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Abstract: The aim of this study was to obtain the complete coding sequence (CDS) of CCARI1
gene, and to explore its subcellular localization, expression profile and its effects on cell prolification
and action mechanism in pig. In this study, the cDNA from kidney tissue of 1-day-old Mashen
pigs were used as the template to obtain the full-length CDS of CCAR1 gene by RT-PCR and
sequencing. The cellular immunofluorescence staining was used to explore the subcellular localiza-
tion of CCAR1 in PK15 cells. The temporal and spatial expression profile of CCAR1 was investi-
gated by qRT-PCR in this study. The CCARI1 gene in PK15 cells was knocked out by using
CRISPR/Cas9 gene editing technology, and the effects of CCAR1 gene on cell proliferation and
expression of cell proliferation and apoptosis related genes were investigated by qRT-PCR, West-
ern blot and CCK8 (cell counting kit 8) technologies in this experiment. The results showed that
the complete CDS region of pig CCAR1 gene was 3 459 bp in length (MH301308.1). CCARI
protein was localized in both cytoplasm and nucleus of PK15 cells. The expression profiles of
CCAR1 mRNA between Large White and Mashen pigs was similar, which was expressed in all
detected tissues, with the highest expression in kidney and small intestine, middle expression in
spleen, liver, cerebellum and muscle, and the lowest expression in heart and subcutaneous fat.
Temporal expression results showed that CCAR1 was expressed in both psoas muscle and longis-
simus dorsi muscle at 3 developmental stages both in Mashen and Large White pigs. The
CRISPR/Cas9 gene editing system effectively reduced the expression of CCAR1. CCKS8 results
showed that after 48 hours of transfection, compared with the control group, the proliferation of
cells in the experimental groups were extremely significantly inhibited (P<C0.01). After CCAR1
gene knocked out, the expression level of Mki67, a marker of cell proliferation, was significantly
decreased (P<C0.05). There was no significant difference in the expression level of Caspase3 and
the core protein Scatenin in Wnt pathway between control group and experimental groups, and
the expression level of downstream target gene C-myc of Wnt pathway was decreased significantly
(P<C0.05). CCARI1 gene was expressed almost in all tissues at different developmental stages,
and affected cell proliferation by regulating the expression levels of Mki67 and C-myc, and played
an important role in growth and development of pig.

Key words: pig; CCARI1 gene; cellular localization; expression patterns; gene knockout; cell pro-
liferation
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Bank %4 2 i KA 00 )7 41, & 2 A5 ¥ K g
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Table 1 RT-PCR primer sequences, amplification locations and product lengths

GRS ¥ (5'—>3") P B /bp YK E /bp

Primer name Primer sequence Amplification location Product length

CCARI1-1 F: TCCACTCCTACCCATTGGTCTA 2 051~2 387 337
R. TTGCAGCCCAGTTTGGATGT

CCARI1-2 F.CATGGGTGGATGCTTTCCCT 1374~1 715 342
R:.CTGGGTCTGGTCCATCCAAC

CCARI1-3 F.:ACAACCAGCACGGAGGTTAG 1042~1 392 351
R:GGGAAAGCATCCACCCATGT

CCAR1+4 F:GCAACCTCAGAAGCAACGTG 601~1 061 461
R.CTAACCTCCGTGCTGGTTGT

CCARI1-5 F.CGCTCTAATTCTACCGGCGT 47~525 479
R:AGGCTTGTAGGCAGTCCAAC

CCARI1-6 F. TGTTACGCGAAGCCAAGGTA 13~607 595
R:AGGTTGCGTTTGTTGCTGAC

CCAR1-7 F.GTTCGACGTGTTGTTCCACG 1 238~1 942 705
R:GAGGGTTTCCCACTCTGAGC

CCARI1-8 F:AACTGGGCTGCAAAAAGTGG 2 375~3 097 723
R:GCAAGACTCACGGAGCACTA

CCARI1-9 F.GCAACCTCAGAAGCAACGTG 601~1 494 894

R: TCTGGTGGATCAAGAACGGC

X A NCBI 7 £k 4k {4+ CD-search Chttps://
blast. ncbi. nlm. nih. gov/Blast. cgi) #iill] CCAR1 4§

