HaKEIEHSRNALS3R N GCRVIBRYL A AT B

x| )b SRS A AR F R

FUNCTIONAL ANALYSIS OF LONG NON-CODING RNA1153 IN RESPONSE TO GCRV INFECTION IN GRASS
CARP (CTENOPHARYNGODON IDELLA)

LIU Shuai, ZHANG Ye-Xuan, HU Xu-Dong, CAO Hong

TELE L View online: https:/doi.org/10.7541/2025.2024.0289

LT R RGN HAN SO

Articles you may be interested in

FAL R GCRV G MLV FP bk 2 40 i 284k & BCL 1033k 73 Hr
LYMPHOCYTES AND BCL10 EXPRESSION IN GRASS CARP (CTENOPHARYNGODON IDELLA) AFTER THE INFECTION OF
GCRV

IKAEAE WA 2022, 46(4): 514-520  https:/doi.org/10.7541/2021.2021.044

JEYLGCRV [ HE A miRN AT 3 5 He e oA

SEQUENCING AND ANALYSIS OF MIRNAS OF GRASS CARP AFTER GCRV CHANLLENGE

IKAEHEW2AR . 2022, 46(2): 238-247  https://doi.org/10.7541/2021.2021.070

GCR VB YL 71 B 1) I 2K A 228 R e

EXPRESSION CHARACTERISTICS OF SERUM PROTEIN IN GRASS CARPS SURVIVING GCRV INFECTION
IKAE A H2E4R . 2024, 48(2): 304-314  hitps://doi.org/10.7541/2023.2023.0043

PUE K Hepeidinis 55540 B 4MImiRNA 25554047

ANALYSIS OF miRNA EXPRESSION PROFILES IN CTENOPHARYNGODON IDELLA KIDNEY CELLS INDUCED BY THE
ANTIBACTERIAL PEPTIDE HEPCIDIN

IKA AR 2023, 47(11): 1827-1837  https://doi.org/10.7541/2023.2023.0038
B A P A PR A5 S AR R -3 B PR 91 S R ak AT

TISSUE DISTRIBUTION OF TWO SUPPRESSOR OF CYTOKINE SIGNALING 3 (SOCS3) GENES AND THEIR ROLE IN
BACTERIA-INDUCED INNATE IMMUNE RESPONSE IN GRASS CARP (CTENOPHARYNGODON IDELLA)

IKAEAEW)PFAR . 2020, 44(2): 283-288  hitps://doi.org/10.7541/2020.034

Yy ':'31' =4 TF
oy oy =T ity
ri
bt i


http://ssswxb.ihb.ac.cn/article/doi/10.7541/2025.2024.0289
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2025.2024.0289
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2021.2021.044
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2021.2021.044
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2021.2021.070
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2023.2023.0043
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2023.2023.0038
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2020.034

F495 F o
2025 4 6 A

KE A& Y R
ACTA HYDROBIOLOGICA SINICA Jun., 2025

Vol. 49, No. 6

doi: 10.7541/2025.2024.0289

CSTR: 32229.14.SSSWXB.2024.0289

EH & KHEIERIRNAL1153 N X GCRV BT FIT Th BE

, 1,2 2,3 2,3 2,3
x| K™ AR # OF
(1. KU VLR K = 5 R B, KO 116023; 2. H1 RS2 /K A2 4 M0 52 7, BRI 430072;
3. EFREERE R EE, AERT 100049)

