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RSN Ak . VERR R B ARG . B
PRUVIE 3 26 Si 40 A3 A, O 0k A5 0 3 R O
(Patinopecten yessoensis) 51 340 AH G 1 5C B 5
Dmrtl Fl FoxI2, J:-55 T Dmrtl 1 Foxi2 FE[H
FEUF 38 B DL M R & B 00 AN [R) B B 1 B 28 3R A A
X o A g B S e SR B R R T K 4 WG
(Crassostrea gigas)K 8 iI T Fox K&K I FRIAH
Ko R SEA D P EOARFEALTE DA N KA
S )Tz, (RJEOCT DL AL A ok
2T AN AT 4

PERRE AR AR R SR E, BA
PO RN R T . BRI AR, X A
Y EH A EEE X BRI RR K
= HG 7= B0 i 78 7y 52 B R B R 2o, ok
WO EAE L RS Wik, &
JERI . BT . AR O 75 T DL B 1
KT HER A R B 00 e R DL KR B
14 S P R AT I 08T A hn bR 52 06 DU gt e 2
B BRI, RS SR R DL i kR

R TR i 2R G DA 5 R 58 0 T AEBILARD,
R HAEFEAH D REFE R IF T i H R A B,
AW s 22 WS HOR, HESr 1 52 0 DL
GRS P 5% S SCPE, I8 A AR WA 8 2 4 A i i
o5 2R O DL A e R A O 1 SR DR N - e
Sy 1) Y25 T DL E PR 5 o R R G ) R A AL 4
PSR

1 SRB®AZE

11 HARRE

AWFFE T AR DL 2021 4F 11 ARA K
TR H 5 T 5 (122°30°E, 39°0'N), A& 4N
(30+2.5) g 7 HI, FrAERIIFE 13~15 C. £
FESR 30 WHE Kt AL 1 B R AR IR/ INEREE R
WK, BREH 40%~50%MTE7K . Pk 6 HAR kA
HEOW LG . PR B4R i R 52 TR DL, BEAIL 73 R R
H: XFHRL(C). SLE4H(E). ¥ E 42805 DL & AE
ot b, CE TR TR IHEE D T3 6 h,
FATK H i =, C A T 40 . R E 4 HERC P
FJ5, W4 C. E U0 H 4 21T RNA Store 1, 2R
JEIRAFE-80 CE&H .

1.2 RNA RREXXEHE

{4 FH| Trizol (Solarbio, China)#HUi RNA, Ff:
fdif] Nano Drop %8 #3600 TSR &E e R
VKOS S5 RNA YR EE R S B MEEA T4, —80 "C AT
2 o ASHIFFE ) i Si 21 SC P ] A& RN A e
BRI I R A W F AR A A 5800, A FEASTE
HiSeq 4000 V- & #E47_EHLI)F
1.3 HESHE. e FRURERERMESERE

R T AR AS B 5T R S5 B 1 S5 R AT SE
e SOA Pnuke! " T H it 3 2% bk JU i Al die
(raw reads) ™ & ATETHT . RBTEACRHGIE N
T E Y reads LAIRTS T EERY clean reads. ]
HISAT2!" M5 875 2 A9 clean reads [ X 2 481 I
2% F A (NCBI B3 5: GCA 025277285.1),
] Bowtie2!""4 clean reads 55 % 4t L K 4E
Xt5F, Wit RSEMPOSHHIL A R LK. Fm
il DESeq2P'ii (722 B3Rk s 22 R0k
N (% B~ FDR<0.05 Fl|log,FoldChange]
=1.00),

i F %44 Phyper (https://en.wikipedia.org/wiki/
Hypergeometric_distribution) X i 2 1Y) 2% 5 e ik 5t
#H#4T GO (http://www.geneontology.org/)fl KEGG
(https://www.kegg.jp/) VI e T B FI & 42 o b, &
Q H<0.05 N & F LR, MR 2T RIBILNE
GO Ml KEGG @R, Phik @ £ RER
EIE A GO 2, Gk 5 O A AR FEAH G
1) 2% 7 R AR FE I HEA T SR M o
1.4 SRR IEEE PCR (RT-qPCR)IEIE

