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FFLAE N miR-124-3p 4 EREF M THIE R dpgn-like B EH)RIZ4F1E

R, HEE, 2EE, RS, KEE, AAE

L R EFERE, AR S E R A W E AR, IR 5 266003;
2. W ENERE RS = IR BE, R A A K R R SR E, R =L 572000

FEE: HIRFTHUN RNA (miRNA)YTE NUEPERR & B R ZARERMER, LATLE DU(Chlamys farreri) IAF5EH K}, LITE4)
DUFR S 550 AL B BORS 3L b 3 2235 19 miR-124-3p_4 HAFZE X QP RAESE, 0N 50F 7 H AR miE s i 3L, H7R
RIS IR A Rk A PR 4 & TN AT 0 miR-124-3p_4 A% 8 ANOR S m Al Rk K, Hoh 5 miR-124-3p_4 HAEfE
TR B IE A dpgn-like JEIN; Fik85 R R dpgn-like JEP A B S rf (1 265K 10 35 8 TAE 81, HHLFR 2 07 T U0
BT B A0 A B T OB O B AR A B TR 4 BT LA B AR P ek 35 miRNA - 525 DA A AN AR Y AN T 5 TE T
miR-124-3p_4 gt T i dpgn-like T A FRIA . AR LSRR Y], miR-124-3p_4 AT LI 5P 5 5 FRIAEE R dpgn-like 1
K H B aRIK, WE/R AT BEAEMIAL I DUPE R R 75 T R R VE T

SEgEiE: AL D1 miR-124-3p_4; dpgn-like N ; FEIR4FAE
XEHS: 1005-8737—(2024)06—0627—13

FESEKS: S917 X ERPRAEERD: A

/1N RNA (microRNA, miRNA )2 ) 5 FL K &
K — REHZEMNIERER T, BAmEIRS
PE B RZH SURE S M SR R, O R R Y
Pl 1551 5 PR mRNA A 5 A T 38 FTER,
25 P VIR S B AR A S e R
Hurc a2 W TR Es XA R L F,
I HAF5E & B miRNA 7] DU i 58w 1] sox9 . tra
OREIE N FRIE, /N (Mus musculus) . 15
/NSLWE (Bactrocera dorsalis) . 2% HL(Caenorhabditis
elegans) % s vE R FPERR 9 &2 B0, AR DL
BRI SIS & B T 4046 dmrtl | foxI2 | kif4 16 N9
LA B A A R R 2 B OGS O, R R
TG A 25 28 miRNAP "] 8 e s 3 [ fy 2
ISR 2 miRNA XF H A PR A1E 5T + 43
Kk, JFH miRNA 78 DUEVEMR & & i E
W JCAHSC RISl . EET, 7E DU PE AR b e A

Yrfm HHA: 2024-03-19; 11T HH3: 2024-04-24.
E&WH: FZKELSHLITWH(2018YFD0901400).

251N miRNA I Pk N 3Rk RO BT (UAE = A
WL ¥ (Hyriopsis  cumingii) . 1 %t 1 (Crassostrea
gigas). WU (Scapharca broughtonii)F1A£L ks DI
(Chlamys farreriy® A5 TR IEP "2 HAH LW &
BERETXTMEMEVERR 25 5 miRNAs 47 T ik, 28
A & miRNA 53 AR BLAE FOC 2R A S0 Tk A
HAE BT SEAAAE—E B, R i J2 miRNA
3 3o L PR A AR A AR P R R B R AR E K=
Fl o M5B DL(C. farrer) 23 AL J5 i ife B 2L HY 57
B DL, HOh MR S AR B AR, SRS DL
PESFI M R 2 B HL ) R A R, AR BIE5E LA
FFLES DU WE T M AL, LATR A A A 52 b e R
(RS $2 15 %638 miR-124-3p_4 B4, X HHE
BED AT IR S 0E, R RTEGFR W ik 5 &
LR NS FIAAF R E miR-124-3p_4 SHESE
) B AESC AR, I X P Y 3K R R R AT 8
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o BIFFE B AR DL R IR A 7 I 4 B A A
fie A 412 3L Eh 2 8 SR At K RO R T S

1 #RE5FE

1.1 SEIgH Y

S T FH %) P R FL R DL SE 5 B
K =3, 5760 N (6.2840.16) cm, ES2H % 5
P, KR TE . AR £ (gonad somatic
index, GSI="E I 5/ 1& T x100%) M T8 Fr PR B L
B B4 W B (R IE GSI=3.70+0.62, 1451 GSI=
4.08+0.91, = KM GSI=6.95+0.45 FIa Y GSI=
9.03+0.97) &5 IE PR ANA, KB M IRA U 4%
ZRWEEREE 18 h, B EEBK, JHEfF
FE-30 CUkFE, FFYI R MY IR AT 2458 o ol 4% e
B DU F miRNA 2 3R 5055, 4 M R A 5 43
S EAEAFAE-30 CRNR ARG R A7 T80 C
2 H.
1.2 #HFLE 4R S RNA 12E

