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Construction and validation of sheep VASA gene knock-in
vector based on CRISPR/Cas9 system
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Abstract: This study aimed to explore the expression changes of VASA gene in sheep testis
development and to construct VASA gene knock-in vector to prepare for the study on the differentiation
of sheep germ cells in vitro. The testicular tissues of 3-month-old (3M) and 9-month-old (9M) sheep
which represent immature and mature stages, respectively, were collected. The differential expression of
VASA gene was analyzed by quantitative real-time PCR (qPCR) and Western blotting, and the location
of VASA gene was detected by immunohistochemistry. The sgRNA targeting the VASA gene was
designed and homologous recombination vectors were constructed by PCR. Subsequently, plasmids
were transferred into sheep ear fibroblasts. The VASA gene was activated in combination with
CRISPR/dCas9 technology to further verify the efficiency of the vector. The results showed that the
expression level of VASA gene increased significantly with the development of sheep testis (P<0.01),
and was mainly located in spermatocytes and round spermatids. The knock-in vector of VASA gene was
constructed by CRISPR/Cas9 system, and the Cas9-gRNA vector and pEGFP-PGK puro-VASA vector
were transfected into ear fibroblasts. After CRISPR/dCas9 system was activated, ear fibroblasts
successfully expressed VASA gene. The results suggest that VASA gene plays a potential function in
sheep testicular development and spermatogenesis, and the VASA gene knock-in vector can be
constructed in vitro through the CRISPR/Cas9 system. Our results provided effective research tools for
further research of germ cell development and differentiation.
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FELRCHEME AT R B h R AT REM, Hl, 2%
T VASA BEATE R & U R A v AR B R Y
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CRISPR/Cas9 R 44 1% Cas9 £ [ HI[1] 5 RNA
(guide RNA, gRNA), Hi Cas9 % [k 4% DNA X5k
DIRIME], oRNAGE [ S PUIEN, DNA XK
Z4(double strand breaks, DSB)/5#H [ AE [ 1&
% (homology directed repair, HDR) . ff[F]H/ ™ FHY
R it 1% $% (microhomology- mediated end joining,
MMEY) . 5 F [] J5 47 5 79 2K ¥ 1% £ (homology-
mediated end joining, HMEN AR [F]IF A viidE 4 5
#(non-homologous end joining, NHEJ)#1 7 H F1&
i, e AR R 2848 L i R B
R, SRR TP, CRISPR/Cas9
FE G EOR BB m e . RO AR AN EL
ARMEFEMAE LA, BTG . 588
FhasEmrse 4, CRISPR/Cas9 #iA R S8 AT LA 4
5 DNA A0 A HFRIERIZA 1, fe o ) 5L A
(IIRERAE, RFIgEIER AR B ™, B,
BT CRISPR/Cas9 FEN B AL E LM 2
ANTEER 14 it A 2T 2R RN BRI 41

VASA BEE A FEAR AR ICH), AHFFHN A
e ANl A TEE S G N TR T BU RS A E =
INAAT SR ALZH S VASA JE R b B T4
R, HE VASA JERXT A SN A& B HATTELIRE ;

&: 010-64807509

HJHLF CRISPR/Cas9 F 45, ##H pEGFP-PGK
puro-VASA it AJSkz, FIA] CRISPR/Cas9 HoAR
—HIIEREARCR, RIS VASA JERI A
B, HBFIE VASA JERITELR F AR AN A S MA
IR B R E L 2 S

1 HE5x=

1.1 RIEMR

#4353 H % (3-month-old, 3M)FI 9 H##
(9-month-old, IM)EEALLH LR A L7504 Z& M T
A RRA A, BrEREN SIS, 1
FHAERRER K Ve S, S IUD Bl R H R R
IR ARG S E-80 °CukAE, T
—25 RNA $2BURIE 4 B 1 om® 52004141
T 4% B PR THL EE, T8 R
M H L= . AR i e K i sh ik
B 7 R AW AR R A B AR A A B2 51 2%
HEMECHHES . SYXK(7)2022-0031).
1.2 %AZ1 RNA BN EE PCR

B2y 100 g SEALAL FAHLEEH, A
1 mL Trizol (Invitrogen)if1 75, FRZHL 75
B e, MRS Trizol 42U A3 $2HLA 4
RNA, IR0 g o v 488 Lk D LR B A PR A
] (Vazyme) % sk Ul B #E17T cDNA Gl
FH NCBIH FE 5 VASAZE K 5 [ #1(F 1), I
A R YR G BRA WG o AR A 4
SYBR qPCR %8 it PR iF e BHEA 79 e e 1
S5, HpRMAEZRME: SYBR qPCR Master
Mix 10 pL. & FRIE7 14(10 pmol/L)4% 0.6 pL .
cDNA 1 pg il Nuclease-free water #h 78 2 20 ulL.
&R . 50 °C, 2 min; 95 °CTASPE
10 min; #IK 95°C 155, 60°C30s, 72°C30s,
40 MER; BJ5 72 °CIEH 10 min, 25555 E
1 27, L ACTB R R P S 5L H 3L
FER A A E AT
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1.3 Western blotting 534

