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[# ZE] B R CRISPR/Cas9 H AMI B B2 119 (sorting nexin 9, SNX9) FEIKELG NGBS L FTUII T, FiE EPxt
C57BL/6/INELSNX9JLRHE 3 ~ 5HNET-, it gRINA FEAL SRR NSRS sgRINA , 555 Cas9 [ mRNA VR A el BN R 54 7
ARG FO AP R N 181 2 M RN A S 7 R A5 SNX9 SRRl &1 INER (SNX9~~/INERD) s BRUINERUE BB 2RI DNA, JT PCR AT
Nkl F Pkt AT R T 5 s SR SNX 9 ZE IR NERUIRZE 2R 1, i Western blot Kl SNX9 2B F A0/ N BTG B ORI K 5 1R
SNX9 FLPRIR R NG AR ER , HESEP A NP s 2 AR A G0 0 HT SNX9 FE RIS NG5 ASIB I s TFARE T (HE) Bt X2 MU
AHTESLSEE. ER PGS T (SNX9 )/ NRET S ]3R5 3 R R BFAE AL (SNX9) Z AT (SNX9*-) AT (SNX9 ) s FUBHE
U DNA FER AlEeE Sz (PCR) BESEE HY/ NS LRI, SNXO Bt/ INERUINZH 2R SNX9 #5 2R A I T A2 700 INRR 5 SNX9 ZERIR e N
R AR (B R EEAR TE A AD NR (P < 0.001) , ARETE R EZE T (P > 0.05) ; SNX9 FEREBR NRUINH SUEASFAFIE-SE A A N
FHELTC AR 22 575 SNX9 ZEDRIE e/ N FRUZH 2R 1/ N AR AR 58 1 R /IS8 AR A NRAREL 22 R Ae 28 (P < 0.05) . 8518 FIIF
CRISPR/CasO T AR SNX9 FERE G NG, 09T SNX9 SR A= D RERIEIE AR AL T SEobshei
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Construction and phenotypic analysis of SNX9 gene knockout mouse model
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[Abstract] Objective To construct sorting nexin 9 (SNX9) gene knockout mouse model using CRISPR/Cas9 technology and
analyze its phenotype. Methods sgRNA target sites were designed for exon 3 ~ 5 of SNX9 gene, and gRNA was transcribed in vitro.
After mixing with mRNA encoding Cas9, FO generation positive knockout mice were obtained by microinjection of fertilized eggs. SNX9
gene knockout homozygous (SNX97-) mice were obtained by breeding and genotype identification. DNA was extracted from the tail tis-
sue of mice, and genotypes were determined by polymerase chain reaction (PCR) and agarose gel electrophoresis. The expressional lev-
els of SNX9 and microglia marker proteins were detected by Western blot in SNX9 gene knockout mice. The reproductive rate and body
weight of the SNX9 gene knockout mice were recorded. The gait of SNX9 gene knockout mice was analyzed by gait system.
Hematoxylin—eosin (HE) staining was used to observe the brain structure of mouse. Results F1 heterozygous (SNX9*-) mice mated to
obtain three genotypes: wild type (SNX9"*) , heterozygous (SNX9") , and homozygous (SNX9~). DNA derived from mouse tail was
used to identify mouse genotypes by PCR, and the level of SNX9 protein of SNX9 knockout mice was significantly lower than that of the
wild-type mice. SNX9 gene knockout mice could grow and reproduce normally, but its reproduction rate was lower than that of wild—
type mice, with normal body weight index. There were no significant differences (P > 0.05)in the brain morphology and expressions of
microglial marker proteins between SNX9 gene knockout mice and wild-type mice. Conclusion SNX9 gene knockout mouse model was
successfully constructed using CRISPR/Cas9 techniques, which provided an experimental animal model for studying the biological func-
tion and regulatory mechanism of SNX9 gene.
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LR B (knockout , KO) e A A FH [RIIR B 4H , f
B L R — LU EE B4R T DI RE A Mk, EE E 4
TRA R, IS L PR R e 0 o R 3 P i ok
FEAR BEAE 53 T DG AR S 1 20 2 2 2 A 1
MAZSEAEY B BT, MiE S T4 Y1k
22BN R R 5 583, LR B RR B 2 U — A e i
SIS ARV G . FHH CRISPR/Cas9 Fl gRNA £
RN FR B /N BHEA T 452 ik PR ok 4 28 Ak 1% 005,
WFFE BEAEN,

