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Appendix Results

Batch effect assessment

To verify the effectiveness of batch correction, we selected several subsets to
compare the batch correction of BioProject, reads type (short- vs. paired-end
reads), and sequencing platform. The data were mainly from three sources:
new sequencing data generated in this study and data generated by Fushan et
al. (2015) and Brawand et al. (2011). We performed PCA and conducted a
Kruskal-Wallis rank sum (K-W) test on PC1 before and after batch correction.
The results showed that before correction PC1 separates the samples by
tissues but also by BioProject (Kruskal-Wallis chi-squared = 30.19, P = 0.02).
After batch correction, PC1 separated the samples by tissue but not by
BioProject (Kruskal-Wallis chi-squared = 15.30, P = 0.50). In addition, we
examined each tissue separately and consistently found that the main
components did not distinguish the samples by BioProject after removing batch
effect (Liver: P = 0.71; Kidney: P = 0.04; Brain: P = 0.05) (Appendix Fig S17
and Table EVS5).

We then tested the influence of the read type using the data set generated
by Brawand et al. (2011) (NCBI BioProject: PRIJNA143627). This data set
includes brain RNA-seq reads of different types (76bp single-end and 100bp
paired-end) generated on the lllumina Genome Analyzer lIx platform. PC1 and
PC2 separated samples by species but not read type before and after batch
removal (Appendix Fig S18), indicating the read type has a limited influence
on gene expression variation.

Finally, we used the data from the ferret (Mustela putorius) and sugar
glider (Petaurus breviceps) to examine the batch effect of sequencing
platforms. The ferret data was generated on the Illlumina HiSeq 2000 platform,
and the sugar glider data using the lllumina Genome Analyzer lIx. Our data
from the same species were generated on the lllumina Novaseq 6000

instrument. PC1 and PC2 separated samples by species but not by



46 sequencing platforms (Appendix Fig S19), indicating that the sequencing

47  platform does not significantly affect gene expression.
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73 Appendix Fig S2 Sample clustering after outlier removal. The distance between
74  samples is 1-Pearson correlation coefficient, and the tree is constructed by the neighbor-
75  joining (NJ) method. (A) liver, (B) kidney and (C) brain.
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Appendix Fig S3 Life history data imputation. (A) Distribution of missing values in
different life histories. (B) Distribution of missing values with increasing genetic distance
from humans. (C) Correlation between missing value of maximum lifespan and adult
weight. (D) Correlation between missing value of maximum life span and genetic

distance from human. (E) Correlation between missing value of female time to maturity
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and adult weight. (F) Correlation between missing value of female time to maturity and
genetic distance from human. (G) For the maximum lifespan, the gradient estimation
accuracy comparison of the number of phylogenetic vectors added in the model. The
colors represent different proportions of missing values, and the shapes represent two
imputation methods. (H) For the female time to maturity, the gradient estimation accuracy
comparison of the number of phylogenetic vectors added in the model. The colors
represent different proportions of missing values, and the shapes represent two

imputation methods.
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99  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
100 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
101  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

102  the lower part is the negative correlation pathway.
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Appendix Fig S6 Top five up/down-regulated genes with significant correlation to
longevity in liver. In each figure, the y-axis is the scaled expression level of each gene
with 0 as the center, and the x-axis is the longevity traits (ML: maximum lifespan; FTM:
female time to maturity; MLres and FTMres: ML and FTM residuals adjusted for adult
weight, respectively). Error bars represents SE. Potential outliers have been removed.
The coefficient of phylogenetic regression, adj.P.robust and residual standard error (RSE)

is included in the figure.
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112  Appendix Fig S7 Top pathway for gene set enrichment in kidney. The y-axis on the
113 left represents the sum of the expression levels of all genes in the alas pathway of each
114  species. The y-axis on the right represents the value of longevity-related traits are
115 centered at 0 on log10 scale. The x-axis is the species name, and the ranking increases
116  with the longevity-related traits. The upper part of the gray line is the positive correlation
117  pathway, and the lower part is the negative correlation pathway.
118
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Appendix Fig S8 Top five up/down-regulated genes with significant correlation to
longevity in kidney. In each figure, the y-axis is the scaled expression level of each
gene with 0 as the center, and the x-axis is the longevity traits (ML: maximum lifespan;
FTM: female time to maturity; MLres and FTMres: ML and FTM residuals adjusted for
adult weight, respectively). Error bars represents SE. Potential outliers have been
removed. The coefficient of phylogenetic regression, adj.P.robust and residual standard