A O AR SCHR, R I - S A R AL
5 DR 2w RNAM! 348 ] NanoPhotometer®N60
M AT O G B TN 2 A RNA W, DA MK
OD260, OD280 Fl OD230 HIAHXF WL {i; i F
1. 2% I Wl 5 JE FL VK TR A I . RNA i,
F& ) RNA FE &7 7E—80 CHBAR IR VKA 5 H
1.3 B NIERRAL cDNA FH LK miRNA
cDNA &5

8 ] Evo M-MLV Plus cDNA & it &L
B, D, R UL B AT A BURTFL ks DL A B
i cDNA, FTF W 2 B 15 56 R 2R A e
[, 6/ Evo M-MLV Jz ¥ 5 i iR #3857 &
Ver.2 (3CFHa, D) A BUHTFL FE DU A2 b L
cDNA; {ifi f§ miRNA cDNA 45 —4% & ik 7 & (L
B, o)A AT L R DL R A 515 00 L
miRNA cDNA, HF 52 sk,
1.4 WFABM miR-124-3p 4 WEFI ST EHME
] T

PRAZH AR A5 T ATLRS D miR-124-3p_4
) BUA F 51 5'-UAAGGCACGCGGUGAAUG-
CCA-3', HFhFF3 8 AAGGCAC!!,

M RNAcentral (https://rnacentral.org/)E 4 &
HAREUN (Homo sapiens). /INE(Mus musculus) .
4(Oryctolagus cuniculus) . ¥E5 a1 (Danio rerio) .
Sl (Drosophila melanogaster) ¥ 3% 35 164 (Ciona
intestinalis) 5 AP FP ) miR-124-3p ¥4,
Jalview 2.11 BRAEXT FARASREI YA miR-124-3p
FEHNHEA T EEX o

M MolluscDB %4 % (http://mgbase.qnlm.ac/
home) 17 3k JCHG FL J D1 3 PR 20 K% s 57 2H s U,
i} RNAhybrid (http:/bibiserv.techfak.unibielefeld.
de/rnahybrid/)fl miRanda (http://www.miranda.org/)
BRAFFAGFLES D1 miR-124-3p_4 AYHEILIN; 5
RNAhybrid 752k % i 7 48 5 5 miR-124-3p_4
(454G H B RE S5 & AL (S E0 & . hits per
target=5, energy Threshold=—20 kcal/mol), Jf-#2#
LB D2 53 20 5090 P2 A 1) 0 5 PR G L DL 4%
HAP R E
1.5 FEREBFFISH

AL Ja DT 58 DR 2 K580 P 1) 2 DA 4 i 471 S
Uk miR-124-3p 4 454 A i f R0 5L
dpgn-like /)41 DNA J¥ 51 (£ ID: evm.model.
scaffold42795.18), i id NCBIFEZL BLAST ¥ i% 40
FER AT X, RBUF A A B . R dpgn-
like JE A BT gt (1) 2 751, M NCBI &R B T
AR A UL T 31 W) ) serine protease inhibitor
dipetalogastin (DPGN)ZE [1/%%)): & (Chionoecetes
opilio, KAG0725198.1), KA (Bombyx mori, XP_
004924430.1) . KIK & (Daphnia magna JAN14733.1)
£ 4 Wi (Crassostrea gigas, XP_034332063.1) | #j %]
A4t Wi(Crassostrea angulata, XP_052710578.1) .
WG (Mya arenaria, XP_052797244.1). HF3kH
Ul (Mizuhopecten yessoensis, OWF44643.1), 572
1535 (Exaiptasia diaphana, XP_020897061.1)#1 2
IR & (Nematostella vectensis, XP_032222071.2),
WL Jalview 2.11 FAFxE iR AR 95 H 1y
517 2 # X, ] IQ-TREE Web Serve F2/7
R KPR RS & FW, I iTOL vs 2
JF xR A 2R 48 kB AR AT AT
NCBI 5 TBTools # {1 T 2 #L X A D RS, %o
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MR SE: FTFLAE U1 miR-124-3p 4 #UEL A 1 5 18 S dpgn-like JEH 1) 3R D5 R-AE 629