(EVOS FL Auto, S [E) MU IF I
L. 2.4 %% CCARY RN AR SRH oRT-

FLR ST 454 38, F) T AE L TMHMM Server v,
2.0 Chttp://www. cbs. dtu. dk/services/TM-
HMM /)%t 85 [ 5T 85 B8 45 44 i 17 3000, F ] Net-
Phos 3.1 Server C(http://www. cbs. dtu. dk/serv-
ices/NetPhos/) #U I # W2 A {2 &1 . FI ] PSORT I
Prediction #¢ 4 Chttps://psort. hgc. jp/form2. html)
W CCAR1 K 40 i 2 1

1.2.3 % CCAR1 JEH WAL e ) 24 fL4H
JH 5 TR AR R 7R PGS 400, 24 20 i A8 K fl il B 5 i
60 %0 ZE A i, H PBS W ¥E 4 A 3 ¥k X5 min, F A
I mL 4% (2 R HEE [ 2 30 min, 5¢ 2 R # L, PBS
WPk 3 X5 mins i 0. 1% TritonX-100 500 p L. fE
i1 30 min, 3 ¥ K. PBS 3 ¥k 3 1k X5 min; il 2%
BSA I IL7E 500 pL, 30 1 b 55 2 B0 20 6
Jn CCART —#1(1 ¢ 1 000 i F) 300 pl.4 Cit i
WE ;I —3, PBSIHUE 3 ¥k X5 min, Jill 500 pL 7%
JEZHT (1 = 20 000 #i gD 7EME AL AE T 1 h, PBS i
JEIHBE 3 Y O<X5 min; Al 100 L DAPT 7K % 42 Y 40
ffit% 5 min, PBS {§ ¥ 2 ¥R X5 min, 250 W i 5

PCR £ AR KM 1 H 8% 5 5 5% F1 K 8 AS 6] 24 2L h
CCARI1 R 23R 1% DL B AER) A .3 JT % .6 T 48 By
BENERAURN TS Fe & LA A B e P 3R ik 4R AE . 78 NCBI
B K2R CCARL A 51 (XM _021072498. 1),
FIFHAEL M5 Primer-BLAST #3159 (£ 2), #4E T
AV TREARAF G, REAAZRH 10 pl:2 X Ultra
SYBR Mixture 5 pL. I F #7514 (10 pmol « L") %%
0.15 pL., ROX 0.2 pL, Template ¢DNA 2 pl, RNase-
free ddH, O 2.5 pl, WA :95 CHUAEME 20 5595 °C
AP 20 5,60 “CIR K SIEA20 s, 36 NEF . 18S N
SR AR 3 M RELR

1.2.5 CCARI 5 [H X 20 i 35 56 19 5% )

1.2.5.1 sgRNA Bt 54 0 ¥ NCBI %k #i=
e # CCAR1 % I P 5 (% % 5. XM _
021072498. 1), F| i 78 £ P 34 http://crispr. dbcls.
ip/ AT sgRNA Wi, BEREM 05 m R R
BEIY) 3 4% sgRNA JP4 . 43 5l iy 44 A sgl.sg2 Fl sg3
(F 3 IEIEHER 5/ 56 I aceg, T4 /Y 5 I &8
aaac, ffi HLABHE 521G Cas9 ml BR4UA 2 .
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%2 qRT-PCR 3|45 %)

Table 2 The sequences of qRT-PCR primers
HE 44 Bk GenBank % 5% 5 g1 5) (5'—>3") P BE /bp
Gene name Accession number Primer sequence Product size
CCAR1 XM_021072498. 1 F.: AGAGATTCGCTACCATCGCC 103
R: AAGGCAATGCCAAACATCCG
18S NW_018085108. 1 F. CCCACGGAATCGAGAAAGAG 122
R: TTGACGGAAGGGCACCA
Bcatenin XM_021068566. 1 F. GCTCTTGTGCGTACTGTCCT 84
R: GCTGGTCAGATGACGGAGAG
Mki67 XM_021074506. 1 F. ATTCCAGAAAGCACCAGGCT 82
R: TCCACTGTCTTCTCAGGGGT
Caspase3 NM_214131.1 F. TTCAGAGGGGACTGCTGTAGA 105
R: CCCACTGTCCGTCTCAATCC
Parp?2 XM_005656314. 3 F. TTGAATGGGAGTACGGTGCC 120
R: TCGCATACGGACCTGATTGG
Cmyc NM_001005154. 1 F. ACAACCGAAAATGTGCCAGC 92
R.: GTTTCTCCTCTGGCGTTCCA
£ 3 sgRNAs F751

