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[ Abstract]  Objective To construct a mouse model with mammary tissue-specific modification of the BRCA1,
BRCA2, and CDHI genes using the CRISPR/Cas9 system. Methods Single-stranded RNAs (sgRNAs) targeting the
exons of the mouse BRCA1, BRCA2, and CDH1 genes were designed and synthesized, and the biological function of each
sgRNA was validated in HEPA cells. Three sgRNAs were successively linked to the pX330-spCas9-U6-gRNA coexpression
vector, and the CBh promoter was replaced by the mammary tissue-specific promoter WAP. The obtained final vector was
linearized by the restriction endonuclease Sbifl, after which it was injected into mouse zygotes to generate transgenic mice.
Results A total of 190 zygotes were injected and 130 positive zygotes were implanted into four recipient mice. There were

42 offspring of F, mice, while 11 mice were identified to have modified transgenes; the positive rate of transgenic mice was

[EETE 1T AR AR BRI H (JCYI20140717153620436 ) 5 BRI T 3 K 26 4 B 35 R T RE 5286 % 42 7130 H
[MEHEB ARG (1991—) , & Wi-H8ssd: , £l . B H % . E-mail ; chenxi3 @ genomics. cn
[BEEE]ZH(1981—) B Lo A4, R 5 ) i A 4R . E-mail : liyong3 @ genomics. cn



o [ H A PR 275 2018 4E 8 %5 28 %45 8 ] Chin J Comp Med, August 2018, Vol. 28. No. 8 63

26.19%. A total of 39 F, mice were obtained by F, generation breeding and 9 F, transgenic mice were detected.

Conclusions Transgenic mice were successfully generated by constructing a mammary tissue-specific coexpression vector.
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FEHES 10 SRR IFA BT 1 &% = Ry
5] DNA 1) sgRNA, & BT sgRNA S B AR ik 28728 1
B (FEFEH:95C 10 min; 25°C 30 min) , JE R



64 P P B 2 i 2018 4E 8 HAR 28 4855 8 ] Chin J Comp Med, August 2018, Vol. 28. No. 8
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RN 1: 1), Y 24-well HEPA 2 i I 4 3 ik 5
50%~70% W 47 g BT 5% 44 48 h J5 43 i WS 48 20
Mo HE BRI 2H DNA |, PCR 31 sgRNA )14 05 |-
FUF DNA FBE(AnE 1 A) =82 T7 F2 Atk
KIGHZ T RN VI TREY), 519E 803 1,
RVARRANT

PCR " 34 /& & . 40}l 5 K 40 DNA 0.1 pg,
premix ExTaq 10 pL, . TiEs Y (10 pmol/L) s
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Cas9-U6-B1)
1.3.3  FeFeaksik ity gt
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HE , % A 22 Notl fif Y] J5 11 pX330 ( WAP-Cas9-U6-B1)
B fir 4 K pX330 (WAP-Cas9-U6-BIB2) . ¥ 14
CRR(C1) #{& I U6-CDH1sgRNA FikHE , 1% A £
Notl )5 ) pX330( WAP-Cas9-U6-B1B2) 42 | jifi
1o BRI A2 R P VD i ST 470 48 5 T 20 s 00 Tk
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Table. 1 The primers for sgRNAs and identification of their activity

CIL/ER 7

Primer name

IMFSI(5" ~3")

Primer sequence

BRCAI1-pX330-gF
BRCAI1-pX330-gR

sgRNA J751) BRCA2-CRR-gF
sgRNA sequence BRCA2-CRR-gR
CDH1-CRR-gF

CDHI1-CRR-gR

BRCA1-IDEN-F

BRCA1-IDEN-R

KETIYTSI BRCA2-IDEN-F
Identification primer sequence BRCA2-IDEN-R
CDHI-IDEN-F

CDHI-IDEN-R

CACCGCGGCTTCCCTTTCTCTGAT
AAACATCAGAGAAAGGGAAGCCGC
ACCGTAGGACCGATAAGCCTCAATG
AAAACATTGAGGCTTATCGGTCCTA
ACCGTATGACTGGAGTCCCGGGCGG
AAAACCGCCCGGGACTCCAGTCATA

TGAGACCAGCAGTTTATTG
CTTCCTCCTCAGCCTATT
TCACGAGTTTCTCCGTGTCA
GCTCTGGCTGTCTCGAACTT
CCAGACTCCAAATGTCAGTT
CCACAGAACCCAACAGCAAA

R2 BRI

Table. 2 The primers for vector construction

ElRZE20N

Primer name

SIFH(5" ~3")

Primer sequence

WAP-infusion-F
WAP-infusion-R
BRCA2-infusion-F
BRCA2-infusion-R
CDHI1 -infusion-F
CDHI1 -infusion-R

