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?ﬁg' AR miRNAs Tiﬂ%%*%ﬁ]%ﬂ’]ﬁfﬁﬁ IR R PEEEAE . RSN IR miRNA 76 B [CBRRE DL G g
AR, ) S Bk EE DU SE LI 52 h EE S poly (I C)Fl PBS HEAT GBI, 43 Hr i itk 12 rp 22 55 3%
E’WMMZT& miRNAs, T 5L R T 6 i G e A OG5 3B I o 25 SR Wm, Th TR B DL i bk 4 21 Sy BRE sl ik
WIBRIE R FEI, IR SERE | SRRV M, Rife Sl 75~150 nm. PBS ZH A poly (I : C)AH L% E ] 101 £ miRNA, Hi
76 % .5 miRNA, 5 PBS ZHAH L, poly (I : C)ZHA 7 %« miRNA .3 F i, 5 4 miRNA B & T4, L 225 miRNA
3 570 MRIEK . KEGG FHEMSNT EI T 50 L1155 18 iU ff“acute myeloid leukemia” “JAK-STAT
S AE K ) “glycerolipid metabolism” “purine metabolism” !
“arginine and proline metabolism” A & 5 P 73 WA #H I Y “relaxin signaling pathway”
“insect hormone biosynthesis” (P<0.05), H:H7, novel mir2, novel mir22, miR-2b_5. miR-279 5§ 8 > miRNAs 74
YA G E 3l s h R R REAE T, JFil it FOXO (RERIAFE A m 5 (R B DL S e i % . DL EWFSE 3R BIE I
TR BE DL i gk CU /MR miRNA 58 3 I 3 S e AU P 430 S5 bR i 57 poly (12 C)RIL, &5 5 AR AW ST DL o
WMA miRNA 7E G 1 2 b B4R I (A 5Ok

signaling pathway”fll“chemokine signaling pathway”,
“prolectin signaling pathway”Fll

KR SICEREEDL; poly (I: C); RIFENIZ; SMBA; miRNA
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MicroRNA (miRNA)E—JS Sl )% i 1776
I PEPE /N T AE4iiS RNA, 75 mRNA E’J 3
JEBHPEIX L S B X A B g it DX AR B A, 3
52 mRNA A FRE M S i b A7 mRNA
FRME B3 7 o, 8 1 ) I KPR s S S TR 10 3k,
HEME T A s S ok . AR R E L Ak,
CAREIR T A LAY Buy I 1 e o S 12 ] P 2
e TR R BRI E, S 58GBE . U
FEE A | A7 WS R R A YR S R
AT s, D1ZE miRNA AJ LU [ 2 Fh s
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TEHS: 1005-8737—(2024)11-1375—12

AHIC 175 40 M2 5 ) Sy W 24 i o i,
K15 (Crassostrea gigas) miR-2d i 1§ 7] kB2
5755 10 40 0 B 7w BE D) 5 FER £ UL (Pinctada
fucata martensii) miR-29a 3 35 41 ] B 25 K 57 {4
Y2R BYZik, #IE A0 R 1 F NF-«B kA i
ST I Y A R FE IR DL (Mytilus coruscus)
M2 A miRNA i 3 J8 45 Toll #£5Z{R(TLR). #41k
K HT-Bp (TGF-P)LA K mTOR {5518 B4 2534 1
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miRNA i AP RIS 2 R R 1 . A7 s
NO A .. ROS & AL K A0 M RS 45 . LPS |
poly (I : C)FI B-glucans 25 22 i e 93 J5 g 1)

HMIMAE KN A 40~100 nm BYFRAREE I, AT
I 22 Foft 10 40 ff R Tl I 1 A 40 B A1 3R s R U,
B, BER . IRREEDEES T, 59
e I8 A 8 5 & HE VR T M R B B, A
& miRNA 7 34 B G pe V815 vh & FE R AR . 1)
o, Sh R miR-155 3@ A il PU. 1T A SRAE A
THIFEE, 2R G BERAE i e AP0 P U
[FIANBIR miR-1468-5p 181 A~ T4 1Y S e 3 il
g A, AR kIR A S ke U0 it
HMUMA miRNAs 3 il Ji7 _[- K 4] TLR4/NF-
kappaB il p53 ikt lE Z A S aoanp g -t
KA TCBEHESH AR miRNA BFFE B,
TE AU 7 75 (Scylla paramamosain) H, Ak Wb 1R
miR-137 1 miR-7847 i iz 1 ¥4 2 b 1Aci75 5 (%) it 40
PR T A WSSV 9 T 1Y & il T & HE B B AR
AU, Liu 25050 % AMBA miRNA 25 K-
g 1 % I TR ) G 7 2

b FCERBE DU S T [ e 32 B A K BR DL, X
X 280 AN S AR D6 B DU, BT K
M, FERER I MANER N R BT ARG, Mk
EL A0 P Hp AT LSS S B 25 5 3R 1 miRNA A
piRNA, FH7E L [CERAS U AR A miRNA 25
G B I 25 xR U G A A AL R O A T
# ., AWFFE I S poly (12 C)F PBS X} 5 G Bk
BEDLHEAT S e RIS, 53 5 bk B ANk, 58 i
i 388 2000 7 3 RS 0 25 R 3R IR 1Y miRNA,  Fiujil
HO L DR I A0 BT VA B VR SR TS AR, DA IR
ABFFEANRBAR miRNA 78 D 28 G B 4 B9 VE
B B L8 SR

1 HREH %

1.1 REHR

B K RERS, STmiJc i B, Has AR —
7K (69.23+3.80) mm]fr) 1.5 & 5 FRBRAE DT K5k
X4 o B2 R DR B Wi B s ol [l SE 0 =%,
1 25~27 °CHPEI KRR 3% 72 h J5 I T 555

SEEG T RAL(PBS ) Ml poly (1 : C)4, A4l
¥12h 45 501430 1) P 5e L 55 A 0.5 mg/mL
A9 PBS Fl1 0.5 mg/mL poly (I : O)F MK, F 4=
9100 pL/Ul . HEEF 12 h s, WA BEFLE 30
UL, A 2 mL — M S48 NS FCBRBE DL
P FE LI SE Fp ULk e, 4 °C, 3500 r/min 5.0
10 min, B _EJZ M5 & 5 MAMARR IR 516N
— AR LR EIMIMA, BASFEAREL S pL 4k
PR BSOS TR B AR EA T FLBEAS D, e Ak A b A
THEEUN RNA, /N RNA 46 28 SC 3 A e Az
qRT-PCR AJ5IE .

