Supplementary materials for
Evolutionary persistence governs transmitted prediction across generations in hyper-diverse genomes

Ben Yanga, Deqi Suna, Mengmeng Xua, Chenyu Shia, Chao Guoa, Xiaojie Hana, Qi Lia,b, Shikai Liua,b*

a Key Laboratory of Mariculture (Ocean University of China), Ministry of Education, and College of Fisheries, Ocean University of China, Qingdao 266003, China
b Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao Marine Science and Technology Center, Qingdao 266237, China
c Shandong Key Laboratory of Green Mariculture and Smart Fisheries, Ocean University of China, Qingdao 266003, China

* Correspondence author at: Key Laboratory of Mariculture (Ocean University of China), Ministry of Education, and College of Fisheries, Ocean University of China.
E-mail address: liushk@ouc.edu.cn (S. Liu).
Telephone: +86-0532-82032595



[image: ]
Supplementary Fig. 1 (a) Survival curve of Pacific oyster (Crassostrea gigas) following experimental challenge with Vibrio alginolyticus, (b) Distribution of survival time for Pacific oyster (C. gigas) individuals used for genotyping.
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Supplementary Fig. 2 Distribution of sequencing depth across all individuals sequenced in this study.
[image: 图表, 箱线图

AI 生成的内容可能不正确。]
Supplementary Fig. 3 The impact of filtering low-frequency variants (minor allele frequency, MAF < 0.01) on genotype imputation accuracy.
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Supplementary Fig. 4 (a) Allele frequency distribution of SNPs used in this study, (b) Genomic annotation of SNPs across different genomic regions, (c) Functional annotation of SNPs located in exonic regions.
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Supplementary Fig. 5 (a) Spearman correlation coefficient between SNP effect sizes estimated with annotation-informed weighting and those estimated without annotation information, (b) Density difference curve showing changes in the distribution of log10|effect size| introduced by annotation-informed weighting, and the red shadow represents models with annotated information, while the blue shadow represents models without annotated information, (c) Empirical cumulative distribution function (ECDF) curves comparing the cumulative distributions of log10|effect size| with and without annotation information, the red line represents models with annotated information, while the blue line represents models without annotated information. 
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Supplementary Fig. 6 Cross-validation prediction accuracy of different models for three disease resistance traits, the result represents 5 repetitions of 10 fold cross validation. 
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Supplementary Fig. 7 (a) Fst and nucleotide diversity among the four populations, (b) Genome linkage disequilibrium decay curves of four populations.
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Supplementary Fig. 8 (a)ADMIXTURE cross-validation (CV) error of the number of ancestral clusters (K). CV error decreases from K = 1 to K = 6, where the first local minimum occurs, and increases again at K = 7, indicating potential overfitting at higher K values. (b) Ancestry proportions inferred for K=3-6 highlight the main population structure features. 
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Supplementary Fig. 9 The density distribution of SNPs on chromosomes obtained by different genotyping methods: (a) low-coverage whole-genome sequencing, (b) high-density SNP array, (c) Reduced-Representation genome sequencing, (d) low-density SNP array. 
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Supplementary Fig. 10 Flowchart describing the implementation of the progeny testing scheme used in this study.
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Supplementary Fig. 11 Pairwise Pearson relationships among breeding values for the three resistance-related traits (Time, Status, and Vibrio load) under different genomic prediction models. (a) Pearson relationship between the breeding values for Time and Status under the GBLUP model. (b) Pearson relationship between the breeding values for Time and Vibrio load (inverted so that higher values indicate stronger resistance) under the GBLUP model. (c) Pearson relationship between the breeding values for Status and Vibrio load under the GBLUP model. (d) Pearson relationship between Time and Status breeding values under the Bayes A model. (e) Pearson relationship between Time and Vibrio load under the Bayes A model. (f) Pearson relationship between Status and Vibrio load under the Bayes A model. (g) Pearson relationship between Time and Status breeding values under the Bayes B model. (h) Pearson relationship between Time and Vibrio load under the Bayes B model. (i) Pearson relationship between Status and Vibrio load under the Bayes B model. (j) Pearson relationship between Time and Status breeding values under the Bayesian Lasso model. (k) Pearson relationship between Time and Vibrio load under the Bayesian Lasso model. (l) Pearson relationship between Status and Vibrio load under the Bayesian Lasso model. (m) Pearson relationship between Time and Status breeding values under the Annotation model. (n) Pearson relationship between Time and Vibrio load under the Annotation model. (o) Pearson relationship between Status and Vibrio load under the Annotation model.
