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Abstract

The fecundity of triploid female Crassostrea gigas exhibited significant variation and was lower compared to diploid
individuals. Previous studies categorized mature stage triploid female C. gigas into two groups: female o, characterized
by a high number of oocytes, and female B, displaying few or no oocytes. To investigate the molecular mechanisms
underlying irregular oogenesis and fecundity differences in triploid C. gigas, we performed a comparative analysis of
gonad transcriptomes at different stages of gonadal development, including female a, female 3, and diploids. During early
oogenesis, functional enrichment analysis between female diploids and putative female B triploids revealed differently
expressed genes (DEGs) in the ribosome and ribosome biogenesis pathways. Expression levels of DEGs in these pathways
were significantly decreased in the putative female B triploid, suggesting a potential role of reduced ribosome levels in
obstructing triploid oogenesis. Moreover, to identify regulatory pathways in gonad development, female oysters at the
early and mature stages were compared. The DNA repair and recombination proteins pathways were enriched in female
diploids and female o triploids but absent in female B triploids. Overall, we propose that decreased ribosome biogenesis
in female triploids hinders the differentiation of germ stem cells, leading to the formation of a large number of abnormal
germ cells and ultimately resulting in reduced fecundity. The variation in fertility among triploids appeared to be related to
the degree of DNA damage repair during female gonad development. This study offers valuable insights into the oogenesis
process in female triploid C. gigas.
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Introduction

Triploid technology has gained widespread use in aquacul-
ture, encompassing various species such as triploid Atlantic
salmon (Salmo salar) (Murray et al. 2018), triploid Chinese
catfish (Clarias fuscus) (Qin et al. 1998), triploid rainbow
trout (Oncorhynchus mykiss) (Weber et al. 2014), triploid
shrimp (Manan and Ikhwanuddin 2021) and triploid oysters
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(Nell 2002). Triploid animals are characterized by gonadal
sterility, which allows them to allocate more energy towards
growth and maintain superior meat quality (Piferrer et al.
2009), resulting in significant economic and ecological ben-
efits in aquaculture.

The Pacific oyster (Crassostrea gigas) is one of the most
extensively farmed shellfish worldwide. The utilization of
triploid Pacific oysters offers numerous advantages, includ-
ing enhanced growth rates in the reproductive seasons and
increased marketability, resulting in a substantial share of
the oyster culture industry (Nell 2002; Normand et al. 2008;
Dégremont et al. 2016). Research on triploid C. gigas has
been a prominent focus in aquaculture studies since its ini-
tial introduction. Numerous investigations have been con-
ducted on the growth, development, and stress resistance of
triploid C. gigas (Li et al. 2022; Nell 2002; Normand et al.
2008; Yang et al. 2018).

The fecundity of triploid C. gigas has been consistently
reported to be significantly lower compared to diploid
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individuals (Beaumont and Fairbrother 1991; Guo and
Allen 1994; Jouaux et al. 2010). Guo and Allen (1994) eval-
uated triploid fertility and found that the relative fecundity
of triploid females was only around 2% compared to female
diploid controls. Jouaux et al. (2010) measured reproduc-
tive effort using the gonadal tubule index and found over
81.6% for diploid oysters, while the maximum value for
female triploids was 53.9%. The gonadal development of
female triploid C. gigas exhibits complexity and high varia-
tion (Allen and Downing 1990; Jouaux et al. 2010; Nor-
mand et al. 2008; Yang et al. 2022a). Allen and Downing
(1990) observed high variation in the number of oocytes,
while Normand et al. (2008) found considerable variation
in the extent of gonad development between diploid and
triploid C. gigas during the reproductive season. Jouaux et
al. (2010); Yang et al. (2022a) categorized females into two
groups: female o, which produced a large number of oocytes
and exhibited fertility, and female B, which was completely
sterile and produced few or no oocytes. Extensive histologi-
cal analysis revealed approximately 10% of triploids were
classified as females a, while over 40% were classified as
female 3 (Yang et al. 2022a).