BRSBTS, IS 1% H 3
fi#k ik % (phenylmethylsulfonyl fluoride, PMSF)
RIPA ZHAIRIHA TR IR, K BCA BEAWKE
R & CE = R TR BRI E , 7E 72 °C
AT 1AM 10 min J5, 7 200 V FLERAF T
AT FTHLYK 40 min, SRS 7EMEE 290 mA 504 T i
17 90 min, iR EN 2R WA L I(poly vinylidene
fluoride, PVDF)I§, 5%E0 5 BIMRCE T 5% /IR0
WA P TEE 2 h, FPUAR RO VASA St
HHTIR(Affinity)#% 1:500 HeBIRRS X H i 455
4 °CiI MR, JH TBST MBS 3 Ik, Ik
5 min J5 , AT P E 2 h, I E SR 50T TBST
Ve, B R E RGN 2 55 (Bio-Rad) H 1 T
A8, Image J #PFHHK .
1.4 GREHAKE

K RAEME AL HEZ R BERE, RIkg

*1 XHAAERESIFS

TR RREE K . HORIE RN IS SS, 418!
PEAT AL, A S 2] R LR Y
WK 6 um BAHLY R, LT dgUbing .
BREUMES , SRR AT & (Boster)iji
BHEA 09, B VASA SERIHTIA (affinity ) (i F 2]
BT 1100 F5RE, 4 CilpiE AL IR,
RGP LR 1gG (HHL)# T —HieE .
1 h JEHBARRR, THMIEE R, IR
B N WAR ZUB S YL RGO
1.5 gRNA EitR&E K

HLAR NCBI S04 22 h 45 2 VASA L [H 53 {5
B, HX 24 SANEFIRIFS], 7E gRNA FEZM
vl (http://crispr.mit.edu/) % 71 #& [1] VASA
gRNA JFHI(% 2), —BRHALBEHRAMN
Cas9 Fil gRNA R IRHFIK pX330, 7E gRNA J§
SN L Bbs T Zh A, 28 i g ot R A
BARABRA A o

Table 1 Primer sequences used in this study

Primer name Primer sequence (5'—3’) Product length (bp) GenBank accession No.
ACTB-F CGCAAGTACTCCGTGTGGAT 146 NM_001009784.3
ACTB-R TAACGCAGCTAACAGTCCGC

VASA-F AGTGCCCTGTTCTTGTTGCT 131 XM _042233781.1
VASA-R ACGACCAGTACGCCCAATTC

#+ 2 VASA E[F gRNA 5l
Table 2 gRNA sequences of VASA gene

Primer name
VASA-gRNA1-F

Sequence (5'—3’)

tttcttggctttatatatcttgtggaaaggacgaaacaccG
AACTGTACCACAAACTTGC
VASA-gRNA1-R tcaacttgctatgetgtttccageatagetctgaaacGC
AAGTTTGTGGTACAGTTC
tttettggctttatatatcttgtggaaaggacGAAAAC
AACCTGCAAGTTTG
VASA-gRNA3-R tcaacttgctatgetgtttccageatagetctgaaacCA
AACTTGCAGGTTGTTTTC
tttcttggctttatatatcttgtggaaaggacgaaacaccG
ACTCATCATCTACTGGATT
VASA-gRNA4-R tcaacttgctatgetgtttccageatagetctgaaacAAT
CCAGTAGATGATGAGTC
The lower and upper case letters in the table represent the
sticky terminal sequences and the gRNA sequences of VASA
gene, respectively.

VASA-gRNA3-F

VASA-gRNA4-F
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1.6 Cas9-gRNA FTik#iFHiE

WL =e /LB, BE 4 mm
gRNA SI¥HE IR K, B T4 ZRA%TFF PRI
(T4 polynucleotide kinase, T4 PNK)4ZtFH gRNA, Jf
#47 PCR L (JBAR R I3 3), 37 °C 30 min,
95 °C 5 min, LA 5 °C/min i# M 95 °CiB k&
25 °C, 4 °CLRAEFE L o 1R K5 BYFE S 1 T R
FERAR A pX330 Fikr( MR R L% 4), AP
37 °C 5 min, 21 °C 5 min, 6 MEH., fEH
it D) 12 432 S5 N 7 ) K 5 #F 1 (Escherichia coli)
DH5a 852 S 4L 1:10 Fo 1R & 361 7 Bk 5%
AP 5
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1.7 F4HF %I EGFP-PGK puro-VASA B#4
R IIE

A VASA JEH PSSR, TE 24 SHME T
e 2 A-aiTE by 51 4B 3 ¥ (protospacer
adjacent motif, PAM){V i, &1t 5'F0 3'[a] i 51
Yy, ZHEE RN T PCR 47317, Bl
94 °CHiAEM: 5 min; 94 °C 30s, 59 °CiEk 30s,
72 °CHEAH 1 min, 3£ 35 MG e 72 °CLEA
7 min, ¥ GBS A BN SRR B, I
#4: % pMDI9-T 2k, 1% pMD-5&3HA Hiji]
#H AR ; LI TV-hPITX3-Reverse (Addgene) A #&
M, R R LS UL R P2A-EGFP-F
F1 Xhol-loxp-puro-R 5|#14 1% P2A (J5)-EGFP-
LoxP-PGK-Puro-LoxP, #&J& BUH 4748 (1) 7= 4 #
B 10 155 1 pL fE N A Nhel-P2A-F Fil
Xhol-loxp-puro-R 594§ P2A-EGFP-LoxP-PGK-
Puro-LoxP, #47 PCR F=#ylaliit, f#FH Nhe I
Xho I AFY] pMD-5&3HA #1 P2A-EGFP-LoxP-
PGK-Puro-LoxP PCR [EIit;=4), [l =4
JEil T4 DNA #HEEH:, SR HM" Y
pVASA-EGFP-LoxP-PGK-Puro-LoxP ( B E 4
EGFP-PGK puro-VASA JFH0) M KIS ULE 1 Al
P2, mbah, AR SR 3 AR R A B 5 1
Fl EGFP-LoxP-PGK-Puro-LoxP Fi B{AH &5 [#) 1L
5, FRIRIWEE e P adE A T I FL KRS
1.8 RFEERTHEMPAtEFT RESR