IR 5 A 7] ALAL
1.6 MAXEMmMBSERREHHE

Jy it — R TT dpgn-like F[H 5 miR-124-3p 4
EEAEMEER LR, @it RNAhybrid 7££& M
Tk TR AR I PR 55 AL DL miR-124-3p_4 945 &
D, VRS S R 250 bp 224 A7 B %+ PCR 5
M (SF: 5-GAGCTCATGTGGGGCAAAATG-3', F
RIZh Sac T N VB 25 ; SR: 5'-CTCGAGTCAA-
TTCCACAGACAGG-3', FRIZ N Xho I NV
A7), FFLARTFL A DU B9 8 cDNA AR i
17 PCR ¥4, Frikr=4 2t aifh 5 i A etk fk
1Y pmirGLO #X /A& (Promega, &), TR
Mg & B R e gk ik . N B R /R
A& R, T E) IR, £ NanoPhoto-
meter "N60 FE {436 IERE TR 1.2%30 i W i
HL VKA IS, RAFT—20 CH .
1.7 HEK293T Hfa%s 535 X R EE AN

i 1d Sangon Biotech (M IVAE)A Al A AL
miR-124-3p_4 B (IE LF51: 5'-UAAGGCAC-
GCGGUGAAUGCCA-3', i XJ¥%1: 5'-GCAUUC-
ACCGCGUGCCUUAUU-3"), L) K BA %} FE (NC)
L) (IE L7 31): 5'-UUGUACUACACAAAAG-
UACUG-3', & X JF%1: 5-GUACUUUUGUGUA-
GUACAAUU-3"), fii[] Lipofectamine 2000 (Invit-
rogen, I [E)IR RS YK miR-124-3p_4 i
Y (miR-124-3p_4-mimic) & & 4 H ) BL i B
TR Bl AR N R A S 5 Y HEK293 T 4 fitd, &2
WHE I NMHAREEM 3 AN YA EE Y 48h ),
{8 ] Dual-Luciferase” Reporter Assay System (Pro-

mega, 3 [E)#e UL I 5 5 vk I i 40 A v i 2t
EqSaac
1.8 FRiERIE miR-124-3p_4 FH &N dpgn-like
BEEMNRIEER

W B AL B DL ME DL 43 Sk 25 1 X BE 2 (blank
control group, BC). BHYEXS M2 (negative control
group, NC)HISL 5 4H (experimental group), HEZH 4%
35 H DL, X NC 298 2 014350 5Ha T
80 uL PBS A9 30 pg agomir NC, X S5 4H i) 4: H
U1 43513 5345 F 80 uL PBS £ 30 ug miRNA agomir
(agomir H_L1GAE TR G ). BC ARSI TS
AP 4 K, SPESR O R BT R, 14
KA 28 KA T— RN, I e RS 3 d,
BIZE 3 K. 565 10 K. 25 17 KA 31 KB

T 2 AR 5T A PR, 3853 miRNA agomir 73
ST miRNA 3 ik (9 8 R T eSS — IR
TS FE B AT i, SO BESE @ F RT-qPCR HAR LA
B—UEMEM 3 40 AR, X miR-124-
3p_4 M dpgn-like WIFIXT F3k @ PR RGN o 3 TA
B miR-124-3p_4 F1 U6 ¢ 54514, i Us 5K
YER NS IZENNT, Bit-& W dpen-like R ef-1a ¥
SPES1Y), HFHEM R T ef-1afE NS EEF(FE 1),

i | SYBR Green Pro Taq HS qPCR Kit II &
F & CE R, TPE)F ABI QuantStudioTMS i€ &
PCR ¥ (ThermoFisher, 32[H), #&BEAEULIHMETT
PCR 48, EI{EIRFTEE 95 CRv 30 s; PCR HrBt
95 “C/Ni3s, 60 CJN 30 sTEFRA0 VK, Hafit kB
Bt95 CRiSs, 60 CRN60s,95 CEMEN S,
40 CIN; 60 s, FAL'E 3 MERELE M 3 MW

#1 LKEE PCR3Y
Tab.1 Primers for real-time quantitative PCR (RT-qPCR)

5|¥) 4 FK primer name

5| ¥ 31 (5'-3") primer sequence (5'-3")

7=4 K B /bp product length

miR-124-3p_4-S

TAAGGCACGCGGTGAATGCCA

U6-S CGGCAGTACATATATTAAAATTGGAACGA 90
U6-AS TGGAACGCTTCACGAATTTGCGTGTCATC

dpgn-like-S TCTCGACCCTACCTACTGGCAC 103
dpgn-like-AS CATCCTTCCTCCATCTCGTCC

ef-1a-S TCTCGACCCTACCTACTGGCAC 102
ef-1a-AS CATCCTTCCTCCATCTCGTCC

E: miR-124-3p_4 TS 1% H miRNA cDNA 45— & iR 7] & 4240t

Note: m iR-124-3p_4 downstream primers are provided by the miRNA cDNA First Strand Synthesis Kit.
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FEA L RYE 27 P miR-124-3p_4 K
dpgn-like WIAHXT RN & o
1.9 JRAIHEIK

FRPEIRAF AL EE D1 dpgn-like JE R ¥ 5 1% 11
JRAL A ACHREN 51, gk 2 oo DIRSFLRS DLk
IR HCOR RN, @t PCR 9" HM A B, &

NanoPhotometer "N60 # &3 6B 1.2%
B REHEEE s FL VKA DU 5, {8 DIG RNA Labeling
kit (SP6/T7)ixH & (Roche, Fii )il s IR AP S 4
B A 2 A BRE o MR R S 56 % O S A FL R I
AU B IR A 238 05 S, X A FL B DL R 8
dpgn-like 35 R 1 240 i =7 28 v A T A

