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Abstract

Objective: To establish the Trim26/ZNF173 conditional gene knockout mice model to lay the foun-
dation for further research on the role of Trim26 gene in hepatocarcinogenesis and underlying me-
chanisms. Methods: Designing gene knockout strategies, the frame-shift mutation caused by the
deletion of exon 5~7 of Trim26 will destroy the protein domain, which will lead to the function loss
of Trim26 protein. Therefore, we plan to delete exons 5~7 of Trim26 gene to construct Trim26
gene conditional knockout mice with Cre/lox P system. In short, the chimeric mice were obtained
first, and then the heterozygous mice (Trim261/wt genotype) of F1 generation were obtained by
mating the chimeric mice with B6/N mice. The F2 generation of homozygous mice with Trim26f/1
genotype was obtained from F1 generation of heterozygous mice by inbreeding. Genomic DNA of
mouse tail was extracted and the genotypes of mice were determined at DNA level by PCR. Results:
The targeting vector was successfully constructed. The targeting vector linearized by restriction
endonuclease was successfully electroporated into B6/BLU ES cells. The targeted ES cell clones
were preliminarily screened by LR-PCR and further verified by Southern blot, and three targeted
ES cells (3D, 6A and 10F) were obtained. By injecting the targeted ES cells into the blastocysts, 12
chimeric mice were obtained (the chimeric rate was not less than 50%). The F1 generation of he-
terozygous mice with Trim26f/"t genotype was obtained by mating of chimeric mice with B6/N
mice. The F2 generation of Trim26 knockout mice with Trim26f/1 genotype were obtained by mating
with F1 heterozygous mice with Trim26f/+t genotype. The genotypes of F1 and F2 generation mice
were identified by PCR. Conclusion: Trim26 conditional gene knockout mice were successfully gen-
erated, which lays a good foundation for further understanding the roles of Trim26 in hepatocar-
cinogenesis and underlying mechanisms.
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[ 45%, &4 RIS IR [1]. B SOmRE RO fE 2022 4F 3 H Sof R AR B [ e SR AT E 5
B A BN, TR IIBE TS AE 5 MR L P34 B B8 A, R I T R AN e (R PR T 2638 J 28 7 [2] . WAL,
JFF 9 2 1 i g RN B AE A (g BRI . SR, PP AR . SRR . RIS A s 2,
70%~80% (1) i A AE S Wi sl oA A, AR FARBITHLZ[3]. BAAFAR. MAIRIT . #ERRIT %
PEIRIT T ATE IR T PR T —SRIG R R, (R H TR IE R LA AN 19.6% [4]. BRI,
s e A A o FHLSI ORI 7T A S, ek BT A B0 Y B 2 1 e T - TR V6 T IR 5]
BATRT IR TR 6 45 5 B 7R, Trim26/ZNF173/RNF95 #E A\ HCC 4 RIARE T, Trim26 ]/
I BRI, X iR Trim26 Rk R At 5 HCC RAMISE. RIt, BATINE % Trim26 41413
RBR/ANER G, TR B R AL Trim26 56 R 78 e & 2E B AL ISR B sh i Y

2. MRIE A%
2.1. SLIRTN4D

FESRAF I LS Trim26 S5 1R DRI R B /N B 1T, FTHESRIE . FTHEURIM 22, AR F2H ES el ifit 5
ST L T EE ES G AT IR S SRR A4/ B DA BB 23R A5 PTE AE 1Y FL RS S48 LA gt K 5-Fa it
EE P TR T . /D BRI SR T SPR BRI BN, Wit VFRNIES: SYXK (B) 2021-0167. Sk
J7 GA% 2SI B AL A B Sy S Otk

2.2. EERF

Trim26 25 DR R BT S A R UK - M U R A S i a . SRR BIME N DR T4
DNA 420 PCR #1407 dNTP A1 Taq . DNA marker. §i %K 4] DNA 2@ LA & Southern E[1i25
SRS TaKaRa & NEB 2w, JF0RHh # )  JRE ORI &0 1 Qiagen 24+, RHRRZF4
KIEWE S &S AR, MR ERFN Invitrogen A& 72 5. 5I40& AT B LR AR E
BRA R T8 FHeRialf o B = 8 DAL S a5 o A 4k