Notably, previous studies identified abnormal oogenesis
in triploids by conducting histological analyses comparing
diploid and triploid oysters (Jouaux et al. 2010; Matt and
Allen 2021; Yang et al. 2022a). These studies reported the
presence of abnormal germ cells in triploids, characterized
by condensed and rod-shaped chromosomes located along
the inner side of the gonadal tubules. Jouaux et al. (2010)
suggested that these cells represented a blockage of gonial
mitosis events in triploids. Matt and Allen (2021) noted the
consistent presence of these germ cells in female triploids
and hypothesized that they represented irregular female
germ cells. Yang et al. (2022b) analyzed the cell cycle of
gonadal cells in triploids and found that their cell cycle
might be arrested before the G2 phase. Based on these find-
ings, the reduced fertility in female triploids is suggested
to be associated with the presence of these abnormal germ
cells, and the early gametogenesis stage may be the key
to understanding the molecular mechanism of oogenesis
abnormalities in triploids.

To unravel the molecular mechanism behind the abnormal
oogenesis in female triploids of C. gigas, we conducted a com-
parative analysis of the transcriptome between diploids and
triploids, with a particular focus on the early gametogenesis
stage. Our results provide fresh perspectives and novel insights
into the sterility of triploid oysters.
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Materials and Methods
Sample Collection, Ploidy Verification

The triploid and diploid oysters were collected from March
to June 2021, from a commercial hatchery, in Qingdao, Shan-
dong, China (36.2°N, 120.6°N). Before sample collection, the
ploidy of triploids was verified. Approximately 1 mm?> of gill
tissue was cut up as possible in PBS (Phosphate buffer saline)
for cell suspension and DAPI solution (final concentration:
0.6 pg/mL) was used to stain cells. The ploidy of triploids was
verified via flow cytometry (CytoFlex Beckman Coulter, US).
The gonad tissue from each oyster was sampled and fixed in
Bouin’s solution for histological analysis, and the rest was fro-
zen in liquid nitrogen and stored at -80 °C for RNA extraction.

Histological Analysis

The gonads of oysters were fixed in Bouin’s solution for
24 h, then dehydrated in successive dilutions of ethanol and
embedded in paraffin wax at last. Sections of five microm-
eters thickness were cut and stained with Hematoxylin-
Eosin. The slides were observed through Olympus BX53
microscope (Olympus, Japan). The sex and gonad devel-
opment stages of the diploid and triploid Pacific oysters
were determined according to the new classification crite-
ria (Yang et al. 2022a). To compare the oogenesis of dip-
loids and triploids, the early stage of oogenesis (S1) and the
mature stage (S3) of female diploids and female triploids
were focused. In addition, each stage of female triploids
was further divided into two types. The female triploids at
the mature stage were subdivided into 3no with plenty of
oocytes and 3nf without or with few oocytes. For female
triploids in the S1 stage, those with oocytes were identified
as putative 3na, while females with follicles containing 3
gonia were classified as putative 3np.

RNA Extraction, Library Construction, and
Sequencing

Total RNAs from gonad tissues were extracted with Trizol
reagent (Invitrogen). RNA concentration and integrity were
detected using an RNA Nano 6000 Assay Kit and a kit of the
Bioanalyzer 2100 system (Agilent Technologies, CA, USA),
respectively. Three duplicate individual gonad samples of six
groups were prepared and named Ds1F 1, Ds1F 2, Ds1F 3,
P-TslFa 1, P-Ts1Fa_2, P-Ts1Fa 3, P-Ts1FB_1, P-Ts1FB 2,
P-Ts1FB_3, Ds3F 1, Ds3F 2, Ds3F 3, Ts3Fa 1, Ts3Fa 2,
Ts3Fa_3, Ts3FB_1, Ts3FP 2, Ts3FB 3. The libraries were
sequenced using 150 bp paired-end reads on an [llumina Nova-
Seq 6000 platform.
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The cDNA libraries of female diploid and triploids at the
mature stage were obtained from our previous study (Sun et al.
2022) with accession numbers SRR13374889, SRR13374888,
SRR13374879,SRR13374878,SRR13374877,SRR13374876,
SRR13374875, SRR13374874, SRR13374873. The raw read
data of female diploids and triploids at the early gametogenesis
have been submitted to the NCBI SRA database with the proj-
ect accession number PRINA994674.