o ) 92 365 17 40 4 2 1 408 2 R AT 4 41 i
PEA TG e sz ut o W 20 B 3% 2N LA FR 1L,
FHE 10%64F IML75 A1 1% BTAY DMEM K 553
FE 37 °CHI 5% CO, 8 FRFa AT 3%, A&
JE IR 95% 22 A7 E AT AR A, fF Al M B Gk
70%—80%7%: 47, ¥ Lipofectamine™3000 iz
(Invitrogen) Ut PR 2 A EE Y Cas9-gRNA J5u ki il
pEGFP-PGK puro-VASA ity LR sEf kY, P
FEANFUBEE YL BB DNA fHdk 2.5 pg, B

&: 010-64807509

48 h &, #ATE0E, BRI S HiA RS E R
(puromycin, puro)J5 IR TANMLRE TR, HR
B, EBRIEANML, 3-5 d G KT T
— 525 T DNA 1 RNA $25,
1.9 CRISPR dCas9 BEE KM K 4% 5
1.5 Ak, MRS VASA BN sh 1R E
B, 7 sgRNA Bk [ G VASA ()
sgRNA (% 6). Ffl Bos17E 37 °C4&14F N 2k A
JFkL dCas9-p300 (Addgene), By lig eI i vk
J&i, F DNA Bt [eI50) & (Tiangen) 4 7 U1 i
[l H A R BE, 78 PCR UK 5 14038 A
Je, EATH I KRR AL, A FIT S
PEHCH M BRL, M CRISPR/dCas9-p300
Activator FRiE Uk . FH7E 1.8 FEhih b 21 515 2]
B H AT AE AR 5% 2, 48 h [ $2HL RNA
F17F —# VASA JE [H 2 i ik S8 el e

7 3 gRNAPX330 FRAHE R BFR
Table 3 Construction of gRNA pX330 plasmid
reaction system

Components Volume (pL)
sgRNA top 100 pmol/L 1

sgRNA bottom 100 pmol/L
T4 ligation buffer

T4 PNK

ddH,0

Total 10

[ N e T e

x4 EBYUIERRRNIER

Table 4 Enzyme ligation reaction system

Components Volume (uL)

Cas9 plasmid 100 ng 164 ng/uLx0.61 uL
10x Tango buffer 2

Oligo duplex 2

ATP 10 mmol/L 1

Fast digest Bbsl 1

T7 DNA ligase 0.5

ddH,0 12.9

Total 20

B<: cjb@im.ac.cn
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Sheep DDX1 locus
Exon 23 Exon 24

T sg-1 PAM —— .
5" ATTAAAACTGAAAACAACCTGCAAGTTTGTGGTACAGTTTTGATGCAG: 3’

3 TAATTTTGCTTTTGTTGGACGTTCAAACACCATGTCAAAACTACGTC 5’

PAM sg-2
; LoxP LoxP
Targeting vector S
el S'HA  P2A_EGFP | PGK-puromycin | 3 HA
o = =]
) N =
— \\ S
- XE\ //)(\
e o b

.
. .

Exon 23 Exon 24

@Homologous recombination
Targeted

LoxP LoxP
Exon 23 Exon 24 P2ZA EGFP \ PGK-puromycin

el S W — - |~

1 pEGFP-PGK puro-VASA i@ R~ EE
Figure 1 Schematic diagram of pEGFP-PGK puro-VASA targeting vector construction.

e TOPO 2.1

o P2A-Egfp-loxp-PGK-Puro-loxp
* Right arm

e TOPO 2.1

CATERER =52 , Lefl amm_fivd (1 947..1 985)
(6 113...6 149) right arm-r - = vasa-targeting vector =-TOPO 2.7 rev (1 948...1 966)
= 2 Left arm-f{1 967...1 990) .
g SR » Left arm: 925 bp
<
<

» Right arm: 631 bp

(5 519...5 553) right arm-F

_ » 2A-EGFP-loxp-PGK-
SO, Purorloxp: 2627 bp

Targeting vector 5" HA P2A_EGFP L“’f PPEK-P“rﬂmiiin LoxP 3ua )

2 pEGFP-PGK puro-VASA k%4
Figure 2 pEGFP-PGK puro-VASA vector structure.
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*5 VASA EERIRE 5|45 X% EGFP-LOXP-PGK-PURO-LOXP K EitH%514
Table 5 Primer sequences of VASA gene homologous arm and EGFP loxP PGK Puro loxP fragment related primers

Primer name Sequence (5'—3")

5" homologous arm-F
5" homologous arm-R ~ TCATCCAGCCCAGCATTTTG
3" homologous arm-F
3" homologous arm-R