=2 dpgn-like BEE IR FZHET519

Tab. 2

Primers for in situ hybridization of dpgn-like gene

51492 FK primer name

591751 (5'-3") primer sequence (5'-3")

THIZk underline =¥ i /bp product length

dpgn-like-PS

ATTTAGGTGACACTATAGAAGCG

SP6 Ja 3 F

TCCTATTAGTAAAGCAAGCTGAAG

dpgn-like-PAS

TAATACGACTCACTATAGGGAGACA

426
T7 5 hF

CTCGAATCATACATTGACGGATT

2 HRE5HH

2.1 miR-124-3p_4 F5 49

SFARECAY LA T HFh B miR-124-3p FEA HE4T L
*F (A2, URS00000ADB79 9606; /), URSO-
00020BE6A_10090; X, URS00007E3485 9986;
B £, URSO0000ADB79 7955; #-if, URS00-
0056E1DA_7227; B ¥4, URS00000ADB79_
7719), JEHHXTEER R, FHifL# Dl miR-124-3p 4
751 5-UAAGGCACGCGGUGAAUGCCA-3'1fy
O 5 HAL R O —3 (B 1)

10 20

| | | |

has-miR-124-3p - UAAGGCACGCGGUGAAUGCCAA -
mmu-miR-124-3p—- UAAGGCACGCGGUGAAUGCC— — —
ocu-miR-124-3pUUAAGGCACGCGGUGAAUGCCAA -
dre-miR-124-3p - UAAGGCACGCGGUGAAUGCCAA -
dme-miR-124-3p— UAAGGCACGCGGUGAAUGCCAAG
cin-miR-124-3p—- UAAGGCACGCGGUGAAUGCCAA —
miR-124-3p 4 -UAAGGCACGCGGUGAAUGCCA ——

B 1 ARREYFH miR-124-3p JFH X

Fig. 1 Sequence alignment of miR-124-3p from

different species

2.2 miR-124-3p_4 BYFELE FEHN R KX E RS
RNAhybrid Tl 45 5 8 7~ AL 01 miR-124-

3p_ 44 729 M EEL, miRanda T 45 5 8 HoA
436 ML, Hrh st 5 H K 260 1~ (&l 2a), 45
& MolluscDB #0405 JE AR B A AT FL B DL 3% 538 2 55040,
FE 260 A~ AN E A AR E R b, FETEMEREZR IR
SRR AL 20 (R 3), KPR E P ER

KA 124, FEORE P ERIARA 8 (&l 2b).

RNAhybrid 7 £ X 1k 5000 4R A5 #0355 4 FL
B 01 miR-124-3p_4 W25 A0 S ML A A HBER
5 BIR, % miRNA FF 7515 8 AN F i) 5P
g I PR ¥R L R BE S SE DU, HL&5 A H e/
F—20 kecal/mol (& 3), #IAULBH T #5 L I
miR-124-3p 4 5 3R 8 /4~ 51 51 ] 80 5L PR 77 4
R
2.3 WHEILBN dpgn-like WIF 553t 0 R IFFE
ST

3R 8 AN BN [ AR AR Y, 5 miR-124-
3p_4 454 A HAERAKMEE LR R serpin protease
inhibitor dipetalogastin-like (dpgn-like)3&[H, [H it
TSRS W S ARG B AT T 40T o

PG BT R BoR, R 14 44
BT, H cDNA #5114 59E465 X (untranslated
region, UTR): 333 bp, 3'-UTR K 2525 bp, JFiif /%
TEAHE (open reading frame, ORF) Ky 1668 bp, %
fih 559 2 FER (] 4a). #15fL 5 D1 DPGNL &5 4
™ MFS PR5FEEFTIEL, 2 I~ KAZAL FS FR5F 25 1 35
114> OATP fR5FE5 MR (B 4b, B 5). RGtiE1L
B BT 4 R o, ASFL R DL i8R B e S R R
DU =AML A O R R R R A —
3 b, XILFP LR H — R 5 R AR, MmaEH
M55 BRI ZER, BT KA & RETE
[ —5r32 b, IR S H R A —
(& 4b),
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MR 2. AifLER I miR-124-3p 4 #UHEEH AY T 1k & dpgn-like FETH AR IR R

631

RNAhybrid

K 2

miRanda

capar
chtl0

dpgn-like <—(( miR-124-3p_4 N> cp24al

wfl

pkar kife3

FiFL B D1 miR-124-3p_4 #8355 (1) T
a. B PR TR0 S A ¥ L TR b, AL DL B S o g 1) 1 R A L ER TR
Fig. 2 Prediction of cfa-miR-124-3p 4 target genes
a. Target genes predicted by two software; b. the target genes highly expressed in the ovaries of Chlamys farreri.