Differential Gene Expression Analysis

The quality of the raw reads from the 18 libraries was assessed
using fastp v0.20.1 package (Chen et al. 2018). After removing
adapter sequences, poly-N sequences, and low-quality reads,
the clean reads and reports of the Q20, Q30, and GC content
of the clean data were produced. All the downstream analy-
ses were based on these high-quality clean data. Then, all the
RNA-seq reads were mapped to the oyster genome (GenBank
accession No. GCA_902806645.1) with the HISAT2 v2.2.1
(Kim et al. 2015). The produced SAM files were converted
to BAM files and sorted by SAMtools v1.10 (Li et al. 2009).
Based on the C. gigas genome sequence, transcript assembly
was performed by StringTie v2.1.2 (Pertea et al. 2015), with
which StringTie estimated expression abundance for input to
IsoformSwitchAnalyzeR v1.13.05 (Vitting-Seerup and Sand-
elin, 2019). Then, raw read counts of all genes were extracted
with the IsoformSwitchAnalyzeR, and the fragments per kilo-
base per million mapped reads (FPKM) of each gene were also
calculated. The abundances of each gene in read count val-
ues were normalized using the transcripts per million (TPM)
method. Principal component analysis (PCA) was used to
examine variations in the gene expression patterns of samples
among the different time points. Correlations among all sam-
ples were analyzed using RStudio v1.4.1717 software. The
DESeq2 R package was used to analyze differential expres-
sion patterns (Love et al. 2014). Differentially expressed genes
(DEGs) were identified using the following criteria: adjusted
P <0.05 and [log2(fold change)| > 1.

Differentially Expressed Genes Enrichment Analysis

GO and KEGG enrichment analysis of differentially expressed
genes was implemented by the clusterProfiler R package
(3.8.1). To establish the latest local protein databases of Gene
ontology (GO) (Khatri and Draghici 2005) and Kyoto Ency-
clopedia of Genes and Genomes (KEGG) (Kanehisa et al.
2007), all the metazoan protein sequences with GO numbers
were downloaded from NCBI protein database, and those with
K numbers were obtained through KEGG API (https:/www.
kegg jp/kegg/rest’keggapi.html). Through BLASTP (cut-
off E-value of le-5) against the resulting databases, deduced
amino acid sequences of all the genes (FPKM>1 in at least

one group) were assigned with GO and KEGG numbers. GO
and Kegg enrichment was done using clusterProfiler (Yu et al.
2012) with default parameters and then visualized.

Validation of the RNA-seq Analysis by qRT-PCR

Total RNAs from gonad tissues of diploid and triploid Pacific
oysters were extracted with Trizol reagent (Invitrogen). The
cDNA was synthesized using the PrimeScriptTM reverse tran-
scription kit (Takara, Japan). Primer sequences designed for
RT-qPCR were provided in Table S1. All RT-qPCR was carried
out in a LightCycler® 480 real-time PCR system (Roche, Swit-
zerland) using 2 X SYBR Premix ExTaq (Qiagen, Germany).
Five commonly used housekeeping genes, EF-1a, EF2, RS18,
RO21, and RL7, were evaluated for their expression stabilities
with GeNorm v3.5 software (Vandesompele et al. 2002). The
RS18 was finally the reference gene. The PCR reactions were
initiated as follows: 95 °C for 5 min, 40 amplification cycles at
95 °C for 15 s, and 60 °C for 30 s. Melting curves were con-
structed to ensure accurate amplification. The relative expres-
sion levels (RNA abundance) of the target gene were calculated
with 2722CT and data were expressed as the mean+SD. The
significant differences (P < 0.05) were analyzed using one-way
ANOVA, followed by a posthoc comparison with the Tukey
HSD method.

Results and Discussion

Histological Analysis of Gonad Development in
Diploid and Triploid Pacific Oysters

To study triploid oogenesis, the gonads of diploid and triploid
oysters were analyzed during the early stage (Fig. 1a-c) and the
mature stage (Fig. 1d-f) of gametogenesis. The developmental
stages of all samples were determined according to our previ-
ous morphological classification criteria (Yang et al. 2022a).
During the early stage, two types of triploids were identified,
putative Ts1Fa and putative Ts1Fp. The putative Ts1Fa trip-
loids exhibited distinct previtellogenic oocytes, oocytes, and 3
gonia (Fig. 1b), while the putative Ts1Fp triploids only showed
B gonia and were considered sterile (Fig. 1c). At the mature
stage, two types of female triploids were also observed: Ts3Fa,
characterized by numerous mature oocytes (Fig. le), and
Ts3Fp, which produced few or no oocytes (Fig. 1f).

