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Fig. S1. Estimated SAT cell-type proportions in the Finnish Twin Cohort (FTC) differ by
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age, BMI status, and sex. (a) Boxplots compare the scaled cell-type proportion estimates in

bulk SAT RNA-seq data from FTC by the BMI status (niower BMi=50, Nnigher BM=50). The lower

BMI twin per pair was classified as lower BMI for the pair and the higher BMI twin as higher

BMI for the pair. (b) Boxplots compare the scaled cell-type proportion estimates from FTC




between males (n=46) and females (n=54). (c,d) Boxplots compare the SAT ASPC proportions
by age within the BMI status groups in (c) females (nbetow 40=34, Nover 40=20) and (d) males (noetow
40=22, Nover 40=24) from FTC. (a-d) Asterisks denote a significant difference in cell-type
proportions between the colored groups as assessed by a Wilcoxon test. Significance thresholds

for p-values: *p <0.05, **p <0.01, and ***p <0.001.
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Fig. S2. The 76 age-DE SAT ASPC genes contain protein interaction networks with




significant enrichments for age, metabolic outcomes, and adipose tissue development. (a,b)
The inter-gene relations between (a) the 76 age-DE SAT ASPC genes and (b) 61 age-upregulated
SAT ASPC genes are visualized as a knowledge graph. (a, b) Each node indicates a gene, and
each edge indicates a relation connecting a set of genes, where edges are colored by relation type
as follows: from a curated database (cyan), experimentally determined (magenta), gene co-
occurrence (blue), co-expression (black), protein homology (lavender). (b) We shade the gene
nodes in networks significantly enriched for key pathways and phenotypes of interest as follows:
body weights and measures (blue), age (red), lipid or lipoprotein measurement (green), abnormal
glucose homeostasis (yellow), regulation of fat cell differentiation (magenta). The enrichment

results are reported in the panel.



a Cluster 1

PTPN13

———

d Cluster 4
FBLN2
—

f Cluster 6
PTPRG
/

SMAD3

FBLNS

CHL1

FBN1

N\

CCDC80

AN\

Cluster 2

STAT6
STATSA RORA

Cluster 5

COLG6A1

LUM

L.

\ soc2

COL1A2

Cluster 3

COL6A2
MXRA8 MRC2

S .
—_—

Interaction type

From curated databases

— Experimentally determined

— Gene co-occurrence

—_— Co-expression

Protein homology

Fig. S3. Clustering of the protein interaction network induced by the upregulated age-DE

SAT ASPC genes identifies six subnetworks of inter-gene relations. (a-f) The clusters derived

from the protein network of the 61 age-upregulated SAT ASPC genes are visualized as

individual knowledge graphs. Each node indicates a gene, and each edge indicates a relation

connecting a set of genes, where edges are colored by relation type as follows: from a curated

database (cyan), experimentally determined (magenta), gene co-occurrence (blue), co-expression

(black), protein homology (lavender).
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Fig. S4. Age and BMI influence association patterns between metabolic phenotypes and the

bulk expression of both the age-DE ASPC genes and non-age-DE ASPC marker genes in

the bulk SAT RNA-seq data from the METSIM cohort (n=335). Heatmaps display

significant associations (FDR<0.05) between metabolic outcomes and the bulk expression of (a,

b) the 76 age-DE ASPC genes and (c, d) the 79 non-age-DE ASPC marker genes. Each outcome

has been adjusted for (a, ¢) age or (b, d) BMI. (a-d) Gene-outcome pairs are color-coded based



on directionality and significance: red indicates a positive correlation, blue indicates a negative
correlation, and white represents no significant correlation. Significance was assessed by a
Wilcoxon rank sum test and a positive log fold change in gene expression with the outcome was
defined as a positive association. We excluded genes and outcomes not identified in any
significant gene-outcome pair. Below the panels, a table summarizes the proportions of genes per
gene set that show significant associations with each adjusted outcome. Abbreviations are as
follows: BMI indicates body mass index; HOMAIR Homeostatic Model Assessment for Insulin
Resistance; C-reactive protein; IL1RA interleukin-1 receptor antagonist; ALT alanine
transaminase; WHR waist-to-hip ratio; WHRadjBMI waist-to-hip ratio adjusted for BMI; and

IL1b Interleukin-1 beta.
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performance of BMI PRSs in the UK Biobank. (a,b) A Miamiplot visualizes the effect of age
adjustment on the summary level results of BMI GWAS using unrelated European individuals
from UKB. Variants in the cis-regions of the age-DE ASPC genes are plotted by chromosomal
position against the -logio(p-value) from BMI GWASs conducted with (a) only males (n=90,045)
and (c) only females (n=105,818). The bottom panel reports the BMI GWAS where age and age?
were included as covariates, while in the BMI GWAS for the top panel, no age-related term was
used as a covariate. A horizontal line marks the genome-wide significance threshold (p=5x107%).
(c) Paired bar plots compare the proportion of obese individuals (BMI>=30) in each PRS decile
between the age-adjusted and non-age adjusted genome-wide BMI PRSs created using unrelated
European individuals from the UKB (n=193,602). The error bars represent the 95% confidence

intervals of the proportions.
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Fig. S6. Sex-stratified PRSs identify sex-specific effects on BMI and on age-obesity
interactions in the cis-regions of the age-DE ASPC genes in the UK Biobank. (a,b) Forest
plots compare the 95% confidence intervals for the standardized estimated coefficient (J) of the
age and BMI PRS interaction term using the regional and genome-wide PRSs constructed for the
(a) males (n=88,988) and (b) females (n=104,614) in UKB. We separated the normal BMI
(BMI<25) and obese (BMI>=30) individuals in each sex. Asterisks indicate that the age and BMI
PRS interaction term is significant in the model, as assessed by a Wald-test. Significance

thresholds for p-values: *p <0.05, **p <0.01, and ***p <0.001.
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Fig. S7. PCA analysis of SAT adipogenesis time point data shows clustering by the time-
point. Biplot compares the first and second principal component (PC) of the expression data of
each sample from the SAT ASPC differentiation experiment (Nsamples=24, i.€. one sample in 4
isogenic biological replicates in six time points). We colored points by the time elapsed between
the start of the experiment and when the sample was taken. PCs were calculated using the logs-

transformed transcripts per million.