1.2 SRIGAHE

121 MHREBEIMBERRER K5 CER A DL
4 °C 4450 r/min &[> 10 min, B _|3#%; 5600 r/min
FRRES L 15 min, BRI, £820.22 pm B8 AR U8
JE R 30 kD ST E 4R . 5 (8 ExoQuick™
Exosome LUE % A £ (System Biosciences)s3
BN

1.2.2 SMMERIRIERN ., BELEE KoMK
B T g8 ok v SR {Y (NanoFCM,  Flow
NanoAnalyzer U30E)f5 I S AR A% K ki vk B .
B 20 pL AW AR T I 2 i B4 (A R, 5 min
Ja M1 2%BE R AR £ At 7 YL [ E 5 min, A1 T2 55
L, T~ W 485 (Zeiss, Libra 120)K AR MATE 25
1.2.3 ShifE miRNA BUIRERFISEE M Trans-
ExoTM Serum/Plasma Exosome miRNA Extraction
Kit a7 G P B i SN AR R /N RNA, fifi 125
& 2100 4= 153 Hri¥ (Agilent RNA 6000 Nano Kit)
R A it 5 3 B R B o A1 /N RNA 20 6
(VAHTS Small RNA Library Prep Kit for Illumina)
/N RNA SCIE, U1 pg (9 RNA FE4, iR
N K Tk e e, HE UK [RTUC 18~30 nt small RNA; 15
Ff) small RNA 7 5lEH: S8 3483k, Dl
UMI 1 RT 5 AT 5 s S A, 5 i—%% cDNA,
W 4AF: 42 °C 1h; 70 C 15 min; PCR §" 1)
&t 95 °C 3 min; 98 C 20 s, 56 C 15 s,
72°C 15 s, 3£ 20 AMEEF; 72 °C 10 min, fHH]
PAGE HLJK /385 110~130 bp 751 PCR 724, #57
B VI ik 25 TR IAE ICEE R Ay A RN w1 e,
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EHLZE: ploy (I @ C)HI L FCERF: DL MLk B SRR miRNA 2 57 58007 1377

£ BGISEQ-500 Ml J¥* A% | 5¢ B¢ il 7 Jf id &f
AASRA.20 JrHr %5 miRNA 78N I 45 Fp
AU/ RNA, JEXH RN RE S 08 5 a0 3 £ 1 17 Ak
B, fRE]/N RNA [ tag J75; FXT tag 79047
HEREITT, %5 miRNA,
1.24 5% miRNA WMIFEMBEENEE 2=
S+ miRNA FYGGE: B2 45 5E 1) miRNA i
T, JFiE A4 miRNA ) TPM (tags per
million) & ik &, AR N TPM=Tx10N (T £/x»
miRNA ] tags, N &7~ & miRNA [ tags), 152 T
FrAFER 4 miRNA 1RAE . 25K
P-value 1E 2 ALK IR, @ d #56) FDR etk
E P-value AYIS{E"%, FDR<0.05, fCEL5 R4 W
EMER

A IR B T AN AR DA FRERBE DT JE R 4
5 %0 REUGE R Y CDS 731 # 3'UTR )
51, i RNAhybrid (http:/bibiserv.cebitec.uni-

bielefeld.de/rnahyb) I miRanda (http://www.microrna.

org/) K Wi 22 5 miRNA [ #ELIE A T 4K 14 1 2
B4R : RNAhybrid: -b 100 -¢ -f 2,8 -m 100000 -v
3 -u3-e-20 -p 1 -s 3utr human; miRanda: -en
-20 -strict, f#] NR, KEGG. Interpro (¥ N
S NHIE R AT D Re R . L) KEGG $ds 50
%%, Ll Qvalue<0.05 FIfH, 743 KEGG i3
PR I P AR K ] A S AR SE R, il
HH biorender (https://www.biorender.com/)% i ¥ i
& miRNA 515538 % r JE PR ) 42 D 2%
1.25 #RFRIE miRNA BIIEIE 1L 8 uL miRNA,
F miRcute 3455 % miRNA cDNA 25 —8%& BRI &
HEAT B SR FRAT T 75 1K) cDNA R4 ., 2K ] miRNA
FERMES I 1), 2 miRcute H58 % miRNA
P 7 e I3 ) U I R R AR &R, R
LightCycle 96 7%t f& PCR AL #4740 .
qRT-PCR LW B2 H: 95 ‘C 15 min; 94 C 20 s,
60 C 34s, HASAMEIN, KfEMh Lt 1 ME
95 C 105,65 C 605,97 ‘C 1s;37 C 30s,
L PBS 4R Xt R, DL U6 HNZ, JH 244y
AT miRNA 7 SZ K4 A% B2 H () A e 3k
o SR T-test J7ik, FIFH SPSS 24.0 Fi {4 X} £ dha
PTG 2440 BT . P<0.05 KR 22 A Geil2FE L.

x1 KAEESY
Tab.1 Theprimersfor RT-gPCR

5|¥ 4 FK primer name 519731 (5'-3") sequence (5'-3")

U6-F ATTGGAACGATACAGAGAAGATT

miR-8-3p 1 TAATACTGTCAGGTAAAGATGTC
miR-279 TGACTAGATCCACACTCATCC
2 ZER591Hh

21 MRS BEEE

6 FH 35 S H - 0 ol B L 8 & B ) ER R DL L
Pk EL A U A Ry BROE B0 DL BRTE A 0, 4514 58
O EREW (& 1a, 1b), KifEN 75~150 nm, H
RS B G SMNB R I EIREIE . PBS 5 poly
(T2 C)4L 43 B s 1 A0 Wb 1R 1 SF- 359 67 428 1) A
90.80 nm 5 84.9 nm (¥ 1c, 1d).
2.2 IMHKESMBER miRNA U F1 4 2KiE 5

PBS 41 Fll poly (I : C)41 4 53k45 27247000 Fil
25620351 #5J74N, 55 [REREE D S % LR 4 k17
ELXT, 2054 20505623 25F1 21091527 45 Xk
1, R 75.26%H1 82.32% . 1# 1Y
GenBank £ Rfam 45 %2 X sSRNA 4325 RS, LK
ELAM AT sRNA J¥ 514346 rRNA. miRNA .,
scRNA. snoRNA. snRNA. tRNA %, KEH37]
PBS 4l poly (I : C)41" miRNA 43518 160452
M 216826 4%, N HLAHIN 0.59% (& 2a)F
0.85% (&l 2b). i i 5 miRbase [AE FLXT, RAEE
I miRNA ) BRI 51 68 4%; il it RNA — 44k
30T, 3RA5 27 4819 miRNA,
2.3 poly (I : ORI FMFNLEESR MRNA
B % 1%