2.3. /N ES paiEFE

ES 4HMifF 2~3 KI%IE 1:3 (L BILAC—Ik. 1537 ES 40 A8 97 MLAE B Ah A 95 2 (R /N BRUVE A A 2T 4
Y M) 2T SE ] 0. 1% A AL ] . BRI HRE: F R RIEFRIE, N 1.5 ml 0.25%FREFH L 5 min J5, A
A 15%A 25 M5 1) EiE DMEM £ 77 58 RIERRG S M. o 28 5 IR R T, B2 o AR #
PR A% 1:3 (LB RS BT & A R IR E AU 35 mm A kiR, AMIAR RIS SR . KA
BIPESG, TET 5% CO,. I7TCHiFRAAT TR, M H R, AR5 AR E 4K

2.4. ES ML ITERE (A ES 4B & hE0 ES HpaliF kS E

KA 7 g ES A0, HAAMES IR SCHRI6]). FIEFTEEEAA, 0 BRI P DB 2k 1k Ak 4T 50
AR, RGBTSR, B\ B6/BLU ES 40, i@id Long Range PCR % Southern blot §ifi
1% IEAA EVR E ALY ES befE . i ES wlEL i TR, AR L FL RS T F2 /R4 &
T

25 EFRALEFEBAIT PCR EEHERH

PEE 5 & ES 40 A A R R JE K 4 DNA, 31K DNA & 8T 50 pl TE , 37°C Rt i@, v 4 Southern
blot 525 . fl 412 3E K1 41 DNA K BT R4 0.5 cm JEON Ep & 1, I 100 ul SA W, & T 95°C, 50 min.
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i SB K 100 ul T Ep &M, ¥ 20 X, 3000 rpm &.C» 10 min, HX 70 pl &% PCR 43#r. PCR 5|4
(F: Forward, Li#54); R: Reverse, Fiffs|4n)iE W% 1.

Table 1. Primers used for genotype identification by PCR
& 1. PCR £ EERRBMASY

S AFK 519075 PCR F=#I R/
Trim26-FRT-tF1 GCCTGGCAGTGTCTAGCCAG
FL: 660 bp wt: 510 bp
Trim26-FRT-tR1 ATTGATACCCGCTCGATCCT
Trim26-LoxP-tF1 ACACCAAGGACTTCGCCAACAA
FIn = fl = 513 bp wt: 390 bp
Trim26-LoxP-tR1 TGACAATTACAAGGCAAGCA
Neo-5R GGCTGGACGTAAACTCCTC
Fin: 414 bp
Trim26-FRT-tR1 ATTGATACCCGCTCGATCCT
Flp-F2 GACAAGCGTTAGTAGGCACATATAC
T=325bp
Flp-R2 GCTCCAATTTCCCACAACATTAGT
Myo-F1 TTACGTCCATCGTGGACAGC
245 bp
Myo-R1 TGGGCTGGGTGTTAGCCTTA
3. R

3.1. Trim26 EE &R AR

PEFEER A Trim26/ZNF173/RNF95 JEK & — ME kK 7, AT 6 S OAR FEAZH AL &
A& (Major Histocompatibility Complex, MHC)[X 35k, I &H 10 MM, wh i 545 AN SRR BT
EE. Trim26 J& Tripartite 27 K EM A2 —, A& 3 MEHEEMIH. — 1 RING, —4 B-box 1 Y,
—A B-box 2 BRI —/METE-1R e, P EHRE LS & DNA, S 5RFEFREHTE, RING 45tk
A E3 12 HHEMIEYE, B-box 2 SRt 5E A L&,