Transcriptome Assemblies
To identify differentially expressed genes in the gonads of
triploid and diploid oysters, eighteen cDNA libraries were

constructed at both the early gametogenesis and the mature
stages. Through quality control, a total of 1146.7 million (Q30:
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Fig. 1 Female diploids and triploids at the early gametogenesis (a-c)
and the mature stage (d-f). (a) female diploids - Ds1F; (b) female trip-
loids - P-Ts1Fa; (¢) female B triploids - P-Ts1Fp; (d) female diploids
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Fig. 2 Correlations among all samples. (a) Principal component analysis (PCA) of all normalized gene expression levels (TPM) clustered by dif-
ferent ploidy and development stages; (b) Correlations among all samples shown in a heatmap

91.61-96.32%) clean reads were obtained from 1154.4 mil-
lion pair-end 150 bp raw reads across eighteen libraries (Table
S2). After alignment, the principal component analysis (PCA)
was employed to visualize the relative relationships among
all samples (Fig. 2a). PC1, which accounted for 49.1% of the

observed variation, effectively clustered the biological repli-
cates together. The P-Ts1Fa group showed overlap with the
P-Ts1Fp group. In addition, a strong correlation was observed
among samples at the same stage, whereas weaker correlations
were evident between samples at different stages (Fig. 2b).
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Identification of DEGs and Validation by qRT-PCR

The expression distribution of all transcripts is shown in
Fig. 3. A total of 1740 DEGs in the comparison between
Ds1F and P-Ts1FB was detected, including 950 up-regu-
lated genes and 790 down-regulated genes (Fig. 3a). For the
comparison between P-Ts1Fa and P-Ts1Ff, 488 DEGs were
detected, with 410 up-regulated genes and 78 down-regu-
lated genes (Fig. 3b). In the Ds3F vs. Ts3FB comparison,
8256 DEGs were found, including 3985 upregulated genes
and 4271 down-regulated genes (Fig. 3c). In the Ts3Fa vs.
Ts3FB comparison, 2986 DEGs were identified, including
974 upregulated genes and 2012 down-regulated genes
(Fig. 3d). The number of DEGs was higher in the mature
stage of gonadal development compared to the early stage
(Fig. 3e). A Venn diagram revealed the shared and unique
DEGs among the Ds1F vs. P-Ts1Fp, P-Ts1Fa vs. P-Ts1Fp,
Ds3F vs. Ts3Fp, and Ts3Fa vs. Ts3FP comparisons (Fig. 3f).

To evaluate the accuracy of the RNA-seq results, we
performed qRT-PCR on 20 DEGs involved in the gonadal
development of oysters. The fold change values obtained
from RNA-seq expression analysis were compared with
those from qRT-PCR (Table S1). The fold-change values of

these selected DEGs were similar, indicating that the RNA-
seq expression analysis yielded accurate results.

GO Analysis

To further annotate the differentially expressed genes and
assess their functions, GO enrichment analysis of DEGs
was retrieved (Fig. 4). GO analysis revealed that a total of
54, 55, 297, and 204 GO terms were enriched among the
Dsl1F vs. P-Ts1FpB, P-Ts1Fa vs. P-Ts1FpB, Ds3F vs. Ts3Fp,
and Ts3Fa vs. Ts3FB groups, respectively (Fig. 4a-d). The
number of enriched GO terms between diploids and trip-
loids increased from the early oogenesis to the mature stage.

KEGG Pathway Enrichment Analysis
Comparative Analysis in the same Developmental Stage

During the progression of oogenesis, primordial germ cells
(PGCs) differentiate into germline stem cells (GSCs), which
ultimately give rise to oocytes (Cavelier et al. 2017). In the
early stage, female triploid C. gigas exhibits abnormal gonad
development compared to diploids, giving rise to abnormal
germ cells referred to as 3 gonia (Jouaux et al. 2010; Yang et al.
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Fig. 3 Comparison of differentially expressed genes (DEGs). (a-d)
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Fig. 4 The top 25 significantly enriched GO terms in the (a) Ds1F vs.
P-Ts1FB, (b) P-Ts1Fa vs. P-Ts1FB, (¢) Ds3F vs. Ts3Fp, and (d) Ts3Fa
vs. Ts3Fp groups. The outermost circle represnts the top 25 GO terms
enriched and assigned to three functional classes, biological processes
(yellow), molecular functions (aubergine), and cellular components
(purple). The second circle indicates the numbers of the genes in the
background and p values for each term. The innermost circle indicates
the number of DEGs with each GO term

2022a). To investigate the molecular mechanisms underlying
this atypical gonad development in triploid C. gigas, a com-
parative transcriptomic analysis of triploid and diploid oysters
during early oogenesis was performed.