I FE R 1 (sorting nexins, SNXs ) 2 —R S 5K
FA 4155 T 75 400 i 1A B i 1) B R R . SINX9 2
H 5 2z —, &% 74 PX.BAR.SH3 = Fh &5 #4524, PX
SERYBRRT DL S W i eI L AT AR A S A R e
T Al R Ve i 1 S o A7 T R ) T 6 VR o
BAR Z5 4355 ] 175 5 40 i 5 251 iy , 2 5 s e 98 A 32 00
Aol SNXO TE M AS 2R 1A 3 1 N ARV T b 2 S
(Dl $INSp e R B N R R [ S e = D
HEEABEE G, B0 1501 GTPase #5214
BAEHAD A . SNX9FERE L4125 )5 , 3 sh 11 2
GTPase JEPE , fIEHE /2240 . SNX9 BEf% LA A 1)
77 2B WLBh B R 5 I N-WASP, LUPME AL3h &
H R A SR, I AR R WA B 57 3% W SNX9
FEFEUS1 A I U8 i 38 5 e 091 DL ILRE20! , 98 R -22)
PR o E VP RL AR o /NS 200 i 2 P X
Pl 28 2R 50 SR (14) 8 5500, 200 B, 37 PN /BRI i) 8 mT
KA RAE R TR, A1 55 IR IR SE I F o (TNFa) |
HAZE-1B(IL-1B) . A E -6 (IL-6) . F1/r K-8 (IL-
8) MR AIAEE2(NOS2) FFEAEE-2(COX2) ihitE
A(ROS) Z5123-261 /N S5 441 i 8 380005 i A T e Ltk
SR M1 FERIHIM2 A, M1 FER/INIE 5 40 BB i s 7K
SR SRAE PRI E 90 S, M2 R R RE S 7 I bt & [
TR LR AR R T B LR AR,

R T HEIRAMSE SNX9 W AE 2= D) Re , A IR #
it CISPR/Cas9 5 A # 37, SNX9 J PR Rl [ /1 B 7Y
WA SNX9 BE PR e /N BUast A% 26 L DL K i 1 8UE 2
FU/INEE o 4t e 45 7 T VR L 91 HL R SNX9 35k PRAE DG 1)
WFFEFEAL LI B A

1 MB5ETTE

1.1 &8l

1.1.1 EEshd  SNX9 K ER/N AP C57BL6,
SPF 2, ZHEF M A= VIR AT BR A Rl ke 4, 76 V0 RS )
KA Y S go o Ay . S s ARG EE (55 +
5)% 25 C, O IBEIEE R . AP ERRE
SEYG ) RO L (R ERHE S : 20210927-009) , - H ™
5 G250 B4 3R A5 S

1.1.2 %A DNA $2HUR5 & (TaKarRa) ; B b

WA (T IMFERE) s TAE(50X) HL Pk 2% i (28 5K ) s HE
Pe iRk & (REFE) s BCA IR & (REFE) ; SNX9OBT
{& (Abcam) ; Argl $HL 4 (Proteintech) ; TNFa (Protein-
tech) 5 Ibal LK (Affinity) ; B—actin L& (Abcam) ; HRP
Frig tFEHT %/ R 1gG (%3 €% ) 5 PVDF % (Immobi-
lon),
1.2 ik
1.2.1 SNX9 & B 3k R 69 %) & SNX9 P B 4 /)N
SUH N B A= BB s mI A . LA AR AT A A0
T SNX9 A T4 17 5 J afk I (NCBI ID: 66616; %%
¥ 51 : NM_025664; £ £ : ENSMUSG00000002365) , f11
TA8ANANE T MR NI E T3 ~ 5
(exon3 ~ 5),7EAMNE T 1(exon 1) AR b5 X A4 BT 5
(exon 5) T U#FE 51 H 43 90 11 gRNA K 11 BE 6 R kA 7
551, eRNA JFHIE B L 1,
%1 gRNA FHlfEE
Table 1 Sequence information of gRNA

gRNA [¥4] FEolE B (5'-3")

