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Appendix Results 17 

Batch effect assessment 18 

To verify the effectiveness of batch correction, we selected several subsets to 19 

compare the batch correction of BioProject, reads type (short- vs. paired-end 20 

reads), and sequencing platform. The data were mainly from three sources: 21 

new sequencing data generated in this study and data generated by Fushan et 22 

al. (2015) and Brawand et al. (2011). We performed PCA and conducted a 23 

Kruskal-Wallis rank sum (K-W) test on PC1 before and after batch correction. 24 

The results showed that before correction PC1 separates the samples by 25 

tissues but also by BioProject (Kruskal-Wallis chi-squared = 30.19, P = 0.02). 26 

After batch correction, PC1 separated the samples by tissue but not by 27 

BioProject (Kruskal-Wallis chi-squared = 15.30, P = 0.50). In addition, we 28 

examined each tissue separately and consistently found that the main 29 

components did not distinguish the samples by BioProject after removing batch 30 

effect (Liver: P = 0.71; Kidney: P = 0.04; Brain: P = 0.05) (Appendix Fig S17 31 

and Table EV5). 32 

We then tested the influence of the read type using the data set generated 33 

by Brawand et al. (2011) (NCBI BioProject: PRJNA143627). This data set 34 

includes brain RNA-seq reads of different types (76bp single-end and 100bp 35 

paired-end) generated on the Illumina Genome Analyzer IIx platform. PC1 and 36 

PC2 separated samples by species but not read type before and after batch 37 

removal (Appendix Fig S18), indicating the read type has a limited influence 38 

on gene expression variation.  39 

Finally, we used the data from the ferret (Mustela putorius) and sugar 40 

glider (Petaurus breviceps) to examine the batch effect of sequencing 41 

platforms. The ferret data was generated on the Illumina HiSeq 2000 platform, 42 

and the sugar glider data using the Illumina Genome Analyzer IIx. Our data 43 

from the same species were generated on the Illumina Novaseq 6000 44 

instrument. PC1 and PC2 separated samples by species but not by 45 
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sequencing platforms (Appendix Fig S19), indicating that the sequencing 46 

platform does not significantly affect gene expression.  47 
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 Appendix Figure 48 

Appendix Fig S1 Sample alignment statistics and inter-sample correlation. (A) 49 

RNA-seq unique mapping rates in each tissue. (B) The ratio of reads assigned to genes 50 

in each tissue. (C) Heatmap of correlation coefficient between samples. All group colors 51 

represent different order.  52 
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Appendix Fig S2 Sample clustering after outlier removal. The distance between 73 

samples is 1-Pearson correlation coefficient, and the tree is constructed by the neighbor-74 

joining (NJ) method. (A) liver, (B) kidney and (C) brain.  75 
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Appendix Fig S3 Life history data imputation. (A) Distribution of missing values in 76 

different life histories. (B) Distribution of missing values with increasing genetic distance 77 

from humans. (C) Correlation between missing value of maximum lifespan and adult 78 

weight. (D) Correlation between missing value of maximum life span and genetic 79 

distance from human. (E) Correlation between missing value of female time to maturity 80 
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and adult weight. (F) Correlation between missing value of female time to maturity and 81 

genetic distance from human. (G) For the maximum lifespan, the gradient estimation 82 

accuracy comparison of the number of phylogenetic vectors added in the model. The 83 

colors represent different proportions of missing values, and the shapes represent two 84 

imputation methods. (H) For the female time to maturity, the gradient estimation accuracy 85 

comparison of the number of phylogenetic vectors added in the model. The colors 86 

represent different proportions of missing values, and the shapes represent two 87 

imputation methods. 88 

 89 
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Appendix Fig S4 Gene set enrichment analysis heat map for all traits (postpruning). Represents a clustering heat map of pathways enriched by 93 

longevity-related genes and AW-related genes. The color intensity indicates the degree of significance, and the P value has undergone a -log10 94 

transformation. Each row represents a different pathway, and each column represents related longevity traits (marked at the bottom). Among them，95 

red is positive correlation, and blue is negative correlation.  96 
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Appendix Fig S5 Top pathway for gene set enrichment in liver. The y-axis on the left represents the sum of the expression levels of all genes in 99 

the alas pathway of each species. The y-axis on the right represents the value of longevity-related traits are centered at 0 on log10 scale. The x-axis is 100 

the species name, and the ranking increases with the longevity-related traits. The upper part of the gray line is the positive correlation pathway, and 101 

the lower part is the negative correlation pathway. 102 
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Appendix Fig S6 Top five up/down-regulated genes with significant correlation to 104 

longevity in liver. In each figure, the y-axis is the scaled expression level of each gene 105 

with 0 as the center, and the x-axis is the longevity traits (ML: maximum lifespan; FTM: 106 

female time to maturity; MLres and FTMres: ML and FTM residuals adjusted for adult 107 

weight, respectively). Error bars represents SE. Potential outliers have been removed. 108 