Table 3 The sequences of sgRNAs

i 5 RNA IEfE sgRNA JF51 (5’35 ik sgRNA JF 51 (53D

sgRNAs Sequence of plus strand of sgRNA Sequence of minus strand of sgRNA
sgl accgAAATGGCTTCGGTCTTATCC aaacGGATAAGACCGAAGCCATTT
sg2 accgGCTTCGGTCTTATCCGGGAC aaacGTCCCGGATAAGACCGAAGC
sg3 accgGAAGCTCTGGTCGTCGCGAC aaacGTCGCGACGACCAGAGCTTC

INEFREN S BsmB 1 B2 A 5 b RSP K 8 7

Lowercase letters are the sticky end sequences complementary to BsmB I digestion site

1.2.5.2  Cas9-CCARI Fif Bk 22 1k i 1) 2 55 % 5
D sgRNAGE KIEHE . B3 sgRNA 791 % i I i
B2 10 pmol « L1 #E47IR K% 42, SO K & : 10X
Buffer 2 uL,sgRNA | N5 #45 2 pL.ddH, O b
EZE 20 pL, PCR W AEJF:93 “C 5 min, SR 5 &5
PrRE 1 °C LR R 25 C L3k 68 NEFR .4 CIRAFEHI
2)Cas9 FRiZk 4k, 18 BsmB I i) Cas9 ik
B 1 V0S5 W O Pl TR U 22 S B T i £k
e A . W U)K AR & 210 X Buffer 1 pL, Bik:
DNA 500 ng,BsmB 1 fiff (10 000 U » mL ')1 pl,
ddH, O AL % 10 L. BGYIZ I & 1 :55 C .2 by
80 °C,10 min, 3)sgRNA iB k=¥ 54k 1k Cas9 %
R . B4 ROV AR & 500 ng 2tk Cas9 Bk,
1 uL sgRNA iR k=%, T4 DNA # #; i solution [
5 pl,ddH, 0O HEE 10 wl, RN R4 T,

WA OB YA RS MM AR A
5 pL B 50 pL S e RORE A%

R ¥ B 5 2 S a1 IR AT, vk b
30 min; 42 °C 90 s; K Bl 5 min, 5§46 Yyt
FPURAR 37 "C ol B 15 3% o B K Bk SR PRL T 9 8 14 - 4 T
oKL AT I T 5 0E
1.2.5.3  JouRr 4 SO 40 i 2 G - 28 000 Iy S 7 A 2
Iy 4 Tk A 44 i Cas9-sgl CCAR1(SG1) ,Cas9-
sg2CCAR1(SG2) il Cas9-sg3CCARIL (SG3), fifi /i
N HE R R B B & 3 B

PK15 40 ffg £ Fh &= 10 em 5 3% L H, fili JH &
106 FBS I 126 W4t /9 fik % DMEM $; 3¢ 2 72
37 CL 5% CO, M T HEAT B % . 4% 40 M 3647 7 1k
TREC RN E 6 LAl 12 fLtkh . Bl A A KIS
F 402 ~50 % BT HEATHE YL . HEAIRWL A:2 500 ng
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Jiki DNA(Z=1 000 ng « pL D% T 150 pL HEAl 1
eI IRS) s VE W B IR A (Lipofectamine 2000,
1 mg+mL )6 uL ¥ T 150 pL J6 L 35 45 J2 3
R, #E 5 min, ff A A BIRREFRSA . ZHE
T E 15 min, B A0 T R Al R EEVE UE 1 ~
2 . SRR IR AV O A E AR .6 b JE
ok 58 A2 B 35 L 1k R HE IR SR E B RUBE T W AR e e
B, W E YL s TR B M X IR ZH (negative
control, NC) , ¥4t SG1.SG2 i1 SG3 = 20 JFi ki N it
ik e 4 SG1.SG2 & SG3,

