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Supplementary Fig. 1 | Distribution and normality test of BLUP values for cocoon silk 8 

yield traits in the silkworm. Based on 459 germplasm resource samples, frequency 9 

distribution histograms of the BLUP values obtained from linear mixed model fitting are 10 

presented for four cocoon silk yield traits (a: CSW, b: CSR, c: CW, d: PW). The Shapiro-11 

Wilk normality test indicates that the BLUP values for all traits significantly deviate from a 12 

normal distribution (p < 0.01). 13 

 14 

  15 



 16 

Supplementary Fig. 2 | Manhattan plots of rare variant association analysis (RVAS) for 17 

the CSW trait based on three variant sets. Using the silkworm germplasm resource 18 

population (RS-I: 459 samples; RSV and RV: 283 samples) and the analytical framework 19 

from Fig. 2, RVAS was performed for the CSW trait using three variant sets: RS-I (a), 20 

RSV (b), and RV (c), respectively. Each variant set was tested using three models: 21 

Burden test, SKAT, and SKAT-O. The dashed line indicates the significance threshold of 22 

FDR < 0.05 (determined based on the model corresponding to the maximum P-value in 23 

each set). No dashed line is shown in panel c, indicating that no significant association 24 

signals were detected in the RV set.  25 
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Supplementary Fig. 3 | Statistical analysis of variant sets and test models for CSW trait 27 

association signals. a. Detection of CSW-associated genes by the three variant sets (RS-28 

I, RSV, and RV), with numbers indicating the total genes identified in each set. b, c. 29 

Distribution of the number of associated genes detected by different model combinations 30 

within the RS-I (b) and RSV (c) variant sets. d, e. Venn diagrams corresponding to 31 

panels b and c, showing the total number of genes detected by each of the three models 32 

and the overlap of genes between models for the RS-I (d) and RSV (e) variant sets. 33 
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 35 

Supplementary Fig. 4 | Manhattan plots of RVAS for the CSR trait based on three 36 

variant sets. Using the silkworm germplasm resource population (RS-I: 459 samples; 37 

RSV and RV: 283 samples) and following the analytical framework of Fig. 2, RVAS was 38 

conducted for the CSR trait through three variant sets: RS-I (a), RSV (b), and RV (c). 39 

Each variant set was tested using three models: Burden test, SKAT, and SKAT-O. The 40 

dashed line indicates the significance threshold of FDR < 0.05 (determined based on the 41 

model corresponding to the maximum P-value in each set). 42 
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 45 

Supplementary Fig. 5 | Statistical analysis of variant sets and test models for CSR trait 46 

association signals. a. Detection of CSR-associated genes by the three variant sets (RS-I, 47 

RSV, and RV), with the numbers on the diagonal indicating the total genes identified in 48 

each set, and the gray off-diagonal areas displaying the counts of shared genes between 49 

sets; the results are simultaneously presented in the Venn diagram on the right. b, c. 50 

Distribution of the number of associated genes detected by different model combinations 51 

within the RS-I (b) and RV (c) variant sets. d, e. Venn diagrams corresponding to panels 52 

b and c, showing the total number of genes detected by each of the three models and the 53 

overlap of genes between models for the RS-I (d) and RSV (e) variant sets. 54 
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 57 

Supplementary Fig. 6 | Manhattan plots of RVAS for the CW trait based on three variant 58 

sets. Using the silkworm germplasm resource population (RS-I: 459 samples; RSV and 59 

RV: 283 samples) and following the analytical framework of Figure 2, RVAS was 60 

conducted for the CW trait through three variant sets: RS-I (a), RSV (b), and RV (c). 61 

Each variant set was tested using three models: Burden test, SKAT, and SKAT-O. The 62 

dashed line indicates the significance threshold of FDR < 0.05 (determined based on the 63 

model corresponding to the maximum P-value in each set). No dashed lines are shown in 64 

panels b and c, indicating that no significant association signals were detected in either 65 

the RSV or RV sets. 66 
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 69 

Supplementary Fig. 7 | Statistical analysis of variant sets and test models for CW trait 70 

association signals. a. Detection of CW-associated genes by the three variant sets (RS-I, 71 

RSV, and RV). Results indicate that only RS-I showed significant association signals, 72 

with the number representing the count of detected genes. b. Distribution of the number 73 

of associated genes detected by different model combinations within the RS-I variant set. 74 

c. Venn diagram for the RS-I variant set, showing the total number of genes detected by 75 

each of the three models and the overlap of genes between models. 76 
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 79 

Supplementary Fig. 8 | Manhattan plots of RVAS for the PW trait based on three variant 80 

sets. Using the silkworm germplasm resource population (RS-I: 459 samples; RSV and 81 