The coefficient of phylogenetic regression, adj.P.robust and residual standard error (RSE) 109 

is included in the figure. 110 

  111 
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Appendix Fig S7 Top pathway for gene set enrichment in kidney. The y-axis on the 112 

left represents the sum of the expression levels of all genes in the alas pathway of each 113 

species. The y-axis on the right represents the value of longevity-related traits are 114 

centered at 0 on log10 scale. The x-axis is the species name, and the ranking increases 115 

with the longevity-related traits. The upper part of the gray line is the positive correlation 116 

pathway, and the lower part is the negative correlation pathway. 117 
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Appendix Fig S8 Top five up/down-regulated genes with significant correlation to 120 

longevity in kidney. In each figure, the y-axis is the scaled expression level of each 121 

gene with 0 as the center, and the x-axis is the longevity traits (ML: maximum lifespan; 122 

FTM: female time to maturity; MLres and FTMres: ML and FTM residuals adjusted for 123 

adult weight, respectively). Error bars represents SE. Potential outliers have been 124 

removed. The coefficient of phylogenetic regression, adj.P.robust and residual standard 125 

error (RSE) is included in the figure. 126 
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Appendix Fig S9 Top pathway for gene set enrichment in brain. The y-axis on the left represents the sum of the expression levels of all genes in 130 

the alas pathway of each species. The y-axis on the right represents the value of longevity-related traits are centered at 0 on log10 scale. The x-axis is 131 

the species name, and the ranking increases with the longevity-related traits. The upper part of the gray line is the positive correlation pathway, and 132 

the lower part is the negative correlation pathway. 133 
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Appendix Fig S10 Top five up/down-regulated genes with significant correlation to 136 

longevity in brain. In each figure, the y-axis is the scaled expression level of each gene 137 

with 0 as the center, and the x-axis is the longevity traits (ML: maximum lifespan; FTM: 138 

female time to maturity; MLres and FTMres: ML and FTM residuals adjusted for adult 139 

weight, respectively). Error bars represents SE. Potential outliers have been removed. The 140 

coefficient of phylogenetic regression, adj.P.robust and residual standard error (RSE) is 141 

included in the figure. 142 
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Appendix Fig S11 Relaxation of Selection in different lifespan interval 145 

P value distributions of the RELAX tests of long-lived species (ML > 26 or ML > 50), 146 

medium-lived species (12 <= ML <= 26), short-lived species (ML < 12) and non-long-lived 147 

species (ML < 50). (A) Contrast between short-lived species and medium-lived species, 148 

(B) Contrast between long-lived species and medium-lived species, (C) Contrast 149 

between long-lived species and short-lived species, and (D) Contrast between long-lived 150 

species and non-long-lived species are shown. Blue bars, genes under relaxed selection 151 

(k < 1); red bars, intensified genes (k > 1). Dotted (short-lived) and solid (long-lived) lines 152 

are the log ratios of k > 1: k < 1 gene counts. 153 

 154 

 155 

  156 
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Appendix Fig S12 The relationship between the index of relaxed choice (K) and the 157 

regression coefficient. Scatter plot showing the log10-transformed relaxation parameter 158 

(k) on the y-axis, and the variation rate of gene expression along the longevity trait gradient 159 

on the x-axis. The colored points represent longevity-related genes (the color corresponds 160 

to the tissue type shown in Fig.4B), white point represent genes that are only significant 161 

related to this trait and the grey points represent genes that are only significant in RLEAX.  162 
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Appendix Fig S13 Gene set enrichment of genes under relaxed or strengthened 163 

selection. Polysel gene set enrichment analysis of genes under relaxed or strengthened 164 

selection. The x-axis is the P value on -log10 scale. Different selection uses different 165 

shapes and colors. The shade of the color represents the SUMSTAT, and the size of the 166 

dot represents the size of the gene set. 167 
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Appendix Fig S14 Overlap of longevity-related genes. (A, D, G) Venn diagrams of each 171 

tissue for longevity-related genes. (B, E, H) Venn diagrams of each tissue for positive 172 

longevity-related genes. (C, F, I) Venn diagrams of each tissue for negative longevity-173 

related genes.   174 
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Appendix Fig S15 Overlap genes in liver and brain. In each figure, the y-axis is the 176 

scaled expression level of each gene with 0 as the center, and the x-axis is the longevity 177 

traits (ML: maximum lifespan; FTM: female time to maturity; MLres and FTMres: ML and 178 

FTM residuals adjusted for adult weight, respectively). Error bars represents SE.  179 

Potential outliers have been removed. The coefficient of phylogenetic regression, 180 

adj.P.robust and residual standard error (RSE) is included in the figure. 181 
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Appendix Fig S16 Overlap genes in kidney. In each figure, the y-axis is the scaled 184 

expression level of each gene with 0 as the center, and the x-axis is the longevity traits 185 

(ML: maximum lifespan; FTM: female time to maturity; MLres and FTMres: ML and FTM 186 

residuals adjusted for adult weight, respectively). Error bars represents SE. Potential 187 

outliers have been removed. The coefficient of phylogenetic regression, adj.P.robust and 188 

residual standard error (RSE) is included in the figure. 189 

  190 
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Appendix Fig S17 PCA of before and after batch correction. 192 
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Appendix Fig S18 Comparison of the impact of reads length on PCA before and 195 

after batch correction 196 
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Appendix Fig S19 Comparison of the impact of sequencing platforms on PCA before 199 

and after batch correction. 200 