5 PBS 4IAHEE, poly (I : C)ZH 5 [RERES DL
M AMMA A 12 45 miRNA Y k77 7E i
225 (P<0.05), S CH miRNA 7 4%, #HiiW
miRNA 5 5(3 2, & 3), HH, poly (I : O)41 3
P A miRNA A 7 4%, 50189 miR-2b_5
1 let-7-5p, PAAOHTH) miRNA 41 novel mirl .
novel _mir3 ., novel mir5 I novel mir22, HH
novel mir5 il novel mir22 7£ PBS ¢+ JL-F A%
ko BEMETHE miRNA A 5 4, 3T AN
miR-279, miR-315a, miR-278-3p Fl miR-8-3p L K&
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P 1 E PGB DU ik 8 M A A 14 %
a. PBS AbBUZH SR I HLBEAG; b. poly (T2 C) AbBHEH AN A Ha BEAG TN
c. PBS AbFHZH SN AR A% ;d. poly (I : C) AbFRL SN AKIAZ.
Fig. 1 Identification of extracellular vesicles from lymphatic fluid of Pinctada fucata martensii
a. Electron microscopy detection of extracellular vesicles from the PBS-treated group; b. Electron microscopy
detection of extracellular vesicles from the poly (I : C)-treated group; c. Particle size of extracellular vesicles

from the PBS-treated group; d. Particle size of extracellular vesicles from the poly (I : C)-treated group.

i i W intergenic
a 5.83% 0.59% c00, o manfemRNA 0 35%% = mafuro mIRNA
oo Rfam other sncRNA mm Rfam other sncRNA
12.37%~—_ //0 01% = snRNA s snRNA
. B unmap 27.83% B unmap
i tRNA - 11:1R_NA
o hairpin o hairpin
22 56% m snoRNA mm snoRNA
—44-5070 s precursor BN precursor
 repeat = repeat
|| A
59% /0.85%
. 0 - 0,
> /@2 47.28% \/1-766
~—007% ——0.08%
0.13%
b \ ~~15.17%
57.08% \D2T22.44%
’ |47 °

0.49%  '9.09%

2 PBS 4l(a)fil poly (I : C)41(b)h FLERAL UL Ik AR A miRNA 1 % 5
Fig. 2 The identification of miRNAs in the exosomes of the hemolymph of pearl oysters
in the PBS group (a) and the poly (I : C) group (b)

1 M) miRNA novel mir2, Z5FEIKM miR-8-3p_ 1. miR-279 miRNA #1f7
24 ERFIE miRNA HIEIE qRT-PCR 5k, 45 %75 miR-8-3p_1. miR-279

AW T poly (1 C)'5 PBS MM &M 76 poly (1: C)AbFRAL A 23k Bt i 515 T
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T4 ploy (1 '+ C)RI ™ [CBR K DL itk 24 W /& miRNA 22 53323k 5047 1379
£z 2 poly(l:C)A5 PBSAMEEZERKILMN MRNA
Tab.2 Differentially expressed miRNAs between the poly | : C-treated group and the PBS-treated group
/N RNA £k JF51(5-3") (polyl_C_12h/PBS_12h) log, & PE
miRNA id sequence (5'-3") log, ratio (polyl C_12h/PBS_12h) P-value
miR-2b_5 TATCACAGCCAGCTTTGATGAGCT 1.916443 0.000157
let-7-5p_4 TGAGGTAGTAGGTTGTATAG 1.853991 9.02E-11
let-7-5p_3 TGAGGTAGTAGGTTGTATAGT 1.020338 3.37E-57
novel_mir22 CCUCGUUCAGUUUGGCUGUG 6.609618 4.12E-40
novel _mir3 UGCCCUAUCCGUCAGUCGCUGC 3.203433 1.62E-13
novel_mirl GAGGUCCGGUGAGUCUAGGUUAUC 2.462339 1.45E-122
novel mir5 GAUGCUCGAACGGCCAUUGCUCGGC 14.335970 1.30E-06
miR-315a TTTTGATTGTTGCTCAGAAAGCC —1.524500 4.02E-05
miR-279 TGACTAGATCCACACTCATCC —1.282650 5.31E-33
miR-278-3p_1 TCGGTGGGACTTTCGTTCGATT —1.036950 6.02E-11
miR-8-3p 1 TAATACTGTCAGGTAAAGATGTC —1.069540 1.96E-39
novel_mir2 AAUUGCACCUGUCCCGGCCUGC —1.246270 3.46E-07
a provis m:]-\m : PIN_pilon_hic_scaffold 11_1883 b provisional ID :P[N {_pilon_hic_scaffold_8_1105
i) 39 sy 35 .
score for read counts  : 16836.6 £ score forread counts  :  983.6 s AGGUC v U;‘\ eV 6ucc AAtP
v P . ¢ oy ag o uAY I o tormiton B e e
scoreforcons.seed 06 & GAGGUCT G 'i“b’““hééuc score forcons. seed  : 3
total read count i 30 EELE o total read count i 194
‘mature read count © 30392 AU ‘mature read count 1927
1oop read count i 0 1oop read count :0
star read count o264 star read count : 14
c mm':::lnm im; Alpli‘l;mihicimﬁoldillilﬂﬂ d p:;m,,.-,:;.lm ;Pﬂzﬁl;n,hm,mm‘lj,m
ponisiunpos S U o oy g o ot . sorolorsarrad) 0 o TeAyEred ey
S L AR e e EmEey ;] R R
score forcons. seed  : 0.6 @ m [: m!_‘:;d : 06
total read count : 1593 total read count ;528
mature readcount = 1090 mature readcount  © 450
loop read count :o0 Ioop read count 0
star read count : 503 star read count :8

g provisional D + PN pilon_hic_scaffold_14 2228
0

score for star read(s)  :  -13

score for read counts 0 5 vu c

score for mfe H 19 CCUCGUUCAGU 6 G U GUG
scorc forrandfold SO
score forcons. seed ;0.6 Ve Y A

total read count H 3899

‘mature read count i 2604

loop read count : 0

star read count : 1295

Bl 3 poly (I:

C)MI PBS 425 223K 5 AN miRNA FiA LR 4EHy

a. Novel mirl A, b. Novel mir2 A, c. Novel mir3 AR, d. Novel mir5 A, e. Novel mir22 A,

Fig. 3 Five novel miRNA precursor stem-loop structures differentially expressed in poly (I :

C) and PBS groups

a. The novel_mirl precursor, b. The novel_mir2 precursor, c. The novel mir3 precursor, d. The novel mir5 precursor,
e. The novel mir22 precursor.