T N T MK 3E s T RNATE GCRVIEK G 55 0 o 2 v 1) 70 1 UA B ML), X GCRV IR (1) 52 0 40 fi
(CIK)HEAT KB A g 1D RNAZH 2200 /7, 76 b fih b, 97 %6 tH 75 GCRVIUE A /5 22 77 R 14 B 12 1 IncRNA1153
(PP712057). FIJHqQRT-PCRHZ A XF IncRNA 11537 £ CIK 41 i A {23 3Rk AP BEAT A, % BLZE GCR VK
MM S, IncRNAT1S3FIRIEK AR LI 23208 FE(E . 75 CIKYH A P9 5T IncRNAHEAT I R IE L6, K
PLAEIncRNAT1531d RAE 40 R 1, fEGCRVILEE )&, TP 2= BFImRNARIA /K- F i[RI, i i 75 CIK 40 A
P HEAT I R IA L RNA pull-downsL 56, K & 48 If) B8 1 R 2R A7 53 70 r, A\ b 0 ok tH P622E 1 JEAT IR NI AL
qRT-PCREGER I, TEEAATNE. FAFEHL L CIKANE T, IncRNA11535P62 (IR IEE@HAKEHMR . #—5
I 7E & B, GCRVIE YL CIK A J= , i3 % 7K IncRNA 1153 5 P62#8 % GCRVIF B 25 [ 1) 5 il BIF0HIMEH . #F
LR KA g ADRNATE B0 45 HLGCR VI G 1 56 R M o 2 AL Hh R 4 55 AR ), AR SR BT X GCRV &

Y B IncRNAFE [V I IS %

FKiIE): KEEIEmMITRNAL1S3; GCRV; CIKZHfE; P62; Hfh
XE4wS: 1000-3207(2025)06-062502-09

hE 4SS 59414  THEIFRIRAD: A

JR N TR K 77 IR K, W 7K TR A
B SR K IR B I T0% 0L . Horp, Bl
(Ctenopharyngodon idella){F 75 3% 18] 5 £ 1] 1% 7K £
FIRTE A, 5 A R K 0 2R TR B 18.1%, 2
SRR RAN SRR AR SRE AL M HE
KA LAK, AR 78 b T Il — A T2 2R 1] L, B 2
FI| B 574 0 7909 75 (Grass carp reovirus, GCRV)flf
1S A B AR H IS )9 o A% et iy HLIT VA DR A,
25 P 1) B A TR E R T BRI R

A R 05 B SRR T IR R R, KRR
w5, A2 K AE Sh P o R B 58—
B EAR S M —FOEERNAJG %, H E BE it
7| RS AR AR JHJIRE R 38 H 3 25 0 HR IURE AR, 2T A5
BABARIETS, G B FRIAAT kAT oK 1 BRI A 5
K A MR, AR R O A ARIE T i 205
GCRV#: %, HA R E g s LR AN 7, FEA
i T RSB MR R AT IE R, X A st

Wi HEA: 2024-07-24; &7 BE: 2024-09-27

R4 5 51| 5 R 145 GCRV-873. AGCRV™., GCRV-
HZ08”. GCRV-HuNan794. GCRV-106. GCRV-
GD108. GCRV-918. GCRV-HeNan988., HGDRV"”
(Z i HGCRV-104). GCReV-109"". GCRV-DY
197", GCRV-AH528"". GCRV-GZ1208"" % GC
RV-Huan1307", ixX $6 547 9 7% N\ WF 5 GCRVTE 15
FAR A EARE I FLRR A T S5 1015 BRI

£ % 9F %% i RNA (Long non-coding RNA, Inc
RNA)Z 5 K K T200MZH IR, 451 - 5 mRNA
FAUE B Z 5 25 11 68 S IIRNAM, IncRNAs)™
1253 AT AE A0 O AZ A B 5 R, T IneRNAsAT 3 11 1)
BE 5 7RG I P9 i 1 B B AR MY BRI 2
P IncRNA -5 Je €8 i 2 18] [ AH B4 B =2 st 85 1 )5
51, {HIncRNA 1 58 B #: 5 DNA# i, T Al e 18
03 Yt Jii T R M T RNA-DNA-DNA 4% 58 45 1) (R-
loops). X T 71 B AME KB I R-loops 45 #4 #5 TA
X IncRNA T g 22 o 8 22, o H & 7R e i 3
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BoEER BT A, 1R SRR S R
a8 S B FE R, RIG-TRE 52 4 (RLRs) ) 2 ¢ 7] £
A B2 31— L K5 RS T RNA (IncRNA) 51
40, A SCHRk R 38, RIG-IA] 7 4 B4k 45 4 %) Inc-
Lsm3b_I-, 24 & 4 dsSRNAJH 8 A fZ B, Inc-Lsm3bAs
A 5 H 55 4 RIG-TRC A, [R] 758 7] BHL1ERIG-TH) 5%
BAE .