WIS Trim26 25 (A 45 KB, AT 5~7 Bk S R AL 5 A8 S B R 2R (A s ek, 1T
F Trim26 & AAThAEIE R Ak, FATHMHER Trim26 FEF 4L 5~7, LUEB) Crellox P RGUHIEE Trim26
JHE DR 2 A M R R 1R /D BR (1 1)

34 5 6 7 89 10

——Iv

Wild allele:

5 6 7 8910

12 ' 34
Floxed allele: I'I I-I-(‘- Neo H_I—HI'-'

Legend:

I Exon IUTR p LoxP ’ FRT Genomic DNA

Figure 1. Schematic diagram of the establishment of Trim26 conditional gene knockout mice mediated by Cre/lox P system
1. f&8f Cre/lox P REEESL Trim26 541 E E RS/ R A RIS R EE
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3.2. THEMEEREEHEIREAR ES REURREENRIRE

PR 1T R MR ST Trim26 JE DR 26 AR PR R B /N BRI 7 8, MR T R4 . AT 3R AR BR B N )
R AL G, M%7\ B6/BLU ES Cell line . HUFEf5 24 /NS S5 GAL18 HiME: I 55 77 B AT In He i
. M G418 ik T LAR 3 & A 3 5 = FE K (neomycin) (1] ES 4T, X MEmf kAL T 4T SRR N
B2 G418 ik oy IT HE sk AR BB A NE R B MRS P 40P ERENLIE NS IR, FTHEE
A5 1Y) DTA (1M 5 % (Diphtheria Toxin, DT) A F BY)&ik, 1 DTA nJ LAEBRFEANM, AT B
BN Gancyclovirs 177 30T BV G o« IXFEFI A DA_F 072 mT LA 75 Hp SR 40 o 73 21 B KR 1) s 4

ES ZHMurEn bimik iR Erh 535 7 KRG, SREUSRAEiE bt ES ke, DLHHTY 53R, i)
HIHLME ES 4R 5T FE 73 O 0 R AT, LAAS B SR AE I 7 415 S AT B 7R JE S B s —
SRPTINEE R ZH DNA, BT H AR A e R 4558 o 6P BRI 96 A3l if it Long Range PCR SEH& 4] ,
5% 16 HkrP#l ES 403D 5G. 6A. 9D. 10F. 11A. 11G. 12E. 1F. 3B. 3C. 3E. 4F. 5D. 10B
A 11G) (Ffiikss RAER). 3%, 4 Southern blot #E— L I6E, #ieE Sl 3 FkrH#E ES 40A(H) 3D. 6A
A1 10F) (% 2).

Trim26 5'
WI 1 2 3 4 5 6

WEEBE LMW 15000

- —10000 bp
-~ =7500 bp
4 ~ —5000 bp
Lo
(a)
Trim26 3'
t { —15000 bp
§ ' ~10000 bp
- —7500 bp
% —5000 bp
(b)
Trim26 neo
WT 1 2 3 4 5 6
) ~15000 bp
A Weww Wy
'n -/ —10000 bp
~7500 bp
v ~5000 bp

(©)
(a): 5-end fifiik; (b): 3-end Fiik; (c): neo k.
WT, BFERUNRAIZEKIA DNA; 1~6 WGE AFES ES 41 5w B RIZE A4 DNA,
1~6 VKB BN B2 3D, 5G. 6A. 9D. 10F 1 11G #£ 5 ES 4if 7oz,
Southern blot % 5E 45 5. #5 1 (3D). 3 (BAYH 5 (10F) Ay A M: 7o %

Figure 2. The targeted ES cell clones were screened by Southern blot
2. Southern blot &~ #E ES ZAAAPAE 52 &

DOI: 10.12677/acm.2023.131149 1077 I IR = =23t e


https://doi.org/10.12677/acm.2023.131149

itk whEE &

¥ Southern E[ZERAIE 42 ES 40 (BN 3D 6A F1 10F)E 75, T 24 LR W2 )5, BEATEEMRVEST,

RIS 12 H Trim26 ik &N R (5% A F AN 50%) (K 3 L 2).