PBS 41(P<0.05), 1455 55541
(E 4),
25 ZE5 miRNA BEREMFEEFMINGEEE S
H| F miRanda 11 RNAhybrid [} #5i] PBS £H
Flpoly (I : C)ZH5h [REREE DL ISP bk 22 5 3R 35
) miRNA RYEEEE R, kA5 570 MEEFREE R, XF
XS 1T KEGG & 500, LZBILE 18 4
A M R (P<0.05), AL i3S 5 e A O 1E
53 f U F5“acute myeloid leukemia” “Jak-STAT
signaling pathway” Hl

FP 4 R —5

“chemokine signaling

pathway” . 5 A ¢4 “glycerolipid metabolism”
“purine metabolism” Fl and proline

metabolism” Pk J2 5 N 43I AH G 1) “relaxin signaling

CERNT3

“arginine
pathway” “prolectin signaling pathway” #ll “insect
hormone biosynthesis %5 {5 5l (1€ 5).
TERIEAR AT Z 38 [, “Jak-STAT signaling
pathway” fll“chemokine signaling pathway” i 253
H AT JAK2 . PI3K Fl SOS 4§ & /B8 Whig . H
H, novel mir2, novel rnir22\ miR-2b 5 % 8 ff
miRNA JH #3553l 5 (E 6), U miR-278-
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<1000 15D
E 2 n=3; xxSD
~E . w .
E;; 800} — poly(I: C) % l_ f)(};l;r(l : C)l
= e k I —
"ﬁé 600 s Egg Lo
HE O] K's
®e =8 .
= 8 400} EZ .
£% < E05
26 g
% 2 200} % °
5 o : B ool e :
2 miRNA miR-8-3p_1 miRNA miR-8-3p_1
miRNA miRNA

Pl 4 s tHER SR
RNA-seq (a)Fl qRT-PCR (b)#&: 1l 3545 19 miR-279 Fl miR-8-3p 1 FE ikt *CF HA B 12 5 (P<0.05).
Fig. 4 Transcriptome data validation
The relative expression levels of miR-279 and miR-8-3p 1 were tested by RNA-seq (a) and qRT-PCR (b).
* indicates significant difference (P<0.05).

WAt R {55 B4 relaxin signaling pathway |

I 4335 purine metabolism

TE A RIS AL FIR UL protein digestion and absorption
BENEBE LRSS 5@ % prolactin signaling pathway
Ifil/MIRIELTE platelet activation |

BB EREAE B, ovarian steroidogenesis - qva(l)uz
é‘ JE/N4H M fiiSEE non—small cell lung cancer 82
g K HF 2] long—term depression |- 03
g’q::: longevity regulating pathway-multiple species - 82
B KR E -2 Y% JAK-STAT signaling pathway |- gene number
B B & = )4 ) insect hormone biosynthesis - ? )
HimBgit glycerolipid metabolism |- . . 15
2 ffa [ B 3% 4 gap junction [ « 20

FceR1{5 51 # Fc epsilon RI signaling pathway |-

ZAREE R PR 7 EGFR tyrosine kinase inhibitor resistance

18 EA8EM: 3 IS chronic myeloid leukemia |

#bH 715538 chemokine signaling pathway

X5 E R A E BRI arginine and proline metabolism

BHYRERAL LK =Y —Z Kk AGE-RAGE signaling pathway in diabetic complications |
S MEBE AR H IR acute myeloid leukemia

0.04 0.08 0.12 0.16
‘EHETLRE rich factor

K 5 poly (:C)ZH5 PBS 4112 5 %A miRNA BYHIIL R pathway & £ 7S A
Fig. 5 Scatter plot of enriched pathways for target genes of differentially expressed miRNAs in poly (I:C) and PBS groups

3p_ 1 A A R TG AL S P W IR T (PLCB, PIN_
scaffold 9 1095), novel mir3 ¥4 FOXO (PIN_
scaffold 7 1116),

Ah, novel mirs S5HER#EIEEE A2 (PIN_
scaffold 8 2110)Z[d], novel mir2 5id 5H LYyt
(SOD, PIN scaffold 8 0609) [f] ., miR-2b 5 5
E3 2 Zi% 4% Topors (PIN scaffold 10 0258)F/

A=K AT Wnt-4 (PIN scaffold 4 1182)2 8] 53 %l
FEAERR I R4 R (K 7).
3 itig

AWFFEHH poly (I = C)BLALL RNA JFEEIE

QR DA G BE O 25 B, - [R) IR ML K T2 F B 2
OYES T ANIBRTT S T AMNIA miRNA 3328 5h ik



STAT,

N TS ploy (15 C)Rl ) R AR UL LIk EL /MK miRNA 2 53554057 1381
hormone GF qhem(r)’i(iile,
cytokine
.......'......l...."QV'CQI.....IOUQOCI-.....l..."l.'.'.... % 0000000000000 000000000000000
& -
§ aasaanoossan é e 000000 0000
JAK2 )32 G
novel mir2
miR-279 P P @
STAT [ac | [PBK[~ [sos PLCP
E /Xoel_mmlﬂ T ‘\ E X ]
f miR-2b_5 novel_mir5 . mnovel mir22

STAT |

4 .
@ miR-278-3p_ 1

SOCS

|

novel_mlrl

Kl 6 AMLK miRNA 5 JAK-STAT 3 i k4 Ak X 15 538 % v S R Vs e/ E DG &R
LLEMER R miRNA P R P AR 1L,
Potential roles of exosomal miRNAs in relation to genes in the JAK-STAT pathway and chemokine signaling pathway
Red boxes indicate miRNA-regulated target genes; P stands for phosphorylation.

Fig. 6

k : 3" cgUCCG-GCCCUG-UCCACGLUA 5
PIN_scaffold_3_0341:

a novel_mirl: 3" cualUGGAUCUGAGUGGCCUGGAG 5' novel_mir2
PIN_scaffold_14_0104: 5’ gggéacmcmwcoc._\gcrc 3

532 55;
Energy: -30.020000 kCal/Mol

f BiR-2b5 : 3 tcGAGTAGITICG-ACCGACACTAt 5°
PIN_scaffold_4_1182: 5 aaCTTA-CAAAGTGTGGCTGTGATa 3' B {EACGTACAGGTTOXGTOC AT ¥
433

410 54
Energy: -30.260000 kCal/Mol Energy: =25.700001 kCal/Mol

b
PIN_scaffold_5_1166: 5 ttCAAGAGCTGGCT-TCCGAGCATE 3'

5582 5605
-26. 049999 kCal/Mol

novel_mir5: 3" cgGCUCGUUACCGGCAAGCUCGUAE 5 1 novel_mir22: 3" guGUCGGUULGACULGCUCe 5’
PIN_scaffold 8_1704: 5 gu(‘?.\GCT-G'i‘CTGMCGAGx 3

115
-28.860001 kCal/Mol

g
PIN_scaffold_10_0258: 5' agCTCAAGCAGAG--GGAATCTGTGATa 3'

4344 4369
~25. 260000 kCal/Mol

miR-2b_5: 3' tcGAG-TAGTTTCGACC—GACACTAt 5'

Energy: Energy: Energy:

novel_mird: 3' cglCGCUGACUG-CCUAUCCCGu 5 miR-2b_5: 3' tcgagtaGTT-TCG-ACCGACACTA 5