AR, X FIncRNASHIRT 7L H 238384 2, I b &2
R T HAE e R B M % (5 5B A s b i &
SRR . AHAE, HAE SR R M S 07 Th i B AR AR
FAMLEIE 5E B SR M 2 o ARSI = 7E 2 /i
BRI 9t A vh ™, b B #8540 2 (CIK, Grrass carp
kidney cells)i?F 1T 7 GCRVIL#E, M A ik HIncRNA
1153 (PP712057) I ATIRAIE FL . 1ZKBEAEIISRNA
TEGCRVIUE J5 [ CIK 2 A H 50 R 28 i B A (2 1)
Lk EiESR . fEARDUT T, #IdqRT-PCR. i
Fik SRNAR R 925, K IMIncRNA1153% GCRV
M HIAE—EREIER . RN, K308t
RNA pull-down % Jit i 73 #fr S 56, i 16 P62 M,
R H 5 % 5 IncRNAT153%E A [ 55, M 5%
S S HLZ T LdkAT TR, AW ARY)
R Z T IncRNATE GCRV K Yy B £11 40 o ik 72 vp
E R E TN RE, NG 9298 N 5T IncRN AT 51 52
IncRNA11537F 1. 2545 HTGCR VIR Y i 1 43 1 1 15
HLE SRR RS R

1 #R5RZE

1.1 KM

AT 5 B FH A1 B A 3R (CIK) KR B R}
FBE K AR AR B AT T, F S 10%016 4 1L i (FBS)
fRIM 1994 fitd 1% 77 JE AE28°C . 5% CO, % 77 46 i 1%
Fro AT AT A R B K AR A V0 7L BT B M
S5 Ji Hh 42 1t 1) 6 W8 B F [(1543) em, (40+10) g],
1E26—28°C 1) 78 IR 7K Th IR 41, S5 F £ 30k B A4 Y
FHAL, H.35 9 [RI 40 AR [R)BERS A4 o 7 SIZ50 T
1205 1 FE MR, I 75 S50 F 7K 8 9% 5 AT SE5G
[ 74 25 £ 0 Ji7 95 # (GCRV-0901, 10°TCIDs/mL)
0 TT 705 1 7909 2 (GCR V-HZ08, 2.97x 10°RNA
copy/uL) il % 7 V5 S B8 SCHR[24] .
1.2 ‘ApEERA 4R R AYRNAIR LS qRT-PCRAE

{5 FH TRIzo i 5fl)(Invitrogen; AG21101)#2EXCIK
YA E AT . piE. R BRAE. SEATLA
LA SRNA, J7VES I CHR[25]. 1REUS
T 3 I 5E A0/ Aago bl KA M RNAT 5, 1.8—2.0
Fonm i, B 5E R E-80°CAEi. cDNAS H P
BRIy N, A I cDNAYE—20°C FAE /. 1E

Applied Biosystems StepOne™3SE ] 2% ) i€ £ PCR &R
4t I # i Taq Pro Universal SYBR qPCR Master Mix
TRVRH(Q712-02) 14T SERY ¢ & B PCR (qRT-PCR)
Fiill. cDNAA %5 qRT-PCREZE HAK L B 22
BR[23]. qRT-PCRA S5 v it FH I e 51 W 41 3
T2 15 Bl BUCE R R A R A\ &
). BEANFEARE3ANE R, HAEH B-actinERIE
RFE R FIAEFREL I B HE . qQRT-PCRA=4) 1
KREZ)9100—200 bp.  U1HTFTIA, i i qRT-PCRi
A7 e R 23k 2 5 RO B 2
1.3 RNA pull-down5 R 947