1.2.5.4 qRT-PCR:fE5: YL 5 48 h A 40 i 47 5
RNA (4 BT 5 5 9 cDNA, DL 18 S h N &3
LR NC 41 5 miBr 41 SG1.SG2 Al SG3 41 Jifg v
CCAR1 3 H K& SG3 H Pcatenin, MEi67 . Caspase3 .
Parp2 Cmyc S5E R AN R AR, VAR 10 uLl.
SYBR 5 pL,Rox 0.2 pL, . Fi#F51 %45 0.15 pl,
¢DNA 2 pL,ddH, O 2.5 pL. JJW 495 “CHiAs ok
20 ;95 ‘CAEE 20 5,60 °Cil &k M FEfH 20 .36 7f
W, ZERMRAE 2 TR S IR A L 2,
1.2.5.5 Western blot. $& Bt BH $4: X e 20 i1 5 55 282
20 SR R P A TR B AR R A (ND-1000,
Gene Company Limited) ] 2& 25 H ¥ &, B 200 ng
B LA AT RN WE R B LUK . ALK EE A
SR PR35 e R AT e B, 5 Vo B 3R (R E IR BT 411 h,

—PIRA 11000 #ke. 4 CEE LK. bR EIKL
— 3P0, PBST PRME 3 ¥k, i A 280 4T , % = TR 0
B 1 h, 5 A LICOR {¥#% (ODYSSEY CLx,
Gene Company Limited) B 5%, 8 AL 2% B 77 R 4
Image Studio 7840 #7454 G2 A .
1.2.5.6  CCKS Fa Il 20 jfa 384 5 - 5 48 B i Ak 1T 400
PEAh & 96 fLAnf b, A E 6 AN EH A, FE4
TG 2 G vk B I 4 JR 2 iy VR AT e g o A A
JE R 24.48.72 F1 96 h 43 ik A7 A WL B AL A
10 pL CCK8 k7). 76 37 °C.5% CO, 85 F- 46 i 37
1 h, fd F B A5 X (SynerGyH1 , BioTek) #; il 4% L 7F
450 nm A B O R
1.3 Zit5HH

A% Eo 4 ¥k ) GraphPad Prism5 ¢ {4 o Y
One-way ANOVA #4777 22 70 7 i 35 A 560, 24
P<20. 05 A W25 HA G # 5 L,

2 & R

2.1 ¥ CCARI £F CDS X &R EWEEFE S
A5 R H RT-PCR J5 %51 Be 97 3 5% CCAR1

S CDS X, 25 50L& 1, 33 7= 4 KN 5 90030 45

R—3. PCR =¥ H 0¥ 5 347 77 50 F 42, 3k 4%

5% CCAR1 #5248 CDS X, KR 3 459 bp, O 4%

22 GenBank, & %5 & MH301308. 1,

O,

8§ 9 #0 11 12 13 14 15 16 17 18

M. DNA fH%f 2> F R EFrdE;1.2. CCARI-1 PCR 7=#y;3.4. CCARI-2 PCR 7=#y;5.6. CCARI1-3 PCR 7=¥j;7.8. CCARI1-
4 PCR 7=4;9.10. CCARI1-5 PCR 7=#y;11.12. CCARI-6 PCR 7=#y;13.14. CCAR1-7 PCR 7=¥J;15.16. CCAR1-8 PCR
FH1517.18. CCAR1-9 PCR ¥

M. DNA 1000 ladder; 1,2. CCARI-1 PCR product; 3, 4. CCAR1-2 PCR product; 5, 6. CCARI1-3 PCR product; 7, 8.
CCAR1-4 PCR product; 9, 10. CCARI1-5 PCR product; 11, 12. CCAR1-6 PCR product; 13, 14. CCAR1-7 PCR product;

15, 16. CCARI1-8 PCR product; 17, 18. CCAR1-9 PCR product

B 1 RT-PCR 3 {45 R
Fig.1 RT-PCR results

2w, CCART  F AL G 5 DMRSF S5 B, 73
Wk S1-Like 45 #53 . SPOR super 45418 . DBC1 45
fa 1 . SAP 25 # 38f A &2 SMC N super 45 4 35 (&
2) 5 15 I 45 F T e BLIZ R R T B I A 1 (I
3) s BRI AL AL s I 25 SR K W], CCARL & HAFTE 2

BRI AR M 2 R 3L 3 AW R AL 7 i Kk AR A
3> AL E R AR 1B i Y 2 Ak R AR R H o3 Sl O 36
30 I 6 (& 4) 5 MU 4M D R (2 45 R WL 73. 906 %€ i T
A% 13, 00 % 30 T 40 ML 7 22 8. 7 060 i oL T 4k kL
K 4. 306 58 AL T 4R I 5T CTEL 5D
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