O Tl A B 3k g ) A e AR AR v B
AEEANE, AWFFEAE 22 7 3R 55 5L K i 3 H 42
PR R B R Z R (GnRHR) . R B IR A 1%
= p (LHP). HFmEAN 14 (MMP14), 4y
83K P450 3A i (CYP3A)FIZHML (43R P450 17A [
(CYP17A)3E AT RIBIK- 5387 o RIEABF
G SEAT S, [ Primer 5.0 & ITREREY
WalEk D, YL B-ILEh E A (B-actin)fE A N Z,
A S ZFeAE TAEY TR (A RAF
B, KM Go Script™ Reverse Transcription
System & | £ (Promega, USA )42 HUAY RNA J %
3 cDNA, SRSl TB Green® Fast gPCR Mix
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®1 AT RT-qPCRM5I#FFI
Tab.1 Primer sequencesfor RT-gPCR

JE[H gene 44 full name 5141751 (5'-3") sequence (5'-3") Ji Bt /bp size
GnRHR PR IR R RO R =2 1k F: AAACGCTCATGTAAGAACCT 294
gonadotropin releasing hormone receptor R: GCTTCATCGGGTAGTTTTTG
LHp {R A R B F: CACTGGGAAAGCTCACGATA 168
luteinizing hormone R: AATTGTTTCGGTAAGCCAGG
MMPI14 B4 R NG 14 F: GTCAATTTTGCGTTTTGAGC 245
matrix metalloproteinases 14 R: TCTGTCTAAAGGGGATTTGC
CYP174 i E P450 17A F: CAAAGCTGATTTTGCTGACA 262
cytochrome P450 17A R: GCTCCATTTTCTTTTGCCAT
CYP34 4 il (1.3 P450 3A iy F: CTTTCAGTTGCTCAGGTAGT 245

cytochrome P450 3A

R: AAGGATACCATGTCCAAACC

(TaKaRa, China) i &, DA% G D14 7§ )5
cDNA N Hx, 7E Applied Biosystems 7500 25t H
#17 RT-qPCR kil , BAFEAEL 3 Kk, M
2T A M R DR R SRk (8 SPSS 19.0
1 GraphPad Prism 8.0 #EATECHE G40 A7r Al ] #L
12 .

2 ZERE5HMH

2.1 MFF &5 REEE
MG IR 6 ADPRSERES, B

7o 6.38 Gb %idlE, raw reads i UE )5 V115 3|
42.42 M clean reads . B:MEEA T Q20 ¥ KT 97%,
Q30 KT 91% (3 2), 4 clean reads ratio 4
95.4%. FEMFEARY S ERBME N 53.3%, ME—
XFHEAN 24.3%, VERCRLE 92%L) b, Rk
e N B A AT Y Y S IV
¥ clean reads Xf MBS LR 4L, LA H
42396 LA, 33500 B T B AR BA &
PRSI ) 7 7, 8887 AN @ TR N B &
F D R T 0 ) 5 SR A

®2 ERNFREIEEREREANF %

Tab. 2 Statistics of gonadal transcriptome sequencing yield before and after ovulation in Mytilus galloprovincialis

HEA FUREEA/M I B /M

S TERE SR /G IR B TE Q20/%

SRR BT Q30/% it ik B /%

sample  total raw reads total clean reads total clean bases clean reads Q20 clean reads Q30 clean reads ratio
CM1 47.33 45.04 6.76 97.96 94.44 95.16
CM2 41.05 38.24 5.74 97.3 92.91 93.17
CM3 43.69 42.21 6.33 97.2 91.56 96.6
EM1 43.69 42.19 6.33 97.27 91.72 96.56
EM2 45.44 43.35 6.5 97.15 91.38 95.41
EM3 45.57 43.54 6.53 97.8 93.78 95.53

22 ERERSW

AHEFE LB IR ET G DL 12697 A3
BRI, MR B0 A G DR A 5291 AL
RS PERIBA 1) 7 OPTT A A LeE, L3815 4060
MR EEFRIBEN, Hrp R 1488 4>, T
WA Ky 2572 N(F 2).
2.3 GO #1 KEGG WREFBRIMEES
231 GO FRBRMEEN XERI=HT 5