AIRRNA pull-down [t F 125 & 8 B A= 1 )
F2-RNA pull-downi® 7| £ (F188702), F| HHF2F5 %% 5
HRr e VRO A (1 5 5 A1 7 v 800 B H ARRINA L H
SitEH. WS, RS HARRNAF Z A
T7JA 817 (5'-TAATACGACTCACTATAGGG-3")#!l

®1 ZRFAASIHRFS

Tab. 1 Primers and sequences used in this experiment

5| ¥JPrimer J¥%Sequence (5'—3")
GClncl153-F GGCTGGAAGGCTGTAATAATGG
GClncl153-R CTCCTCTGCAGAACTCTGGT
qPCR-GC-p-actin-F  AGCCATCCTTCTTGGGTATG
qPCR-GC-B-actin-R GGTGGGGCGATGATCTTGAT

qPCR-GC-Inc1153-F  GGCTGGAAGGCTGTAATAATGG
qPCR-GC-Inc1153-R  CTCCTCTGCAGAACTCTGGT
qPCR-GC-IFN1-F AAGCAACGAGTCTTTGAGCCT
qPCR-GC-IFN1-R GCGTCCTGGAAATGACACCT
qPCR-GC-IFN2-F TCTTTTTCCTCGTGAATGCTTG
qPCR-GC-IFN2-R TCACAACGATGTTCTGACTGGA
qPCR-GC-IFN3-F TACATTTATAGAGACTGCGGGTGG
qPCR-GC-IFN3-R TGGAGTGTCTGGTAAACAGCCTT
qPCR-GC-IFN4-F TCCCTCCATCCTCCTTGTTCA
qPCR-GC-IFN4-R GTTCGTCATTCAGGCTCTGGTAG
qPCR-GCRV-VP2-F  ATCAAGGATCCCATTCCGCCTTCA
qPCR-GCRV-VP2-R  TTAGAGGATCGTGCCATTGAGGGT
qPCR-GCRV-VP7-F  ACCACCAACTTTGATCACGCTGAG
qPCR-GCRV-VP7-R  AGCGTGGGAGTCTTGAATGGTCTT

qPCR-GC-P62-F CCCCGATTACGACTTGTGCT
qPCR-GC-P62-R TCCTGGTTTTGCTGGTCTCC
k-Inc1153-Sense-F TAATACGACTCACTATAGGGGGCT
GGAAGGCTGTAATAATGG
k-Inc1153-Sense-R GGCGCTTTGTCAGCGCCCTCCTCTG
CAGAACTCTGGT
k-Inc1153-Antisense-F  GGCGCTTTGTCAGCGCCGGCTGGA
AGGCTGTAATAATGG
k-Inc1153-Antisense-R  TAATACGACTCACTATAGGGCTCCT
CTGCAGAACTCTGGT

¥: GC-B-actin (DQ211096.1)« GC-IFN (DQ357216.1)« VP2
(MT543211). VP7 (AF403396). P62 (MK370058.1)
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F2h5%5 5 51(5'-GGCGCTGACAAAGCGCC-3") 5]
Y51 W BAER 3 DL 2% 1), BAIncRNA 115311541 A4
FERR A BRIE SCEE 5 R B, R4 R 319 By
F2AR%5 I IE LB R UBERNA, TRAET-80°C, a4k
A BRI AR 5 X 77 & D AR AT, B R RS
IncRNA-EE H [1)VR A 4 )5 BGHS 43 i gk AT 82 e o
W, 8 9435 7 55 (PO017S)I [ 28 2 K A &, A i
A b BIRE i A2 R DU BE AR B AR A AT
3T

