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Application of shRNA-mediated lentivirus for knockdown of endogenous genes in mouse

testis
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[Abstract] Objective: The current study aims to establish an efficient and fast method for in vivo knockdown of endogenous genes in
mouse testis. Methods: Lentiviral vector (pSliencer- GFP-shSox30) along with the control vector (pSliencer- GFP -shScramble) were
designed and constructed. These lentiviral particles were microinjected into the mouse testis at postnatal day 24. Immunofluorescence
and histological analysis was performed to evaluate the functional consequences in mouse testis upon Sox30 knockdown. Results: After
the shSox30 lentiviral particles treatment, Sox30 protein was substantially decreased in mouse testis. Immunofluorescence of testis
sections revealed that many spermatids were arrested at step 2-3. Histological examination of testis sections revealed that elongated
spermatids were absent in seminiferous tubules at stage VI-VIl. Conclusion: The shRNA-mediated lentivirus effectively decreases the
expression level of target genes in mouse testis , providing a useful platform to knockdown endogenous genes in vivo.
[Key words] RNAi;animal model ; Sox30; mouse ; testis

[J Nanjing Med Univ,2023,43(06) :749-755 ]

NI F R ER—AEEEREA PN B 87 A I R S K R R sh i A . 3 4
(R N E 2N i i o o b S O 37 RS N [ [ 1% >, A W5 E LT RNA T 4 (RNA interference,
T A R O3 PR FEAS [R) F s () 3 P 0 1T A ) Immm%ﬁkﬁlﬁﬂmekﬁgﬁmmw
RIRERFRAE RN SELLME . T HEL AT GFP-shRNA IR AR, b 1% /N ILN, i)
FUIXSCILRTEN T L A i B AR TR I BE , T 2 AR H YRR 3R
[ESWA] %A AFEIES T (31871503, 32070843, RNAi 2§ /) T4 RNA (small interfering RNA,
2022YFC2703501) siRNA) % & B RIJE mRNA = 85U 5 PR, A
{5 E % (Corresponding author) , E-mail: jiexie@njmuedu.cn; 117 EEHEPIFRIBTUIRAYIAR . siRNA 55 % RNA
lanye@njmu.edu.cn PSP E 5% (RNA-induced silencing complex,



- 750 - [ S N

4355 6
20234F6 A

RISC) "7, PR siRNA 1 B 5 DT 80 RISC.
PG 1) RISC E siRNA 15 |\ EE 4 5 N R LR
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fer3.1 (NEB 2~ 5], 35 [H ) ; FastPure Gel DNA Exirac-
tion Mini Kit ( B§ 5 Vazyme /A A ) ; EndoFree Mini
Plasmid Kit Il (TIANGEN A /], 3¢ [ ) ; [t Jif 4 1l
15 \DMEM (Gibeo 2% 7, JE [ ) 5 Brlg bl ( L ifg A T4
#) ), TRIzol (Thermo Fisher Scientific 2~ %), £ ) ;
RT reagent Kit(TaKaRa /A &), H 4% ) ; DAPI(Sigma 2
A, ) 5 46 A BE % K (peanut agglutinin, PNA)
(Vector Labs A7), £ ) , EGFPHUA . Sox30 Hifhk . —
$t(Abclonal 2y 7, 2EH) .
1.2 7k
1.2.1  Oligos i& K% i 4%

W53 H] A LG shSox30-oligol il shSox30-oligo2
FH @ R KB G ) ddH.0 3. #2884 pl oligol 4 ul.
oligo2.2 wL 10XNEB buffer2 .10 wL ddH,0 it & 18 k&
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3 ho 1%35EAHEEREH HLIK 30 min, ] DNA &EE ]
WO G Atk ™ WA BB 26t pSuper 724
[FJFEH , pSuper-shSox304% 18 pSuper HETIAR R,
1.2.3  pSuper-shSox30 5 pSliencer-GFP-shSox30 #)
EREL R

20 ng Z&VE pSuper A& . 1 pl. 10xT4 Buffer,1 pl.