CAAATGGCTCTAGAGGTACCCTCTAAGTAGAGGGGAAGAAA
CCATGGTGGCACCGGTGGTACCGGTGTCAGGCAAGTG
CAGGCATGCTGGGGAGCAAGGTCGGGCAGGAAGAGGGCCT
CTAGGGGTTCCTGCGGCCGCAAAAAAAGCACCGACTCGGTGCC
TCGGTGCTTTTTTTGCAAGGTCGGGCAGGAAGAGGGCCT
AGGGGTTCCTGCGGCCAAAAAAAGCACCGACTCGGTGCC
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5 -+AATCCTATCAGAGAAAGGGAAGCCGCCCTC-- 3 U6(px330)
pBR322 origin BRCA1-gRNA
BRCA2-IDEN-F —— tail(px330)
BRCA2 ngNA_’ N AMPf
omend— B_RCA IDEN-R
~~~~~~~~~~~~~~~~~~ - wWap
DANE e f1 origin
Target ﬂ" o CDHI-gRNA PX330-WAP-CAS9-gRNA
5 --ATTTAGGACCGATAAGCCTCAATTGGTTT---3" BRC;J;’(C;]?/’\ (breal &28&CDHI11462 bp
gl

CDH1-IDEN-F_ exon3

CDH1 = sgRNA |

-._+— CDH1-IDEN-R

“"PAM Target

<

A

7¥:A:BRCAI .BRCA2 I CDHI
sgRNA \U6-CDH1-sgRNA

B 1 BRCAI .BRCA2 #11 CDHI

-CGTCCGCGCCCGGGACTCCAGTCATAGGG--

ZHED sgRNA K% 5E 5 BETT R B B R IK BRI R B, % WAP

U6(CRR)
bGH PA terminator

cas9

3
B

J& 81 . U6-BRCA2-

ZHEIN sgRNA MR BAR S5 7R K

Note. A :Schematic diagram of sgRNAs in BRCAl \BRCA2 and CDHI gene and the primers for identification. B ; Schematic diagram of the final
carrier structure, Including WAP promoter, U6-BRCA2-sgRNA, U6-CDHI-sgRNA.

Figure.1 Schematic diagram of sgRNAs for BRCA1,
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Kl . PCR %EEF=Wis WAP J5 81 Fl Cas9 FEA
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Trizol HEHA 21 RNA J5 PEAT I 5% 5%, 45 81 eD-
NA F RSB 9 %, 51 i3 3,

GAPDH 5|1 RIS 514, RIBF 4 1 2L

BRCA2, and CDHI genes and the structure of the final carrier

H O R A 5 I8 WAk 3

AR £ B RNA 1 g, Oligo (dT) 1 L,
2X TS Reaction Mix 10 pL, TransScript RT/RI En-
zyme Mix 1 pL,RNase-free Water £p % 20 pL,

J it 3 5 NE A5 A 42°C R 30 min, 85C il #4
5 s UG TransScript RT,

RT-PCR P "3 {& % . cDNA 2 pL, premix ExTaq
5 va FU s BRI (10 wmol/L) 45 0.2 ulL, K

ZRIIKAN 2 10 pL,

RT-PCR i 5544 : (98°C 10 s;60°C 30 s;72°C
20 s) x35cycles,

GAPDH 514 PCR LI 451 I

)i, 2 7 & v 4 X 6 A 2H 4Ly KR K 4
DNA, PCR 75l B3R 304K I sgRNA 1) I HE 15
T DNA B, 4 T7 B p A2 vl ks 2
T7 AR N UIEGE LBEYT, IR IR 4,

PCR ¥ 1A & . L[4 DNA 0. 1 pg, premix Ex-
Taq 10 pL, I RS9 (10 pmol/L) 45 0. 4 ulL, K

ZEIBIKANZE 20 pL,

PCR FZ W 25 14. (98°C 15 s;55%C 30 s;72%C
1 min) x32cycles,

T7 ZEVERR P A T7 BEUIRORAR R L 1. 3.1,
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R3FRDIMERES Y B RS
Table.3 The primers for identifying transgenes and

reverse transcription

B9 4 T IS ~3)
Primer name Primer sequence
WAP-Cas9-F TTTGGAGCTCAGAATTGCCT
WAP-Cas9-R TGTTTCGCCGCTGTCGAA

RT-CAS9-PCR-F AGGCTGACTTGCGGTTGA

RT-CAS9-PCR-R CCGAGTGACAGGGCGATA
GAPDH-F AACTTTGGCATTGTGGAAGG
GAPDH-R ACACATTGGGGGTAGGAACA

R4 JRREREEEET Y

Table.4 The primers for identifying coexpression vector activity

EIE/ BN SIIFFSI(5" ~3")