1.4 FRIL5si-RNANTSHIE %

e, AR T 4T IncRNAT1535P62%
ok A SEIG AT T BIFRL . B RO e iR K B
A 2 B RNAZH 2% I 7 43 2] ¥ IncRNAT1531 J5 1),
DL NCBI_E 343 P62 5 1 I mRNAJF #1, it 5
VI HBATPCRY B4, ¥ =Wyt AT W P 3k« 285
43 i PR DI Hind T AEcoR 1+ EcoR 1
FiSal 1 XfpcDNA3.1 (HeH ARk K 225K 7k 2 i 3t
HE)F1 pCMV-flag (Clontech)# /& X 1) . 43 &
M. A5 TEPCRY B 55D IR, 14 01k 15 2 1 i
Fi23 5l 4% ApcDNA3.1-IncRNA 1153 FlpCMV-flag-
P62, JFFLECIKA M 47 ORI e, A2 it 52
IrS5EAUG, e Gt — M DL I 2 2 70%—80% 9
B, BARPBB LANeofect ™ # 4 ik 7I(TF201201) 5 3R
AT,

AR T siIRNA ST 51 B B 2 BB A R
AR, A AN SIRNAF A, si-IncRNA1153#1:
CCUCGGUGCUGUGUGAUUA, si-IncRNA1153#2:
GGUAAUAAUGUCUUUACUA, si-IncRNA1153#3:
GGGCACUGCUCUGCACUAA (¥ 5'—3"), 34
siRNA 7 A#E A IncRNA 1153 AR X 35k, 5 FHLipo-
fectamine 2000%% 4% i 7] (Invitrogen; 11668019)H]
SIRNA#E JLCIK4H Ml . 4R J5 8 i qRT-PCR VA% {5 i
SIRNAFTUTER 20 2%, FF 5 4k 7 5 £ At 1 B 14 o) 1
siRNA (si-NC)#FAT FC L, §ifi 176 Hi i 11 R0 28 4 v 1Y
SIRNAM 1T J& 2 1) il P S 56
1.5 BESEXR

A5G4 FH F FENORGEN I Cytoplasmic&Nuc-
lear RNA Purification Kitix jfll £ (NGB-21000). &
A 3R 5 S50 0 R AT SRR AT S 43 ) ) 4 g
AN T 2H 7P RNA . J8 i SERTqQPCRI 2 IncRNA
1153 5P62TERANH /3 I3RIE . 43 B B4 LU
L3 ) 2 R RN 40 PR 1 2B KT
1.6 IREIEMSLE

9 T W5 P62 R A 76 GCR VI G i 72 o i H
FEE L, B CIK A M R 31124 om’ (85 32 e, 9 F
&) £ F ¥ 5 pCMV-flag-P62 5 pCMV-flag ([ 14 %

HE )5 Y 24h. F110° TCIDsy/mLIf) T % GCRVIE ¢
FEALANI24h. FHPBSTRERE L 40 i, F30% H 1%
i %2 30min, F 1% (w/v)4E il 58 4% 4.30min, F U 5241
375 208 (Cytopathic Effect, CPE). fKremerZs™
B, 38 3k A vFE B B0 U0 S V2 A6 N5 25 A BRI R RS
(PFU). i#idqRT-PCREIMIGCRV VP2 (GenBank
ID: MT543211)#1 VP7 (GenBank ID: AF403396)""
HMH,
1.7 BHBES R

qRT-PCRELHE # 15 93/ b 37 S5 1 ~F- 35 { +
SE. 1 FGraphPad Prism 9.5 (GraphPad Software/%
WA R~ = DEAT S A AR X ki 3 ) . P<0.05
WA NBEH G 2R L.