%1 shSox30iZEEEFI

Table 1 The oligonucleotide sequences of shSox30

A

Fr1(5'—3")

shSox30-1-Oligo1
shSox30-1-0Oligo2
shSox30-2-0Oligo1
shSox30-2-0ligo2

GATCCCCGCCTTCTGAGTTGATACGGTTTTCAAGAGAAACCGTATCAACTCAGAAGGCTTTTTGGAAA
AGCTTTTCCAAAAAGCCTTCTGAGTTGATACGGTTTCTCTTGAAAACCGTATCAACTCAGAAGGCGGG
GATCCCCCCTTTCAGAGACTATCCAGATTTCAAGAGAATCTGGATAGTCTCTGAAAGGTTTTTGGAAA
AGCTTTTCCAAAAACCTTTCAGAGACTATCCAGATTCTCTTGAAATCTGGATAGTCTCTGAAAGGGGG
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2D) . HHSEHGA 2 78 Sox30 mRNA /K PRI 1K F-
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Sox30 -T—I-I—I

$hS0x30-1:5"-GCCTTCTGAGTTGATACGGTT-3’

C

pSliencer-GFP-shSox30-1

r—

$hS0x30-2:5"-CCTTTCAGAGACTATCCAGAT-3'

pSliencer-GFP-shSox30-2

D pSliencer-GFP-shSox30-1

Sense

1234 56 789101112131415

1] 2345678

—426bp 426 bp

Loop Antisense

GATCCCCGCCTTCTGAGTTGATACGGTTTTCAAGAGAAACCGTATCAACTCAGAAGGCTTTTTGGAA

GATCCCCGCCTTCTGAGTTGATACGGT TTT CAA

e

GAGAAACCGTAT CAACTCAGAAGGCTTTTTGGAA

pSliencer-GFP-shSox30-2

Sense

Loop Antisense

GATCCCCCCTTTCAGAGACTATCCAGATTTCAAGAGAATCTGGATAGTCTCTGAAAGGTTTTTGGAA

15 GATCCCC t:orcorrnrrorooroins:

crrrrrroorrrrrrrrrrrrrrrrriiiii o TTTTTGGAA

IGATCCCCCCTTTCAGAGACTATCCAGATTT CA/

o W o ol gl

GAGAATCTGGATAGTCTCTGAAAGGTTTTT G GAA

A :shRNA &2 K KT 51 ; B: pSilencer-GFP-shSox30 18 15 2 A 2 MM S8 , GFP 234 tH CMV (cytomegalovirus ) Ji 373K 5l , shSox30
Feik i H1 R 3173530, LTR (long terminal repeats , 1K i 852 )55 ) ; C . 22 M pSliencer-GFP-shSox30-1 # #2 7= #) # 7% PCR £5 %, Horf .2 .3 4,
6.7.9.12 14 {1 %45 4718 2 pSliencer-GFP-shSox30-2 JE 4 " W T 7% PCR 45, Horn :1.5.6 .7 B 4% s i Sk i o O£ 5 1y H i Jr
BZ; D :pSliencer-GFP-shSox30 Pl F 4554 ; Sense T A PUIHTIAR mRNA BJE53, Loop 9 W] LUK L shRNA BYZEFRZEH , Antisense JT51 4 Sense [T

GIE AN

1 shRNARITRNE R HEAE

Figure 1 Schematic illustration of shRNA and the result of pSliencer-GFP-shSox30 expression constructed
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4 MHEAT RT-qPCR Fl Western blot S5 , 28 4t 5 iE
AL LU Sox30 7E mRNA 7K F1EE 1 7K F 1 i
BEROR . RITE ST 48 h 5, 525 26 b Sox30 FE [
mRNA KRB, AR X B2 1 209% , 2 1 3218 &
A3yt BELH A —2F , 5t 7 d R, 5236 2H T Sox30 FE
mRNA 7K -4 %F B4 7Y 60%~70% , 75 [ # ik 7K
PRI (I 3A B ) o

Sox B AZR G N A~H I . Sox30J& T Sox H
W, HOME— R 5t o A T B shSox30 i 3R
G A ATE WAL, P H Sox30 [RI VR f5 30T 1Y