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Supplementary Fig. 12 Pairwise Spearman relationships among breeding values for the three resistance-related traits (Time, Status, and Vibrio load) under different genomic prediction models. (a) Spearman relationship between the breeding values for Time and Status under the GBLUP model. (b) Spearman relationship between the breeding values for Time and Vibrio load (inverted so that higher values indicate stronger resistance) under the GBLUP model. (c) Spearman relationship between the breeding values for Status and Vibrio load under the GBLUP model. (d) Spearman relationship between Time and Status breeding values under the Bayes A model. (e) Spearman relationship between Time and Vibrio load under the Bayes A model. (f) Spearman relationship between Status and Vibrio load under the Bayes A model. (g) Spearman relationship between Time and Status breeding values under the Bayes B model. (h) Spearman relationship between Time and Vibrio load under the Bayes B model. (i) Spearman relationship between Status and Vibrio load under the Bayes B model. (j) Spearman relationship between Time and Status breeding values under the Bayesian Lasso model. (k) Spearman relationship between Time and Vibrio load under the Bayesian Lasso model. (l) Spearman relationship between Status and Vibrio load under the Bayesian Lasso model. (m) Spearman relationship between Time and Status breeding values under the Annotation model. (n) Spearman relationship between Time and Vibrio load under the Annotation model. (o) Spearman relationship between Status and Vibrio load under the Annotation model.
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Supplementary Fig. 13 The correlation between parental breeding values estimated by the GBLUP model and offspring phenotypes. (a) Correlation between parental ABV and offspring survival rate, (b) Correlation between parental ABV and offspring survival time, (c) Correlation between parental survival time breeding value and offspring survival rate, (d) Correlation between parental survival time breeding value and offspring survival time, (e) Correlation between parental Vibrio load breeding value and offspring survival rate, (f) Correlation between parental Vibrio load breeding value and offspring survival time, (g) Correlation between parental survival status breeding value and offspring survival rate, (h) Correlation between parental survival status breeding value and offspring survival time, (i) Survival rate of offspring families classified into resistant, control, and susceptible categories based on parental ABV. Families derived from high-ABV parents show the highest survival rates, whereas those from low-ABV parents show the lowest, clearly separating the three resistance classes, (j) Survival time of resistant, control, and susceptible families grouped by parental ABV, (k) Survival rate of families classified into resistant, control, and susceptible groups according to parental survival-time breeding value, (l) Survival time of resistant, control, and susceptible families defined by parental survival-time breeding value, (m) Survival rate of families classified by parental Vibrio load breeding value (higher values indicating greater resistance), (n) Survival time of families grouped by parental Vibrio load breeding value, (o) Survival rate of families classified according to parental survival-status breeding value, (p) Survival time of families grouped by parental survival-status breeding value.
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Supplementary Fig. 14 The correlation between parental breeding values estimated by the Bayes A model and offspring phenotypes. (a) Correlation between parental ABV and offspring survival rate, (b) Correlation between parental ABV and offspring survival time, (c) Correlation between parental survival time breeding value and offspring survival rate, (d) Correlation between parental survival time breeding value and offspring survival time, (e) Correlation between parental Vibrio load breeding value and offspring survival rate, (f) Correlation between parental Vibrio load breeding value and offspring survival time, (g) Correlation between parental survival status breeding value and offspring survival rate, (h) Correlation between parental survival status breeding value and offspring survival time, (i) Survival rate of offspring families classified into resistant, control, and susceptible categories based on parental ABV. Families derived from high-ABV parents show the highest survival rates, whereas those from low-ABV parents show the lowest, clearly separating the three resistance classes, (j) Survival time of resistant, control, and susceptible families grouped by parental ABV, (k) Survival rate of families classified into resistant, control, and susceptible groups according to parental survival-time breeding value, (l) Survival time of resistant, control, and susceptible families defined by parental survival-time breeding value, (m) Survival rate of families classified by parental Vibrio load breeding value (higher values indicating greater resistance), (n) Survival time of families grouped by parental Vibrio load breeding value, (o) Survival rate of families classified according to parental survival-status breeding value, (p) Survival time of families grouped by parental survival-status breeding value.
