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Construction and genotypic identification of /9 knockout mice
Xue Zimeng, Xue Hui, Chen Weile, Qiu Jiaqi, Zhu Mengjuan, Tu Jiajie
(Institute of Clinical Pharmacology, Anhui Medical University, Hefei 230022)
Abstract Objective To construct an /-9 (//9) gene knockout mouse model on a C57BL/6N
background, establish a reliable genotyping method, and provide a standardized animal model for
investigating //9-related immune mechanisms and diseases. Methods 119 knockout mouse strain
(C57BL/6N-119°1%Y?) was generated using conventional gene knockout technology. The method
for DNA extraction from mouse tails was optimized to ensure template quality. Two sets of
specific primers (F1/R1 and F1/R2) were designed to amplify target fragments by PCR, and
mouse genotypes were determined by agarose gel electrophoresis. Specifically, primer pair F1/R1
targeted the knockout sequence with an expected product of 465 bp, while F1/R2 targeted the
wild-type sequence with an expected product of 703 bp. Subsequently, Western blot was
performed to verify the knockout efficiency of 7/9 in primary immune cells and key organs of the
offspring mice, and flow cytometry was used to assess the effects of //9 deficiency on the function
of the immune system in major immune cell populations. Results [/9 knockout mice were
successfully bred and genotyped. PCR identification showed that homozygous mice (-/-) exhibited
only a 465 bp band, wild-type mice (+/+) displayed only a 703 bp band, and heterozygous mice
(+/-) showed both bands simultaneously. Meanwhile, Western blot analysis revealed significantly
decreased /9 expression in various organs of the offspring mice (P<0.001). Flow cytometric
results demonstrated that //9 deficiency exerted no obvious effects on the proportions of peripheral
blood lymphocytes, splenic lymphocytes, and peritoneal macrophages. Conclusion An 119 gene
knockout mouse model on a C57BL/6N background is successfully constructed. The established
PCR genotyping system is highly efficient and accurate, which can effectively distinguish mice of
different genotypes. This model provides a stable and reliable experimental basis for subsequent
functional studies of //9 and exploration of the mechanisms underlying //9-related diseases.
Key words Interleukin-9; gene knockout; polymerase chain reaction; agarose gelelectrophoresis;
genotype identification; Western blot
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H4MfI/2- 9 (interleukin-9, 119) f&—KBA LR RPHTHME 1, HZon
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T (V8 L B0 R o AR 90T DNA [R] 95 F 2 J5E B, SR o 00 DR R B B AR R FH R 53 1 gRNA
HEIA) 119 FER AP T X3, B 1E C57TBL/6N 1 5t T AR E « FIHEM 119 BRI RR bR /N BB
1 MRS
1.1 W3

C57BL/6N-I9™a /R, HEPE, 5 H, 7 RS, AFi&E (20+2) g, C57BL/6) BfL1S
5%, /NS FRAL (T3 AE VIR IR A R RS R A2 PR ATHIES : SCXK (F5)2018-003.
SRS I 22 BB RO 24 2 2 Bt I PR 24 B FC B sl S 6 B0 28 S St e, 1B B o
BHEHES Ny PZ-2023-001, FEAE 22 BEERER 2 25 2 Fh 2 S Bt I PR 25 B0 7C BT sl s 3 v ot
TC 58 I3 S5 A ] B 0 5 ) 3
1.2 EERFH]

sgRNA. Donor #f&HFEM (T3 MRS BRA R & 2xHotstrat Taq PCR Master
Mix. 50xTAE. Gelred #%84<k} 10 000x. 100 bp Ladder DNA Maker (b 5T {1/ 1 3 PRl 35 A
HIRAF], $25: MT205. EL102-01. EL108. MD112) ; FEfiEk# Agarose (f#[E BioFroxx
AT, B85 1110GR100) 5 = TiYLHE 1 marker (_ LHFHERGAEVIEZRIEARAR, 75
WIJ103) ; MR Eh 22k PBS pH 7.2 ( iR AR R A IR A, $25: B31OKD) ;
19 fifks (5. 66144-1-1g, BN =IEEWHAHRAF) ; Bactin Hifk (525 #T0022,
%[ Affinity Biosciences AF]) ; ECL L2 A& (185 : BL520B, dbni=2zNfgl
FAHBRAFD ; F4f-ErEgl g% A T (granulocyte-macrophage colony stimulating
factor, GM-CSF ) (f%%5: 315-02, 3[H Peprotech A7) ; F4/80. CD4. CD19 Jis#t
i (385 123110, 302604, 390678, F=[H Biolegend k7 AHE)  IEHIR 1gG Pt (I8
F: SA00010-1, N =EAEMHARGRAF) .
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FHEARAT, #%5: DYY-7C) : %JaE® PCR 4 (RAURAEME S MARA R,
e T20) 5 RGBS HT (3£E GE health care A, %*5: Tanon 1600) ; 14
TARIRA (GEE DU & PE/RRFA IR AR, A5 . A00-1-1102)
1.4 SERJT
141 119 EE R/ R SRR &K EE