¢RNA1 GTGGAGCCGGGTAGGTTCCCAGG
gRINA2 CTTAGCAATAAACGGGCGACAGG
gRINA3 AGGTTCAATCCCGGAAACATAGG
oRINA4 GCACAGTGACTCCGGATGCAGGG

SBT3 ~ 5 gASIX 20.73% , A5 R XK/
910 142 bp, Ha bR X B A AT A T SEH . Bk
G gRNA 5197, 5 19538 K5 #4418 K1) 5 FA A i
IR IRl L X T NI O TR UR @ e IR R B
PCR i 1 BH 1 5 B B 7% FF 254700 7 50 01F , DA e 4 4
seRNA FRIRER . AR TORE (LR AAT R 5+ R 4
T TORE TR AR I A TN S R, A L A B
ol X sgRNA Fl Cas9 iR # AR A TR INE S I W
Cas9 mRNA il sgRNA VR 9738 12 b 03 5 31 C57BL/6
7 4= /N B (Wild—type , WT) (193245 09 b, 385 73 41 e
1) 52 K5 U A AE BB 2 e B b, I & B A
SNX9- /N A SE /DR SR A4 SPF 2, /N
PRI N 6 ~ Tw, EEIRIIZ A 20 d, K5 iz
P R A — B B R
122 AR DR ST SNX9 R NG T
(SNX97=) /N B FH (1) 1104 AT g b I EF A= Y SNX9Y+
ZR4 T SNX9- Je 2545 SNX9- 3R, 37 25 /N[
JE K 55 0.3 em 22 47, $¢ WA 0 IH 45 A A B OR ik A7
DNA $E5, FHRGE K ARG 4 ° CIRAE I 0T B IR e
JiE LK, A o SNX9 BE R B /N BRF AR PR AR, S |
Y1 P1U/P2 J7 HIAE B 3% 20 T A 4% =X B (poly-
merase chain reaction, PCR) WK 2 . LI RIS 1Y)
£ 1 L, B DNA 1.5 pL, K& ddH,0 9 pL, Premix
Taq 12.5 wL. TG 2544 :94 CHUAETE 3 min; 94 “CZ8 M
305,60 ‘CiB & 35 5372 ‘CHEMH 35 5572 ‘CTFIE S min,
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ﬂi35/%)ﬁﬂ 4 CURAF o I BBE AL A FL Tk , X6/ B
FEA R HATEE . W Tﬁﬂaﬂﬁ%%ﬁéoszmtﬂﬂ
KoﬁUEE’J <y FE 614 bp AbHEE, 22 A F H B 2 7E
614 bp F1602 bp AL [F] s H EE
£2 3UFIMEE