PIN_scaffold_8_2110: 5 ccCGTACCCGTTGGTGTTACGAGCATe 3'
1536 1562
Energy: -28.719999 kCal/Mol

Cc
PIN_scaffold_7_1116: 5 ttAGAGGCTGACTTTATAGGGCt 3'
1744 1766

7 7
Energy: -25.150000 kCal/Mol

novel mir5: 3’ cgGC-UCGUUACCGGCAA-GCUCGUAG 5 m

PIN_scaffold_9_0779: 5' gagcgccCAACAGCAGGGCTGTGATg 3"
2010 2035

Energy: -25.350000 kCal/Mol

d i n novel_mird: 3’ cguCGCUGACUGCCUAUCCCGu 5

PIN_scaffold_9_1095: 5 ataTGTACGGACTTCCCACCGa 3'
29294

Energy: -27.049999 kCal/Mol

miR-278-3p_1: 3’ ttaGCTTGCTTTCAGGGTGGCt 5

novel_mir2: 3' cgUC-CGGCCCUGUCCACGLUAa 5"
PIN_scaffold_8_0609: 5 acAGTGCTGGGAT--GTGCAATa 3
Energy: -27.400000 kCal/Mol

PIN_scaffold_10_2531: 5’ tttGIGGATG-TGGATAGGGCa 3"
2215 2235
Energy: -26.830000 kCal/Mol

o

i

PIN_scaffold_13_0697: 5’ ;c‘(:‘l‘CA1’CA.\‘l‘CA‘I’AA'T'I‘G‘I‘G;E:| 3
1

€ miR-279: 3" ccTACTCACACC---TAGATCAGt 5
PIN_scaffold_10_2908: 5 cai}TG\(XX}T(XmTATCTAGTOg; 3
-25.709999 kCal/Mol

aiR-2h 8: 3 1GISTASTIICGACORCACTAS & niR-8-3p_1: 3’ ctGT-AGAAATG-GACTGICATAAL 5°

PIN_scaffold_11_1609: 5 gaCAéﬂTTTACTCCGACAGTAnt 3
4 169

Energy: Energy: -’.’0: 730000 kCal/Mol Energy: -22.520000 kCal/Mol

K17  miRNAs FIHELIE R B AR A R 50
a. TIGD4 (PIN_scaffold 14 0104); b. AC (PIN _scaffold 5 1166); c. FOXO (PIN_scaffold 7 1116); d. PLCpB
(PIN_scaffold 9 1095); e. IL6R (PIN scaffold 10 2908); f. Wnt-4 (PIN _scaffold 4 1182); g. TOPORS (PIN scaffold 10 0258);
h. PLA2 (PIN_scaffold 8 2110); i. SOD (PIN_scaffold_8 0609); j. ERK (PIN_scaffold_13_0697); k. DAZ (PIN_scaffold_3_0314);
1. SOS (PIN_scaffold_8_1704); m. DDB (PIN_scaffold_9_0779); n. PI3K (PIN_scaffold_10_2531); o. CAT (PIN_scaffold_11_1609).
Fig. 7 The prediction of interaction sites of miRNAs and potential targets
a. TIGD4 (PIN_scaffold 14 0104); b. AC (PIN _scaffold 5 1166); c. FOXO (PIN _scaffold 7 1116); d. PLCpB
(PIN_scaffold 9 1095); e. IL6R (PIN scaffold 10 2908); f. Wnt-4 (PIN _scaffold 4 1182); g. TOPORS (PIN scaffold 10 0258);
h. PLA2 (PIN_scaffold 8 2110); i. SOD (PIN_scaffold_8 0609); j. ERK (PIN_scaffold_13_0697); k. DAZ (PIN_scaffold_3_0314);
1. SOS (PIN_scaffold_8_1704); m. DDB (PIN_scaffold_9_0779); n. PI3K (PIN_scaffold_10_2531); o. CAT (PIN_scaffold_11_1609).

R B LAY A SR g R, HoRAEE{E 90 nm 42
o CHAMLTEINME B2 K2 91 nm!™ /N
THAMBMARI AR TE 100 nm 224510, FOL AT UL, D1k

SN AETE SRR/ N S A5 S A — 2 Il
W AMMASE 1) miIRNA TE G2 8 35 h 4%
FRITIRE, (I SN AR miRNA £ H T
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120 A ) miRNA WECH o Bilan, ASHIFFELE I
LY R T 95 ZRSMBA miRNA, T FE A% S
Ji B FCERAF DL I 240 P 2% 5E 5] 186 45 miRNAsP?,
T YT 45 (Crassostrea hongkongensis) Ifil £ Jfd H 4
FEF 222 4 miRNAPY, B AR I 75 AN & miRNA
P, ER TR YT A i R] 38 TR A g8 S
RIEHEVE, SMA miRNA AYFEE PERIEA]
FERIE ARG e e AT T R 12 W AR YT
TR AL A i P

R T 2 R Ik E AN A TE T [ ER A D
BPENL A TR IAE R, ABFSETRE S T 12 257E poly
(I : Ol G 27 FRIBIMBE miRNA, FFIH
qRT-PCR iE#H T miR-279 il miR-8-3p 1 %Kik
it 5 SR P A5 R — 3, AL D, miR-8 AT DL
] % Toll 553 B AM i Z P e 3L K, LABK
1E G RN TR S OIS, DR 1 R A28 T e e T
I 5 v e 1 2 AR5, poly (1 Ol
J& 12 h, miR-8-3p 1 & /& i M N, miR-8-3p 1
5 8 B B B (CAT)fEFE#L [ G &R, CAT J&
— i OCHE AR AR W, 7E e AR A AR D7 A
ikt 5 BRI %45 AR AR AR R A2 B G
SEI, AR miR-8-3p 1 A] BEAL 3 Sy 4 i
AR, Bi7 1k 5 % 20 1 520 800G, Wi TE poly
(1 : ORI 12 h, ol e Re SO 44, LAk
fRANRAR F miR-8-3p 1 BYF i, Ak o [QERFE
B RGBS o AR YA T — Fh 40 AR 1 B
T R, EBUE R R R E AR A, FEAR
RS & B, miR-279 7E z-vad-fmk AZbHE S 2
0 6 080 T A0 ) 2 T A P A A
RAEPPAE PO AT & BAE poly (I : C)Hili
Ja RPE R NI, I FREREE DL AR A H miR-279
(e 3k i & AR W N R, B Y] BB E AT B
RGN miR-279 (A7 G AnE g 1=, A
95 A M BT B S SN o AL, S Rk B
Ul miR-2b_5 ik kA BV B miR-2 %K
W ICHHES YRR A B miRNA FGE, 78358 KA
Iz (Aedes aegypti)Hr, FEfL 5 FiE i # (chikungunya
virus)BYL 52 W5 L miR-2b AR DL
2 Z MBI T (URM) SR Hil 5 4 417, A

