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Transcriptomic analysis of gonadal differences in Corbicula fluminea

from the Yuanjiang River

YANG Siting!, TANG Yangxin', PI Jie'2, WANG Xu!, LIU Linwei', LIU Xinhua', XIANG Jianguo!, LI Deliang'*

(1. College of Fisheries, Hunan Agricultural University, Changsha, Hunan 410128, China; 2. College of Agriculture and
Forestry Science and Technology, Hunan Applied Technology University, Changde, Hunan 415100, China)

Abstract: Gonadal transcriptome sequencing was performed using RNA-seq technology on the trioecy population of
Corbicula fluminea(male, female, and hermaphrodite) collected from the Yuanjiang River in Hunan Province. Differentially
expressed genes(DEGs) were screened under the Pagi(adjusted P)<0.05 and |logaFC[>1(FC as fold change). After Gene
Ontology(GO) and Kyoto Encyclopedia of Genes and Genomes(KEGG) functional enrichment analyses, candidate genes
related to gonadal development were selected and further validated by quantitative real-time PCR(qRT-PCR). The results
showed that a total of 562 386 high-quality transcripts were obtained, and 213 504 differentially expressed genes(DEGs)
were identified through comparative analysis of nine gonadal transcriptome libraries from three sexual phenotypes. GO
enrichment analysis indicated that these DEGs were related to motile cilia, microtubules, cell division, and microtubule
binding. KEGG pathway analysis revealed that the DEGs were primarily enriched in cellular senescence, the p53 signaling
pathway, oocyte meiosis, progesterone-mediated oocyte maturation, and cell cycle. From the transcriptome dataset, nine
candidate genes associated with gonadal development and sex differentiation were identified, including Vom1, Tssk, Fem-1,

Spagl7, Spata7, Spags, Tepp, Sfp2 and Spag6. Among them, Tssk, Spagl7, Spata7, Spags8, Tepp, Sfp2, Spag6 and Fem-1

Wis B EA:
HeWmE:
{EE T

2025-04-07 &EHHA: 2025-05-12

XK HARBIAIE ST H (31772832); 5K HE AW & 1R H (2023 YFD2400900); 1 44 7K 7Pk 35 R4k 5 39 H (HARS-07)
BE001—), 4, HHIUTPA, Bitarid, TEMNFREESHEIA, Ysting2025@163.com; *@E{S(EH, 2z,
M, #92, FENFEVERSHEM A, lid@hunau.edu.cn



ES2EH1M

ZE S R AR TIL VR e S ik LS i ) 123

exhibited significantly higher expression levels in male gonads than those in female gonads. Seven of the eight candidate

genes were verified by qRT-PCR, and the expression trends were generally consistent with the transcriptome results. It is

speculated that Fem-I may play a regulatory role in sex determination or differentiation, while T3sk, Spagl7, Spata7, Tepp,

Sfp2, Spag6 and Spag§ are potentially involved in spermatogenesis, and Yom! may be involved in ovarian development.

Keywords: Corbicula fluminea; bivalve; trioecy; hermaphroditism; gonadal transcriptome
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Table 1 The primers for genes validated by qRT-PCR

TR A4 R S HI(5'—3")

Tepp ATATGGACACCGCCGGACACAA
ATGCGTCTCTTCGGAGGCTCAA

Spagl7 AAGGCAGCACAAGAGTCAC
AGAAGTATGGAAGGCAGGTC

Sfp2 CAAAGCCCTCAAGTTCCT
TCCCTCCTTAGACTCGGTAT

Spata7 TACAACAAACTTCCTCCAAA
TCTGTGCTACCCTCATCC

Spag6 CGAGGCTGAAATCTTCCC
CCACTGCGGCTACACCT

Spag8 GCAGAGTTGTTCCGTGAT
GCTCTTATTGCCTTCCAG

Fem-1 TCTCTTATGGGTGTTGCTACGG
CACCTTTGGGTATCTTCAGCAG

p-actin CGCCATCCAGGCTGTGCTTTCA

ATGGCGTGTGGAAGGGCGTA
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Table 2  Statistics of gonadal transcriptome sequencing results

2.1

of Corbicula fluminea

JE4G I R

OELBl/ GC& &/

e Kohi clean reads Q2002[31§'J/Q3 o %
F1 40047076 39832446 97.82 93.60 38.54
F2 40000416 39790218 97.74 93.32 37.99
F3 40016716 39807548  97.67 93.11 41.31
H1 40019108 39833856 97.78 93.50 39.71
H2 40008138 39818688 97.86 93.67 38.54
H3 40042982 39838908 97.63 93.01 38.36
M1 40018802 39820198 97.70 93.33 39.50
M2 40039472 39834092 97.83 93.65 39.71
M3 40005304 39790218 98.22 94.62 38.68
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Table 3 Statistics of functional annotation results of

transcripts based on databases

i H e A BRI i bE/%
Annotation 121279 21.57
UniProt 99 894 17.76
Pfam 103 731 18.44
GO 70514 12.54
KEGG 58 987 10.49
Pathway 32742 5.82
KOG 1645 0.29
Nr 100 962 17.95

#: Annotation & /b FH —FEREIH F AT o

ST 9 M IR A s AT L B o, R
213 5044 % 7 R IE K K(DEGS).