The DEGs identified in the Ds1F vs. P-Ts1Ff, P-Ts1Fa
vs. P-Ts1Fp, Ds3F vs. Ts3FB, and Ts3Fa vs. Ts3Ff groups
were found to be significantly enriched in 13, 5, 27, and
14 KEGG pathways, respectively (Fig. 5a-e¢). Notably, the
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significantly enriched signaling pathways in the DSIF vs.
P-TS1p group were primarily associated with the ribosome
(Ribosome biogenesis and Ribosome), which was consistent
with the result obtained from the DS1F vs. P-TS1la group
(Fig. S1). The majority of DEGs associated with these path-
ways were found to be down-regulated in P-Ts1FB com-
pared to Ds1F (Fig. 6).

Ribosomes play a crucial role in the translation of
mRNAs into proteins, essential for maintaining basic physi-
ological activities in most organisms. Reduced ribosome
levels have been shown to cause differentiation defects in
various stem cell systems (Corsini et al. 2018; Khajuria et
al. 2018; Zhang et al. 2014). In humans, decreased ribosome
levels result in diseases due to improper differentiation of
tissue-specific progenitor cells (Armistead and Triggs-
Raine 2014; Brooks et al. 2014; Higa-Nakamine et al. 2012;
Mills and Green 2017). An increasing number of studies
have reported that the transition from self-renewal to differ-
entiation of GSCS relies on enhanced ribosome biogenesis
(Sanchez et al. 2016; Jang et al. 2021; Martin et al. 2022;
Breznak et al. 2023). In Drosophila, knockdown of several
ribosome assembly components (snoRNP, pre-90 S, pre-
60 S, and pre-40 S components) in S2 cells led to the accu-
mulation of undifferentiated cells and ovarioles containing
fewer germ cells (Sanchez et al. 2016). Jang et al. (2021)
reported that ribosomal protein paralogs, RpS5b, regulate
the homeostasis of functional ribosomes to promote proper
oocyte chamber development. Martin et al. (2022) discov-
ered that the knockdown of Aramis, Athos, and Porthos
(three DExD/H-box proteins) in GSCS led to a germline
ribosome biogenesis defect, cell cycle arrest and resulted
in the loss of differentiation and the formation of stem cysts
during the oogenesis of Drosophila. The H/ACA small
nuclear ribonucleoprotein (snRNP) complex, responsible
for pseudouridylation of ribosomal RNA (rRNA), promotes
this process. Depletion of the H/ACA snRNP complex com-
ponents resulted in a specific loss of GSCs (Breznak et al.
2023).

Our previous studies have found cell cycle arrest in germ
cells of triploids and speculated that this may be due to
the presence of abnormal germ cells, B gonia (Yang et al.
2022b). These findings suggest that a low level of ribosomes
may contribute to the blockage of oogenesis in female trip-
loids. The ribosome serves as the primary site for protein
synthesis, and the level of ribosomes directly impacts the
rate of protein synthesis (Forchhammer and Lindahl 1971).
In our study, we also detected differences in protein syn-
thesis-related pathways, including Translation factors, Tran-
scription machinery, and Transfer RNA biogenesis, between
diploids and triploids at the early stage. Importantly, the
expression of most genes within these pathways was sig-
nificantly down-regulated in triploids compared to diploids.
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Fig. 5 KEGG enrichment analysis of DEGs in the (a) DslF vs.
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group

Differentiation of germline stem cells relies on enhanced
ribosome biogenesis and increased protein synthesis (San-
chez et al. 2016).

Based on these findings, we propose a hypothesis for
the early gametogenesis of female triploids. Given the
ribosome’s pivotal role in protein synthesis, a reduction in
ribosome level is anticipated to down-regulat genes asso-
ciated with protein synthesis-related pathways, including
Translation factors, Transcription machinery, and Transfer
RNA biogenesis. Consequently, this impediment is likely
to hinder the differentiation of germ stem cells, leading to
the accumulation of a substantial number of abnormal germ
cells identified as 3 gonia.
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Comparative Analysis Between Different Developmental
Stages