5% % B miR-2b_5 5 E3 {2 F & 1 Topors 77F
B G R TEBHESIY Y, Topors J& p53 A+
Il 1455 HEH, 15 AHCEEE(AAV-2) Rep78/
68 7R UM TLAE I HESR AAV-2 JE R %GR,
W HEN, 7E D26 r] B8 38 i A AR A5 miR-2b ok
4 A T 2R AT T e R R . ] L,
TG BREE DL AMIMA miRNA TEMR Y. poly (I : C)FY
BB L& Th R AR I E R

Kk, AtsErhiE—2 X poly (1 : C)RIEGE
SR 25 3235 miRNA FSESE R EA T g 1 4R,
J B G2 31 A0 % N “platelet activation”*Jak-STAT
signaling pathway”#1“chemokine signaling pathway”
549 N B MK, “Jak-STAT signaling pathway”
Z 5 AMIBGTE | oA AT SR A A 2 R AR B
1t STAT 18 Y 5 1 s 5 2 MR A ¢, £
FEIEAE | ) B S 2 A g P ), “chemokine
signaling pathway” 7E T2 A MRS | S0 R
HAUBIE . WhiRd & e NG 7% S5 o 7 vp R 4% B A
FH, AR5 DR 0 S8 -l 41 SUR AP0 “Jak-
STAT signaling pathway”#ll“chemokine signaling
pathway”ill #3F] LI STAT S 54004 K A
P S R P I JaK Fb IR, o FRERRE D
1Y S BE A S FE R 40 NF-xB . IKK (I-kappaB kinase)
FIL-17 BFaAA BB DY, gl N 555
S - (suppressor of cytokine signaling, SOCS)
S —RE BB R T, Sl S JAK B
it 1 4 A 0 R B L% M, BH BT JAK-
STAT {55 # (1 # °Y, 7E2 2R ILh, SOCS f
1 JAK/STAT {55 RGN B Bk DL S 25
PEBY . EARBESE o poly (I C)411 PBS 4%
#2251 novel mirl S EJEE SOCS A%, 1F
poly (I : O)fl##J5, novel mirl Fikim [y, il
SOCS ik, MiMifedt JAK/STAT {55 il
HoAls S8 BE I R ik o 7R AL 115 5 il i
SOS (son of sevenless)fl ERK i & A~ B 4% A B AE
JH, SOS Jlid#i% RAS $0 ERK L%,
ERK 7EAT 2846 £ 25 miRNA-7036a #{i% [/]N
IS 5 200 L 3o R v A T R, FE A S v,
miR-2b 5l i ERK, J875 40 P #4 7= A=
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Yo A0 MY 6 R, DT 3R Aot A R AE S
A A 715 538 % e 08 5 AN )45 5 Jl B A I,
JAK/STAT {5538 . PI3K {5 5 4%, X4y
38 T A FANME RS . AR R A SRR T
PI3K 1E Ay A P ¥ H 3 40 L A% 1) SCHEY o, i
S0 ERK (A0 ML AME 5 947 s ) 1 0 e, i )
BN A K AIEY . FEAESE P PI3K A2
novel mir3 FYIEHE, HE D FCEREE DL 52 3195 75 4
WU, WO PI3K-Akt {555 %, MifFE FOXO
V1% T TR A R0 DA 0T JHR A 380 A B o ) B 7%, R AT A
TG E, novel mir3 23l S 48 H: DNA 25568
JIEHAMH FOXO Mk . A A58 3R BITE R 52 ik
Qs LT, miR-182 i FRIKFEHEME FOXO 1y
Fik, Wy IFR7 MRERTGTE, 5% 1 ALTIER
(IFN-D) A S AE K T 1 2507 R 2 & A
FEHEM novel_mir3 7J DL i FOXO &5 5 [RER £k
DUXCH B I S N 2% . FOXO Bk T 5 5 IR s
ML B MINEESL, 25 K, 4
5B TR A 2 A g A0
HMUMAIE —Fh 55 3 Wik AR, T LA B R I 45
ENGEERE ) U~y AiUE SrS B3V N ISR AR
1 miRNA R T SRR LASE, i 35 5 AR 2
AR AH 56 1Y 38 1% “glycerolipid metabolism” “purine
metabolism”Fll“arginine and proline metabolism”
PRACIH HZETL 5 e RGL R W TR OC, WiniE s
Ul B P 2 0 R AE TR T O i, At
PR 7K - BB N5 5 MICA 1 2 18 1842 403 400 ffa 142,
i IR AU i [ Bl S e 40 A 5 e 2 5
KGR BRIk ANA A £ RN E RN
SR IAH SR Sl . AT TER RS R I
SR ARSI H IR 1 7 s U A s R 2K
RIS 52 e, N3 WA 23 5 el S ie A 2 [
REHE 1Y 40T . TESDIRERBE DL rh, HUARTEE K A4
ENR] AT T DR IR 45 LAORAIEAE R I P38 T 18 LR AF
Zi Bk, ARAIR B, DL opoly (I: C)
B B AT S B R, 5 QB A DL it ik 2 A1
&4 ) novel mir2 . novel mir22, miR-2b_ 5., miR-
279 % miRNA FKiki kA BEZA, 18 platelet

LR N3

activation” “chemokine signaling pathway” “Jak-
STAT signaling pathway” 55 3% HH 5C 1 15 5 18 4%

TR FEIREAE R, JFiEd FOXO MBI A Cin s
Wi By B DL S BE LA o W FTAE R IR AR ST
DU AN LA miRNA 7RG 2 b VR T4 it
I

S 3k

[1] Makeyev E V, Maniatis T. Multilevel regulation of gene
expression by microRNAs[J]. Science, 2008, 319(5871):
1789-1790.

[2] Sun J F, Wu X Z. The progress of studies on molluscan
hemocyte and its immunological function[J]. Acta Hydro-
biologica Sinica, 2006, 30(5): 601-607. [FMilfE, Ff5H.
D1 255 i 200 i B G S 5 T BE A 9 6 R (0], K AR AR W22 3R,
2006, 30(5): 601-607.]

[3] Chen H. The regulatory role of miRNA in the environmental
stress response of the long oyster[D]. Qingdao: Institute of
Oceanology, Chinese Academy of Sciences, 2017. [[4i.
miRNA 7ERK WG 0 by 24 R R [D]. & &
T EREER =P EREEBSETERTSEN, 2017.]

[4] Burgos-Aceves M A, Cohen A, Smith Y, et al. A potential
microRNA regulation of immune-related genes in inverte-
brate haemocytes[J]. Science of the Total Environment, 2018,
621:302-307.

[51 Yang H, Xu Z T, Guo B Y, et al. Integrated analysis of
miRNAome and transcriptome reveals miRNA-mRNA
network regulation in Vibrio alginolyticus infected thick
shell mussel Mytilus coruscus[J]. Molecular Immunology,
2021, 132: 217-226.