Primer name Primer sequence
BRCAL1-Iden-F GCAGAAGACCTGGGTTTGAT
BRCAI-Iden-R GCTGGCTGTTGGTTGGAAT
BRCA2-Iden-F CTGAAGACCGCTTTGACATC
BRCA2-Iden-R AGCTGTGGTTCATAACCGTG

CDHI-Iden-F CCGATAGAGGCACATTACCACAT
CDHI-Iden-R CATGTAGAGGTGCATTCGCAG
2 #R

2.1 CRISPR HFHEREEEETER
BRCAI .BRCA2 fil CDHI =3 ) sgRNA 43

S BMA B S  EAT IR B E, 25 R R W] =
sgRNA i’JﬁJﬁIJJ1.Aﬁ1Z|:EP( Kl2), =% CRISPR %
4t 0 g HEPA 40 2547 sgRNA JG PERHIE, 4
IR = 4% sgRNA A1 (K 3) ,T7 MYl s B EI’J
£ 51 —%0 . BRCA1:979 bp =440 bp +539 bp;

BRCA2:408 bp =329 bp +79 bp; CDH1:731 bp =
348 bp +369 bp,
2.2 HRFHEEE

BRCA1sgRNA % A pX330 %2, BRCA2sgRNA
1 U6-CDH1sgRNA #& 4~ & 35 HE #K ¥k 3% A pX330
( WAP-Cas9-U6-B1 ) fiff UJ & 42 Fl pX330 ( WAP-
Cas9-U6-B1B2) W15 42, I sl 2% CBh J3 3+
B WAP Ja sh 1., FEALS BTk pX330 (WAP-
Cas9-U6-B1B2C1 ) 28 SbiT fiff U] % 5 454 K /N IE i
(F4),
2.3 BHERNRHFHESREEFEMAMLEE

A AR T S 04 1 o A A SR R /N BRL, e A
ZAGON 190 M, 4 HAZ KRB Al BN 3L 130 #, e —
= RAFER 42 H RS 11 HOR R
PR, BHPERN 26, 19% ¥ FO AC BHA: B B A 7Y
/NERACHL, 195 39 H R AP R, e b5 8] 9 B
F1 ARHEEEFBHPER (K S) .

TGTGGAAAGGACGAAACACCGCGGCTTCCCTTTCTCTGA TGTTTTAGAGCT

J"”'| | lfl/alul.'\l W Mi il m\wn"

J. ) \n/\ \N\ |

BRCAl-ngNA:TGTGGAAAGGACGAAACACCGCGGCTI'CCCTI'TCTCTGATGTI'TI'AGAGCT

GTTTTAGAGCT

PX330 vector:TGTGGAAAGGACGAAA

TATCTTGTGGAAAGGACGAAACACCGTAGGACCGATALAGCCTCAATGTTTTA:

BRCAZ -sgRNA: TATCTTGTGGAAAGGACGAAACACCGTAGGACCGATAAGCCTCAATGTTTTA

CRR vector:TATCTTGTGGAAAGGACGAAAC

TTTTA

TATCTTGTGGAAAGGACGAAACACCGTATGACTGGAGTCCCGGGCGGTTTTA

CDH1 ngNA TATCT TGTGGAAAGGACGAAACACCGTATGACTGGAGTCCCGGGCGGT TTTA

CRR vector:TATCTTGTGGAAAGGACGAAAC

TTTTA

2 BRCAI .BRCA2 2 CDH1 gRNA i) 35:31F

Figure.2 gRNAs for BRCAT,

BRCA2, and CDHI sequencing
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2.4 Cas9 ERRILEREE

Cas9 FEPR 1Y 2 18 %5 2 45 R /R FHYE B BRCFL IR
U2 DNA 337 ) K/ NIRRT — 3, 4 298 bp, 1
AU by 5 s i B 2k, IR 6, TR,
TATFEAE LI RE BRZLIR B Ik IR SR
U R ARG I B9 5 PR Y 3R 3K 3K — S 5 45 2R R W
WAP J& 3 T4 Cas9 HEPH B 7 W FL I FL AR 20
gk Rk,
2.5 T7EBVIEMEE

PR B B A= 4 BURL AR B LB L R
4141 DNA, 5SS 118, T7 i) 45 5 #3E
B BT IR 45 5 Box CDHI JE R A 55 V)36
HAUHE PR, BRI A2 R A= 5501, T7 BV 5 H 1Y

B3 BRCA1.BRCA2 K CDHI1 gRNA i1 % 5 45 51

Figure. 3 Identification of activity of three gRNAs

BNPM 123 456 789 101112131415161718192021

B N P M 222324252627 28 29 30 31 32 33 34 35 36 37 38 39 4041 42

S 51 —%L.1231 bp =570 bp +661 bp (Kl 7).,
BRCA1 Il BRCA2 Wi~ 3L K T7 BV J5 A 3 3L 5
)G 4t , A ] R A~ JE G BT V) B50R 8041, R
iz U W27 R Al F N

3 it

FLIEE 7 1 5758 FL N © 80 1k B 3k 5 8 4
e o LR 00 % 2R e T SR 22 Rk PR L R AR T G 4
BT ENTRVE R PLE A Bl T 3L R g5 740
I R Al PR 36 T S AT I HE AR

M  SbfI Plasmid

