  ¥fA=AY: 1 % 158 bp [15% 7
Cag-M-F  5'-GCT AAC CAT GTT CAT GCC TTC-3' AF1E Cre FE[R BBt

Cag-M-R 5'-AGG CAA ATT TTG GTG TAC GG-3' 1 %% 180 bp [y 5%l

F2 5'-CTG TGT GCC TTC CCT GAT ACT TAC-3' BRDA 5 [H| J BEE b«

R1 5'-GCA TTA TCT ATC TGT AGG CTG TCCT-3' 1 %k 319 bp [¥12%lr

1.4.5 538 PCR %t FEL KA BRDA 7R/ BB L R

i5 B AR BR R FE R4 DNA, 4l F f5 BA 50 uL
R & 347 PCR Y 1S, AL 98 °C, 5min, 481498 °C, 15s,
Bk 55 °C, 15s, #EME 72 °C, 20s, fE¥F 35 k. RBIE(H
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72°C, 5min, [ 16 'C, 2 min. A5 1.5% Bl HEELR
PRE. HVK, HLER 190-220 Vv, HLMKSEHES, HUHBERIE %
HMTTULEE, DNA fELEMRoR AL B 5k, R FH &R L
B RGBS

15 T BILESGAF HNFEFR /N R BRD4-loxP™", CAGGCre-ER™
FHEF AT /INER, C57BL/6N [ RER T 5

1.6 SitFad LESGFFTECEH B REEY G
LR Ao R SPSS 24.0 AW HHAT R Si it S5 00, B
HiHEREEILL x4s £oR, P<0.05 A% R REMEE L.

2 Z58 Results
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oAb BE PR AR ) 47 RE DR A % 5E, 14 W FL AR/ B (BRD4-loxP™)
fTHRR B % 52, 9 HF2 R/ K (BRD4-loxP™". CAGGCre-ER™
e HAbFER R ) A7 R B %5, 6 ML F3 R/ B (BRD4-loxP™"
CAGGCre-ER™) 17 JE [ S 52 . PCR k9B hoR o4, 5206
IR, ARl N R HT

2.2 MEFABEARINEFR MRS Genbank #IE ) BRDA KA
7 %1, R http://crispor.tefor.net/crispor.py Fl https://cctop.
cos.uni-heidelberg.de:8043/ [ ik 7 #1 3 ¥ i gRNA 41, IE
)4 5'-AGT CTC ACC CAT GCG CGT ACA GG-3; Jx [f]if: 5'-GCT
GTC CTA GAG CGC TTT CCA GG-3', % gRNA 5|5, J:PLfitfk
WA, T BRD4 4G T 4. 5 ERUHEAN —BEE loxP
Lo, DL 1.

Mutant allele 1 (Targeted allele)
5

3
F. P2
+3 i 3
3 5 J ]
1
Legends
E Exon <« loxP site - cKO region - Homology arm

El1 | iR EE

Figure 1 | Schematic diagram of target carriers

23 FO. FLAR. P2 o Rsticdik S e 48R FOAU/IMER
PTG SRR E (K 20 FLL RL I FEA ) BTN AE N
B% loxP (1) BRD4-loxP /N EL v 1, 2, 3, 6, 85 /) fi (BRD4-
loxP*), 1554 C57BL/6N /) R EAT AL, 72 1 FL AR/
A% e n R it fE . BT PCR ik 4 H FL AR/ 7,
8, 9, 10, 12, 14, 16, 19, 20, 21, 25, 42, 43 147 5
/B, (BRDA-loxP™) 4236 1 [ 5| M5t 1 #E4T PCR ¥ 3 J5 2 BL
5.3 kb %47, VBN 3" DA loxP i Br&E A7 3 A
RIZRE RN 2 51P0%F 2 33547 PCR 41 J5 231 4.9 kb 2577,
BLHA 5" A ThAd N loxP B Bt BRD4-loxP™ /v L HLAH A2 TiE 1%
5 CAGGCre-ER™ /)N il % 3£ 43 BRD4-loxP™* il BRD4-loxP™",
CAGGCre-ER™ FLLIA /N, SFERI%E (£ 2 J1 F1, R1,
Cag-M-F. Cag-M-R 5| ) /¥ %1 )59, 61, 66 ‘5 /N & F BN
BRD4-loxP"", CAGGCre-ER™; 58. 60. 64 5 /I i Ji& [K Y %y
BRD4-loxP™*, L& 2-4.
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Figure 2 | Electrophoresis diagram of gene identification of FO generation
mice
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Figure 3 | Electrophoresis diagram of gene identification of F1 generation
mice
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[H71 -} BRD4-loxP”", CAGGCre-ER™. M g Marker, MT Jg4: %Y

4 | P2 R/DREFELEHKE

Figure 4 | Electrophoresis diagram of gene identification of F2 generation
mice
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Figure 5 | Electrophoretic
map of gene identification
in knockout mice
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3 i Discussion