119 FEDRIRSs5/IN BRI R 97 B S5 AR 37 Ze R K25 24 2k 2 S I i PR 24 B 9 P i
BBy rhO ¥ SPF s WA TS, A FEMAE SPF L SLIh s W) Blbrit . I 1 2 4k
FETE 18~22 °C, MIXHE R 3 HI7E 40%~70%, KA 12h BARE 28 B (e IR, RS HERE S
FARBRTHE, /NRUEEIE R AE B TR AT NI AIRE R Bk &1
FERDRE S R K3 5 Pk 1) e i e K AR B, W DR AR TC IR O s TR, S A/
BN K R BEA0HTF, LU R AN E 7R TRk REA R HIEN SPF ah¥i)s, 40800
SUNRIHEHORAS . HEETOKIE LA KR G IR, JEUF e id s, &8 g H Ak 2
U, MBS BRI CLOR S AT 4 T, ELRR SR e K B T R 5 R B R K, /N B
filt A KAR LR . WK 119 JEN bRl & e R S 20 S MERA% 10 2 BB & %M. 1K
FEANERZ) 8 FITERGA. BEORI 21d MAERREE, FREE A F1 A&7 a, dE—PIEa Fl
RAi&TAEL 102 ISR, BERSEE F2 UMK, NESEERREE. R
e B AH R T RERF FE 3R A 70 2 1 LB A A o
142 N9/PRER%EE

Y 3~4 JAE F1 AV BRER B 3~5mm) , BT 1.5mLEP &, JIA 50 uL 24

(4 25 mmol/L NaOH. 0.2 mmol/L EDTA, pH 8.0) , T 95 °CHL#EE /KM 5 H 30 min.
U S AR ARSI, S0 50 uL B ¥ (40 mmol/L Tris-HCl 2209, pH 8.0) , AR . Ff
J& LA 3 000 r/min B0 5 min, RS RERIEAT PCR 473

SEES TR S B HE AR CRBO AR ARG . SIME BT L& 1: PCR Y™
Bk R 5T AR 25 pL bR PCR RBAR REATH 1S, HAREE ddH09.0 L. b F
Wi5I¥% 1.0 uL. Taq DNA BEEEEFREM 12.5 uL M 5 EIEKZH DNA AW 1.5 pL. 3 8FE
FFoN: 95 °CTIAEME 3 min; [ifif5 95 °CZEME 15, 60 °CiB/K 15s. 72 °CZEfH 60 s/kb, 3t 35
AMEIR; B 72 °CCALEM S min. {1 FI/R1 5 FI/R2 BiLRER S Y059 14, FI/RI
W50k 7 e o A A5 o L R, T4 465 bps F1/R2 51 41oxh 87 B A2 U5 B R, U= 703
bp, G L B IR B A F DK EEAT R R B E

B 100 mL HEJEHE, (AP AREN 1.2 g BRIRHE, JEMFAE 60 mL TAE ZZoiialh, iz



BN E T ERERA PN 10 pL AZFRAURL, F8 515 BB R thgE [, 72 B Pk BN
BER I BERE . FERESLINAAFIUK) DNA # 8, RMEARR 10 uL, HA— LA 5 ul
DNA marker. BLIKACH 22 120 V, HLIK 40 min. AR RS8N WL Br s S /N B R (A 2,
P PR A7 4