£3 MWIBEN miR-124-3p_4 i RMWER
Tab.3 miR-124-3p_4 male and female differential target genes in Chlamys farreri

A ID gene ID

HH 4 gene name diffexp_log, fc F-vs-M

R B annotation

evm.model.scaffold14347.9
evm.model.scaffold231.9

evm.model.scaffold55147.16

evm.model.scaffold6995.1

evm.model.scaffold42795.18

evm.model.scaffold16525.13

evm.model.scaffold40565.1
evm.model.scaffold60559.2

evm.model.scaffold39217.8

evm.model.scaffold20385.1

evm.model.scaffold231.38

evm.model.scaffold231.40

evm.model.scaffold44307.16

evm.model.scaffold45925.2

evm.model.scaffold59425.3
evm.model.scaffold62393.29

evm.model.scaffold726251.1

evm.model.scaffold44735.15
evm.model.scaffold42681.3
evm.model.scaffold26497.7

fst
cht10

cyp24al

kife3

dpgn-like

pkar

twfl

capar
psap

mfsdl

srsf2
tmem184b
elav-like3
loc105347452

perlucin

celCCG

loc128183496

postn
ces3

cesSa

1.719866269
1.275221446

0.92516052

1.159119879

1.624920555

3.618195563

0.809443763
3.545763807

—2.108481472

—1.20153343637627

—0.837842213

—1.239474721

—4.111495731

—1.987099845

—4.471203559
—2.523300519

—3.753544787

—4.091848203
—0.879486067
—1.950461207

Follistatin OS=Bos taurus GN=FST PE=2 SV=2

Probable chitinase 3 OS=Drosophila melanogaster GN=Cht3
PE=2 SV=2

1,25-dihydroxyvitamin D(3) 24-hydroxylase, mitochondrial
OS=Homo sapiens GN=CYP24A1 PE=1 SV=2

Kinesin-like protein KIFC3 OS=Homo sapiens GN=KIFC3
PE=1 SV=4

Serine protease inhibitor dipetalogastin (Fragment) OS=
Dipetalogaster maximus PE=1 SV=2

cAMP-dependent protein kinase regulatory subunit OS=
Blastocladiella emersonii GN=PKAR PE=2 SV=1

Twinfilin-1 OS=Rattus norvegicus GN=Twfl PE=2 SV=1

Neuropeptides capa receptor OS=Drosophila melanogaster
GN=capaR PE=2 SV=3

Sulfated glycoprotein 1 OS=Rattus norvegicus GN=Psap
PE=1 SV=1

Major facilitator superfamily domain-containing protein 1
OS=Danio rerio GN=mfsdl PE=2 SV=1

Probable chitinase 3 OS=Drosophila melanogaster GN=Cht3
PE=2 SV=2

Transmembrane protein 184B OS=Bos taurus GN=TMEM
184B PE=2 SV=1

K1QC02 CRAGI ELAV-like protein 2 OS=Crassostrea
gigas GN=CGI_10018933 PE=4 SV=1 (trembl-id)

K1QPA9 CRAGI Uncharacterized protein OS=Crassostrea
gigas GN=CGI_10024719 PE=4 SV=1 (trembl-id)

Perlucin OS=Haliotis laevigata PE=1 SV=3

Endoglucanase G OS=Clostridium cellulolyticum (strain
ATCC 35319/DSM 5812/JCM 6584/H10) GN=celCCG PE=1
SvV=2

K1PR61_CRAGI Uncharacterized protein OS=Crassostrea
gigas GN=CGI_10026320 PE=4 SV=1 (trembl-id)

Periostin OS=Homo sapiens GN=POSTN PE=1 SV=2
Carboxylesterase 3 OS=Pongo abelii GN=CES3 PE=2 SV=2