A notable feature of female triploid C. gigas is the variation in
fecundity between individuals. Two types of triploids, female
o and female B, have been identified, with female a being
fertile and producing a significant number of mature eggs,
while female B is sterile, producing few or no eggs (Yang et
al. 2022a). To investigate the molecular mechanisms underly-
ing this fecundity difference in triploid C. gigas, we performed
KEGG enrichment analysis on the DS1F vs. DS3F, P-TS1Fa
vs. TS3Fa, and P-TSIFB vs. TS3FB groups. The results
showed that 66, 40, and 34 pathways were enriched in these
groups (Fig. 7). Eleven pathways were found to be enriched
only in DSIF vs. DS3F and P-TS1Fa vs. TS3Fa, but absent
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Fig. 7 (a) Venn diagram of overlapping pathways of KEGG enrich-
ment analysis of DEGs in the Ds1F vs. Ds3F, P-Ts1Fa vs. Ts3Fa and
P-Ts1FP vs. Ts3FP groups. (b) The expression patterns of all DEGs

in P-TS1FB vs. TS3FP (Fig. 7). Notably, two of these path-
ways were related to DNA repair and recombination proteins,
and DNA replication. The expression patterns of genes associ-
ated with these pathways were similar in diploids and female
o triploids, while the expression levels in female B triploids
showed opposite trends (Fig. 7b). All genes related to DNA
repair and recombination proteins, as well as DNA replica-
tion, are detailed in Table S3. These results suggest that dur-
ing the gonad development, DNA repair and replication play
an important role in the regulation of oogenesis and gonadal
development in diploids and female a triploids. However, in
female [ triploids, these two pathways are not enriched and
most genes were down-regulated, indicating that they are not
initiated and do not play a regulatory role, ultimately leading to
a decrease in oogenesis.

< N <&

from pathways (DNA repair and recombination proteins and DNA rep-
lication) in the three groups

Triploids possess an odd set of chromosomes compared to
normal diploids, which leads to chromosomal instability dur-
ing cell division (Zhang et al. 2010). Guo and Allen (1997)
observed aneuploidy in triploid gametes by analyzing the
number of chromosomes, and Zhang et al. (2010) detected
heteroploid mosaics in triploid gill cells, suggesting clumping
and abnormal segregation of chromosomes during mitotic divi-
sions in triploids. Thus, the chromosomal stability of triploid
germ cells during genesis is more compromised than that of
diploid, potentially leading to increased accumulation of DNA
damage. DNA repair mechanisms play important roles in the
development and maturation of oocytes to ensure the integrity
of the offspring’s genetic material (Stringer et al. 2018; Aitken
2022). Dheilly et al. (2014) identified differentially expressed
genes between triploid and diploid C. gigas using a microarray
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and found upregulation of genes involved in DNA replication
and recombination in fertile triploids and diploids compared
to sterile triploids (Dheilly et al. 2014). In triploid Nodipecten
subnodosus scallops, Galindo-Torres et al. (2022) performed
a comparative transcriptome analysis between sterile triploids
and diploids in different stages and found upregulation of genes
related to the DNA damage response and double-strand break
repair. They speculated that the sterility of triploid scallops
may be associated with DNA damage and failure to repair dur-
ing DNA replication in the initial gametogenesis of triploids.
Therefore, the variation in fertility between triploid individuals
may be related to DNA damage repair during the development
of female gonads. The upregulation of DNA replication in fer-
tile triploids may contribute to their ability to produce a larger
number of gametes.

An increasing number of studies have revealed the cross-
talk between the DNA damage response and ribosome bio-
genesis, indicating a dual role for conventional DNA repair
proteins in ribosome biogenesis and vice versa (Ogawaa
and Baserga, 2017). For example, FANCI, binding with
FANCD?2, activated for DNA repair by phosphorylation and
monoubiquitination (Garner and Smogorzewska 2011; Joo
et al. 2011; Kottemann and Smogorzewska 2013). FANCI
is also localized to the nucleolus and involved in ribosome
biogenesis (Sondalle et al. 2019). In our study, the decreased
ribosome biogenesis in female triploid C. gigas may lead to
the down-regulation of DNA repair due to the dual role of
key ribosomal genes, and results in gametogenesis defect in
female triploid C. gigas during the gonadal development.

In summary, this study performed a comparative analy-
sis of gonad transcriptomes at different stages of gonadal
development between female triploids and female diploids.
Our results imply that the decreased ribosome biogenesis
in female triploids C. gigas hinders the differentiation of
germ stem cells, ultimately resulting in reduced fecundity.
With the female gonadal development, variations in fertility
among female triploid individuals emerge, possibly related
to the level of DNA damage repair during oogenesis. This
study offers valuable insights into the oogenesis process in
female triploid C. gigas.
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