Geit kR

10 kb
7.5kb
5 kb

B4 pX330( WAP-Cas9-U6-B1B2C1)
A3V R A P U1 Tl L) 6 TR 2 2R
Figure.4 Restriction enzyme digestion identification of

pX330 (WAP-Cas9-U6-B1B2C1)

BNPMI123 456 789 101112131415161718192021

B N P M 222324 252627 28 29 30 31 32 33 34 35 3637 38 39

Al

A2

AL FO /B PCR % RE 455 ;M :200 bp marker, 1 ~42:42 H FO /NGRS, Hid 11 HOMFEIE R BEPE R P ks BH X B
N BT IR B 25 AR 5 A2 F1 A0/ PCR 28 5E 4558 ; M ;200 bp marker, 1 ~39:39 H F1 /NEAES:, Hirp 9 HOMHE LR B,
BE5 FIP/N RS E
Note. A1 :PCR analysis of FO mice. M; 200 bp marker. I —42 .42 Samples which include 11 transgenic mice. P; Positive control with

plasmid. N: Negative control with wild mouse. B: blank control with H, O, the same below. A2 ; PCR analysis of F1 mice. M: 200 bp

marker. 1 —39:39 Samples which include 9 transgenic mice.

Figure. 5

Identification of transgenic mice
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Al

B M 1 2 3 4 5 6 7 8
= === = — =

VE:A1:RT-Cas9-PCR 51#1%57E Cas9 RIKXAR B4 11 M
100 bp marker;1 ~6: FAPEEERFLIR B Ik G U5 T2
ZURY cas9 KK ; A2: GAPDH 44558
B 6 Cas9 FEFE TR IHLEEE
Note. A1 :RT-Cas9-PCR to identify Cas9 expression results. B:
Negative control with H,0. M: 100 bp Marker. 1 —6: The cas9
expression of breast tissue, kidney, stomach, brain, fat, liver
in positive mice. A2 ; GAPDH PCR results.
Figure. 6 Identification of Cas9 gene expression

FLR 1 E] i i Jit

Brain Kidney Stomach  Brain Fat Liver
+ W 4+ W + W + W + W + W

#:M:100 bp marker; + : FHPE/NER ;W P A /N,
B7 CDHI 3] T7 BEbis % e 2551
Note. M; 100 bp marker. + ; Positive mice. W: Wild mice.

Figure.7 Results for identifying CDH1 gene T7

enzyme activity

5%~ 10% 1 2L T8 A Ty SR AR OG | 36 H: v e i
UL FL IR 8 5 L [ & BRCAT il BRCA2 , Hok ik
A CDHI P53 .PTEN  STK11/LKB1 %50 #F 58 %
] BRCA1 Al BRCA2 3[R () 28 28 ] DL & 3% 42 i 5L
JiR AR B S 0 AR A, IS 5%~ 10% 1Y
FLARE & T 5L 2009, 1T BRCAL A1 BRCA2 L
FEPR 5 AR AT LA k2 i e M ogg b Pk o SV AFL AR R
RIRFHA 30% 241" . BRCAL Il BRCA2 %K 5
LN DNA $EE A ¢, ETR 548 n] S 3L
SERIARTRE , e E 20 B 34 5, BH 1k 40 B E 31, B
LAF K T MR & CDHL & — 25 20 Mk Bt
AHOG PR 7, 400 1l Fie 3 200 i 1 92 i RN A B8 i TR I
AR SRR /N B R RE AR £
%F BRCA1 ,BRCA2 CDHI1 FIFL 5968 AH 54 1 AF 5T

SR T X S0 5 [R] 58 AR RS2 IR B BOOE 1 | 75 3l i
L LR S 1 11 R 5 A BB AR g X AF 9 ik 6 5 PR A 7L
Mg Ak R B R

CRISPR/ Cas9 FEASE T JLAF PR & 7 i 2 PR 40
PR H R, MBS % R B ( zine finger endonucle-
ase, ZFN) | % 5% 0% B FF %000 90 4% 2 1 ( tran-
scription activator-like effector nuclease, TALEN) —
B AR AT LLSE [) 4 4 20 B AR B SRR AL,
HE M ARA L, CRISPR/ Cas9 HATH# )5 | &5
R, T 22 B T IR g 437 05 SO ST A, CAS9
AR SRS FHAF T, 0T TR 2 R 5
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