[6] Moreira R, Romero A, Rey-Campos M, et al. Stimulation of
Mytilus galloprovincialis hemocytes with different immune
challenges induces differential transcriptomic, miRNomic,
and functional responses[J]. Frontiers in Immunology, 2020,
11: 606102.

[71 Harding C V, Heuser J E, Stahl P D. Exosomes: Looking
back three decades and into the future[J]. Journal of Cell
Biology, 2013, 200(4): 367-371.

[8] Booth A M, Fang Y, Fallon J K, et al. Exosomes and HIV
Gag bud from endosome-like domains of the T cell plasma
membrane[J]. Journal of Cell Biology, 2006, 172(6): 923-935.

[9] Sha X Q, Ge X Y, Jin Y, et al. Exosomal microRNAs: An
emerging player in systemic lupus erythematosus[J]. Acta
Physiologica Sinica, 2021, 73(6): 1035-1042. [P/, AL
5, &R, % SNBATEYE microRNA 7E RS PELLBERE
RO SE R RE[T]. A= BH2RR, 2021, 73(6): 1035-1042.]

[10] Zhou C F, Wei W F, Ma J, et al. Cancer-secreted exosomal
miR-1468-5p promotes tumor immune escape Vvia the

immunosuppressive reprogramming of lymphatic vessels[J].



1384

o il K B 2

%31 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

Molecular Therapy, 2021, 29(4): 1512-1528.

Xie M Y, Hou L J, Sun J J, et al. Porcine milk exosome
MiRNAs attenuate LPS-induced apoptosis through inhibiting
TLR4/NF-xB and p53 pathways in intestinal epithelial
cells[J]. Journal of Agricultural and Food Chemistry, 2019,
67(34): 9477-9491.

Gong Y, Kong T T, Ren X, et al. Exosome-mediated
apoptosis pathway during WSSV infection in crustacean
mud crab[J]. PLoS Pathogens, 2020, 16(5): e1008366.

Liu L, Gao L, Zhou K L, et al. The expression patterns of
exosomal miRNAs in the Pacific oyster after high-tem-
perature stress or Vibrio stimulation[J]. Developmental &
Comparative Immunology, 2024, 156: 105174.

Huang S Q, Nishiumi S, Asaduzzaman M, et al. Exosome-
derived small non-coding RNAs reveal immune response
upon grafting transplantation in Pinctada fucata (Mollusca)
[J]. Open Biology, 2022, 12(5): 210317.

Midway S, Robertson M, Flinn S, et al. Comparing multiple
comparisons: Practical guidance for choosing the best multiple
comparisons test[J]. Peer], 2020, 8: ¢10387.

He L, Heyse J F. Improved power of familywise error rate
procedures for discrete data under dependency[J]. Biometrical
Journal Biometrische Zeitschrift, 2019, 61(1): 101-114.
Zheng Z, Hao R J, Yang C Y, et al. Genome-wide association
study analysis to resolve the key regulatory mechanism of
biomineralization in Pinctada fucata martensii[J]. Molecular
Ecology Resources, 2023, 23(3): 680-693.

LiY J, Diao Z Y, Xue P P, et al. Isolation and identification
of placental exosomes from maternal serum[J]. Journal of
Medical Postgraduates, 2015, 28(6): 632-636. [Z=L i, ~J
BT, B, S R SR TR 5 S
[7]. BE2AWFIT A= 244R, 2015, 28(6): 632-636.]

Qiu S T, Zhang H, Shen Y L, et al. Comparison of different
extraction methods of mouse serum exosomes[J]. Gansu
Animal Husbandry and Veterinary, 2021, 51(3): 39-42. [If§
i, TS, PRAE, 5. /DB SMB AR RO B
HYELEELT]. HOR & A, 2021, 51(3): 39-42.]

Zhang Y T. Screening and functional study of miRNAs
related to shell implantation immunity in Pinctada martensii

[D]. Zhanjiang: Guangdong Ocean University, 202 1.[5K R .

L FCER B DA A% S5 A miRNAs BT 5 DHRERF 5T [D].
BT TR RS, 2021.]

Zhou Q J, Luo B, Lu L L, et al. Screening of microRNAs
related to Vibrio parahaemolyticus infection in the Hong
Kong giant oyster (Magallana hongkongensis)[J]. Journal of
Applied Oceanography, 2023, 42(2): 218-224. [JHFF %, %
B, REATET, 5. A EHG P R I R g A O

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

microRNA WYFiEE[T]. BLFHEES-24, 2023, 42(2): 218-
224.]

Sohn W, Kim J, Kang S H, et al. Serum exosomal microRNAs
as novel biomarkers for hepatocellular carcinoma[J]. Experi-
mental & Molecular Medicine, 2015, 47(9): e184.

Lee G J, Hyun S. Multiple targets of the microRNA miR-8
contribute to immune homeostasis in Drosophila[J]. Develop-
mental & Comparative Immunology, 2014, 45(2): 245-251.
Chalmers R A, Roe C R, Tracey B M, et al. Secondary
carnitine insufficiency in disorders of organic acid metabolism:
Modulation of acyl-CoA/CoA ratios by l-carnitine in vivo[J].
Biochemical Society Transactions, 1983, 11(6): 724-725.
Wang L, Zhi B, Wu W L, et al. Requirement for shrimp
caspase in apoptosis against virus infection[J]. Developmental
& Comparative Immunology, 2008, 32(6): 706-715.

Yang L, Yang G, Zhang X B. The miR-100-mediated
pathway regulates apoptosis against virus infection in
shrimp[J]. Fish & Shellfish Immunology, 2014, 40(1):
146-153.

Dubey S K, Shrinet J, Jain J, et al. Aedes aegypti microRNA
miR-2b regulates ubiquitin-related modifier to control
chikungunya virus replication[J]. Scientific Reports, 2017,
7(1): 17666.

Weger S, Hammer E, Heilbronn R. Topors, a p53 and
topoisomerase I binding protein, interacts with the adeno-
associated virus (AAV-2) Rep78/68 proteins and enhances
AAV-2 gene expression[J]. Journal of General Virology,
2002, 83(Pt 3): 511-516.

Rawlings J S, Rosler K M, Harrison D A. The JAK/STAT
signaling pathway[J]. Journal of Cell Science, 2004, 117(Pt
8): 1281-1283.

Keane M P, Strieter R M. Chemokine signaling in inflam-
mation[J]. Critical Care Medicine, 2000, 28(4 Suppl): N13-
N26.

Soldevila G, Garcia-Zepeda E A. The role of the Jak-Stat
pathway in chemokine-mediated signaling in T lymphocytes
[J]. Signal Transduction, 2007, 7(5-6): 427-438.