2 %

2.1 RNA pull-down5Ri%&E R 47

N TR FFLAEGCRVE Y i fa 1 72 P 1) Th g,
FATK FARNA pull-down$ A K & 4 H /E GCRVIE
et A EAEE A 1), SLIRH N IE EE4H
(S), X R Jy 2 SUBEAL(AS), 78 51REH G & 2 J5 8
TR A, ke BAR X T IR SCBEA, e SUEEH A
BAE R (E 2), K15 2 FIRNA-E (R & Wik
FeAN T AT RS AT T A5 R LU A RS,

Marker AS S

B 1 IncRNATIS3[HRE & ATPCRYE SE
Fig. 1 Probe synthesis and PCR identification of IncRNA1153

D rMarker inpui iAS S

180 |
130
100

15

2 RNA pull-downii 4 [1)SDS-PAGE 4 #t
Fig.2 SDS-PAGE analysis of RNA pull-down experiment
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HIEFR2IN ERRIEED, HheMNEHMER
HHEAE RS, 2N EANEE“AET
PR (K 2). #IS R 8 B 2 5 R R B 8 E
170 3%, I HL 45 & SCk U8 i IS % B P62 2 A (P62/
Sequestosome 1) 4T 3 — 2 (1 258 40 Hr o 4 B A%
F4H M 5 2H 53 I RNAZy 25 55 56 1 78 IncRNA1153
LML, TP62 3 B4 A fE A 5T+ (K 3).
2.2 IncRNA1153F1P62N 2 GCRVERA L E & A LN
5% &CIK@MEFRIETHL

U 4AAF4BFTZR, IncRNAT1537E 5 4a JIJL A 20
ZArbOR N I B de ey, 1T E W TE RIS, PO2 U2 7E

# 2 IncRNAIIS3EMEERHEAERR

Tab. 2 The information table of interaction protein with
IncRNA1153
= :
AOAS5A4CYN7  Keratin 14.636
AOA7LSBSB8  Sequestosome 1 51.257 +
C1KH73 hsp60 42504 +
E7D7N6 HSP70 61.260 +
FAYAX3 Tollip 70.594  +
14AY76 Ckbeta 30491 +
AO0A076PUA2  SH3 10.695 -
AOAOD3ROVS  ADARI 53.958 -
AO0AOU2QVNS  prkra 107.239 -
AOA142EHR3  tarbp2 32178 -
AOA142EHR4  ADAR?2 37.444 -
AOA1B3IIH3 Cold inducible RNA 76.999 -
AO0A2I6QR50  colecl? 20.079 -
A0A3Q9U464  Glycogen synthase kinase-3 beta 79.987  —
AO0A4D6K9BO  ppplc—beta 46.876 -
AO0A6BIXWC4 [Importin alpha 4 31422 -
AOA8KOY7P9  CNBP 28.060 -
B3GN92 RNA helicase 17.983 -
C5MR43 EF-la 727119 -
F8QMS8 Proliferating cell nuclear 45.625 -
antigen
K4HRD3 Proliferating cell nuclear 18.759 -
antigen
Q5UBZ7 oM 24527 -
Q7T3N8 rpll5 24.064 -
X21W00 Eukaryotic translation initiation 36.096  —
factor 2
X2J253 Eukaryotic translation initiation 36.192  —
factor 2
AO0A2S0DT35  Spl 68.932 -
K4MMY6 PKR 77.892 -

M Accession® 3% 5 4 7 57 8 1 #E Uni Protd{ 8 & v (1 %
KT RO E BIEY, oRoRE TGS

Note: The Access login number is the login number of the
differential protein in the Uni Prot database; “+” indicates an
upward trend, “—” indicates a downward trend

A LA AH 2 A 6 2RO B e, R B R A
k. HTBEMRRREBMEERERE, Hk, &
AT B S F 20 23, FE GCRVIE YL ¥ 41 f5 0—8d, F#%I}
(8] 250 I AT BURE 20 A7, IR I T I« GCRV 5
IncRNA 1153 5 P627E % a1 B T 2H 2 rh [ R IE /K-
LRI, IncRNAT153 (K 40)ESE 1R EH B EA
fk, P62 & ik i T 6.56% (A 4D), {H & P627E
2—4dF1IncRNAT153 286, HoAH X Rk & 150t B4
IR B2 Z R (8 4C—D). NFHIFHESK
Frah, AR af B 0 RE IR, T IncRNAT153F1
PO2 PR ek & ] 43531 - 771817365, 5821
RAEBEE SR NG, 7205 5 WSS 8 K ik 4y
AR BB =825 11.76% . [RI IS #% ) %f E IncRNA
P62t FiA i, IncRNA11535 P62 # 44& 5
FBAR 2Rk i A