P2A-EGFP-F
GGAGCT
Xhol-loxp-puro-R

Nhel-P2A-F

GCTAGCATCCCATGACTCATCATCTA

CTCGAGGATGCAGAGAAGAAAGTAG

GGTACCCCCCTGTATTTATGTCTCACTTGTT

CAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTGTGAGCAAGGGCGA

actCTCGAGATAACTTCGTATAATGTATGCTATACGAAGTTATGAACCTCTTCGAGGGACCTA
tcaGCTAGCGGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCA

1.10 ZHiE DNA. RNA IEEUSZEEE PCR

TEH AT EAN L U Cas9-gRNA K VASA
EATR 48 h 5, #E—2P 25l puro 257, FEAM
MICAZE 95%A A, WRBEFRM, MBS vh
VI (Dulbecco’s phosphate buffered saline, DPBS)
PE3 W, SRR I (Tiangen) JEF 7 2 Jitg 55 R 2H
DNA $#&:¢, 4lifb)5iE17 ~—24 PCR S ; EZ
i & H- i £F 4k 40 Jfl % 4+ CRISPR/dCas9-p300
Activator FIKJFkL 48 h J5, JIIA Trizol 7%
fRANNE, T RMEHEE 1.5 mL B0, )
UL 54T RNA 42 HUFT cDNA A5 %, FFFIH
Pt PCR kil 4 i VASA JE[H ik
Ak
1.11 HIELER S Hh

AR ORI ELE F 3 ), KR
B DL PR AEIR (X £5) %8 . SPSS (24)5k A
XPEEIEA T2 7 WM, xR 2 AR
F 2Tk B E KR P<0.05, P<0.01 F1P<0.001,

2 HER544
2.1 VASAEREESBFEEALEPHRIER
E L

% E VASA SER FE AR A R B AR
YER, FIHSZBT2¢ 6 & & PCR (quantitative

&: 010-64807509

real-time PCR, qPCR)# Western blotting £ AN
PERGARTSED 3 A 9 A R4 2L H S kT
VASA LR RIAE L, S5 RRV], VASA JEKTENE
AR 52 LA S 3R A R 0 3 R T I AT
(P<0.001), #2250 R, VASA LK
FE 3 TR EALA D FOR B4R S PR
1E 9 AW SRR ARG A A Rk, FE
TERERS-FE BRI ANIRDE ARG 4Rk, AR
TERG AR S AR A Rk, H 9 Ak
SIS ARER 3 A& E 3). Hit,
VASA HHFE AT, RiBKFREES,
TEB AR SR & HOR 7 R A R B TEDIRE.
22 TOIRESAF EGFP-PGK puro-VASA FzE
W I # EGFP-PGK puro-VASA #ik#
&, %% EGFP-PGK puro-VASA ZE & 5'F1 3'[A]
VR FEAT S 1B, AR 23k R g o B AR A 7

6 VASA E[F sgRNA F71
Table 6 sgRNA sequences of VASA gene

Primer Sequence (5'—3")

name

sgRNA-a TTTCTTGGCTTTATATATCTTGTGGAAAGG
ACGAAACACCGAACTGTACCACAAACTT
GC

sgRNA-b TCAACTTGCTATGCTGTTTCCAGCATAGCT
CTGAAACGCAAGTTTGTGGTACAGTTC

B<: cjb@im.ac.cn
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20

3M 9M 3M 9M

VASA

Relative expression level
>
T

15+

Ex%

S = W R oW
— T T — T

Relative VASA/GAPDH

3 VASA EEERFEAPHRIERENM

A VASA FLIRFE M T 5 48 52 30H mRNA KF/Y

ZE5RIK. B: VASA ZEPNFENE TR 4 F 2 AP FKCF I 22573808, C: VASA JERFEE BRI 4
FEAHAPRRIRIRENL, 1-7 AR i . SR R . R0 BRI . IRGOR B4R

H . TS T AR A R T 4 i

Figure 3 Expression and location of VASA in sheep testis. A: Differential expression of VASA gene at
mRNA level in sheep testis before and after sexual maturity. B: Differential expression of VASA gene at
protein level in sheep testis before and after sexual maturity. C: Expression localization of VASA gene in
sheep testis tissue before and after sexual maturity, 1-7 represents Leydig cells, Sertoli cells, spermatogonia,
primary spermatocytes, secondary spermatocytes, round spermatocytes and long spermatocytes, respectively.

PCR "1, &l 4 fizn, BERK ALK S R R ]
BN P [E IR, BAFE HAR R/,
2.3 VASA E[HA gRNA it X Cas9-gRNA
FRIKRRADIE

EFXE VASA A 24 SANEFIERITT 3 4
gRNA, Hr ogRNA3 i FIE L5, gRNA1 #

http://journals.im.ac.cn/cjben

gRNA 4 T SUEE, 3 4% gRNA 4T H An
K5 AR, 4t Cas9-gRNA ik ok, $REL
DNA, HEAFIRSN G R OIHEI S, H Ik 45 SR
3 4 gRNA S, WFRUI 3 4Bk
Cas9-gl . Cas9-g3 #1 Cas9-g4 5|F /754 AL
(& 6).
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1147 bp li e —'
— —

5" primer 3’ primer 5’ primer 3' primer

bp M #2 #15 #16 #17 #18 #19 C bp M #2 #15 #l6 #17 #18 #19 C

1400 1 400

1 000

4 pEGFP-PGK puro-VASA #{A#938  BERH KL IR H C Al M 4351378 X B 2H il DNA marker,
ANFEECFAREA R R R

Figure 4 Construction of pEGFP-PGK puro-VASA vector. In the gel electrophoresis image, C and M represent
the control group and DNA marker, respectively, and different number represents different sample.