Carboxylesterase SA OS=Mus musculus GN=Ces5a PE=2
SvV=1
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a dpgn-like b cyp24al
length: 1668 length: 1692
miRNA : miR-124-3p 4 miRNA : miR-124-3p 4
length: 21 length: 21
mfe: -30.6 kcal/mol mfe: -29.0 kcal/mol
p-value: undefined p-value: undefined
position 546 position 1152
target 5' G C GACG AGG G 3' target 5' G A c 3’
UG GCA UUGCCGC GUGCC GGC UUuUGCC UGCCUU
AC CGU AGUGGCG  |CACGGAA CCG AAGUGG GCACGGAA
miRNA 3' 5' mMiRNA 3' A U (] U5’
c pkar d cht10
length: 2358 length: 798
miRNA : miR-124-3p 4 miRNA : miR-124-3p 4
length: 21 length: 21
mfe: -27.7 kcal/mol mfe: -27.5 kcal/mol
p-value: undefined p-value: undefined
position 1857 position 78
target 5' G GCuC GA A 3’ target 5' A GGA C U 3’
GGCA CAC GUGCCU GCGU CACC UGUGCCUU
CCGU GUG CACGGAAU CGUA GUGG GICACGGAA
miRNA 3' A AA GCG 5 miRNA 3' AC A C u 5’
e fst f kife3
length: 1170 length: 1134
miRNA : miR-124-3p_4 MmiRNA : miR-124-3p 4
length: 21 length: 21
mfe: -24.4 kcal/mol mfe: -24.3 kcal/mol
p-value: undefined p-value: undefined
position 389 position 625
target 5' U  GAAA G U 3 target 5' A A GA A c 3’
GCG CGCG [UGCCUUG G CA GCC UGUGCCUUA
CGU GCGC |ACGGAAU C GU UGG GCACGGAA
miRNA 3' AC  RAGUG 5' miRNA 3' A C RAAG C 5
g twfl h capar
length: 876 length: 1143
miRNA : miR-124-3p_4 miRNA : miR-124-3p_4
length: 21 length: 21
mfe: -24.1 kcal/mol mfe: -23.9 kcal/mol
p-value: undefined p-value: undefined
position 488 position 728
target 5' A AA A U 3’ target 5' A GAA G A -
CAUUC ACC GUGCCUUG felole] AC G GUGCCUUR
GUAAG UGG [CACGGAAU CGU UG C [ACGGAAD
miRNA 3' ACC ce 5' miRNA 3' AC AAG G G 5

P33 LB DL miR-124-3p_4 5 8 AR5 M 1] PESE AL R 45 5 7 s S5 255 A i RE FL
AN HIEL IR, 456 AmBEH T XIZ%ER; a—h 53R REILH dpgn-like . cyp24al . pkar. chtl0. fst. kife3. twfl Fl capar.
Fig. 3 Prediction of binding sites and binding free energy of miR-124-3p 4 in Chlamys farreri to ovary-biased target genes
The boxed lines indicate binding sites, and the underlines indicate binding free energy; a—h show the target genes dpgn-like,
cyp24al, pkar, chtl0, fst, kifc3, twfl and capar, respectively.

MR MIFL R DB IZE", dpgn-like 1E AN
FiFL s DUAS A ik . b, FESNERET Y
Fekms, R, ER RPN REE R
(K 6a). TAEMIFLES DIERR T dpgn-like W) FRIBAT
R EES, AP IAR S, MR REREE
1) 4.4 £5( 6b),

JEA A4 45 R B R, dpgn-like mRNA FEATfL
Jad DL B SR 4% B B Be i A= B A M, 6455 B D 44
FNOREEAR A b A ek, HH SRR 2E
T2 BT, T FE R 40 A LT SN B
PRI 2235 (18 7)o ZEATFL I DL BN 5L 34 S I v,
dpgn-like mRNA 7E 345 11 51 58 1) 2 58 48 J T 46 1
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333 87 131 125 131 131 131

131 131 131 143 140 125 2525

b Co-DPGN

Dm-DPGN

86 Nv- DPGN
o

Ed-DPGN

Bm- DPGN
Ma-DPGNL
Cf-DPGNL

75

™= KAZAL

My-DPGN

= OATP

87 Ca-DPGNL [ \

‘ MFS

100— o DPGN [ \
5

'3

0 100

300 400 500 600 700

& 4 FifLkE N dpgn-like 3R 5 H 415 1 DPGNL
a. FifLE W dpgn-like L Z5FIHESR ], gDNA th 4 o b7 R A% 1 IR 14 (bp);
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lM X s V1 L Q VLVUILV SV CZYZLVHGO QST EA ARIEHEMTERI RI RT ECNA ATLS E
1 ATGAAAAGTGTTCTTCTACAAGTGTTAGTATTGGTGTCTGTATGTTACCTAGTGCACCAGTCTGAAGCACGCCACATGAGACGGCGATGTAATGCCTTGAGTGAA
36 v c G VN GRS YRDNZ RTCVATIRTEREKTYU NTIZEKTECTDGTRTCTPCTDVTDG
106 CCAGTGTGTGGCGTTAATGGACGGTCATACAGAAACAGATGTGTCGCTATCCGCAGGAAAGTCAATATCAAGTGTGATGGTAGATGTCCCTGTGACGTGGACGGT
153 S—

71r ¢ L T K EYDPVCGTIDGNNTYUDINTPCTLAZEKTECARTTTIGTC CH
211 IFGATGCCTATGTACCAAGGAATACGACCCTGTCTGTGGAATAGATGGCAATAACTACGACAACCCTTGTCTAGCCAAATGCGCGCGAACCACCATCGGCTGTCE\
MFS T

16c x ¢c P c RAGCACTR RETLINT PV CGTTDGTZ KTTYNNTPTCGA ATZ KTCA
316 GGGAAATGTCCTTGTAGGGCTGGATGTGCTTGTACCCGGGAATTAAACCCTGTTTGTGGCACGGACGGCAAAACGTACAACAATCCATGTGGGGCARAATGCGCG