b3 A 1 40 Cytoplasm
EY 4Hfig%Nucleus
5 sk sk sk
s __
S0l = —=
o
o
= L S x
[}
[
Tg
0.5
"
—?D?
oo
z \ SS
0 L L T
GAPDH 18[3) IncRNA1153
1.5 B 1 4HfE i Cytoplasm
Y 4if2fZNucleus
g *kk seskesk skoskook
. | o
1.0 —— P
: NN
(]
2
=
[}
~
3@)
K o5 |
®
-r;v
oI
i N
p——
0 )

GAPDH ué P62

K 3 IncRNA1153 (A)RIP62 (B)FEAZJH o i) 2234 A
Fig. 3 Expression distribution of IncRNA1153 (A) and P62 (B) in
the nucleus and cytoplasm
GAPDHH 1E 41 i J5it P9 2 ; U6H 1 40 i 1% 4 2 (n=3); P>0.05,
*P<0.05, **P<0.01
GAPDH is used as an intracellular reference; U6 used as a nuclear
reference (n=3); P>0.05, *P<0.05, **P<0.01
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I, A SCAE 58 [ CIK 40 i 7R 54T T GCRV
JERGL SIS FE CIK A AL Ao A R EEA% 1 T L GCRV-
0901, I J5 11 48h PN LA 4 2h 1) B 8] 56 B 2 47 BURE
(K] 4E). 7F J& 4 GCRVJ5 [148hN , IncRNA1153
EP62 2 AH [A] () RIS 83X, H #7E 32hH} i 2 W AH
(8.9417.21%).

2.3 IncRNA115383 KL 5a5p%

N T R 5T IncRNAT1537E L GCRV 4 1% J 3 H
HAE B, A Sl i qQRT-PCRAS I 9% 2 & 14 VP24
VP7. P62 CilFN1-4[f15RIA . 45 RKH, 5Xf
HEZH A B, IncRNA 115315 3Rk g 0 2 (R 3E P62 11
KiIE(1.81%), IEXTVP2 (0.81%). VP7 (0.7 B BN
A S ) 0 ) AR, T A R T %o R 2 3
CilEN1-4 (6.2. 7.4. 4.4. 2.0fHHFEILEE 5).

AR 5T Rk % IncRNA 1153 % GCR VI 75 & il 1)
B, g A ] IncRNA 1153 (1 siRNAJF 51 #4 L CIK

=1
80 A IncRNA1153 S 15,B P62
£ 70 Z 12
.2 B2 13
B2 60 28
% 2 50 35811
X £ 40 510
510 ®.z
®o g % 4
TZ 6 Z 5
ms 4 &= 2
*35 2 £
2D Z o
& & S N g & & PNIINJIEN
&8 04@\ Qqﬁ&p&g\ Q%c} & \_ﬁz\ Q&Q\az&gx &c}
SEFE SSEE
¢ % » ¢ % »

[
e}

Relative expressmn

W
mRNAZK K

mRNA relative expression

—_ = N
wm o W O
; |
N
[S)

IncRNA1153

HRAF R IR T

0123456738 0123456 738

i i) Time (d) it i) Time (d)
g
2 150 E  IncRNAI1153 % 10, F P62
B2 B8
23 10 x5z 8
X & Ko 6
o ®e 4
2 s <=
g Ze 2
=8 >
& EZ
H‘HﬂTlme (h) H‘HIﬂTlme (h)