A Stop codon

CTCTTTGAACACAGCAGGGTTTTCTTCATCACAAGCTCCTAATCCAGTAGATGATGAGTCATGGGAT TAAAACGAAAACAACCTGCAAGTTTGTGGTACA
GAGAAACTTGTGTCGTCCCAAAAGAAGTAGTGT TCOAGGAT TAGGTCATCTACTACTCAGTACCCTAATITTGETTTTGT TGGACGTTCAAACACCATGT

=3 gRNAZ
PAM

GTTTTGATGCAGAGAAGAAAGTAGTTTTGATTTTTGAGTTCTTAAAACAGAAGTATAAAACCTTGCATCTCCTATCCTTCTGTTCTTACTCCCAACCCTT
CAAAACTACGTCTCTTCTTTCATCAAAACTAAAAACTCAAGAATTTTGTCTTCATATTTTGGAACGTAGAGGATAGGAAGACAAGAATGAGGGTTGGGAA
gRNA-1

B

Cc gl g2 23

In vitro guide cleavage assay

TN §

5 VASA E[E gRNA ITHA R RIS SENEIEIE  A: IR 3 45 gRNA Ui, B: 3 5% gRNA 1Y
WANG I SR, He. gl g3, g4 MM 4r5lR R X HEZH . gRNAT, gRNA3. gRNA4 il DNA marker

Figure 5 Targeting site of gRNA at VASA gene and in vitro guide cleavage assay. A: The sites of three gRNAs.
B: The in vitro guided cleavage assay of three gRNAs. ¢, g1, g3, g4 and M represent the control group, gRNATL,
gRNA3, gRNA4 and DNA marker, respectively.
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puro-VASA Tk 5%, 48 h T HEATG T, HRaLi /J\H@)#E;’k, TIE A VASA ZE R 45 8 ) A A
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Figure 6 Schematic diagram of Cas9-gRNA vector (A) and identification of gRNA sequence insertion (B).
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Bl7 oMER VASAEERANSRIIE  A: TTELKGI gRNA3 A4 fYILFE A DI FIBER, WEM, C.
g3 il g4 73575 DNA marker, XfHHZH . gRNA3 il gRNA4 2. B: VASA B[R G A ZAY 1 B ik 4307
Cas9-gRNA3 Fil Cas9-gRNA4 /R85 EGFP-PGK puro-VASA Fl Cas9-gRNA3 ., 4 Frkijm 338 H BE /N,
UKIE M. 1, 2. 3 #1473 5137R8 DNA marker F15256 5 52 2

Figure 7 In vitro transfection of VASA gene knock-in vector validation. A: The genomic cleavage effect
detection of gRNA3 and 4 using T7E1 analysis, and M, C, g3 and g4 represent DNA marker, control group,
gRNA3 and gRNA4, respectively. B: VASA gene knock-in vector amplification electrophoresis analysis,
Cas9-gRNA3 and Cas9-gRNA4 represent the PCR product of amplified fragments after transfection with
EGFP-PGK puro-VASA and Cas9-gRNA3, 4 plasmids, M, 1, 2, 3, 4 represent DNA marker and experiment
group repeats, respectively.
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2.5 CRISPR/dCas9 HiE VASA EE =R
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JA R VASA SR FERANR ik, 7E
VASA LN A 8l X 1% 1T 4% sgRNA (& 8),
B A dCas9 ik Tk il sgRNA ik ki 4t
e e T HAZ AT 2N 40 F ERL AT 4R M, 48 h
JERIUANAE . RNA HE1T qPCR %5, 45k
WY, FRpRALYE sgRNA BF, ROREZE, [RleEE g
Wi 2% sgRNA FI A 04 R VASA JE[R (1) 187K F
(P<0.05), JERHRIFEYLPI 2% sgRNA 1] A &0
TR L H AT A0 o rp VASA LR (655, H&¢
LS5 R B R VASA JE R 9 AL DTS (B 9).
3

VASA F [K] S AFF 5T A= FE 200 A0 A= 5 i T
KB WA RCY), B ILAEA R 2 6] 7
ERIEZES . CAHPTREY VASA K H 2 5
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VASA F: [K] X6 20 2 B A4 58 5 i AT A A R
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HAREE VASA SE K 2 5 40 E AL FE A L & B R
GINIE7 S e S

VASA J [A 2 85 TiF IH 72 IR L 50 ) e A 5
AU EEREEEN, LEK TR ELE D
OE SR VA BN SR N R i B S 1 S
BH, VASA JiL R 78 J5 R A= 58 40 i Hh i R AL
PrRh AR XS AR S, (EE S U A & B B
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SLTERSBE AN AORS Al b 23k, e R R
Fik, H AN SR U Rk KO B A /N R
i, VASA ZEIRPURE T4 e sp R ik, (HARSE
A BRI TS, VASA LR MRk, HiE
MAEA R, FERESE LR BRI, VASATE
AR 2 IR RS R Al i p ik, ik
HFRHEHEYG, bR FL, £
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Figure 8 Design of sgRNA targeting VASA gene.
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9 {RIMES VASA E[F sgRNA HIAEGEMERMNE A FHYEIAE, PCR 44T VASA L[N FKAE
B, HpykiE M. 1. 2. 3 #l C 43538 DNA marker, sgRNA-a ii%4H . sgRNA-b 354, sgRNA a
A1 b I SL YL IR HRZH. B: qPCR % 5E AR 56 YL 5 VASA L [H [ kol , Hidh 1, 2. 3 /8 sgRNAa
b H[FEYL A, 4 15 43515578 sgRNA-a il sgRNA-b BMEGE2H. C: 296 %E VASA JKEPRIE K00,
HARAE 10 f5455 N A4