()22 SRR B AT GO 70 Hr W, IEREE RN
AWt iR AL RO T I RE 3 RINAEZR (A 3),
Horb A Y BRI RESE AL 4T 1460 7251, 4i i
SYINRERTERER] 383 D12, T IRE R
& 833 Ayl fEAY RS R, AR
(cellular process)Fl4: ¥ 17 (biological regulation)
U E B Z M2 RRBIEN, H 22 55 K5 H 7351
N 655 1 282, Wb, FEAE Y BRI h 2= 5 A N
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| @ F#4 up-regulated
24 o T down-regulated :

CH
E4

—log;, (P value)

1 50R DL FE R A M R4 ] 3 K ik Venn &
CH4l: ZENRDF=oRpn e 2k, B4l FIR U F=0n 5 3N %

Fig. 1 Venn diagram of gene expression between gonad -10 8 6 4 2 0 2 4 6 8 10
groups before and after ovulation in Mytilus log, (fold change)
galloprovincialis P2 0 U B A ] 22 5 i PR o

Group C: gene expression of Mytilus galloprovincialis before
spawning; Group E: gene expression of Mytilus
galloprovincialis after spawning.

Fig. 2 Volcanic map of the differenially expressed
genes between gonads of Mytilus galloprovincialis
before and after ovulation

G042k GO classification
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H:¥)33 72 biological process

F 2 rhythmic process
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iz 3f] locomotion }
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ZH i A cellular process
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S F43L 5 M molecular adaptor activity
FEH#RIC protein tag

PLEALTEM: antioxidant activity
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Fig. 3 GO functional classification of differentially expressed genes in gonadal transcriptome of
Mytilus galloprovincialis before and after ovulation
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B 5 4 B K (growth) . & B i 2 (development
process) . 45 i F£ (reproductive process) L M A= %
(reproduction)&§ 5 1R DL = B 1% S AH G ) GO 4% H;
TE 20 Mo 2 5r 2 5] b, 40 45 A AR (cellular
anatomical entity)fl & i) 25 57 R IR L H K,
H 1224 A4~ FEA IR, AR H &
LW EY)F R DNA %4253 2 (binding) Flf
b3 M (catalytic activity), He437l42 7 1085 F1 790
M2 FRIBEER

232 KEGG FRBRMEESHT AR ES
FIRFHILE LR 256 L@, Krfg
KEGG fCilfi i o AR . i . ARG R
AR BALAREALRL . HHLRSE 5 KRENE 4).
Hoh, k& RFEEEN KEGG WA TCA EH
(citrate cycle) . JUEEAH MU LS 24 (0ocyte meiosis)
1B A R A S 0% DR B 41K 34 (progesterone-

BT transport and catabolism |2
EARZA YA EE cellular community-eukaryotes
YffIE S cell motility £

YiIfifiA: K FIFET cell growth and death F
155 FAAHEAEH signaling molecules and interaction -

{55455 signal transduction £
JE£iz %1 membrane transport |2

FHi% translation

¥4 3% transcription

B HFEE replication and repair

8. &R folding, sorting and degradation

e R YA xenobiotics biodegradation and metabolism

AR nucleotide metabolism

TERALE Y AR BRI ER 1] metabolism of terpenoids and polyketides |
HA A FEFR 4L metabolism of other amino acids £
HHEFAEAE Z 915 metabolism of cofactors and vitamins £
EJ54R35¢ lipid metabolism -

Y6 AT glycan biosynthesis and metabolism
2RI YA global and overview maps f

BE BRI} energy metabolism

K ALA Y15 carbohydrate metabolism £

HABIR AR B Y LE )6 1 biosynthesis of other secondary metabolites |
SRR amino acid metabolism [