B4 IncRNA1153 5P62f{ 2RIk KF
Fig. 4 The expression levels of IncRNA1153 and P62

IncRNA1153 (A)5P62 (B)7E 1 & 2H 21 HF )R IE 7K F; IncRNA
1153 (C)F1P62 (D)7EH 1 K YGCRV 5 0—8d #1448 1k; GCRV
Y CIKAH M 5, IncRNA1153 (E) 5 P62 (F)#E0—48h H) ik
AL

The expression levels of IncRNA1153 (A) and P62 (B) in various
tissues of grass carp; The expression changes of IncRNA1153 (C)
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Fig. 5 Results of IncRNA1153 overexpression experiment
A. CIKZH i %14 24h 5 IFN1-4 19 KI5 4B 4K; B. VP2, VP7HIZRIEEAL; C. P62 IA AR AL B 34 I S S 56 (1 ¥ 34 +SE, &4
S8 130347 188 H GraphPad Prism 9.5 (JEBCX oher 38)iEAT i it 73 #7, P>0.05, *P<0.05, **P<0.01
A. Changes in IFN1-4 expression after overexpression in CIK cells for 24h; B. Changes in the expression of VP2 and VP7; C. Changes in

the expression of P62. Data are shown as mean+SE of three independent experiments, each performed in triplicate; the statistical analysis
was performed using GraphPad Prism 9.5 (unpaired #-test), P>0.05, *P<0.05, **P<0.01
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A. Comparison of siRNA knockdown efficiency of three targeted knockdown IncRNA1153; B. Knocking down IncRNA1153 results in the
expression of VP7; C. Expression of P62 after knocking down IncRNA1153. Data are shown as mean+SE of three independent experiments,
each performed in triplicate; the statistical analysis is performed using GraphPad Prism 9.5 (unpaired #-test), P>0.05, *P<0.05, **P<0.01
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Fig. 7 P62 antiviral activity experiment results
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A. Results of cytopathic effects at the same titer virus level; B. TCIDs, method is used to determine the viral titer in the culture medium of
CIK cells; C. Expression levels of VP2 and VP7 after overexpression of P62; Data are shown as mean+SE of three independent experiments,
each performed in triplicate; the statistical analysis is performed using GraphPad Prism 9.5 (unpaired #-test), P>0.05, *P<0.05, **P<0.01
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FUNCTIONAL ANALYSIS OF LONG NON-CODING RNA1153 IN RESPONSE TO
GCRY INFECTION IN GRASS CARP (CTENOPHARYNGODON IDELLA)

LIU Shuai"?, ZHANG Ye-Xuan™’, HU Xu-Dong™ " and CAO Hong™’

(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China; 2. Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan 430072, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Long non-coding RNAs (IncRNAs) are involved in many biological processes including the immune
response against virus infection. Based on our previous study, the IncRNA1153 (PP712057) was selected for functional
analysis following of GCRYV infection in grass carp, both in vivo and in vitro. Quantitative Real-time PCR analysis
revealed that IncRNA1153 was expressed in all examined organs, with particularly high level in muscle tissue. Tempo-
ral expression analysis in vitro showed a gradual increase in IncRNA1153 expression levels in CIK cells in response to
GCRYV infection whereas reached a peak at 32h post infection. In addition, in vivo analysis indicated that the expres-
sion levels of IncRNA1153 was significantly up-regulated in the kidney starting from 5d post infection, reaching its
peak at 8d post infection. Furthermore, overexpression of IncRNA1153 activated several interferon (IFN) promoters
and significantly decreased GCRV proliferation, while knockdown of P65 produced opposite effects. We also
conducted RNA-protein pull-down assays to analyze IncRNA-protect interactions, identifying P62 as a candidate. Simi-
lar to IncRNA1153, P62 was expressed in all examined tissues, particularly at high levels in muscle. Our study suggests
that P62 may play a critical role in the innate immune response to GCRYV infections. In summary, our research prelimi-
narily explores the innate immune mechanisms of IncRNA1153 in grass carp against GCRV infection.

Key words: LncRNA1153; GCRV; CIK cells; P62; Ctenopharyngodon idella
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