Table 2 Sequence information of primers

51 FPFIER(5-3)

Primers1: F1 GACACAGTATTGACTACACTCAACC
CAGATGTAGTCGGGTTTTCTGGA
GACACAGTATTGACTACACTCAACC
AACATCGGGTGCTCTTCCTTG

Primers1: R1
Primers2: F2
Primers2: R2

1.2.3 Western blot J§ & 1 5 0 LU S 40 RR 5/ BR
‘TJ%EEEMH/J\ BRI 2H 257 7 2 4R R, >R FH BCA 1R

AT EE IR BE N 2 5 Mk R R I RE W33 (5% ) 4 PAT 1 hs
~h SNX9(1:1 000)/Argl (1:1 000)/TNFa (1:1 000)/
Ibal(1:1000)/B-actin(1:1 000),PBST % 10 min , #
B3 ZHr(1:10 000) E R MEE 1 h, PBST PEAR 10
min, B & 3K ECL#EEE B @B 5% . H Image J 5K
o, % BE A & KEE S NS K KEEZ
FEAIZ R B A ek i
1.2.4 A F ZFalh & SPFYIRFRIRES  FHXHEE (55
+5)%, R (23 £ 2)°C, G B AE B 1 W S BT AR
AU/IN BRI SNX9 5 PR R85 /0N B Ay S8 A i, o D 0 o
(NG
1.2.5 F &5 H Tread Scan™ &4 R Gt K HL4S
2H/NERB o ST TR R I B8 28 e iliaT,
#f Tread Scan™ M2 HLIFAT FUEA 5 min DL 20 BE A 387
3o ML —> 15 B S AP MU AL, T 1%

e — R To 2% my s B AHBIL , 10 SR8 T
S DAL %%E’JHE{WI I HUNRUR B L
RS SIS . R/ NRIE AL B A7 R B
6 cm/s, mkﬁ%’fcfﬂﬁéﬂtﬁ 2 000 17, 451% A1 100 Mi/s , 5347
CE 1IN = A A o5 by L DL 57 o
1.2.6 HAM—Foe /NEIRNALRA T 4% 258
RS, AR EEY) R, AR - (HE) Yo, I
5% SNX9 F PRI R 55/ BRI A 2R 2540 AR Ak
1.3 GitE4iE

FH SPSS 27 Beit2# 3 A T4 43T, DAXEL = A

W2 (x +5) Fen, A A LR A AR XT Student 's ¢
K%, P < 0.05 Fm 22 A G4 B L,

HR

2.1 SNYOEERRBR/NRHEFTER
SNX9 F& [HE SR /N B T M B0 A W Bk 2wl A
O RWE 1R,
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Wildtype allele
gRNA region 2RNA region
I '] [ ] [ ]
] | |
1 3 4 5 18
Target allele i
['] [ ] [ ]
i 1 i i L
1 3 4 5 18
Knockout allele
1 . 18
I Exon of mouse SNX9 = Knockout region % Cas9/gRNA || Mutation region

1 SNYOERFERBR/NNREERFR

Figure 1 Construction scheme of SNX9 gene knockout mouse
2.2 SNXOERFERBR/PMRHERBETE

PCR 4" 34/NEURFB DNA , FHA T IR W EE S LIk
ALY 14 Y Primers2 1) 602 bp Bk SNX9+ BT A /N
L, AP 18 H Primers1 A9 614 bp /B SNX9-4li & F
JNER, TRV 38 Y Primers1 [ 614 bp i BE A Primers?2 [
602 bp Bt A SNX9-Z2 5 F /N (ULIE 2A) . X PCR
PGP T LT, GESE E R ) (LI 2B ) o

SNX9++ SNXg-- SNX9+-
M pt p2 pt p2 pt p2 pt p2 pi p2 pi p2 M

"H'

INANRIS QTS REY S WWELULLARARS VAL VA VAN VUL R

B2 SNX9§E|n§F?/J\LL\E’J DNAYE PCRF'MJ B ik B R
Figure 2 DNA identification of PCR products of SNX9 gene knockout
mice by electrophoresis and sequencing

E:BHAAPCR O RE, BBAPCRFHAFLER, MA
marker;P1 % primerl, -7 2 614 bp; P2 % primer2, 47 2 602 bp.,

2.3 SNX9EEFEER /IR B SNX9 F| B 7K
SNX9 #5 F1 RYAE XS 43 Jf & o4 78 kDa, Western blot
25 7N SNX9 HE R B /N BRI 2H 2R %) SNX9 2R 1 61k
TR AT R AE RN (UL 3) 6
WT SNX9 KO

SNX9 !}" gy o
B-actin @-— ERE S S | 2N
3 Western blot #&ill SNX9E E R /MR AN EL SNX9OZE B MR

K
Figure 3 The expression of SNX9 protein in brain tissue of SNX9 gene

knockout mice determined by Western blot
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2.4 SNX9ERERBR/NREEREBEMEERER 10 30+