RV: 283 samples) and following the analytical framework of Fig. 2, RVAS was conducted 82 

for the PW trait through three variant sets: RS-I (a), RSV (b), and RV (c). Each variant 83 

set was tested using three models: Burden Test, SKAT, and SKAT-O. The dashed line 84 

indicates the significance threshold of FDR < 0.05 (determined based on the model 85 

corresponding to the maximum P-value in each set). 86 
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 89 

Supplementary Fig. 9 | Statistical analysis of variant sets and test models for PW trait 90 

association signals. a. Detection of PW-associated genes by the three variant sets (RS-I, 91 

RSV, and RV). The diagonal of the matrix shows the total number of genes detected in 92 

each variant set, while the off-diagonal gray areas indicate the number of shared genes 93 

between sets; these results are simultaneously presented in the Venn diagram on the 94 

right. b, c, d. Distribution of the number of associated genes detected by different model 95 

combinations within the RS-I (b), RSV (c), and RV (d) variant sets. e, f, g. Venn diagrams 96 

corresponding to panels b, c, and d, showing the total number of genes detected by each 97 

of the three models and the overlap of genes between models for the RS-I (e), RSV (f), 98 

and RV (g) variant sets. 99 
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 102 

Supplementary Fig. 10 | Shared status of genes associated with various cocoon silk 103 

yield traits. Depicts the unique and overlapping distribution of genes associated with the 104 

four cocoon silk yield traits (CSW, CSR, CW, PW). 105 
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 107 

Supplementary Fig. 11 | Manhattan plots of GWAS for cocoon silk yield traits based on 108 

common variants. Using genome-wide common SNPs from 459 germplasm resources, a 109 

mixed linear model (MLM) was employed to perform GWAS for 4 silk yield traits (from top 110 

to bottom: CSR, CSW, CW, PW), with the top five principal components included as 111 

covariates to correct for population structure. The plot indicates the genome-wide 112 

Bonferroni correction significance threshold (P < 0.05/8,995,741) and the suggested 113 

threshold (P = 5×10⁻⁸). 114 
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 116 

Supplementary Fig. 12 | Manhattan plots and QQ-plots of GWAS for cocoon silk yield 117 

traits based on common SNPs. Using genome-wide common SNPs from 459 germplasm 118 

resources, the FarmCPU model was employed to perform GWAS for 4 silk yield traits 119 

(from top to bottom: CSW, CSR, CW, PW), with the top five principal components 120 

included as covariates to correct for population structure. The plots indicate the genome-121 

wide Bonferroni correction significance threshold (P < 0.05/8,995,741). The 122 

corresponding QQ-plots on the right are used to evaluate the calibration of the 123 

association tests. 124 
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 126 

Supplementary Fig. 13 | Comparison of association signals between rare variants and 127 

common SNPs. The figure illustrates the distribution across chromosomes of significant 128 

association signals from common SNP-based GWAS (red) and genes associated with 129 

rare variants (blue). The results demonstrate no overlap between the two types of signals 130 

in the genome. 131 
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 133 

Supplementary Fig. 14 | Genomic distribution of genes associated with cocoon silk yield 134 

traits. Genes associated with each trait are marked in different colors (as shown in the 135 

legend in the lower right corner) at their corresponding chromosomal positions, 136 

represented by abbreviations or identifiers. Double dots indicate genes shared by the CW 137 

and PW traits. Complete gene information can be found in Supplementary Table 3. 138 
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 140 

Supplementary Fig. 15 | Analysis of the frequency distribution in different silkworm 141 

populations and functional annotation for rare variant of genes associated with cocoon 142 

silk yield traits. Panels a and b display the derived allele frequency (DAF) distribution of 143 

rare variants in genes associated with CSW/CSR (a) and CW/PW (b) across Wild (n = 39 144 

biologically independent accessions), Local (n = 160 biologically independent accessions), 145 

and Improved (n = 118 biologically independent accessions) silkworms, respectively. 146 

Panels c and d correspond to CSW/CSR (c) and CW/PW (d) genes, showing: the 147 

proportional distribution of HIGH and MODERATE impact variants (left pie chart), the 148 

DAF of ‘denovo’ and ‘inherited’ genotype of RVs across the three populations (box plots).  149 
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Supplementary Fig. 16 | The genetic correlation of paired silk yield traits in different 151 

population. The left and right panel show the genetic correlational matrix (rG) of Local (n 152 

= 348 biologically independent accessions) and Improved (n = 107 biologically independent 153 

accessions) population respectively. 154 
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