[ MFST ]
[ MFS I |

14l¢ v s E A C R G K C P CNUZRUPTILTG CRTCTT KTETYNTPVCGMDTGTZ KT Y
421 GGTGTGTCGGAGGCTTGTAGAGGGAAGTGTCCTTGTAACAGACCCACGCTCTGTCGTTGTACCARAGAATACAATCCAGTGTGTGGCATGGATGGGARAACTTAC
MFS 1T |

1766 N~ Kk c VL KCADVAATGTCTLTGTETCTPTC CTTGQTPTZ KT P CTIT CTPTLTNTFD P
526 GGAAATAAATGTGTATTAAAGTGCGCAGACGTTGCCGCAGGGTGCCTTGGTGAGTGTCCATGTACTCAACCAAAACCATGTATATGCCCTTTGAACTTTGACCCT
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[ KAZAL FS1 |

21l1v ¢ 6 1 D G K T Y G N K CGAUNTGCAGVA ATEA BATCTZ KTGETGCT®PTCNTEKTT P
631 GTCTGTGGAATTGATGGGAAAACCTACGGAAACAAGTGTGGGGCAAATTGCGCGGGCGTGGCAGAGGCTTGTAAAGGGGAGTGTCCGTGTAACAAAACCACACCC
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246c I ¢ T A DY KPVCGVDGZ XKTZTYGNTVTCGANTCECVGEGVDTITETCT2 QG
736 TGTATATGTACCGCTGATTACAAGCCTGTGTGTGGTGTAGATGGGAAAACGTACGGAAACGTTTGCGGAGCTAACTGTGTTGGTGTGGACATTGAATGTCAAGGT
[ MFS Il ]

28lE c P C RRQT®POCMCTR RTETFT RTPVCG G QTN GT XKTTYSNTPTCTEATZKC
841 GAATGTCCATGTAGGCGTCAAACTCCGTGTATGTGTACACGGGAATTCAGACCTGTGTGTGGACAGAATGGGAAAACTTACAGTAACCCTTGTGAGGCCAAGTGC
[ MFS Il ]
36a ¢ v s EDCTGETGC®P CNZ KR REKTPTCTITCTTLETYNTPVCGVDGTZ KT
946 GCGGGTGTGTCGGAGGACTGTACAGGEGAGTGTCCTTGTAATAAGCGTAAGCCCTGCATATGTACACTAGAATACAACCCGGTCTGTGGTGTTGATGGAAAAACT

MFS 10T | MFS IV ]

8 } Q E D C K G E P K K K C A C P K I L R
105 TACGGAAACGCATGCGGAGCTAAGTGCGCGAATGTACAAGAGGATTGTAAAGGCGAATGTCCATGCCCTAAAAAGAAGAA&:1bxbl,i TGTCCAAAGATTTTGAGA
MFS IV ]

?ggVCGKDGRTYSNGCEASCQNVSIECKDACPCDTRK
1 CCCGTTTGTGGCAAGGACGGTCGGACATATTCTAACGGATGTGAGGCGTCATGTCAAAACGTTAGCATTGAATGCAAAGACGCATGCCCGTGTGATACCAGAAAA
[ MFS IV ]
421M P s R V ¢ A C PR I YRUPVCOGZ XKDGZ XKMTYNNA ATCTLA AT RTESR S K
1261 ATGCCTTCACGTGTTTGTGCATGTCCTAGAATTTATCGTCCGGTGTGTGGAAAGGATGGCAAGATGTATAATAACGCATGTTTAGCAAGATGCAGCCGGTCTAAG
[ KAZAL_FSTU |
4561 A ¢ K 6 A C P C K L KV Q KP KCACTPRTTFZ RTPV VT CGV VNG GTRT Y
1366 ATTGCATGTAAAGGGGCGTGTCCGTGTAAACTCAAAGTACAGAAGCCGAAGTGTGCTTGTCCTAGAACGTTCCGCCCTGTCTGTGGAGTTAATGGAAGGACCTAC
OATP
]s NS cTATCRNTTETVTETCECNTG GT X CZP CT KT KEH HTC CUVC®PTFTITLTEXKTPUVC
14771 TCGAACTCGTGTACTGCAACATGCAGAAACACGGAGGTCGAATGTAACGGTAAATGTCCATGCAAGAAACACTGCGTATGCCCATTTATCCTAAAACCTGTGTGT
OATP

266 V N G Q T F P NS CS A QCZXGUVRUVETCNTZ RTI RTCTPTCD K *
1576 GGTGTCAATGGACAGACGTTCCCAAACTCGTGCAGCGCCCAATGCAAGGGTGTGCGCGTTGAATGTAACAGGCGTTGTCCTTGTGACAAGTGA

OATP

K5 HifLE DU dpgn-like 3K cDNA 4K MR IR 3 51) K H: Gt 1) 2 HE 1R I 471)
PRAFEEHIRAE P T I b i, AR 1 R 5 308,

The conserved domains are indicated below the sequence. The termination codons are indicated by an asterisk.
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Fig. 6 Relative expression of ovary-biased target gene dpgn-like of miR-124-3p 4 in mature Chlamys farreri
a. Relative expression in the organizations; b. Relative expression in the gonads.
Different letters indicated significant differences between groups (P<0.05); * indicated
significant differences between groups (P<0.05).