Figure 9 Detection of the activation efficiency of transfection of VASA gene sgRNA in vitro. A: After
transfection with the vector in cells, PCR was performed to analyze the expression of VASA gene, with lanes M,
1, 2, 3, and C representing DNA marker, sgRNA-a activation group, sgRNA-b activation group, sgRNA a and b
co-transfection group, and the control group, respectively. B: qPCR analyzed the expression of VASA gene after
vector transfection, 1, 2, 3 represent sgRNA a and b co-transfection group, 4 and 5 represent sgRNA-a and
sgRNA-b activation group, respectively. C: Fluorescence experiment to identify the activation of VASA gene,
and cells photographed at 10xmagnification.

WEFSBRPREZLN, HFEEEME K BERIEA RS NS Ey T n AP 1
kb ik, 7ERRAME PR ER . 2 SEER, AZWH5E A CRISPR/Cas9 4
AW, VASA SLRFIE S FE A B REZE  RIAT BLG ZLEF MSTN L i bk, %t
WiTE, 169 ARRSENALPMIA M E 3 A FFL IR SR A PR S T R T RS B Rk
W%, FEEACKE AN R RS T 4 2k, RSB Fe g LR AT o, B SLRE
R GRS R -8 B, % HIFIF CRISPR/Cas9 % A 78 4 2 R i v B A
P28 VASA LR B BAERE F A R A Er  ROSA26 SEH, JEmihi5 3] 8 H7E ROSA26 HL A
S R T RE JE AL HA tGFP [2E36 0, il id CRISPR/Cas9 i

CRISPR/Cas9 i ARMEN—Fhmsk® . MR A ALPL JEP P4l CRAS, Mg T 40 FARHE
AN A gmE T H, EMREZXEFTMEY  BRBEREE (hypophosphatase, HPP)E i HIAY ,
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FAFFE A HPP Bt 15 % B s,
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precise integration into the target chromosome,
CRIS-PITCh) Y J7 ¥4 5 't 8 11 BE PR 1] g AR
Jir lef A A L ) VASA R R E R, RN
VASA [i] #5841 MVH 3 17 3 ik R B P,
CRISPR/Cas9 RGAEHTT DNA XUEEWT S E
B, HDR A [R5 2544 AT LS R A o gk 7 7
1IN = ECTNE T )5 2| IS R TP
/N IR R T U T HDR %P, A
I, ABFZEAIF CRISPR/Cas9 R4, idi%EdE
[ SR 45 P R DAL A T A R 1 Y VASA
PR e A2 AR

CRISPR/dCas9 %4t & H CRISPR/Cas9 fi74:
misk, Hr dCas9 RGA H & V1 75 1 6E
77, ARRT DASE 2o @l G — A S0 A s il oo
5 B3 RS sl g s ERY . SR EwT e
FIIH CRISPR/dCas9 F 4t i IH4 45 - BMP4,
DAZL, NANOS3 #il SYCP2 i Fik#ifk, FiEH
SN R T T o S I ST e S R R o S
FR KPP, MAHESE A UER VASA 3 g A
AR AR, FIH CRISPR/Cas9 £ A, B4IH
VASA JLR R, FFRIF AR NReE, |
FERTEAR LR 50 AN 75 5 A A b e I A 1
WA, TP R E A TE 4R - 2 e T 41 i
i) PR A B A 5 T oAb R A TR e, B
TIE X A= B8 4 A S0 434 1 B A

BASR UL, VASA TES2 LKL & R Tk A4
M5, UE X F R M EE . IERA
CRISPR/Cas9 HARIKRIMAEE VASA A m A 2%

&: 010-64807509

&, 454 CRISPR/dCas9 Z4iilk Bl AR 14 3%
P, AT — 2 WFSY VASA J PR R 45 2 e A B A
% B AL T S22

4 Hik

ZE TR A 1 Je AR AT 4 S S
AT, R AR A bR c S VASA
AL E Y, RRBWHN, FEEfEREE:
b, TERG R AN b Feak b, ARG L
PRCE ek, RIL, VASA KR ] BEE i i 4
R G TR A I RAE i NS S A LD |
CRISPR/Cas9 il CRISPR/dCas9 %5, 1 Ui
T4 VASA JE R RSN AR, I 58 TF He
A, RERFT VASA BEN S 5240 R 1 &
TR A WA ML P A S A

REFERENCES

[1] NOCE T, OKAMOTO-ITO S, TSUNEKAWA N. Vasa
homolog genes in mammalian germ  cell
development[J]. Cell Structure and Function, 2001,
26(3): 131-136.

[2] WU XL, TANG ZK, LI W, CHU ZJ, HONG XY, ZHU
XP, XU HY. Identifying the germ cells during
embryogenesis and gametogenesis by germ-line gene
vasa in an anadromous fish, American shad Alosa
sapidissima[J]. Journal of Fish Biology, 2018, 92(5):
1422-1434.