Table 2. Details of chimeric mice

*® 2. BAEN/INRAAHE

Figure 3. Photo of the chimeric mouse

3. mAKIRER

ID

© 00 N o O B~ W N B

R
AW N

Gender

[OX

Oy Oy Oy Oy Oy Oy Oy Oy Oy Oy Oy

Color
90% B
50% B
90% B
60% B
85% B
70% B
75% B
90% B
85% B
90% B
50% B
70% B

chimera
chimera
chimera
chimera
chimera
chimera
chimera
chimera
chimera
chimera
chimera

chimera

Generation

Remarks

3D
3D
3D
3D
3D
6A
6A
6A
6A
10F
10F
10F

3.3. Trim26 & FE &1 R R/ R 3K EY

Ed 23

TS, 195 FLAVNL, J#1T PCR % HF 1,

IEFRE G RS G /N RS B6/N /MR AL
A Trim26"™™ H R R FLARA A T/ N EL(1&] 4 R 3).
Table 3. Details of heterozygous mice
= 3. EF/INREALH
ID Sex Gty Color FIM Generation
56 a8 Fin/wt B 38 8# F1
58 Q Fin/wt B 3 8# F1
61 Q FIn/wt B 3 8# F1
62 Q FIn/wt B 3 8# F1
63 Q FIn/wt B 3 8# F1
64 Q FIn/wt B 3 8# F1
65 Q FIn/wt B 3 8# F1
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Trim26-FRT-tF1

Trim26-FRT-tR1

~ FL:660bp Wt: 510 bp
D B - -

64 16 167 168 169 170 171172173 1

— 2000 bp
— 1000 bp

Neo-5R
- Trim26-FRT-tR1
181182183184 185 P B6 N fln: 414 bp

—2000 bp
1000 bp
=750 bp

N, FEXIE; B6, BFARUNRAIIERL DNA; P, BHPEXTAR; 157~185 kil AE fh & K41 DNA.
FER RIS e LR, 157, 161, 166, 167. 169. 172. 177. 181. 183 fll 185 JyZ& & F(Trim26™™Y), H 4K
RI(WT); 157. 158. 160. 162~165. 167. 173. 175. 176. 178. 180 A 182-184 Ay Flper 244 1 (Flper™").

Figure 4. Electrophoresis diagram for genotype identification of Trim26™™ mice
B 4. Trim26""" )\ G EE I B4 2 Bl K

PR K Trim26"™ LA FL AR & /N RA SR, 133 F2 A0/, 3647 PCR % 2 A3,
AT Trim26 2 1E 3L A R /N B (S Trim26™™) (14 5 filge 3).
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— — Trim26%* (660 bp)
— bl J— WT (510 bp)

WT, BATUNR L4 DNA; 1~8 ¥kiE AFE L R ZH DNA.
FEPRI RS 5 R REN 2 R 6 Al A T (Trim26™™), B 6 1. 4.5 Rl 7 9444 T(Trim26™™),
FEfh 3 F1 8 AEF AR (WT).

Figure 5. Electrophoresis diagram for genotype identification of Trim2
B 5. Trim26"™ /)y L2 (R BY % 5 B K

6f|/f| mice

4. W1ig

TEAE G SE DR R /I BB ARL o, 2 R Bk P R DRI A Ay i 2 28 O B, D) DR il 5 A i Bk s /s BV 1
DU G SO A JE A AGRAE T B G, PR T ik — P AEAR I AL AT R B 2 R (R T BB [ 7], AT ERATTR
FARI R R R R AR R T Cre-LoxP RN 3 F I —FPAL SRR R EHER, 5B Cre/lox P
RYORMER Trim26 HER KIS F 5~7, 4MET 5~7 BLRGENIBILRA SN E A4, 2 S8
Trim26 A hAETE . BITIZIEN R RS, FRATHAG T IR Trim26"™ (44 1 Trim26 2% 5%
Rl /N B, 2N RS SRR R % Cre i /D SRS 5 AT 3R A5 4H 2L B2 B 5 1 B Trim26 (/8RR 1%
/N A B MR Cre i R (W0: CMV-Cre) 3 L J5 mT 3R 153 4 B PR Trim26 ZEBRI /N, X st /s
B Trim26 J: R R a4 T i 23 ol i R AS, G BEAE /N AR N JE— 2D HIF 5T Trim26 JE PR 72 & A=
BIVE I AL ZEE T R4 (R 7 kAl