B VRATE S # S il i CRISPR/Cas9 7 AKs C57BL/6N /)N ]
SZAE UFH ) BRDA JE K] 4, 5 5 A1 81 N IR A R 4l
N 2 A A W 1) loxP Jo i, J8Id PCR %5 5E FO AT F1 A/ B
SRIG AT P BN A0, 7= S R R R R S5 4K, BV BRDA4-
loxP™" /INER, K e & b 2 B A2 RN B b DL b R A
CAGGCre-ER™ Bl A4 & 31k Cre [l [F)/NR, 7F 5 BRD4-loxP™
Bl 452 J5 BI A 7= 4 BRD4-loxP™", CAGGCre-ER™ JLIA/NER,
Cre [ 2 T MR, ZEEA NN BZ, HEEAINEE. 6-8
JE B FH E B R R B 25 (tamoxifen) 15, Cre BAE H
GRS KRR N3N, R0 75 £ DNA L)
loxP 7 5 3 & AE B2 P9, NTTKE 2 A loxP A7 5 2 [ f) BRDA
FH 4, 5 5B T Y. &3 N%%, 46, 51, 55, 62,
63, 655/ Cre 2:[F Bt RIARHYE, H BRDA R FEC
iR, IR MEERIL, Toi M BB AW A i L A7) 35 5 B
A C57BL/6N /N ER TG I 2Z . IS A A R Tk — 2B
pag= e

WEZERNKERREL, ENNRE S HRF T
HOHE, M PH AR X HLAE AR A Th B i — 2B R A 7, fEid
WL 4FEF, Cre-loxP AR S ERHEF BT RAMLE S,
O T e X P AR RTEER P, A, AR TEAT
AR 52 BN R st 6 A [ 40 0 0 6 32 A 7 45 A 1 2 DR, IR A
SR s T AR 2% [ T 4% P R DR 3R o 3K e R PRI A 1) 32 205 5 55
B REESF, B Cre RRAFNIMEB R Ak (Cre-ER™) Bl & 2
HARAEM R A, 4§ Cre g 40 i it ik N A%, R 501E
DNA _E ) loxP {7 5 3 VI BR H B3 K 2. S5 A0 JLER FE 1)
CRISPR/Cas9 A, ] LR bR i 5 DA i, A7 38 e A5 0 FEE v
UG WA . R ERE] . S ERE S P X PIIHAR )
KT REFN 2 DR CBCR LT BT A = 0 70 AT 2 R 4T 4
S EET A,

BT Cre-loxP 5 4 37 1) J DR R B /)y BROBR AR o 1 FL 22
HE DR 58 A R R R Bt Bt AR T BB o BRI 5 BT P
A /N RS R AR B 5 251 5 J5 R BN BRDA [k fs, —
MAERCE LS 5T, DRt/ BRAETE 2645 DLOR IR . %o 5k DRI R ok
B A S5 BRUiEAT BRDA R IAAG I, & Ik [A] R o4k B (1) BRD4
FKIEEFMTE RN, KA SZ T 78 BRDA H R 178 B
MR, ATk — 0 B T A DGRBS L S 2T 9T

BRD4 /2 Y5 [X 25 ¥4 3 300 &0 AR i £ 1 SRR IR R 0, i 0
0T VR S R R A WA h R E B, R AR R E
ST B phAh, fEO M 4TEK, BRDA £ 4 7E B
ik 516 RERRE AL Bz o 3 ZE 38 () o il R vh R AT S R B 9
H BRD4 & [k ] 51 ROV RE AT M T R, 4T
ok B LR BY. BRDA I 2 it I T4 A g 18 A AE 40 e %
BTN P, BT BRDA TREATEN, WFCE RBILE
AR J B B R M % S v A % 4 B B Y PO, REN 2% B
3 I, BRDA I (2 #H A% K 1 kB 15 5 UE A S LA
KT kB p65( #iZ L 310) 456, 5 KA T 1774,

W IRFER 7 o E4EMA 2 6 AT 4o/ 3= 1, Rk
2R I AN IS AL . GUO 25 ¥ 2225 0 B 1-BET151 A3 i
#L[a) BRDA A1 1) RANKL 155 5388 5 410 i s B 400 At 702 R 46
2 PR R ) 3

B2, BRD4A 5 A\ AA &g 1 8 KRB A R K0 7L 2
), g —FhAS 2 (1) BRDA FE R i/ AR B2 JE 5 A5 2 L
(o BEVKATE 7R CRISPR/Cas9 4 A fa s ) 35 ok I DNA
7 HIFAE N loxP 437 5, FIFH Cre-loxP R4t 56 M DI BR 1A s
PR/ R RS (RS 2 o BT AL [¥) BRDA B[R fi e /N BRUBS Y
Y B 95 3 SN LW T % BRDA 7E - A S0 vh AR
B 3SR T NATIXT BRDA SE K DhREREATHE MR FCIBE D, B
T ik — 25 5 2 M ST 1) R AL o

TEETE: AR A S VR AB Il E LR, Sk AL S
B, AT REAERATONT . RIBASH, B FAL,

FIFMIR: LFaaifd F0, ERAMRALFHGTET R
BB R,

MR EE L X AT Ak b 3 A E T UE AR g ik .

FFHRERAERR: X2 — B AR T, ARIE (Foif k24T 1)
“E 4 - AW ALMAR R - AR KEF 4.0 3k, ESMINGFALT,
AR B bk B 69 T RN B omds, ARy K, R AT
TR P RE. TR BN, i, 4700, k. BB Z LMK, T4
25 RG], ARSI 0 NSRRI T AT AR IR,

HIRME: ZXFREETTEREFHINAEER S (FARR
FIEiRE e BT RES L ANEFIL) . LFhRITT LS
AR B G L ARAT I B AT 3R EE . XFZDRATING £ RRXEF I,
BT IFBUAA X ES SR LA TE 8.
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