SNX9 SR 5 /N LS IRl B B, AR/ B o T g
TR B, /INRZ 6 ~ Tw R AR, v 3 R . $ 201
4 ~ 5 d,AEIRINZ 20 d, FLIIZ 20 d, B AT RO g o
2 ~ 6 HARTEAERUNR R A7 84 ~ 9 HL (AL & g1
TR > 98% (WL 4A)  BLA, SNX9 L /N B . 2
FEY A= LN BROAR SR AR 25 S R iR E (P > 0 0-

WT SNX9KO A WT SNx9ko B

0.05), K 4B,
2.5 ERERBRNMNRHSES
ARRG R EAY LA FRHERE N6 em /s, Bt

B4 SNxoEFERHR/NREFER/NMRAHER FELE
Figure 4 Comparison of birth rate and body weight between SNX9 gene

knockout mice and wildtype mice

A ARMWUELA 2 000 Mo, 45125 Sy 100 W/s , A R S A T Ar SNX9 B S D R 5 B AL Rk A b v AR
Ay M SE iRl R R T, 2 RS i s (P > P <0.0015 B: SNX9 3k B 8EFr s 55 B 2 AL SRR pbd .

0.05), L5, 2.7 SNX9EFERBR/NRE MR RS T BRI
2.6 SNX9E[EEE R /)N B i 4A A 454 Argl \TNFa . Ibal & [ AH X 75T 18 53501 4 38

W5 SNXO LA Bk 4 /N BURIEF A /N UG ZH 20 /8 22,17, Western blot 28 5 {78 SNX9 @i b5 /1N B 4 27 A1
LTI R HE Qe 00 )5 X 45 SR HEAT X L, P i1 %t Argl TNFa Ibal PRI B AE/NR 227 0500

FTCH] 25 5, WK 6. ZFEX(P>0.05), WE 7,
1T

200 160 170= 1704
| R ] ) P
WT SNXSKO ) WT SNX9KO WT SNX9KO ( WT SNXSKO )
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B 5 SNX9OEER/NREHFERNRETSHLER
Figure 5 Comparison of gait parameters between SNX9 gene knockout mice and wildtype mice
E:A-D:SNX9 A B SR RS 95 R AL SRR B9 WA E-H : SNX9 A B 8D R L 27 AR A R5E AT 19 89 )b 4%, FR L \RR F2 RL %>
RARRA WL AW A 6 M A 2B B

Cerebral cortex 5 Hy» thalam Brainstem Cerebellum

SNX9 KO

6 HE BT SNY9 B E AR /NR 5 B £ BN R AR A R 4549 (100%)

Figure 6 HE staining was used to visualize the brain tissue structure of SNX9 gene knockout mice and wildtype mice (100X )
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1.5+
SNX9KO KO
v
b - — § 10
TNFaI - | 22kDa z.

|
B-aCHN  cm— — — — 42 kDa

B
WT SNX9 KO
2.0 2.5+
pin g 2.0
s ——
g ]
1.0
k] s
Z 3
0.5 0.5-
0.0~ 0.0~
WT SNX9 KO C WT SNX9KO |)
7 Western blot #&ill SNX9 B B & Bk /Iy RS 28 40/ N R 4 B AR 7S
EANRIEKE

Figure 7 The expression of microglia marker protein in brain tissue of

SNX9 gene knockout mice determined by Western blot

3 it

CRISPR/Cas9 S JE R B B 4H (non—homologous
end joining, NHEJ) & A R SR AR 198805 A% 4t [ 5
HARGE 4 ~ 645 L0 3 Z I 5T & s 2 1
CRISPR/Cas9 F AN K B/ AT 56 PR #site->7), itk
—FAEW] CRISPR/Cas9 £ AR 5 H 114 3 X 4k i 24O
B R a5t BeAh iz A 1 5 RG22 %
BRI TR BHE AR E PR A