BEREEE TRIM26 JERE — MNERR T, AT 6 5y aihp) EEA LM A E & (Major Histo-
compatibility Complex, MHC)[X 15[8]. Trim26 /& Tripartite £ FRER A2 —, B 3 MHEEMIR. —
S RING. —A> B-box 1 1. —> B-box 2 BUFI—/MEJE - M8 ELs ik, HEfadiiss & DNA, 25
BRI FRIE R, RING 458 A E3 12 R IEHMEME, B-box 2 £kt 2 58 iz £401816[9]. B,
NEARZH TG R E B E3 2 RIEEMRITEE[10], EFPNOEZR[11]. BT HIV-1 Y121 F/E R
12 ZERE 1) B BRI IR [ 13146 5 T R B VR . ez, HRTW Trim26 [3hfeidcm s £,

YA /D EIESER I, Trim26 587G KR FrdftsiiEs, Mule £ Trim26 A5 1) NEILL iz %
WHAIR T2 7400 DNA #5305 S B, ] Trim26 K2k, 658 7 AN H IR U20S 40 T
FIHEPTIE[14]. EE ARG RER, Trim26 (£ LW AL R RIAPE T, HiZEREE TS 8 0HE
KA N VA [15]; TRIM26 7675 P R A 4URT 75 IR A R P 2Rk i, TRIM26 i i
AKT BB TR, T E A R 4SS [16]; TRIM26 78 3E/IN4H i iz i g 25 2URN 40 g &
H#w % T, TRIM26 G #if] PISK/AKT 3% i 40 S5 /Nt pf it s 4H M G BB [17] . SRTM, AR Fi 3R B
Trim26 7£ 5% itje 20 ZURIES Dt e 4 g 38 20 B, W Trim26 ik jm, i b 40 M i hg 5 . 228
R [18]; TRIM26 1EfiE4NAE R (H1299. ASA49)AN it & I 4141k B B = R0k, TRIM26 Al RE(E
it Hh R A B DR AR FH 19 AT UL Trim26 f2E 2 he ks S 4, AR F IR ml e A8 e A
) (R AR 0025 R, E R — el PR A [R) 4 P R bt m] BB R #5354 I I AR ThiRk . 2, H RTFRATTXT Trim26
TE R A e i FE R R D BT SRS B, 1 Fp gt — 2R NI 9T o 1T AT R B 0 T 2 56 45 SR 7R Trim26
TEN HCC HEIRFRIA R E T, Trim26 /N &R0 5 A s . FoA TR e 2H i BI7E AR/ BR 32 22
M E PEd R AT Trim26 RA IR TR, Trim26 75 AR/ R 5 I 354 B B3R
15[20]. Wang Z5 R 78 [21] & B Trim26 £ AN HCC H41h RIE/KTFIE R, HiZERFIE FHS HCC
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BRI BRI % V1A K X L FU 45 SRR Trim26 335 IS5 HCC [FMRg & AEAR G o 1k Trim26
FERPIE R R IA SRS, W HE— B0 iR 5 HCC K ARG, HAT, FATCHI% T Trim26 k%
PRIRBCRR/NB X T — 2B T FE Trim26 Sk PR 7E T 26 AR Y R LA B B 3

E&WmE

= F AR T R T R A £ 13 45 (202001BA070001-063.  202001BA070001-043);: = B4 BHL /T

BRI 78 L Wi 452 (202001BA070001-043);  [H 5% H #RF} 2% 55 4 (82060425 81702778); | 7 H AR # 54>
T H (2020GXNSFAA159131) .
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