Li, Y., Zhao, J., Wang, J., Zhou, T., Xu, P. (2026) Genomic characterization and selection signatures of a Cryptocaryon irritans-resistant
large yellow croaker, Proceedings 13" World Congress on Genetics Applied to Livestock Production
23604: https://doi.org/10.31274/wegalp.23604 ©2026 Li, et al. CC BY-NC-ND

Genomic characterization and selection signatures of a
Cryptocaryon irritans-resistant large yellow croaker

Y. Li!, J. Zhao!, J. Wang!, T, Zhou!, and P. Xu'"

IState Key Laboratory of Marine Environmental Science, College of the Environment and
Ecology, Xiamen University, Xiamen 361102, China; *Corresponding author:
vinli@stu.xmu.edu.cn

Introduction

The large yellow croaker (Larimichthys crocea) is a major marine aquaculture species in
China, but intensive farming is frequently threatened by white spot disease caused by
Cryptocaryon irritans, leading to severe economic losses (Li et al., 2022). Genetic
improvement through selective breeding offers a sustainable solution to disease control.
Genomic selection (GS), proposed by Meuwissen et al. (2001), has been widely applied to
accelerate genetic gain for complex traits in livestock and is increasingly used in aquaculture
(Garcia-Ruiz et al., 2016; Meuwissen et al., 2001; Yanez et al., 2023).

Here, we established a selective breeding program for white spot resistance in large yellow
croaker, incorporating an initial round of population selection followed by three successive
rounds of GS. We analyzed population genomic divergence and genome-wide selection
signatures across generations to investigate the genetic architecture of resistance using GS-
derived strains.

Materials & Methods

Sampling and SNP genotyping. Samples were collected from successive generations of
large yellow croaker populations established by our research team: the 2017 base population
(FO); the 2019 population after one round of population selection for resistance to C. irritans
(F1); the 2021, 2023, and 2025 populations after one, two, and three rounds of genomic
selection (GS), respectively (F2—-F4). Sample sizes were 202 (F0), 204 (F1), 381 (F2), 579
(F3), and 247 (F4) individuals (Fig. 1).
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Figure 1. Selective breeding scheme and survival performance of C. irritans-resistant large
yellow croaker across successive generations.
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Genetic parameter and population structure analysis. Fin ray tissues were genotyped
using the NingXin-III 55K SNP array (Wang et al., 2023). SNP quality control, imputation,
and downstream analyses were performed using standard pipelines in PLINK, Beagle, and
VCFtools. Genomic estimated breeding values (GEBV) were calculated using the BGLR
package. Population structure was evaluated using PCA, phylogenetic analysis, and
ADMIXTURE.

Genome-wide scans for signatures of selection. Genome-wide selection signatures were
detected using complementary statistics (o, FST, IHS), and the top 1% of genomic regions
were defined as positively selected.

Results

Phenotypic improvement of resistance across five consecutive generations. Since 2017, a
selective breeding program for resistance to C. irritans was implemented, resulting in the
establishment of a resistant line. Indoor challenge tests showed that selected populations
exhibited significantly higher survival probabilities than the corresponding control groups in
F1-F4 generations (Fig. 1). GEBV for survival status and survival time increased
progressively from FO to F4 (Fig. 2).
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Figure 2. GEBV for resistance to C. irritans from FO to F4. (a) Distribution of GEBVs for
survival status. (b) Distribution of GEBVs for survival time.

Genetic structure and diversity of the selected populations. Population genomic analyses
revealed directional genetic differentiation across generations. PCA showed consistent shifts
of FO-F4 populations along the PC1 axis (Fig. 3a-b), while neighbor-joining analysis
grouped selected generations into a distinct clade (Fig. 3c). Admixture analysis illustrated
changes in ancestry composition from F0 to F4 (Fig. 3d).

Observed and expected heterozygosity increased slightly across generations, whereas
nucleotide diversity remained stable. Genomic inbreeding (Froh) and identity-by-descent
(IBD) values increased moderately (Table 1).



a ) - b c

Geographic region Generation \W 4
oss| Norea PN \ /,
Daqu 0000{ - Fo \ W—
— » N\N\\\JZ=
g ntios 2 YA -
Eooo‘ XW « FD _ -oozs| B N | |
d ; T
g

o '\\ \;\
///// 1;‘\ \\.\

&
&
3
3

il

Generation

—————
g &S
PC1 (3.2%)

Xw z HZ DS XM Z8 NB PT GS XP FD DYS FO F1 F2 F3 F4
:
sty | ——r ““""["MMM

Figure 3. Genetlc structure analyses of populations across successive generations. (a) PCA of
FO-F4 populations. (b) PC1 distribution by generation. (¢) Neighbor-joining tree. (d)
Admixture analysis.

Table 1. Genetic diversity parameters of the C. irritans—resistant large yellow croaker.

Generation Ho He T Froh IBD
FO 0.3320 0.3314 1.48E-05 0.0482 0.0768
F1 0.3423 0.3385 1.52E-05 0.0512 0.0724
F2 0.3433 0.3389 1.52E-05 0.0375 0.1097
F3 0.3658 0.3452 1.55E-05 0.0584 0.1189
F4 0.3773 0.3479 1.56E-05 0.0805 0.1456

Selection signatures and candidate gene network. Genome-wide selection scans identified
22 putative selected regions (PSRs). Genes within these regions were enriched in immune-
and signaling-related pathways, including the JAK-STAT signaling pathway, PI3K—Akt
signaling pathway, TGF-f signaling pathway, and extracellular matrix—receptor interaction.

VEPHI, a key signaling regulator, exhibited strong evidence of selection, suggesting its
potential roles in resistance-associated genetic network (Figure 4).
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Figure 4. Selection signatures and candidate gene analyses. (a) resistant-related candidate
genes within PSRs and their enriched function. (b) Gene struction of VEPHI. (c) Allele
frequency of the VEPH-associated SNP from FO to F4. (d) Temporal expression pattern of
VEPHI.



Discussion

Following an initial round of population selection, successive rounds of genomic selection
(GS) resulted in continuous improvements in survival performance and steadily increased
genomic estimated breeding values across generations, providing direct evidence for
cumulative genetic gain. Progeny-based evaluation offers more convincing support for the
practical application of GS in breeding complex disease-resistant traits in aquatic species.
Genetic structure analyses revealed rapid and directional shifts in allele frequencies within
only a few generations, indicating strong selection pressure imposed by GS. Although
moderate increases in genomic inbreeding and slight reductions in genetic diversity were
observed, overall diversity remained within acceptable ranges, consistent with observations in
other short-term selective breeding programs (Chen et al., 2017; Ma et al., 2023; Xu et al.,
2019).

Selection signature analyses identified multiple resistance-associated genomic regions, among
which VEPHI emerged as a key candidate gene under selection. Previous studies have shown
that VEPHI functions as an intracellular adaptor protein capable of modulating multiple
signaling pathways, including TGF-f, AKT, mTOR, FOXO, and Hippo (Shathasivam et al.
2017; Brown et al. 2019). The progressive increase in allele frequency at VEPHI associated
loci suggests its potential role in resistance to C. irritans and warrants further functional
validation.

Conclusions

This study demonstrates that genomic selection effectively improves resistance to C. irritans
in large yellow croaker, resulting in continuous genetic gain across successive generations.
Population genomic analyses revealed directional genetic changes under selection while
maintaining acceptable genetic diversity. Genome-wide selection signatures further identified
VEPHI as a key candidate gene potentially involved in resistance mechanisms. These
findings support the application of genomic selection for disease-resistant breeding in large
yellow croaker.
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