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Supplementary Fig. 15 The correlation between parental breeding values estimated by the Bayes B model and offspring phenotypes. (a) Correlation between parental ABV and offspring survival rate, (b) Correlation between parental ABV and offspring survival time, (c) Correlation between parental survival time breeding value and offspring survival rate, (d) Correlation between parental survival time breeding value and offspring survival time, (e) Correlation between parental Vibrio load breeding value and offspring survival rate, (f) Correlation between parental Vibrio load breeding value and offspring survival time, (g) Correlation between parental survival status breeding value and offspring survival rate, (h) Correlation between parental survival status breeding value and offspring survival time, (i) Survival rate of offspring families classified into resistant, control, and susceptible categories based on parental ABV. Families derived from high-ABV parents show the highest survival rates, whereas those from low-ABV parents show the lowest, clearly separating the three resistance classes, (j) Survival time of resistant, control, and susceptible families grouped by parental ABV, (k) Survival rate of families classified into resistant, control, and susceptible groups according to parental survival-time breeding value, (l) Survival time of resistant, control, and susceptible families defined by parental survival-time breeding value, (m) Survival rate of families classified by parental Vibrio load breeding value (higher values indicating greater resistance), (n) Survival time of families grouped by parental Vibrio load breeding value, (o) Survival rate of families classified according to parental survival-status breeding value, (p) Survival time of families grouped by parental survival-status breeding value.
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Supplementary Fig. 16 The correlation between parental breeding values estimated by the Bayesian Lasso model and offspring phenotypes. (a) Correlation between parental ABV and offspring survival rate, (b) Correlation between parental ABV and offspring survival time, (c) Correlation between parental survival time breeding value and offspring survival rate, (d) Correlation between parental survival time breeding value and offspring survival time, (e) Correlation between parental Vibrio load breeding value and offspring survival rate, (f) Correlation between parental Vibrio load breeding value and offspring survival time, (g) Correlation between parental survival status breeding value and offspring survival rate, (h) Correlation between parental survival status breeding value and offspring survival time, (i) Survival rate of offspring families classified into resistant, control, and susceptible categories based on parental ABV. Families derived from high-ABV parents show the highest survival rates, whereas those from low-ABV parents show the lowest, clearly separating the three resistance classes, (j) Survival time of resistant, control, and susceptible families grouped by parental ABV, (k) Survival rate of families classified into resistant, control, and susceptible groups according to parental survival-time breeding value, (l) Survival time of resistant, control, and susceptible families defined by parental survival-time breeding value, (m) Survival rate of families classified by parental Vibrio load breeding value (higher values indicating greater resistance), (n) Survival time of families grouped by parental Vibrio load breeding value, (o) Survival rate of families classified according to parental survival-status breeding value, (p) Survival time of families grouped by parental survival-status breeding value.
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Supplementary Fig. 17 The correlation between parental breeding values estimated by the Annotation model and offspring phenotypes. (a) Correlation between parental ABV and offspring survival rate, (b) Correlation between parental ABV and offspring survival time, (c) Correlation between parental survival time breeding value and offspring survival rate, (d) Correlation between parental survival time breeding value and offspring survival time, (e) Correlation between parental Vibrio load breeding value and offspring survival rate, (f) Correlation between parental Vibrio load breeding value and offspring survival time, (g) Correlation between parental survival status breeding value and offspring survival rate, (h) Correlation between parental survival status breeding value and offspring survival time, (i) Survival rate of offspring families classified into resistant, control, and susceptible categories based on parental ABV. Families derived from high-ABV parents show the highest survival rates, whereas those from low-ABV parents show the lowest, clearly separating the three resistance classes, (j) Survival time of resistant, control, and susceptible families grouped by parental ABV, (k) Survival rate of families classified into resistant, control, and susceptible groups according to parental survival-time breeding value, (l) Survival time of resistant, control, and susceptible families defined by parental survival-time breeding value, (m) Survival rate of families classified by parental Vibrio load breeding value (higher values indicating greater resistance), (n) Survival time of families grouped by parental Vibrio load breeding value, (o) Survival rate of families classified according to parental survival-status breeding value, (p) Survival time of families grouped by parental survival-status breeding value.
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Supplementary Fig. 18 Family breeding values stratified by aggregate ABV and their distributional and group differences. Families were ranked by aggregate breeding value (ABV) computed as the mid-parent mean of dam and sire GEBV. Based on this ranking, families in the top 20% were classified as Resistant, the bottom 20% as Susceptible, and the middle 60% as Control. Group differences were tested using a Kruskal–Wallis test followed by pairwise Wilcoxon rank-sum tests with multiple-testing correction; significance is annotated on the boxplots as ns (P ≥ 0.05), * (P < 0.05), ** (P < 0.01), and *** (P < 0.001).
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