error (RSE) is included in the figure.
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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
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
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

the lower part is the negative correlation pathway.
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Appendix Fig $S10 Top five up/down-regulated genes with significant correlation to
longevity in brain. In each figure, the y-axis is the scaled expression level of each gene
with 0 as the center, and the x-axis is the longevity traits (ML: maximum lifespan; FTM:
female time to maturity; MLres and FTMres: ML and FTM residuals adjusted for adult
weight, respectively). Error bars represents SE. Potential outliers have been removed. The
coefficient of phylogenetic regression, adj.P.robust and residual standard error (RSE) is

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

P value distributions of the RELAX tests of long-lived species (ML > 26 or ML > 50),
medium-lived species (12 <= ML <= 26), short-lived species (ML < 12) and non-long-lived
species (ML < 50). (A) Contrast between short-lived species and medium-lived species,
(B) Contrast between long-lived species and medium-lived species, (C) Contrast
between long-lived species and short-lived species, and (D) Contrast between long-lived
species and non-long-lived species are shown. Blue bars, genes under relaxed selection
(k < 1); red bars, intensified genes (k > 1). Dotted (short-lived) and solid (long-lived) lines
are the log ratios of k > 1: k < 1 gene counts.
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Appendix Fig S12 The relationship between the index of relaxed choice (K) and the
regression coefficient. Scatter plot showing the log10-transformed relaxation parameter
(k) on the y-axis, and the variation rate of gene expression along the longevity trait gradient
on the x-axis. The colored points represent longevity-related genes (the color corresponds
to the tissue type shown in Fig.4B), white point represent genes that are only significant

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

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

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

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

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

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

173  longevity-related genes. (C, F, /) Venn diagrams of each tissue for negative longevity-
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175

12 12 12 12
Coefficient = -3.33 Coefficient = -3.34 Coefficient = -2.92 Coefficient = -3.07
P.robust.adj = 3.42e-03 P.robust.adj = 4 98e-03 P.robust.adj = 6.15e-05 P.robust.adj = 6.02e-05