22 AREIMRIEFMRERFIEEFNGOD
HEAMKEGGEEEE TSR

2.2.1 Sttt FTHUM IR £ F RO R s eE R

i I EL A M(EE 1 ) ZH FIF(HENE)ZHL(M vs. F)I%L
5, AT 467 ERRBEER, HA958M Ik
RR Ik i, 3 509K I8 N (FR4). M ERK
REER TGO RE B T, #& M Pag AN /NFIRHE
Ry il IEs et FE . AR Sy A FIhREHE
ZHTSHITIRe A H, SR WE R, B (a)n] 1,
ZREREEY S SRR, R EEEEETHEN

5. B4R M REXH P A )
R EEREWE . 45, BIdE. shhEARR
GV, s EAREMEXHE P 0TI
B R E T RS A RS

T ik iE S H . KEGG s T4 R EoR,
IR T2 S RIR I B2 W AR THERE T, H P P
/N IEE VI AT JE T ILIE RS, H O IR0
MiprE . WZFMREE, R, ps31E
TIEPR(RS)SE. o, p53{E Sl S 5 AN
TSNS AN i P S g T Y 5
fRAas.

2.2.2 MEMEAEAERIARFTHOLARE £ F R A K E
ek

T I H (M A R AA) 4 AP HEYE ) 4L(H vs. F)
I, JE¥m o N ERRIEIK, Hi2584
FERFRIE B, 644N FIRIE T H(ERS) . ME1(Db)
AR, 2 SRR AR o R v B AR A o)
. BEO R R RAESEKE Y R
MUz oy b R EE R B, ik, [, HEEd
LR A TR FEERAEAR
22 F IR/ R . 35 I IR R — IR
MEiE . MESAE%XHT . KEGGEESITER

F=4 SRR R R EI LA A RIDEGs 4 Rt

Table 4 Statistics of results for DEGs in gonads of Corbicula

fluminea among different comparison groups

tA e DEGs& 4> EREEEEUAS TR EUA
Mvs. F 4467 958 3509
Hvs. F 902 258 644
Hvs. M 511 292 219
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Fig.1 Top S GO terms enriched by gonadal DEGs among different

sexual groups of Corbicula fluminea
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Table 5 Top 7 KEGG pathways enriched by gonadal DEGs

among different sexual groups of Corbicula fluminea

A5 KEGGI# ZE B R HUA Pagi
Myvs. F  {n] Je 32 M@ % 14 2.58E-04
R 41 3.39E-04
M 25 4.06E-04
L2 4 I R AL IE 45 4.06E-04
MRS AR 20 5.06E-03
p53{5 5 13 9.63E-03
T e 2% AR 5 3.51E-02
Hvs. F G REZH sk o5 2 8 1.97E-02
E)iBEEA 8 1.97E-02
Z B A 1D B B2 D 5 1.97E-02
2 i J 6 2.46E-02
NODFEZAR(F il i 10 3.84E-02
il 9 1.04E-01
LERF ST 8 1.83E-01
Hvs.M NF-«xBf5 5l % 5 03117
c¢GMP-PK G155 18 5 03117
TGF-Bf5 =i % 3 03117
Th1AITh24H 534k 3 0.3117
PR 3 0.453 4
CINI Y S R il 3 0.564 7
i J5 DN AR 13 2 0.564 7
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Table 6 Sex-related candidate genes of Corbicula fluminea

WRER  EREBIEED  IEE L VERE( B PeFC

Myvs. F Hvs. F Hvs. M
YR E Unigene40568  Vmol [y ey =i =] 2.81 10.98* 8.11%

T RE Unigene8107 Tepp SH/ATFI G R L EA -3.67* -1.93 1.66

Unigene362 Spagl7 T PURLT —4.34% -2.40 1.87

Unigene652 Sfp2 T HEER2 ~5.29% -3.08 2.15

Unigene8717  Spata7 T RAEMKEAT -5.16* -3.31 1.78

Unigene8679  Spag6 FaTAH KU —4.09% -1.68 233

Unigene43163  Spag8 R TAHIGHUES -3.10% -0.73 229

Unigene8666 Tssk 2R RV 22 R T R R T —13.13* -10.92* 2.07

PERIRE//3 L Unigenel6690  Fem-1 P51tk 7€ Z FHHFEM-1 ~7.70% -5.17 2.43

I #3RPg<0.05.