Gu ZF, Cao Y F, Yang H X, et al. Effect of Janus kinase 3
inhibitor on the development of pearl sac and the expression
of immune-related genes in pearl oyster Pinctada fucata
martensii[J]. Journal of Guangdong Ocean University, 2020,
40(2): 1-6. [#FFF, WK, i, . Janus B 3 #1
TR 5 FRERAE DS 2R 4 4 T FH G A S D R 5
WALI]. ) ARFEER 224, 2020, 40(2): 1-6.]

Babon J J, Kershaw N J, Murphy J M, et al. Suppression of
cytokine signaling by SOCS3: Characterization of the mode

of inhibition and the basis of its specificity[J]. Immunity,



55114

FE S ploy (1 : C)HIL S FCERAS: DL Ik AN AR miRNA 25 5 323870 #r

1385

[34]

[33]

[36]

[37]

[38]

[39]

2012, 36(2): 239-250.

Liu W G, Huang X D, Wang Q, et al. Gene cloning and
function analysis of cytokine-induced suppressor of cytokine
signaling (SOCS) from pearl oyster Pinctada fucata[J]. Fish
& Shellfish Immunology, 2013, 34(3): 849-854.

Li M Z, Hale J S, Rich J N, et al. Chemokine CXCL12 in
neurodegenerative diseases: An SOS signal for stem
cell-based repair[J]. Trends in Neurosciences, 2012, 35(10):
619-628.

Jia W J. Mechanism study of ligustrazine regulating
neuroinflammation in microglia via the miR-7036a/MAPT/
PRKCG/ERK axis[D]. Kunming: Kunming Medical Univer-
sity, 2022. [B{3CHWE. 4735 4 F % mir-7036a/MAPT/
PRKCG/ERK {2/ IN St 40 i #h 22 A AE A HLARIE 52 (D).
BH: REIERIR, 2022.]

Curnock A P, Logan M K, Ward S G. Chemokine signalling:
Pivoting around multiple phosphoinositide 3-kinases[J].
Immunology, 2002, 105(2): 125-136.

Zhu CF, Qi X L, Chen Y N, et al. PI3K/Akt and MAPK/
ERK1/2 signaling pathways are involved in IGF-1-induced
VEGF-C upregulation in breast cancer[J]. Journal of Cancer
Research and Clinical Oncology, 2011, 137(11): 1587-1594.
He X. MicroRNA-182 targets FOXO3 to activate type I

interferon immune response against human cytomegalovirus

[40]

[41]

[42]

[43]

[44]

in neurons[D]. Zhengzhou: Zhengzhou University, 2019. [{i]
. PhE4iiiH MicroRNA-182 #im] FOXO3 #i% 1 4+
PR APENE R IFHNE A 5:4E I [D]. AN AN
K2, 2019.]

Dong S Q, Lu Y, Gao F, et al. Research progress of FoxOl1
in the mechanisms of glucose and lipid metabolism[J].
Journal of Dalian Medical University, 2021, 43(5): 445-450.
CERZE, 55, WHE % FoxOl 7EREARMRHLE - iomr
SEHER]. REERIRSER, 2021, 43(5): 445-450.]
Ouyang Q. Correlation study of gut microbiota, inflammatory
factors and adipokines in children with simple obesity[D].
Fuzhou: Fujian Medical University, 2018. [RKPHfE. Baalifi:
HEPE LB R HE . AT 5~ B IR 5 A 5~ AR S PE T 5T
[D]. #iH: fEAERIR, 2018.]

McCarthy M T, Moncayo G, Hiron T K, et al. Purine
nucleotide metabolism regulates expression of the human
immune ligand MICA[J]. Journal of Biological Chemistry,
2018, 293(11): 3913-3924.

Matos A, Carvalho M, Bicho M, et al. Arginine and arginases
modulate metabolism, tumor microenvironment and prostate
cancer progression[J]. Nutrients, 2021, 13(12): 4503.

Martin B, Gabris-Weber B A, Reddy R, et al. Relaxin
reverses inflammatory and immune signals in aged hearts[J].
PLoS One, 2018, 13(1): ¢0190935.



1386 [ K R 2 %3145

Identification of differentially expressed miRNAs in haemolymph
exosomes after poly (I : C) stimulation in Pinctada fucata martensii

WANG Ping', TAN Wangqi', REN Ziqi', LI Zhiging', ZUO Xian', QU Jia', WANG Qingheng"*** ZHENG Zhe"***

1. Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China;

2. Guangdong Science and Innovation Center for Pearl Culture, Zhanjiang 524088, China;

3. Guangdong Pearl Cultivation and Processing Engineering and Technology Research Centre, Zhanjiang 524088,
China;

4. Guangdong Provincial Key Laboratory of Aquatic Animal Disease Control and Healthy Culture, Zhanjiang 524088,
China

Abstract: Exosomal miRNAs are crucial in regulating the immune response of vertebrates. This study explored the
function of exosomal miRNAs in the immune response of Pinctada fucata martensii by injecting poly(I : C) and
PBS into the blood sinuses of the adductor muscle of P. f. martensii to stimulate an immune response, followed by
the analysis of differentially expressed exosomal miRNAs in the hemolymph. The study aimed to predict their
target genes and the immune-related signaling pathways regulated by exosomal miRNAs, providing preliminary
insights into their roles in the immune response of P. f. martensii. The results showed that the hemolymph
exosomes of P. f. martensii are spherical or nearly spherical vesicles with intact membrane structures and clear

contours, ranging in size from 75 nm to 150 nm. A total of 101 miRNAs were identified in the PBS and poly(I : C)

groups, of which 76 were known miRNAs. In the poly(I : C) group, seven miRNAs were significantly upregulated,
and five miRNAs were significantly downregulated compared to the PBS group. These differential miRNAs were
associated with 570 target genes. KEGG enrichment analysis identified immune-related signaling pathways,
including “Acute myeloid leukemia” “JAK-STAT signaling pathway” and “Chemokine signaling pathway”
metabolism-related pathways such as “Glycerolipid metabolism” “Purine metabolism” and “Arginine and proline
metabolism,” as well as endocrine-related pathways such as “Relaxin signaling pathway” “Prolectin signaling
pathway” and “Insect hormone biosynthesis” (P<0.05). Notably, eight miRNAs, including novel mir2,
novel mir22, miR-2b_5, and miR-279, were found to regulate immune-related signaling pathways and influence
the immune response of P. f. martensii by modulating metabolism through FOXO coupling. This study suggests
that hemolymph exosomal miRNAs in P. f. martensii coordinately respond to poly(I : C) stimulation by regulating
immune, metabolic, and endocrine processes, providing foundational data for further research into the roles of
exosomal miRNAs in the immune response of shellfish.

Key words: Pinctada fucata martensii; poly (I : C); immune response; exosomes; microRNA.
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