g4 RSE =¢. 91 RSE=1.89 9 Hsr} »8
; %0, ‘.
0‘ ’ NS @ ¥ o ®
5 5 : - LR . G 6% £ .8 A?
= g s7° = X4 = et
w = tog = 2 &
* *
3 ¢ oﬁ 8 % Y 3 6% +o¥
K o ¢
0 o 9=80 0 ¢ @ N8 0 oo =68 0 3 g
0.5 1.0 1.5 2.0 -0.5 0.0 0.5 15 20 25 30 35 -04 00 0.4 0.8
ML Liver MLres Liver FTM Liver FTMres Liver
Coefficient = 1.80 Coefficient = 1.88 Coefficient = 1.26 Coefficient = 1.44
P robust adj = 1.756-03 P robust adj = 3. 903-03 P robust adj = 1.376-03 P robust adj = 2.146-03
64 RSE =1.15% 61 RSE=1.17 61 RSE=115 ¢ 64 RSE=1.16
%
3 & 3 3 3
o 4 n 4 1%} @0
o 0 + o o
e 9 | e . e e
¢ ?} * i # °
% % *’ n 96
0 D
0 -0.5 0.0 0.5 20 25 30 35 40 04 00 04 08
ML Liver MLres Liver FTM Liver FTMres Liver
51 Coefficient = 1.39 51 Coefficient = 1.42 51 Coefficient = 1.05 51 Coefficient = 1.19
P.robust.adj = 1.63e-03 P.robust.adj = 1.646-03 P.robust.adj = 4.01e-04 P.robust.adj=1. 539-04
44 RSE =0.80 44 RSE=081 44 RSE=0.79 44 RSE=0.78
) 3 +%e ’ n 3 n 3 0 3 0 ® 00
s ® O P4 s e s s
5 3. | & 5 5
< 2 + % “() < 2 + < 2 < 2
PSs ; 2
1{g9® 1{e8¢ 1 1 «(
® e 3 [N &, @ ~#+
* n=94 L 4 L
0 0 0 0
05 1.0 1.5 2.0 -0.5 0.0 0.5 20 25 30 35 04 00 04 08
ML Liver MLres Liver FTM Liver FTMres Liver
3 1 Coefficient = -0.78 3 1 Coefficient = -0.88 3 4 Coefficient = -0.56 31 Coefficient = -0.66
Rrobust.adf = 1.856-03 L-robustad) =1.47e-03 P.rgbust.adj = 1.050-03 P.robust.adj = 6.156-04
RSE £0.47 RSE = 0.4% RYE = 0.47 RSE =4.46
2
Yooad iR SR 1
= o 8 = é = ‘ =
e . o o ® o
w1 w w4 le w
~ ‘ (= - Y S
‘ * ow‘ . : ¥ *
o1 Te 0854 0 w
— 0
0
-1
0.5 1.0 1.5 2.0 -0.5 0.0 0.5 20 25 3.0 35 4. -0.4 0.0 0.4 0.8
Liver ML Liver MLres Liver FTM Liver FTMres Liver
Braln Coefficient = 1.53 Coefficient = 1.43 Coefficient = 1.04 4 4 Coefficient = 1.08
41 Probust adj = 3.370-03 4 P.robust ad) = 2.326-03 41 P robust.adj = 2.350-03 P.robust.adj = 4.99-04
RSE=074 "o 4 * RSE=0.76 ¢ + RSE=074 © ¢ ++ RSE = #74 o ¢4
® 3 ® 3 o 00,, 3 ¢ g
o = & R 8 N “
] o] ‘ * e o] [ s
s} O 5 G 5 G 2 . %[5
a ) &eo o O ° . 4 ) @ o
@ @) + 'y 0 * @ ey X1
] g
1 oto‘ o8 & e, ‘;?
+o’o . PR 0 * oz+ e .
n=75 0 ¢ o ners 0 ot n=75 0 ®s o n=75
1.0 1.5 2.0 0.5 0.0 0.5 20 25 30 35 04 00 04 08
ML Brain MLres Brain FTM Brain FTMres Brain
Coefficient =-1.39 6 Coefficient =-1.26 6 Coefficient = -0.94 6 Coefficient = -0.84
P.robust.adj = 2.84e-03 P.robust.adj = 3.06e-03 P.robust.adj = 3.91e-03 P.robust.adj = 4.19e-03
RSE =0. n‘} RSE=0.76¢ ¢ RSE = 3’:;, RSE=077 4 ¢
% ° ; PR
* 9
g 4 ’é 2 g 4 _ 4 o 4 oo * U
A
e 0 o & 5 E o Yo ot E ’+$
o P 3 O o * ~— ]
2 ¢ 2 @ A 2 ¢
* * .
* ® o ® . +
n=90 n= n=
0 0 0
0.5 1.0 1.5 2.0 0.5 0.0 0.5 20 25 30 35 05 00 0.5
ML Brain MLres Brain FTM Brain FTMres Brain




176

177

178

179

180

181

182

Appendix Fig S15 Overlap genes in liver and brain. In each figure, the y-axis is the
scaled expression level of each gene with 0 as the center, and the x-axis is the longevity
traits (ML: maximum lifespan; FTM: female time to maturity; MLres and FTMres: ML and
FTM residuals adjusted for adult weight, respectively). Error bars represents SE.
Potential outliers have been removed. The coefficient of phylogenetic regression,

adj.P.robust and residual standard error (RSE) is included in the figure.
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Appendix Fig S16 Overlap genes in kidney. In each figure, the y-axis is the scaled
expression level of each gene with 0 as the center, and the x-axis is the longevity traits
(ML: maximum lifespan; FTM: female time to maturity; MLres and FTMres: ML and FTM
residuals adjusted for adult weight, respectively). Error bars represents SE. Potential
outliers have been removed. The coefficient of phylogenetic regression, adj.P.robust and

residual standard error (RSE) is included in the figure.
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Appendix Fig S17 PCA of before and after batch correction.
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Appendix Fig S18 Comparison of the impact of reads length on PCA before and
after batch correction
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Appendix Fig S19 Comparison of the impact of sequencing platforms on PCA before

and

after batch correction.