JRE R YL sensory system

WZ R 55 nervous system |

GREARSE immune system |

HEM R 45 excretory system |-

3R355E ] environmental adaptation |

/MR ZRSE endocrine system f

HALZR S digestive system |

K& 54 development and regeneration |

&R 2R 4 circulatory system |-

HE# aging I

£l 4

mediated oocyte maturation)% (%] 5), #rZEFFE
B FE R R FoxO {55 i #% (FoxO signaling
PR VE B U3 2R B T %R {7 58 [ (GnRH
U &t 2 [ B A BY (ovarian
steroidogenesis) . M 2 {5551 % (estrogen signaling
f# 7= % {5 5 il % (oxytocin signaling
pathway) . 2 [ 24 1) 5 il (steroid  biosynthesis)
F0SS A A= & hl(steroid hormone biosynthesis).
T ST BRI 25 S R R IR Y OC
?\, ABFFERICT 114577 DA DG 1Y) 22 5 BE 1A i
REHr, DLERZERERRIRIBA, 45
%%ﬁ%ﬁ%.)ﬁﬁﬂ G A 7E 22 R 3R3K (K 6), 1]
T FE TR AR AP435 a 1A Y HE(CACNALA) LHP .
MMP14 ., 223505 ALE H M (MKK?) | 53
A (PKA)FNES 8 8 H (CALM) S5 TE 7= BRI R AIL 3R 3k,
{HAE B0 R 43k, 1 CYP34.CYPI174 .GnRHR .

pathway) .
signaling pathway) .

pathway) .

KEGG43Z KEGG classification

ZHffad A cellular processes
313515 B AL environmental information processing
B1E {5 B AL B genetic information processing

X metabolism

EHUKZRSE organismal systems

T

1 1 1 1 1 1 1 1 1 1 1 1 1

DO 0V O O D VN D NV O OO
T LSS LS E
F:HHH number of genes

i DU 7= DR J5 P B % st 2 25 5 6k k) KEGG {53 o 25 1

Fig. 4 Classificatlon map of KEGG signaling pathway of differentially expressed genes in gonadal
transcriptome of Mytilus galloprovincialis before and after ovulation
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FUR IR K {558 B thyroid hormone signaling pathway
LR S taste transduction

BRTR S-S H UP-RE4H M L progesterone-mediated oocyte maturation |
G S48 [E| B2 A= iR, ovarian steroidogenesis |-

DRSS oocyte meiosis
BHBRYVIRE & nucleotide excision repair
Hippof 5@ Hippo signaling pathway
GnRH 15538 # GnRH signaling pathway

BB A glycolysis/gluconeogenesis |

JES I 215 5 % glucagon signaling pathway
GABAFREE Zfik GABA energic synapse
FoxOf5538 % FoxO signaling pathway

T IS4 AR U fat digestion and absorption

Al JE#X 1fiLi%42 fanconi anemia pathway |
TCAPEA citrate cycle (TCA cycle) |
ZHMIFEE cellular senescence |

O LcHE cardiac muscle contraction
BIEBRH A M-8 iR biosynthesis of amino acids
AR, RAFEBMMAE B/ alanine, aspartate and glutamate metabolism

ABC#:327%H ABC transporters |

& 5
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@0

0.08 0.10
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F: [ Hogene ratio

22T DL B IS PR RS Sie 41 22 S Rk S I KEGG {5 5 L I = 4 7 4]

Fig. 5 Enrichment analysis of KEGG signal of differentially expressed genes in gonadal
transcriptome of Mytilus galloprovincialis before and after ovulation

AWF(17p HSD)SFESERAE 7= 51 I = B R IR 3R 35
24 ERFIEKFERIE
ARIFFAES S5V L T A B AR OC A&
e, Gkt 5 NSRRI AT RT-qPCR A& LA
YRR S B AT SEYE . b GnRHR . CYP34
M CYP174 % 3 DMk RS 57 sk )y
PRI, RN TIRERIL, HCYrPiz4
BED AT 2 AR RO R R, MMPI4 Fl LHB
FENPBRI R LIRS, S A T P ey
A . RT-qPCR A i 45 5 55 i S 2 v b o 3
DA R IR B BB AR — B, UESE T % S Al BdE i ]

CACNIA 2.50
2.00
MKK7 1.50
1.00
MMP14 0.50
0
PKA -0.50
-1.00
CALM -1.50
LHB
CYP34
CYP174
BMPI5
17BHSD e
SEMEE 7).
GnRHR

S d ORI 3 Wit
Bl 6 406G 1= B HT IS 22 5 26 3K Bk AR R AT 31 MIREEHEXNERS N

Fig. 6 Heat map analysis of differentially expressed genes of
Mpytilus galloprovincialis before and after ovulation