Fig. 5 The full-length cDNA sequences of the dpgn-like gene and the amino acid sequences of DPGN of Chlamys farreri
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Fig. 7 Cytological localization of dpgn-like mRNA in mature ovaries of Chlamys farreri

a. Negative probe; b. Positive probe. 1-4: resting, proliferative, growing, mature stages.
Fe: follicular cell; Og: oogonia; Oc: oocyte; Mo: mature ovum.
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Fig. 8 Verification of the interaction between miR-124-3p_4 and the target gene dpgn-like in Chlamys farreri
a. miR-124-3p 4 binding site prediction with dpgn-like, and the underline indicates the seed sequences; b. Dual luciferase reporter
analysis; c-d. Relative expression of miR-124-3p 4 and dpgn-like in the Chlamys farreri ovaryies after overexpression of
miR-124-3p 4. The relative luciferase activity and relative expression were normalized. The luciferase activity of NC-WT, miRNA

and dpgn-like expression in the blank control group after overexpression of miRNA were set to 1.00.
ns, no significant difference; ** P<0.01; *** P<0.001.
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Target genes identification of miR-124-3p 4 and expression character-
istics of dpgn-like gene in Chlamys farreri
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Abstract: Scallops belong to bivalves of the mollusc phylum and are important shellfish culture species in China.
Important varieties of scallops and their complex reproductive regulation mechanisms have been the focus of
research in shellfish biology. Many genes have been reported to be involved in the sex differentiation and gonadal
development of scallops, whereas the regulation of these genes has rarely been reported. MicroRNA is a class of
important endogenous regulatory factors that can participate in the regulation of gene expression. To explore the
role of microRNAs in the gonadal development of shellfish, this study took the Zhikong scallop (Chlamys farreri),
a hermaphroditic and sex-stable bivalve species and thus good material for such a mechanism exploration, as the
research material. In a previous study, we found that miR-124-3p 4 was highly expressed in the testes of juveniles
during the early stage of sexual differentiation, and thus took this microRNA as the research object. The sequence
of miR-124-3p 4 was compared with other species and the core sequence was consistent. The genes targeted by
miR-124-3p 4 were predicted through RNAhybrid and miRanda, from which 729 and 436 target genes were
obtained, respectively, and the intersection was 260. Combining with the transcriptome data of C. farreri, eight
ovary bias genes and twelve testis genes were obtained. Based on the binding site and binding-free energy analysis,
all eight ovary bias genes matched perfectly with miR-124-3p 4 and their free energy was all below —20 kcal/mol,
indicating the interaction activities between them. Among these genes, dpgn-like was found to have the strongest
interaction with miR-124-3p 4. Sequence and structure analyses of the dpgn-like gene showed that its cDNA full
length was 4526 bp, coding 559 amino acids. Four MFS, two KAZAL FS, and one OATP conserved domain were
identified in the DPGNL protein. Phylogenetic results clarified its identity and evolutionary status. The expression
of the dpgn-like gene was mainly in the mantle, foot, gill and gonads, of which the expression in the ovaries was
significantly higher than that in the testis with a fold change of 4.4. In situ hybridization was performed in mature
ovaries and results showed that the dpgn-like gene expression was localized in oogonia and oocyte cytoplasm, but
not in follicle cells, indicating its potential involvement in ovary development. To test whether miR-124-3p 4 and
the dpgn-like gene were directly interacted, a dual luciferase reporter gene analysis was conducted. Through
co-transfer of miR-124-3p 4 and the dpgn-like gene into HEK293T cells, the dpgn-like gene expression was
significantly reduced by 64%. Furthermore, in vivo overexpression of miR-124-3p 4 in the ovary was explored by
the microinjection of miR-124-3p 4 agomir. After 3 d of microRNA overexpression, a 16.28-fold increase of
miR-124-3p 4 to the control group was confirmed by RT-qPCR. Meanwhile, the dpgn-like gene expression was
reduced to 0.74, again indicating that miR-124-3p 4 could combine and down-regulate dpgn-like gene expression
in ovaries. In summary, this study screened for the potential target genes of miR-124-3p 4, identified the dpgn-like
gene which had the strongest interaction with it, revealed the sequence and structure characteristic of the dpgn-like
gene, and uncovered its expressional patterns. These results suggest that the dpgn-like gene may be involved in
gonadal development. In addition, both in vitro and in vivo analyses indicated that miR-124-3p 4 could directly
target the dpgn-like gene. Collectively, these outcomes reveal that male-biased miR-124-3p 4 negatively regulated
ovary-biased dpgn-like gene expression in the testis, implying its potential role during the development of gonads.
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