2.4 AEMERINEXEERIQRT-PCRYIEL R

N B8 IR G Y T A A s 4L R )
SEREEME, $hikFem-1. Spagl7. Spag6. Spata7.
Spag8~ Tepp Sfp25& TN % R RIKFLHF M AN S H
(B-actin)iFATQRT-PCREGUE . M2 A, F 64
J b 8- BE R 08 B 1022 FC rva-seq)(v) 5 QRT-PCR 4%
v % JE K ZR A B 1082 F C qrroper)(x) 11 4 73 #T Y

10g2FCrNA-seq)
4.
[ ]
2 -
& ° © ®
1% @
% '
S 6 2 4
[S 9
Sh
2
[ ]
| y=1.2387x-1.1348
. R*=0.822 1

E2 #HFRENMFHEEERIAEN 0g2FCRrNAseq)S
gRT-PCRZE R £ EE FIAEI0g2F CqrT-Pcr)EY
Bl HrEER
Fig.2 Regression analysis of log2FC values from RNA-seq and
qRT-PCR for gene expression levels
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KIFEVER . 1R (Hyriopsis schlegeli)d, I
PEPE IR A Fem-1a 3215 7K 2.3 a5 T EVEVE IR,
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HRIE A YRR K B0, HElFem-1a
A BEAEREME IR IR R B B TR AR R R B R E
PIVER . SHT ABIBE T4 RARL, AW 5 At R B
T A i vh Fem- 1 (/) 3 325 5 3 35 vy 1 ME PP PR IR 1T o
(Rl HEM Fem- 10T BEAE AT W 144 551 23 A0 A0 5 B A
T RAFEAIEH .

W RAER—MEH L5205 2
MR F IR E A2, 2N RS IX—id g
KB, HFFBRESE, SPAGOE HEFE T R iR 45
PR B E A LR R, R B
MEZ A EA . NG RPIER S,
T R Spag 6 12 IA 7K T w5 T MEPE 1 i iy
X KW Spag6 15 5 a4 K AE I R v R 45 B AR
o Spagl7F1Sfp2xt T HEVE AL FE AR 135 /1 -+ &
BEBA36L, FE/NER F Spagl 7R A AT S EUN R FIE 7
T FEBS), FEER 3 i DL (Patinopecten yessoensis)01H,
Sfp2 1 Spag 1 7AEREVEVE R A 204 & v TREVER,
HEM L AT B 565 17 KA K. EBRERR (Tridacna
squamosa)> 14, Spatal7F Spata8#iil SE 5 5 i 1%
K RAERE . AR T, TR YE R Spag 1 7.
Spata7~ Tepp~ Sfp2~ Spag6FSpag8i1ZRik/K>F- 5
TEPE R, HED X 6 I BN AT B 2 5 AT RS T K
A o TSSKFMEIISAN 03 Tsskl « Tssk2- Tssk3 Tssk4-
Tssk5Z 5 VNG T R A 1A%, 10 I T R A S = A %
Bk ¥ B A 3BT, LIS BVLE Atrina
pectinata® I Tsskl R HEME MR RIE, 78R
K Rk & A m, R Tsskl v Re S 5HMETRE.
KIMEZEBSILL 55 | 4 st tifl(Haliotis discus hannai) — %
PR = AR ARTEVE AR Tssk 1 RIRIE, RIN Toskl %L
TR R EW B Rk . ABEFiH,  TsskfE M
JR A R IR KT R T MEVE ), FERERE R AR R ) RIA
AP T REVER, HEW Tsskn] G825 W K+
KA TAEHEMEAIMEYE A R b, 22 R R R s 4R
Fizsheh &, Wesh JEAEEY. 45, MES
Z 5k TR FBIZ NGOk H ;18 ke T b [H]
AR, 2 Ak RRE B S 2iE 3 4T B 5% A
KGO H s (EMENEMERE R4 FIME L Ee b, 2
FEERFFEE LR W WEE3EESHE
KGOZKH, XHAHEN AKX LR v e 2 5K+
KA.

VMO1&Z& —FaMNEEE AR, £ SRINE S

TR B A E AR, HmRNARRIS
H AL SR BRI MEVE BN AE S ) Lo L 2 An i, 1
A GEAE BN B AR, CHENSE W5 [ 7 FL4gh v o) fif
(Litopenaeus vannamei)t)Vmo 1] FIIEYILv-Vmol s
RILLV-Vmo IE A AT RS AR 1R JH Fo i h 38
Kk, EAEGNRNLTFRARE. Lv-VMOLE—H
PSS 2 ) A 4 = IS o i 7 e o
SOV ERAR I A A0 5T, AR PLAATERER A Ak B e
TEA I RIS RGN . AWFTEH, Vimo ITETFWL I iR
thERIE,  HAEMEPE AR 1 i b ) 2RI K A 2
e T MERERIAAR R, X5 LARVE IR AR TE ) 45 R A
[E], HEWVmolI W] e SHLHIEN A BH K. HAT,
A R Vmol FE/KER TR P DhE M ANE 2, H AR
VRN R AR WA HAR I Fe 2K b E— 2D 7
SR B S ZHL N e 040 T 06 B 4t R IR 3R /K
e RifE R, I BT IRk i A i) S s iR 2 2L A,
B L PR ek & AR A o ik L EIE S L D R o X
Ut JE 2 TR RNA T 0S5 S5 A e ik DA o B
AR, Ieh & e T 50+ BARRE T, #t—
AR e FE I D fE,  DASE 4 g AT IX LU L R
Iz 4 J AR AT R Ge AR e 3
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