R LNPREREES TS

Tab. 1 Primer sequences for 1197 mice gene identification

Primer name Primer sequence (5’ to 3°)
16198-F1 ATCACAGAAGTGTGCTGTCTGG
16198-R1 CAGAACTTGGTAGTGCCCTGTG
16198-F2 ATCACAGAAGTGTGCTGTCTGG
16198-R2 AGTCGGGTTCTGAAATACTAAAGG

1.4.3 /NRAZEHMDE

[A] 5 /N BR R BY 220, B R R AR BR 70 5%, P25 SRR AR B, K i g
F L5 mL B0 H . RIS RS DA FE LS8/ R K IS5 5548 PBS RA) S, 4%
180 22 SR AR/ B bk EL 4t i 4 B YT, LA 800 r/min 90 30 min, W HI A [ 11 /16 2% 4 i
RISRAS A1 & 1 B AMZ 40 (peripheral bood mononuclear cell, PBMC) o 3 H/IN i JI A i
A, BF 1.5mL BOER&H. BIRIE PBMC 1438 757548 i PBMC AHIH . R
HUHEI FEAL LN RS, IR T 75% CBEPiHEE 5 mine SREUEE EWRA0H (peritoneal
macrophage, PM) I, SEBIFF/INRIEH R L, #ERMEE, MR AEN 6~8 mL AR HK,
BRI 5 min, BEJS S S RV FIBOHEZ 1500 r/min &0 5 min, 3 EiER
BI7S PM.
1.4.4 Western blot %) 119 FHEHKIFRIE

KPS FVEARFE /N RS, BCF2 AR/NBRAOHTAE . BT, O, MORRAZ, 89858
T 15 mL B0, SRIUE E E IR AT AR HE MR B E B E B SR R 2 10% SDS-PAGE
HLUK 7> B8, B H%ENE PVDF . A& 5% MR 9% ) TBST ¥ = i35 1] PVDF i€ 2 h,
ZJE RN 119 —HT (1210000 FIAZ: B-actin Hifk (1:10000) , T 4°CHEHE LK. &
H, F TBST ¥k 3 ¥k, R 10 min, RGN WL FESAR IgG —HL (1110 0000 , =i
W H 2 ho P TBST Wilk 3 k. PBS YUk 1 X, K 10 min. f/Filid L2 AOGME R4
FIHEREEIE, AL Imaged PAFXH H ARG HEAT I B 23 4T
1.4.5 FRLHHAKI 1197/ BRI}k R ST BERIRE W

B 1.4.3 T BRI AR PM ORI I K% JBRESR 5 PBMC 43l # # 2 1.5 mL B0 v,



% WT 5 1195041, LL2 000 t/min &0 5 min ARSI, ZEEBBEAIS, 25100
PUAR VLI P HEFE LB (1 Test/10° AM4HMLD I F4/80. CD4 Jz CD19 Hifhk, 4 °CEEHIFHE 30
min. 1 500 r/min .0 5 min 7 B3RS, FIEE PBS HEYM, K2 MidiERnEd,
B S R - i 3R G T AR 43
15 GiitaEab s

K] GraphPad Prism 10.0 #AFHEAT Hods 70 S R B HIE, THEEWR R X £ 5 20K,
IR LB AN REAR ¢ K036, DA P<0.05 NS A SIHEE L.
2 &R
2.1 PMRIGEFHR

FLACRER BB & th F2 4R, B BUERIAFEAE 19~21 d, SRR 4 B 8 3~8 I,
HA RS FE I 90%., ALt F2 AR AUNRIET TR % e 54t o, e 1
RN 15 R, Ferp e AMA 7 X, MEVEMA 8 W, MEMERLIHGE 1:1 (7:8)
22 PREFER L LR

B 1SR T P2 AN R R R S e 45 51, 1~15 S5/ RAE S 4L 1 A UL — 44 1
Oy 465 bp (&, RSN 1974l &N, 45 RIHR I CRIhIE T REmai s
FEPRIR B SRR o

1 N9/ hREREELER

Fig.1 Results of the 1197 mice gene identification



A: PCR results obtained with primer set 1; B: PCR results obtained with primer set 2; 1 - 15: Different
mouse numbers are represented.
2.3 EFERRAR 19 BEARXER

NIAIE PCR % E 4551, k] Western blot 77 K Il BF A= R 119 265 7/ oL 1 B
JANEAE R 19 A RL. SRR, BARNRESPERIL N9 EE, MAE 7/ AN
FH L 19 ik, 5 PCR % 45 W) & X —E5 JLUESE T 1974l A /N RS AL 1 R R 2,
NS 119 TheeR M 7 AT SEIsh iy (& 2) .