[3] MILANI L, MAURIZII MG Vasa expression in
spermatogenic cells during the reproductive-cycle
phases of Podarcis sicula (Reptilia, Lacertidae)[J].
Journal of Experimental Zoology Part B: Molecular
and Developmental Evolution, 2015, 324(5): 424-434.

[4] WANG YL, CHEN YD, HAN KH, ZOU ZH, ZHANG
ZP. A vasa gene from green mud crab Scylla
paramamosain and its expression during gonadal
development and gametogenesis[J]. Molecular Biology
Reports, 2012, 39(4): 4327-4335.

[5] GUO X, GUI YT, TANG AF, LU LH, GAO X, CAI ZM.
Differential expression of VASA gene in ejaculated
spermatozoa from normozoospermic men and patients

with oligozoospermia[J]. Asian Journal of Andrology,

B<: cjb@im.ac.cn



4232 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

[6]

(8]

[10]

(1]

[13]

2007, 9(3): 339-344.

TANAKA SS, TOYOOKA Y, AKASU R,
KATOH-FUKUI Y, NAKAHARA Y, SUZUKI R,
YOKOYAMA M, NOCE T. The mouse homolog of
Drosophila Vasa is required for the development of
male germ cells[J]. Genes & Development, 2000, 14(7):
841-853.

CASTRILLON DH, QUADE BJ, WANG TY,
QUIGLEY C, CRUM CP. The human VASA gene is
specifically expressed in the germ cell lineage[J].
Proceedings of the National Academy of Sciences of
the United States 2000, 97(17):
9585-9590.

DIAO YJ, HUA MQ, SHAO YJ, HUANG W, LIU M,
REN CP, JI YS, CHEN JM, SHEN JJ. Preliminary
characterization and expression of Vasa-like gene in
Schistosoma  japonicum[J].
2015, 114(7): 2679-2687.
LIU XL, ZHU YY, ZHAO YY, WANG YK, LI W,
HONG XY, YU LY, CHEN C, XU HY, ZHU XP. Vasa
expression is associated with sex differentiation in the

of America,

Parasitology Research,

Asian yellow pond turtle, Mauremys mutica[J]. Journal
of Experimental Zoology Part B: Molecular and
Developmental Evolution, 2021, 336(5): 431-442.

SN VAR R e e OB RN
FEWFFL[D]. WEAIE R 58 Rl e Aig g,
2011.

BORJIGIN UYUNBILIG. Enrichment and in vitro
culture of the ovine spermatogonial stem cell[D].
Hohbhot:
University, 2011 (in Chinese).

BRARME, Bk, BEF. CRISPR/Cas9 A 4+ A
ZER[I]. TR AR, 2021(21): 60-62.

LU QY, CHEN Z, YANG ZP. A
CRISPR/cas9 gene editing technologies [J].
Agriculture of Henan, 2021(21): 60-62 (in Chinese).
YAO X, WANG X, HU XD, LIU Z, LIU JL, ZHOU HB,
SHEN XW, WEI 'Y, HUANG ZJ, YING WQ, WANGY,
NIE YH, ZHANG CC, LI SL, CHENG LP, WANG QF,
WU Y, HUANG PY, SUN Q, SHI LY,
Homology-mediated joining-based  targeted
integration using CRISPR/Cas9[J]. Cell Research,
2017, 27(6): 801-814.

E, ot T, T, #asC, WITES, 2
B, B8, JKAMAK. CRISPR/Cas9 $iRTEE B & Fhh
m ST I B E OB B, 2022, 49(4):
1374-1383.

Doctoral Dissertation of Inner Mongolia

review of

et al.
end

http://journals.im.ac.cn/cjben

[14]

[15]

[16]

[17]

[19]

XU J, YANG G, JIANG MQ, DING XB, GUO YW, HU
DB, LI X, GUO H, ZHANG LL. Research advances on
CRISPR/Cas9 technology in livestock and poultry
breeding[J]. China Animal Husbandry & Veterinary
Medicine, 2022, 49(4): 1374-1383 (in Chinese).

PLATT RJ, CHEN SD, ZHOU Y, YIM MJ, SWIECH L,
KEMPTON HR, DAHLMAN JE, PARNAS O,
EISENHAURE TM, JOVANOVIC M, GRAHAM DB,
JHUNJHUNWALA S, HEIDENREICH M, XAVIER
RJ, LANGER R, ANDERSON DG, HACOHEN N,
REGEV A, FENG GP, SHARP PA, et al. CRISPR-Cas9
knockin mice for genome editing

modeling[J]. Cell, 2014, 159(2): 440-455.
HE XJ, TAN CL, WANG F, WANG YF, ZHOU R, CUI
DX, YOU WX, ZHAO H, REN JW, FENG B.
Knock-in of large reporter genes in human cells via
CRISPR/Cas9-induced  homology-dependent
independent DNA repair[J]. Nucleic Acids Research,
2016, 44(9): e85.

GHETTI S, BURIGOTTO M, MATTIVI A,
MAGNANI G, CASINI A, BIANCHI A, CERESETO A,
FAVA LL. CRISPR/Cas9 ribonucleoprotein-mediated
knockin generation in hTERT-RPE1 cells[J]. STAR
Protocols, 2021, 2(2): 100407.

JASCH, SRHLZL, AW, F8, sk, RS-1 fE
CRISPR-Cas9 FZiA T A FLEREE FIEE DN AR [J].
R TR, 2017, 33(8): 1224-1234.