Sox D WV ZEJi% A 51 Sox5 . Sox6, 435|147 RT-qPCR FlI
Western blot 3256 [ X BEZHAH LG, 7 4 48 h )i, 5K
5 2 Hh SoxS il Sox6 Y mRNA 7K JG i 3 P 22 52,
Sox5 F1 SOX6 Y F/K P-4 22 57 AT
M(EI3C~E) o VA EGEREER AT b 1 ms AR 2R
AR
2.4 Sox30 3k R AT A R LK

TR 5 5 48 h A 0T HE ZH 1152 3 2 52 L &
WY Fr AR E EGFP 76 A58 40 i v i 2615 %5
B shRNA L (A0 i S L . 45 2R o, TE 4T 48 h
J5i , FERTANZE ARG BF 2 I (preleptotene , PL) £k 1
A8 B 40 i (zygotene , Zyg) L2 394G £ 41 it (pachy-
tene, Pac) | [RIJE K5 F 4 it (round spermatid, RS) . I
B — R 43 24 40 MY (metaphase T, MI) DA 5240
A2 Jf S 5 400 i (sertoli, Ser) HP WL 8% 3| 4 (0,58 {5
S (K 4A) . DL EIRABFE T shRNA miE R 5
BTG Z A FE AN, 2P OS5 7 d Y
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Figure 2 Evaluation of shRNA mediated knock-down efficiency
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I A5 e Al
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Figure 3 The expression of mRNA and protein level from mouse testis treated with shSox30 lentivirus
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Figure 4 Analysis of the reproductive phenotype of male mice with Sox30 knockdown

T Bt e B 1 1 A 5 DR T 5 20KS 1 4 A BE i R
I BE, FEOCEIT IR —FE AR T A A 1 1)
BrBIARIRIIIRE . AR B A a] DIARYE 20
B RS — AR R I A R AH IO IR 1) s 188 5 2 i

R AR A Bk AN RSB AL AR A A s v, AT AT LAGR
B FE R B[] 05,58 B B Y3 R e b AR . 5480
F%) 5 DR B AR 0 18 5 CRISPR/Caas9 45 35 X S 4B AR
PEAT LR FTHE T (EJE I AR A A RN o [



43 EF oW 3%
202346 A

i, MASC R

S5, %5 R shRNA 12955 75 oy SO R itk /N BRI PRI [T .
PR ERICEF A (A ARRRE R ) ,2023,43(6) : 749-755

© 755

A, 2 N iR R SR S A2 T AT e, 3
PRI T390 38 R % O T A Al 6 R 467 0505 1T R S 3O
AR S RE RN SRR o 1 L, RS A4 AR
BRI 3, TRl 23 AR S0 T T R 1) S I 4
Weo MR R ST 7L R R - HLA
s, — 7, - 15 1) % 5 2 mRNA %11 shR-
NA G R P51, R 30050 A0 850 AN 2 e A8 /N B
LRI P A, 7= A ATt A8 S5 O — 5 T, 189
BF PR AR T I 2 /N BRI RS /N AU TR
AN J i A R R D B L AN Sl Ao i 52 o B A 3o
4B BN R AETESE LR, BAR E
T siRNA B F SCHEAZ AT Rt T ATk 3 i ik M 2=
KTIRE , H2 A BEGE TS 1 siRNA 7E7E 5T 5 48 hik
)tz e W AR, LS T ICIA R A Y B 2
MEIAR, MIAHIETE I 102 shRNA 244, 7R 42 YL 2
Jt 5 25 TG H AR I A A A% P RS 8 i TR A%
HIAR shRNA , PRV 28 M JoT 28550 i T 3R 75 siRNA, i
FEARFSERF RN A o