HILB KRB 15 (BMPI15)F 178 33525 W EE

7R I R — AN S AR Y B DR AR 4 i
B E Iyt 2. A5 KEGG &40
Mo ve 2 1 5 9 ARG & T AHSC G S8 SRR,
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Fig. 7 Validation of the RNA-seq data by
RT-qPCR detection

{45 TCA 5 . IRBEA0 55124 . GnRH 17 %
T MESCR (R S 2R AT A B RE A
BN E B R AW B RESFE A YRR . TCA EI
JEAN L AE A L R iR AR, ST Lk
IRIFIR BESE LA TR 4 7, fEE ATP B, 24K
BRER A SOT 2 Y AR, TCA 1
A 3E % i 0 6 R 7 BRI B2 AR IR, X
UL TCA TEH AT BEAE 55 DL HE DR R b o A= )
IRRAE A TE AU BE L, DAZERE i R LA IR Y
A= BEP-fi7 . GnRH 3 B 72 B HESI Y HPG il A= 5
A PR AR A, o T U SE LH A
B, FEAIE IR T FUORS TR . L 4ER, GnRH i #
FE AR S AR 5 P A s PR 2 R B VE S R T AT
)12 e . 75 GnRH {5538 s H e M BRI R R
%R (GnRH)Z FZ R, @i ¥#% GnRH 2
RIS R Rk, IR R T . KE
MR A BLTA UL R =it # . #F GnRH
fE5mgEd, CALM. CACNAILA DI K AMP i
PR I (APKA) 5 41 {5 5 5% 5 A 6, ikt
3 Ao A0 MIAZ AR B R AR 1) 20 i ol 40 A% A% 3 20
MIAMES, WA ARy, maEdsK. KF .
AN 1B TR N T - W w8 % s = B S LU E S
WS EEHE B EmEe, XEH
GnRH i} il BES 5 T 4806 DL = P4 8l DA Je A= 5
P RE

5 [ U A R AR RE S A I R L I AR
PEYI I, FEAE R A A A R A AT R
S5 B R R R AR AR RO fE R s

AR 5 2R B BE TR A 5 AR DG Y 16 A
2, (N CYPL7A 1 178 M — @) Ho, 178
O BT DR B A B L R 2 R RN D R
B AR B4 52w, AT A7 T DR B SR 4 0 1 B
A, NN EERY R E, RANEAT
BOSU CYPI7A 712 [ A LA R AR i A e
Amﬂﬁ%l%@&ﬂ%@%ﬂ%ﬁ?%?i
WLL&%?T*I@A&EEEﬁﬁ¢%W
o FESTR DL~ ONEG 5 BB, S @EmEAE Y6 il
I*MCWUAIM%Q%U&CWng%
BT B 2 25 5, RIS [ iM% ml fig
Z 5B E N, #t—JH %05 D=
B LA R A i A
32 MELZEHEXEEMNMTEE

TE LG U1 7= B AE G i) KEGG i i h ik 3 5
NEWRAER K FTMHEXHEN, B850
GnRHR. LHB. MMP14. CYP34. CYP174, H,
GnRHR 7£ GnRH # i h HAA HEAEN, e
I GnRH ({524 LH F1 FSH (9 &Y, J2op
FHNEFHEGE B R EEAX 4 . GnRHR ¢DNA
B & 18 % (Aplysia californica) . = i (Octopus
vulgaris) KA WG AR s h 44 % 800Y, Hire
PR R RN, R MRS E A R — &
B 7= B AR S A A e 3 2 S B
Nagasawa 253 F ] qPCR H AR BIE T GnRHR
DR 7E B 5 Fd D14 R P ol S 30 R i s B R A 3R 38,
FBIPERE T GnRHR (k7K 5 5 T ik
ot 2 AERR, XE—2ESE T GnRHR FERF
B3 Bl DL i A e pl G R R e TR, T AR T
W3 Fpd DK Jirt &4 L K BB 240 Ay 3 . AR I
KA RR H GnRHR mRNA FRiK7KF AR IE A
B B 20 G 0, 0 A A A A U T
REAY RSO X UL GnRHR 78 WLFE D25 1Y) 2o
S R B A AR . AR GnRHR
TE M H YRR DU = B AT 0 PR IR AL 2 i ek 1 I
=T rEE, £ GnRHR BEZE 7= UNNE 8 ) HEAT
W T R R, AR RS 5T EIR T
HEBE IR