ZHOU W], GUO RH, DENG MT, WANG F, ZHANG
YL. RS-1 enhanced the efficiency of CRISPR-Cas9
mediated knock-in of human lactoferrin[J]. Chinese
Journal of Biotechnology, 2017, 33(8): 1224-1234 (in
Chinese).

PERILLO M, SWARTZ SZ, WESSEL GM. A

conserved node in the regulation of Vasa between an

and cancer

and

induced and an inherited program of primordial germ
cell specification[J].
482: 28-33.

AZ1Z1 H, RANJBAR M, RAHAIEE S, GOVAHI M,
SKUTELLA T. Investigation of VASA gene and protein
expression in neonate and adult testicular germ cells in
mice in vivo and in vitro[J]. Cell Journal, 2020, 22(2):
171-177.

LEE R, LEE WY, PARK HJ, HA WT, WOO IS,
CHUNG HJ, LEE JH, HONG K, SONG H.
Stage-specific expression of DDX4 and c-kit at

Developmental Biology, 2022,

different developmental stages of the porcine testis[J].
Animal Reproduction Science, 2018, 190: 18-26.



it %/EF CRISPR/Cas9 RAMBLEE VASA EERIAHIARIGIE 4233

[22]

(23]

[24]

[25]

[26]

[27]

KIM J, JUNG H, YOON M. VASA (DDX4) is a
putative marker for spermatogonia, spermatocytes and
round spermatids in stallions[J]. Reproduction in
Domestic Animals, 2015, 50(6): 1032-1038.
FUJIHARA M, KIM SM, MINAMI N, YAMADA M,
IMAI H. Characterization and in vitro culture of male
germ cells from developing bovine testis[J]. Journal of
Reproduction and Development, 2011, 57(3): 355-364.
RUAN JX, XU J, CHEN-TSAI RY, LI K. Genome
editing in livestock: are we ready for a revolution in
animal breeding industry?[J].
2017, 26(6): 715-726.

ZHOU W1J, WAN YJ, GUO RH, DENG MT, DENG KP,
WANG Z, ZHANG YL, WANG F. Generation of
beta-lactoglobulin knock-out goats using
CRISPR/Cas9[J]. PLoS One, 2017, 12(10): e0186056.
CRISPO M, MULET AP, TESSON L, BARRERA N,
CUADRO F, dos SANTOS-NETO PC, NGUYEN TH,
CRENEGUY A, BRUSSELLE L, ANEGON I,
MENCHACA A. Efficient generation of myostatin
knock-out sheep using CRISPR/Cas9 technology and

Transgenic Research,

microinjection into zygotes[J]. PLoS One, 2015, 10(8):
¢0136690.

WU MM, WEI CH, LIAN ZX, LIU RZ, ZHU CY,
WANG HH, CAO JX, SHEN YL, ZHAO FP, ZHANG
L, MU Z, WANG YY, WANG XG, DU LX, WANG CD.
Rosa26-targeted sheep gene knock-in via CRISPR-Cas9
system[J]. Scientific Reports, 2016, 6: 24360
MOHAMED FF, CHAVEZ MB, HUGGINS S,
BERTELS J, FALCK A, SUVA LJ, FOSTER BL,
GADDY D. Dentoalveolar defects of hypophosphatasia

are recapitulated in a sheep knock-in model[J]. Journal

&: 010-64807509

(28]

[29]

(31]

of Bone and Mineral Research, 2022, 37(10): 2005-2017.
POCKE, S, £407, £, skHm. LoEEm
AN M AR A 3K pVASA-EGFP [ 2 K ik [J].
Y TR 2AH, 2015, 31(9): 1313-1324.

YAN GY, LI PZ, REN CF, WANG F, ZHANG YL.
Construction of goat germ cell specific reporting
system pVASA-EGFP[J]. Chinese Journal of
Biotechnology, 2015, 31(9): 1313-1324 (in Chinese).
EZAKI R, ICHIKAWA K, MATSUZAKI M,
HORIUCHI H. Targeted knock-in of a fluorescent
protein gene into the chicken Vasa homolog locus of
chicken primordial germ cells using CRIS-PITCh
method[J]. The Journal of Poultry Science, 2022, 59(2):
182-190.

ZHANG JP, LI XL, LI GH, CHEN WQ, ARAKAKI C,
BOTIMER GD, BAYLINK D, ZHANG L, WEN W,
FU YW, XU J, CHUN N, YUAN WP, CHENG T,
ZHANG XB. Efficient precise knockin with a double
HDR  donor CRISPR/Cas9-mediated
double-stranded DNA cleavage[J]. Genome Biology,
2017, 18(1): 35.

LEE MH, LIN CC, THOMAS JL, LI JN, LIN HY.
Cellular reprogramming with multigene activation by
the delivery of CRISPR/dCas9 ribonucleoproteins via

cut after

magnetic peptide-imprinted chitosan nanoparticles[J].
Materials Today Bio, 2021, 9: 100091.

YANG H, DENG MT, LV WL, WEI ZY, CAI Y,
CHENG PY, WANG F, ZHANG YL. Overexpression
of bmp4, dazl, nanos3 and sycp2 in hu sheep leydig
cells using CRISPR/dcas9 system promoted male germ
cell related gene expression[J]. Biology, 2022, 11(2):
289.

(RXo29 BT

B<: cjb@im.ac.cn