S WF 5 7 51 © A8 2 Sox30 FE A 42 B 1k il 5 /)N
B, I R SR T Sox30 A/ LY SE AL F AL, D) M
Sox30 FEAH T & A L FE P A ML o 7F Sox30 42
/N BUER U RS T & A BRI 7 2~3 2 1 B RS T
BrBto SR Sox30 2 [ 1) #ih — HAFE R TR IE
BRI, Sox30 4/ N AL TG Y HoAE RS T2
FH IR R HEVE . PR, R SRS d e T
FAFER Sox30 mlEe /N FRAR L AIFSTY Sox30 FEHG T8 K
M AR DI REDLHIBEE T F R
(&%)
[1] CHEN Y,ZHENG Y X,GAO Y, et al. Single-cell RNA-

seq uncovers dynamic processes and critical regulators in
mouse spermatogenesis [J]. Cell Res,2018,28(9) : 879—
896

[2] ERNST C, ELING N, MARTINEZ-JIMENEZ C P, et al.
Staged developmental mapping and X chromosome tran-
scriptional dynamics during mouse spermatogenesis [J].
Nat Commun,2019,10(1):1251

[3] GRISWOLD M D. 50 years of spermatogenesis: Sertoli
cells and their interactions with germ cells[J]. Biol Reprod,
2018,99(1):87-100

[4] GOULT,KANG JY,DAIP,et al. Ubiquitination - defi-
cient mutations in human piwi cause male infertility by
impairing histone-to-protamine exchange during spermio-
genesis[J]. Cell,2017,169(6) : 1090-1104

[5] TRABER G M, YU A M. RNAi-based therapeutics and
novel RNA bioengineering technologies [J]. J Pharmacol

(6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Exp Ther,2023,384:133-154
IWAKAWA H O, TOMARI Y. Life of RISC: Formation,
action, and degradation of RNA -induced silencing com-
plex[J]. Mol Cell, 2022,82:30-43
ZHU K Y, PALLI S R. Mechanisms, applications, and
challenges of insect RNA interference [J]. Annu Rev
Entomol ,2020,65:293-311
EDWARDS S A, SLOTKIN R K. Broken up but still liv-
ing together: how ARGONAUTE’ s retention of cleaved
fragments explains its role during chromatin modification
[J]. Genes Dev,2023,37:69-71
KWON S C, JANG H, SHEN S, et al. ERH facilitates
microRNA maturation through the interaction with the N-
terminus of DGCRS [J]. Nucleic Acids Res, 2020, 48:
11097-11112
ZHANG X, LIU F, YANG F, et al. Selectivity of Exportin
5 binding to human precursor microRNAs[J]. RNA Biol,
2021,18:730-737
LIU Z, WANG J, CHENG H, et al. Cryo-EM structure of
human dicer and its complexes with a pre-miRNA sub-
strate[ J ]. Cell,2018,173:1191-1203
LIU C, WANG J, ZHANG Y, et al. Efficient delivery of
PKN3 shRNA for the treatment of breast cancer via lipid
nanoparticles[.]]. Bioorg Med Chem,2022,69:116884
LU J,LIU J,GUO Y, et al. CRISPR-Cas9: A method for
establishing rat models of drug metabolism and pharmaco-
kinetics[J ]. Acta Pharm Sin B,2021,11:2973-2982
CHEN M,MAO A, XU M, et al. CRISPR-Cas9 for cancer
therapy : opportunities and challenges [J]. Cancer Lett,
2019,447:48-55
DAI J Q, VOLOSHIN O, POTAPOVA S, et al. Meiotic
knockdown and complementation reveals essential role of
RADS5]1 in mouse spermatogenesis[]] Cell Rep,2017,18
(6):1383-1394
CHEN Z H, LING L, SHI X L, et al. Microinjection of
antisense oligonucleotides into living mouse testis enables
IncRNA function study[J]. Cell Biosci,2021,11(1):213
RAO D D, VORHIES J S, SENZER N, et al. siRNA wvs.
shRNA : similarities and differences [J]. Adv Drug Deliv
Rev,2009,61(9) : 746-759
BAI'S,FU K, YIN H, et al. Sox30 initiates transcription of
haploid genes during late meiosis and spermiogenesis in
mouse testes| ] ]. Development, 2018, 145( 13):164855
BEVLIH , maeas R , 45 /N BURS IR T 20 = B Rl
B AERE T RSP [T ). B st BERER 2 4l (A
SRR ,2016,36(2) : 155-159

[FsEHA] 2022-11-29

(A 44E :FR5E)