HHESIY T GnRH 7] il FSH A1 LH MR,
T T R 1 A A R HE B 3% 3BT e a2k
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H, LHP 7EMEMR & B R0 A 78 I F2 b4 i o E1 2 A
840 L A R AR R R S8 I 7 % sh i 3k
A g i H Y e I A W BE St A RIF S A R,
LHP RS (e i 5F 2 0 00 5L 00 o0k, R R 51 P
Ao r =R P IO HESh Y b, 2R S A XU
Y2 (Biomphalaria alexandrine) i #f 2275 i # 42 70
HAg LHP o8 S PE Y A7 e LHB AEWS 30 3018
iR (Crangon crangon) b S 4 241 Jf 50 185 AN C
P 2 LHP L 7R 2R 0 DL B R A7 A
F 2SR, X RV LHB v] e 7E 45 25
77 BN R B A o AR A4 AR

B 5 4 B AR B (MMPs) & — 25 40 i 4
fity, BEHS T BRI B R b A PEVEH . FEHEDD
191, MMPs fefl 5| 2 B B R JE] FRl 56 0T 1) e 24 DA
A B T ORRE A HE S, B MMPs $%1A K 52
HE B 3o A2 A 300 3 A B T A Y A R
PR, HEON 5 i TR R R Y T = B
MMPI14 mRNA K HI&VESE AN, X4 F) T80 H
il MMPs SET 5 HEBR R, o, AHFIT
HORBL MMP14 BEPRITEARIN G R XK B, §d
W] MMP14 B2V 625 T 506 DLAYHEBE 2

PRI ] B0 2R AR S I R ) e B DA B A B
P B AR Y, H Ok & 8 5T & B
S B AP TR AR s p e, CYP17A A
P 2 A il AR h 4 S T, AE s
1 25 40 7 8% (Oryzias latipes)™ . J& % % 3k
(Oreochromis niloticus)**' Fl H 7 48 4 (Anguilla
Jjaponica)®" ' CYP17A HA 17 a- 54k EH 17, 20-
SR EE TR M, JFFETE R BB R A PR B 3
SARHICI, A, OIS A A R U0 A0 A
K T 9P B A s 1 TR I S ZERAL
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Transcriptome analysis and screening of related genes before and
after spawning of Mytilus galloprovincialis
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Abstract: The aim of this study was to identify functional genes associated with the oviposition of Mytilus
galloprovincialis and to elucidate the underlying mechanisms of oviposition. Transcriptomic analysis of female
Mytilus galloprovincialis gonads was conducted before and after spawning. Pairwise comparisons of sequencing
libraries from tissue samples were also performed. Before and after spawning, there were 4060 differential genes,
with 1488 up-regulated and 2572 down-regulated genes. The GO functional enrichment terms are grouped into
three functional categories: biological process, cellular component, and molecular function. Some genes were
annotated by GO terms such as growth, developmental process, reproduction, and reproductive process. KEGG
enrichment analysis revealed signaling pathways associated with oviposition and reproduction, including the TCA
cycle, GnRH signaling pathway, ovarian steroidogenesis, estrogen signaling pathway, oxytocin signaling pathway,
and steroid biosynthesis. In conjunction with GO and KEGG enrichment results, we identified five potential genes
associated with reproduction: gonadotropin-releasing hormone receptor (GnRHR), luteinizing hormone B (LHp),
matrix metalloproteinase 14 (MMP14), cytochrome P4503A enzyme (CYP3A4), and cytochrome P45017A enzyme
(CYP17A4). The expression levels of LHfS and MMPI14 genes increased, whereas the expression levels of GnRHR,
CYP34, and CYP17A4 genes decreased. These findings were validated using real-time quantitative PCR (RT-qPCR).
The differential expression of the five genes mentioned above is crucial in regulating the synthesis of sex
hormones and reproductive process during the spawning of Mytilus galloprovincialis, which is consistent with the
results of transcriptome sequencing. In this study, we utilized transcriptome sequencing technology to analyze the
differences in the gonad transcriptome of female Mytilus galloprovincialis before and after spawning. The aim was
to identify the key pathways and candidate genes involved in spawning, which could provide valuable data for the
breeding of Mytilus galloprovincialis.
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