B2 19 7E WT /NRAT N97/NRASF GeBe 4 B R 4H 2R (3R 187K F
Fig. 2 The expression levels of 119 in different immune cells and issues of WT mice and
119" mice

A: Expression of 119 protein in heart; B: Expression of 119 protein in lung; C: Expression of 119 protein
in liver; D: Expression of 119 protein in spleen; E: Expression of 119 protein in kidney; “P<0.001,
“"P<0.000 1 vs WT mice.
2.4 119 ZEEER/ BXT 5B R G TR RIS

N THRBE N9 F PR RS A R A RS TIRERIFEME, KR ARG I 1 19 By A= 7Y



N9 457 NR RN PM JAMEIL. RIS IS CD4* T 4AMIEA#F. CD19* B AL 13
oo SRR, 5 19 B AERUNRAHEE, 19 2651/ AN L A& EAE PBMC H CD4™ T 4.,
CD19" B Ziffu A W24 (B 3A. 3B) , HE 119 4i&T/NRIMAERE PM 1, F4/80%4H
R EL oA WL 2 2 AR (& 3C) .

3 1o MR T 4. B MM EMAIT IR (n=3)



Fig.3 The effects of 119 gene knockout on T cell, B cell, and macrophage function (n=3)
A: Proportion of CD4* T cells and CD19* B cells in peripheral blood; B: Proportion of CD4* T cells
and CD19* B cells in spleen; C: Proportion of F4/80 cells in peritoneal macrophages.
3.3

AHFFURIIMIEE T C57BL/BN 5 541K 19 FERRER N (197, FFEESL T &L,
e mRERNA % ek R, B PCR 5 Western blot XUEIGIE, #iik 19 ZEREALA T/NR T
E A SR G e AR e e A, B BEHRRE, ML R KON ST 119 £F
RIERGR A JORE L G BEAR S (AR PSR4 1 T SE I sh ) 2 At

N9 52 —Fheh Tho 4Hf. NERAHMSE WM 2 RN 1, BEIEIE 5 19 R4S &
I Janus WEME 5 5 SRR T JAKISTAT) 15 5@ 8%, MM % 2 P oy 40 )
BT SRS RI T e8], HAE G RGP AR R 5RO EEH, 2528
BRI R LRI . AT, 19 7EMENG . 5N K 5 45 i BB e BEAE K 40 i
ANUE R PRI M5 AL, N ESTE SORE ;A8 SRR S8 o U ELAT R 2% R0 0L g 8 45 R, B AT e
PO G2 SR, AT BELE R LE A (e B e G e btk

EAFRIERIE, 119 1E B 5 B M b (A E T SR RZ T 52 B AL 119 3@ fiedt Thi7
ARG TE . H0H] Treg 40 D) e K M98 B 4M1iEAL, W RBREM ZHOR, WS 5K XIE
KT R RGNELLBEIRIE S 2 0 MR AL S5 500 1 B R 790 AR H i A e O 2 R B
PU.1-119 il £ S8 I 5% 7 28 1 JORE TBOK 5 - 4003 ORIV P, R S s m A el
TR RAERAR 5 B . N9 SR/ O FEAE B B G B A I AL ) B AAAE RT3 (it
TORBET R . ARAESR KR RS TE B & e eI B R A, RGMER 119 B
KI5 G e A B A5 AOE N AR, RE— P IR AIE PUL1-N9 BT TIRE, DAEZR 19 /&
7 B G S S AL ) (022

FEABTCRIYIL o e AT N b, 119 5 R B xS0 L5 I CDA'T 41, CD19'B
I ELAF) A s B L FA/8O AL LB S M/ (38 P>0.05) o iX IR N9 TEARA S AF
S G B2 LA BRI, T A AT BEAREILAE R € G B A B EARAS
CA ST PR IR, 19 {5 5l B AT 78 SO B B S SN s 20 5, I The, Tha7
Je B 4HAThEE, AT SN R M R AL, Rk, 119 SRR/ ERIEMEFDIRA T AR LR %
PEEE 25T, ABLESIA AL thaT RE S B (0 G S N AR A o
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