ARWF5E /N AE ] CRISPR/Cas9 F A , I 76 25
TR FHEAT T oRNA W55 . 76/ INERSZHKG O v W) B
T 5t Cas9 Fl gRNA, Fifi J5 76 gRNA B9 51 5 F , Cas9 FE
SRS 3 ~ SN TFES G S 3 DNA BUEE K
2, DIHIA RN S EE 3 ~ SAMNE FHsdE P 5Bk,
e 2 S BE SNX9 JE DR ) i ok, LA SNX9 537N R
R, FEEH T R RB IR 2 ~ 6 HL K
F U AE RN B =54 ~ 9 H FARUE DRI R
U B ARKESFT 2R, il PCR % EIESE SNX9TE
ZEMLAE T /MR REE , Sl Bz 3 P Eok B
wEFE M. FIFH Western blot kil /NI SNX9 2
FRARAK AR RN BRI A 20 SNX9 B U F3R IR & N
SNX9 KO /INEUIG 412 LT T SNX9 5 114235 , 1 78 B
SNX9 JEH R, 5 PCR %@ 25 MR & o LAk, SNX9
KO /N R 21 2 235 #4) 5 5 A5 /N BTG IR I 22 5% 5 SNX9
KO /)N Bl 2 20 /)N e Jo 240 Jf s s 2 11 638 5 BB A A
AR A O 22 5 25 3R SNX9 BE R R o 5 I A7
5 G ZH S 25 AR A LA S/ N T 2R M 34 A

7N 8 J5 240 R A T v V)2 P 00 L, R i S
TS o 78 AR FRPRAS T l H ORRR e SOIRES 2 P Ak fif
25 2 4t (central nervous system, CNS) XF i 35t 153 1 Bi

W8I, FEZ2 A CNS W, AT ARG I 3] /)8 58 Jo 240 e 1) 3
PESGSR , IFAL AN R R A (M1/M2) , HAE CNS SR 1Y
R R A EEAVE . ML B/INK T f FE 2
AR R, i —E AL A G R GNOS) L A
R ABUL-1B) 5 s M2 RL/INKE 5 20 73 AT 48 IR 5 Fn i
LB TR F, WS RBE—1 (Arg—1) i PR #2278 57
Al 7~ (BDNF) Z50391, i il 1l £ {3 (cerebral ischemic
reperfusion, CIR) Ji5 , A #2820 21 HH B — 20 46140 Je
SRR, K s S R RIE N 25 T CIR (1
KA, AW, Lk M1 AN B A % 1k
h M2 R AT A ] LA 22 T I AR , R T A R
YEH . /N BTAIIAE CIR Hfaf i TF 4R & Ak, el 7652
ANTR 240 PR T30 2 A MM B PR AL , I 4
ERERIVERT  AROCHLRII A REAS RIR AR i B RE . H
HITE N APXT SNX9 5 G SO 22 6] (1) 6 R A 5EAR D (H
VT AN IR FEARGE , SNX9 3248 M 48 i 05 B H 547
SEEAN TR OCIRE , 2R 1 HIVEARG I 5 32 S B RS R R
SiE BT BE I W RS A= P S D R AT A 22, AR PR
LA SNX9 J PN S HEAT TR 5250 SE S T B A 1Y
SNXO i 5% VA 5 | 6 i 2 2R ) 45 48 722 Ak LA K /N Jise T 240
MafBE A A E—2E Y SNX9 S5 /NI AN B &R
URRIA J 0K A8 i it 11 P78 1 S AR, P9 SNX9
T AR PR 5 Ao 28 AR P R B AL

4 it

AWFFEHET CRISPR/Cas9 Hi A, Fi C5TBL/6 /N U,
DI T. SNX9 PR i 5 /N BRBE R I 6 FLR AT 1 W)
HohT. WA, Zead | AFE 20 3R B K E , EIRTE
— 2B 1Y SNX9 R bR /R, R E— 2 BIFSE SNX9 SE A
B AP DI RERE e T TSR | R SNX9 7 G s
i AH G & AL B AR FH A S 4 T SR8 3
Y

5 SEHEk
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